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12.0 RADIATION PROTECTION

12.1 Assuring that Occupational Radiation Exposures Are as Low as Reasonably
Achievable (ALARA)

12.1.1 Policy Considerations

TVA has established a formal program to ensure that occupational radiation exposures
to employees are kept as low as reasonably achievable (ALARA). The program
consists of: (1) full management commitment to the overall objectives of ALARA; (2)
issuance of specific administrative documents and procedures to the TVA design and
operating groups that emphasize the importance of ALARA through the design,
testing, startup, operation, maintenance and decommissioning phases of TVA nuclear
plants; and (3) continued appraisal of inplant radiation and contamination conditions
by the onsite radiation protection staff.

12.1.2 Design Considerations

The facility and equipment design features for control of occupational radiation
exposures are described in detail in Section 12.3. Although the original design of
Watts Bar Nuclear Plant predated Regulatory Guide 8.8, the concept of keeping
occupational exposures ALARA is an important consideration throughout new designs
and modifications of the plant. In addition, the plant design effort routinely considers
radiation protection experience at other nuclear plants.

New designs and modifications of the plant are performed and reviewed by engineers
and health physicists with several years of experience in radiation protection design.
In addition, the design of the plant is continually reviewed and modified as necessary
when new ALARA concerns become known. Close communication among the design
staff, equipment vendors, operating and maintenance personnel, and Radiological
Control Personnel is maintained in order to design Watts Bar Nuclear Plant and its
equipment with ALARA considerations as a primary concern.

Dose assessment based on operating experience is discussed in Section 12.4.

In general, piping which may contain significant concentrations of radioactive materials
is not field-run. Some sample and radiation monitoring lines are field-run. While the
exact location is set in the field, the general location is determined by the designer to
minimize radiation exposure.

12.1.3 ALARA Operational Considerations

Consistent with TVA's overall commitment to keep occupational radiation exposures
as low as reasonably achievable, specific plans and procedures are followed by
operating and maintenance staff to assure that ALARA goals are achieved in the
operation of the plant. Operational ALARA policy and procedures are formulated at
the Corporate level in Nuclear Power and are implemented at each nuclear plant
through the issuance of division procedures and plant instructions for the purpose of
maintaining Total Effective Dose Equivalent (TEDE) ALARA. These procedures and
instructions are consistent with the intent of Section C.1 of Regulatory Guide 8.8 and
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Regulatory Guide 8.10. Included in these operating procedures and plant instructions
are the provision that employee radiation exposure trends are reviewed periodically by
management staff at the plant and in the central office. Summary reports are prepared
that describe: (a) major problem areas where high radiation exposures are
encountered; (b) which worker group is accumulating the highest exposures; and (c)
recommendations for changes in operating, maintenance, and inspection procedures
or modifications to the plant as appropriate to reduce exposures.

Maintenance activities that could involve significant radiation exposure of employees
are carefully planned and carried out using well-trained personnel and proper
equipment. Where applicable, specific radiation exposure reduction techniques, such
as those set out in Section C.3 of Regulatory Guide 8.8, are used. Careful personnel
radiation and contamination monitoring are integral parts of such maintenance
activities. Upon completion of major maintenance jobs, personnel radiation exposures
are evaluated and assessed relative to predicted man-rem exposures so that
appropriate changes can be made in techniques or procedures for future jobs.

Additionally at the plant level, the Plant Operations Review Committee reviews
operating and maintenance activities involving the major systems of the plant (i.e.,
radwaste, NSSS, etc.) to further assure that occupational exposures are kept as low
as reasonably achievable.

An ALARA committee composed primarily of supervisory personnel is established to
review periodically the effectiveness of implementation of the ALARA Program.
Reviews include the site performance against ALARA goals, employee ALARA
suggestions, ALARA planning documents, and trends. The Plant Manager or Assistant
Plant Manager will normally serve as chairman of the site ALARA committee.

REFERENCES

None
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12.2 RADIATION SOURCES

12.2.1 Contained Sources

The source terms employed in the design of plant shielding are presented in this
section. Source terms are presented in accordance with the following organization:

(1) Primary system sources

(2) Auxiliary systems sources

(3) Sources during refueling

(4) Maximum hypothetical accident (MHA) sources

Systems for which source terms are presented in this section are essentially the same
in the Watts Bar plant as they are in the Sequoyah plant. Therefore, the shielding
design source terms developed for the Sequoyah FSAR are applicable and are
incorporated into the Watts Bar FSAR. For completeness, the bases for development
of these source terms are given in the following sections.

12.2.1.1 Primary System Sources
12.2.1.1.1 Sources Shielded by Primary Shield Concrete

The major sources shielded by the primary concrete shield are the neutron and gamma
sources inside the reactor pressure vessel, the gamma sources in the pressure vessel
wall itself, and the coolant activities inside those parts of the coolant pipes from the
reactor vessel to approximately the outer edges of the weld inspection openings.

Core center plane neutron fluxes across the primary shield concrete are shown on
Figure 12.2-1. Fluxes across the primary concrete for distances (H) above and below
the core center plane are determined by using the following axial peaking factors (F):

H(ft)O 1 2 3 4 5 6
F, 1.0 1.0 0.99 0.93 0.76 0.51 0.20

The neutron fluxes along the vessel z axis (vertically) are essentially zero at the top
and bottom outer surfaces of the reactor vessel.

Principal gamma sources during power operation are the prompt fission gammas, the
delayed fission product gammas, prompt capture gammas, and the activation (Co-60,
Fe-59, etc.) gammas. Core center plane gamma fluxes across the primary shield
concrete during full power operation are shown on Figure 12.2-2. Fluxes across the
primary concrete for other axial distances are found by using the same axial peaking
factors as given above for neutron fluxes. The principal gamma sources during
shutdown are the fission product delayed gammas and the activation gammas.

RADIATION SOURCES 12.2-3



WATTS BAR WBNP-84

The principal gamma sources in the reactor coolant are the fission product, reactor
coolant activation product, and noncoolant activation (corrosion) product activities.
The fission product and noncoolant activation product activities are given in Table
11.1-2. The only coolant activation product significant for shielding purposes is N-16.
Values of the N-16 activity are shown in Figure 12.2-3.

12.2.1.1.2 Sources Shielded by Secondary Shield Concrete

The secondary concrete shielding provides shielding for that portion of the primary
coolant system which lies outside the primary concrete shield. Major elements are the
coolant recirculation pumps, the steam generators, the pressurizer and all connecting
piping. In addition, the secondary shielding attenuates radiation that penetrates the
primary shield concrete. Activities in the primary coolant system have been identified
above. Specified activities in the vapor and liquid spaces of the pressurizer are given
in Table 11.1-4.

12.2.1.2 Auxiliary Systems Sources

The auxiliary systems equipment for which a determination of shielding sources is
required consists of pumps, heat exchangers, demineralizers, filters, units of
evaporator packages, liquid tanks, gas tanks, and pipes. Inventories (or specific
activity and volume or mass from which inventory can be obtained) used in the
determination of required shielding for auxiliary systems components are given in
Tables 12.2-1 through 12.2-11. Development of these source terms is described in the
following subsections.

12.2.1.2.1 Chemical and Volume Control System - Mixed-Bed Demineralizers

The reactor coolant with the specific activities (uCi/gm) given in Table 11.1-2 is
assumed to flow at 75 gal/min (284,000 gm/min) through a mixed-bed demineralizer
for 365 days. Consistent with the basis for generating the specific activities in Table
11.1-1, a mixed-bed removal efficiency of 0.09 for cesium, molybdenum, and yttrium
and 0.90 for all other nongaseous elements is assumed.

In the case of the isotopes with half-lives that are not long in comparison with the rate
at which reactor coolant is purified in the chemical and volume control system,
demineralizer inventories can be higher than those obtained using these assumptions.
This effect is taken into account by increasing the inventories of the following isotopes
by the factor 1.11: Mn-56, Br-84, Rb-89, Sr-91, Y-91m, Y-91, Te-132, Te-134, 1-132,
1-133, 1-134, and 1-135. Similarly, the inventories of M0-99, Tc-99m, and Cs-138 are
increased by the factor 11.1. Source term inventories are given in Table 12.2-1.

12.2.1.2.2 Chemical and Volume Control System - Cation Bed Demineralizer

12.2-4

Reactor coolant is assumed to flow at an average 7.5 gal/min (28,400 gm/min) through
the cation bed demineralizer for 365 days. A cation removal efficiency of 90% for
cesium, molybdenum and yttrium is assumed. (For this calculation a removal
efficiency of 0.0 for these three elements is assumed for the upstream mixed-bed
demineralizer.) In the case of isotopes with half-lives that are not long in comparison
with the rate at which reactor coolant is processed through the cation demineralizer,

RADIATION SOURCES
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demineralizer inventories can be higher than those obtained using these assumptions.
This effect is taken into account by increasing, by the factor 1.11, the inventories of the
following isotopes: Mo0-99, Tc-99m, Cs-136, Cs-138, and Y-90.

Inventories of other cations on the cation bed demineralizer are not included in Table
12.2-2. In general, the inventories of these other cation isotopes will be a maximum of
about 1.0% of the inventories shown in Table 12.2-2, for the mixed-bed demineralizer.
These maximum values, as translated into gamma source strengths, are small in
comparison with the cation bed shielding source term represented by the gamma
radiation from the molybdenum, yttrium, and cesium isotopes.

12.2.1.2.3 Chemical and Volume Control System - Volume Control Tanks

Isotopic inventories in the vapor and liquid spaces of the volume control tank are given
in Table 11.1-3.

12.2.1.2.4 Chemical and Volume Control System - Reactor Coolant Filter

The source for which reactor coolant filter shielding is designed consists of activity from
the upstream demineralizers. For shielding calculations, 1.0% of the mixed-bed
demineralizer inventory as given in Table 12.2-1 is distributed uniformly throughout the
reactor coolant filter cartridge. In the generation of the mixed-bed demineralizer
inventory, it was assumed that the mixed-bed demineralizer removes all nongaseous
activity including cesium, yttrium, and molybdenum. Thus, the mixed-bed
demineralizer inventory as calculated contains the maximum inventory that could be
collected on the mixed-bed demineralizers and cation demineralizer combined. It
follows that the reactor coolant filter inventory determined with the stated prescription
includes 1.0% of this maximum combined inventory. The filter cartridge volume over
which the isotopic inventories are uniformly distributed is 1.17 cubic feet (diameter
equals 8-15/16 inches, length equals 32-5/16 inches).

12.2.1.2.5 Chemical and Volume Control System - Seal Water Return Filter

The only significant radioactive source on the seal water return filter is accumulated
during operation with the excess letdown heat exchanger. The excess letdown heat
exchanger, can be employed when normal letdown is temporarily out of service or it
can be used to supplement maximum letdown during final states of heatup. The seal
water return filter will thus collect activity during relatively short and infrequent time
periods. A maximum inventory on the filter is generated by allowing undemineralized
and unfiltered reactor coolant to flow continuously for 30 days through the filter at the
design flow rate of the excess letdown heat exchanger. The design flow rate is 24.7
gal/min or 12,380 Ib/hr. The filter is assumed to remove all corrosion product activities
and 0.4% of the cesium activity in the reactor coolant. The maximum inventory on a
filter is given in Table 12.2-3.

12.2.1.2.6 Chemical and Volume Control System - Seal Water Injection Filters

The only significant radioactive source on the seal water injection filters will consist of
activity of particulates that are passed by the seal water return filter (98% retention of
25 micron size) but are collected by the online injection filter (98% retention of 5 micron
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size). The maximum inventory on each filter assumed for shielding calculations is
taken to be the same as that given in Table 12.2-3 for the seal water return filter. The
inventory is distributed over a filter volume of 1.25 cubic foot (diameter equals 8.625
inches, length equals 37.0 inches).

12.2.1.2.7 Chemical and Volume Control System - Holdup Tanks

Holdup tank inventory development begins with the assumption that reactor coolant is
discharged from both units simultaneously into a single holdup tank. Flow into the tank
is 120 gal/min/unit. Flow from one unit is assumed to be undemineralized and
unfiltered. For the flow from the other unit a decontamination factor (D.F.) of 10 across
a mixed-bed demineralizer is taken for all nongaseous isotopes except those of
cesium, yttrium and molybdenum. Filling continues until liquid occupies one-fourth of
the tank volume. The liquid volume is then 32,000 gallons and the vapor space volume
is 96,000 gallons. Under equilibrium conditions, 68% of the gases will be retained in
the liquid. Itis assumed that the other 32% is retained in the tank vapor space although
physically, some of the vaporized gas would have been forced out of the tank to the
vent header. Particulate daughters of noble gases entering the tank are retained in the
tank liquid space. Inventories in the tank liquid and vapor spaces are given in Table
12.2-4 and 12.2-5, respectively.

12.2.1.2.8 Chemical and Volume Control System - Evaporator Feed Mixed-Bed lon

12.2-6

Exchangers

A constant flow at 30 gpm (boric acid-evaporator capacity) through an evaporator feed
mixed-bed ion exchanger for 60 days is assumed. This procedure is a conservative
mock-up of actual ion exchanger operation for shorter time periods during a year of
plant operation. It is further assumed that all flow has been processed through one of
the chemical and volume control system mixed-bed demineralizers and that 10% of the
volume has been processed through a chemical and volume control system cation
demineralizer. Thus, a minimum of 9.0% of the cesium, yttrium, and molybdenum
isotopic activities and 90% of the other nongaseous activities have been removed from
the coolant prior to its processing through the evaporator feed mixed-bed ion
exchanger. The evaporator feed ion exchanger is assumed to remove all of the
remaining nongaseous activity. Since coolant activities, as given in Table 11.1-2, do
not take into account isotopic removal by the evaporator feed ion exchangers, the ion
exchange inventories developed with this method are too high. Corrections to the
inventories of isotopes with long half-lives are readily obtained. In the case of the
Cs-134, Cs-137, and Y-91 (excluding that part of the Y-91 inventory that results from
decay of Sr-91 on the ion exchanger), the inventory is reduced by the factor, (0.09 x
75 gpm)/(0.09 x 75 gpm + 0.91 x 30 gpm) = 0.198. The similarly obtained correction
factor for other long-lived activity, (0.90 x 75 gpm)/(0.90 x 75 gpm + 0.10 x 30 gpm) =
0.96 is not applied. The derived shielding source team inventories are given in Table
12.2-6.

The CVCS boric acid evaporator package is not required for the operation of Unit 1;

however, the package is installed and connected to the waste disposal system. Liquid
waste will be processed through the mobile demineralizer until such time that the boric
acid evaporator becomes an available option for processing liquid radioactive waste.

RADIATION SOURCES
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12.2.1.2.9 Chemical and Volume Control System - Evaporator Feed Cation Bed lon
Exchanger

The shielding source term inventory on the evaporator feed cation bed ion exchanger
is taken to be the same as the cesium, molybdenum, and yttrium inventories on the
evaporator feed mixed bed ion exchanger except that yttrium activities on the
mixed-bed that result from decay of strontium on the mixed-bed are excluded. The
inventories of other cations on the cation demineralizer are not included since they
would be very small in comparison with the inventories obtained from cesium, yttrium
and molybdenum. (See the note in Section 12.2.1.2.8 relative to the Unit 1 operation
without the boric acid evaporator package.)

The derived shielding source term inventories are given in Table 12.2.7.

12.2.1.2.10 Chemical and Volume Control System - lon Exchange Filters

The maximum source on either of the ion exchange filters is assumed to be 1.0% of
the maximum inventory that could exist on an evaporator cation bed ion exchanger.
The cation exchanger is downstream of the mixed-bed ion exchanger and thus any
detached resin fines from the mixed-bed ion exchanger would become lost in the
cation bed resin. For shielding calculations the filter inventory is uniformly distributed
over a filter cartridge volume of 0.44 cubic feet (diameter equals 7 inches, length
equals 19-7/8 inches). (See the note in Section 12.2.1.2.8 relative to the Unit 1
operation without the boric acid evaporator package.)

12.2.1.2.11 Gas Stripper and Boric Acid Evaporator Package

The sources associated with the recycle evaporator are specified in this section. The
gaseous activity is concentrated in the vent condenser portion, while particulate activity
is concentrated in the evaporator section.

The maximum gaseous activity concentrations occur when the unit is processing
reactor coolant at the maximum rate. No credit is taken for radioactive decay before
processing in the gas stripper. Gas concentration in the reactor coolant is assumed to
be 35 standard cubic centimeters per kilogram. The activity concentrations in the vent
condenser in microcuries per cubic centimeter are thus obtained by increasing reactor
coolant concentrations, in microcuries per gram, by the factor, 1000 gm/35 cc = 28.6
gm/cc. Concentrations are given in Table 12.2.8 (these concentrations are not affected
by considerations of hydrogen removal via venting from the holdup tank if the fractional
release of nitrogen and hydrogen from the coolant is assumed to be the same as that
of the radioactive gases). (See the note in Section 12.2.1.2.8 relative to the Unit 1
operation without the boric acid evaporator package.)

For shielding calculations, the vent condenser is considered to be a cylindrical source
with a diameter of 8 inches and a length of 20 inches. Although the composition is
approximately 30% stainless steel, 22% water and 48% vapor (volume percents) the
shielding calculations do not take credit for any attenuation in the steel.

To generate the shielding source inventories in the evaporator bottoms, it is assumed
that reactor coolant is processed through the evaporator at 30 gpm (1.14 x 10°
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gm/min). It is assumed that only 0.10 of all nongaseous isotopes are removed in the
evaporator feed mixed-bed and cation bed ion exchangers. Processing continues until
isotopic concentrations in the evaporator bottoms is about 40 uCi/gm of liquid. The
inventory is given in Table 12.2-9. This inventory is obtained in 417 minutes of
processing. At this point the activity in the liquid has been concentrated by about a
factor of 23. (See the note in Section 12.2.1.2.8 relative to the Unit 1 operation without
the boric acid evaporator package.)

For shielding calculations, the source geometry is considered to be a cylinder with a
diameter of 3.5 feet, and a length of 9.9 feet. The composition in volume percents is
10% stainless steel, 77% water, and 13% air. The source inventory is uniformly
distributed throughout the 712 gallons homogenized volume.

12.2.1.2.12 Spent Fuel Pool Cooling System Demineralizer and Filters

The principal isotopes that will be collected on the demineralizer and filters of the spent
fuel pool cooling system are 1-131, Cs-134, Cs-137, and the corrosion product
activities, Mn-54, Co-58, Co-60, Fe-59 and Cr-51. In the development of source terms
for these components, fission product release from the fuel rods subsequent to the
initiation of shutdown is neglected. Minimum time between beginning of cooldown and
filling of the refueling canal is at least three days. Therefore, continuous purification at
75 gal/min (284,000 gm/min) through the chemical and volume control system
mixed-bed and cation bed demineralizers is assumed to continue for three days before
the reactor vessel head is removed and primary coolant mixes with water in the
refueling canal (flow through the mixed-bed demineralizer could be 120 gpm but the
design flow rate through the cation bed demineralizer is only 75 gpm). A D.F. of 10
between a point upstream of the mixed-bed demineralizer and a point downstream of
cation bed demineralizer is taken for the iodine and cesium isotopes. Credit for
radioactive decay during the three days of purification is taken for 1-131.

Although the demineralizer D.F. of 10 is also applicable to the corrosion product
activities, removal of corrosion product activities in the demineralizers could be
balanced by further releases into the coolant. In fact, the evidence suggests that
corrosion product activity levels in the coolant could actually increase during such
temperature changes. Also, large increases in Co-58 activity have been observed
after removal of the reactor vessel head and dilution of the coolant of the refueling
canall®l. This effect has been taken into account by increasing the corrosion product
inventory in the reactor coolant at beginning of shutdown by a factor of 5. The
radioactive inventories available for demineralization with the spent fuel pool
demineralizer and for filtration with the refueling water purification filter are thus
determined as follows:

(1) I-1311 inventory is decreased exponentially with the removal constant, 1.60
day™’,

(2) Cs-134 and Cs-137 inventories are decreased exponentially with the removal
constant, 1.51 day™!, and

12.2-8 RADIATION SOURCES
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(3) Corrosion product inventories are increased by a factor of 5. No credit is
taken for radioactive decay during accumulation on the demineralizer.
Demineralizer inventories are given in Table 12.2-10.

The inventory on a refueling water purification filter will be accumulated in one of two
ways. If water entering the filter has first passed through the spent fuel pool
demineralizer, the filter source would consist of activity on resin dislodged from the
demineralizer. One percent of the demineralizer inventories would be used as a filter
source. If water is purified through the refueling water purification filter only, the filter
inventory would be identical to the spent fuel pool demineralizer inventory in the case
of the corrosion product activities.

lodine would not be collected in significant quantity. As in the case of the seal water
return and seal water injection filters, a filtration efficiency of 0.4% would be assumed
for cesium. This latter mode of operation results in the worst case inventory for
shielding calculations and thus is the basis for the refueling water purification filter
inventories given in Table 12.2-11.

No large quantities of radioactivity are expected to be collected on the spent fuel pool
skimmer filter and the spent fuel pool filter. These filters filter the water in the transfer
canal and in the spent fuel pool only. Negligible activity from the refueling canal inside
the containment will enter the transfer canal through the fuel transfer tube. Identifiable
sources of spent fuel pool and skimmer filter activity are the following:

(1) Particulate corrosion and fission product activities that become dislodged
from fuel assembly surfaces primarily during movement of a fuel assembly.

(2) Activity from fuel assemblies with defective cladding.

(3) Inthe case of the spent fuel pool filter only, activity on resin fines dislodged
from the upstream spent fuel pool demineralizer. An upper limit for this
source is considered to be 1.0% of the demineralizer activity inventory.

(4) Activity introduced from the refueling water storage tanks when the spent fuel
pool is periodically emptied and refilled.

Of these, the largest potential contribution to filter activity is expected to be the
corrosion and filter product activities dislodged from the fuel assembly. An extreme
upper limit for this source should be the inventory assigned to a refueling water
purification filter. Use of this inventory as the source term for the spent fuel pool filter
and the spent fuel pool skimmer filter more than adequately takes into account activity
contributions from the other three activity origins identified above. Therefore, the
inventory on a refueling water purification filter, given in Table 12.2-11, is also used as
the source term in shielding calculations for the spent fuel pool filter and the spent fuel
pool skimmer filter.

RADIATION SOURCES 12.2-9
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12.2.1.3 Sources During Refueling

The principal radioactive source in the proximity of the fuel assembly transfer path is
the spent fuel assembly fission product inventory discussed below. Activity in the
refueling canal water will normally be reduced to 0.01 microcurie per cubic centimeter
before fuel transfer begins.

The maximum fuel assembly fission product concentrations are calculated by TID-
14844 methodology!®], and they are included in Table 12.2-12. The total power
distribution peaking factor is 2.40. The axial peaking factor is 1.37, and the radial
peaking factor is 1.75. The average inventory in a fuel assembly is 1/2.40 of the
inventory in Table 12.2-12. Since there are 193 fuel assemblies in the core, the total
core inventory is 193 times the average inventory in a fuel assembly.

Other sources encountered during refueling operations are the irradiated in-core
instrumentation detectors and the control rods. When removed from the vessel, the
irradiated in-core instrumentation detectors and the irradiated Ag-In-Cd control rods
are also important sources. During refueling, the irradiated in-core instrumentation
detectors are stored in the crane wall. The irradiated in-core detector drive wire
sources are given in Table 12.2-13. The shielding provided for spent fuel assemblies
also shields spentirradiated control rod sources either in place in an assembly or when
being transferred from one assembly to another.

The absorber materials used in the hybrid control rods are boron carbide (B4C) and
silver-indium-cadmium (Ag-In-Cd). The gamma ray source strengths associated with
the Ag-In-Cd absorber are listed in Table 12.2-14 for various times after shutdown.
The values are per cubic centimeter of absorber for an irradiation period of 4 years.
There are no significant gamma ray sources associated with the B4C absorber.

The material used for the control rod cladding, secondary source rod cladding, and
burnable absorber rod cladding and inner sheath is type-304 stainless steel with a
maximum cobalt content of 0.12 weight percent. The gamma ray source strengths
associated with the stainless steel are also listed in Table 12.2-14 for various times
after shutdown. The values are per cubic centimeter of stainless steel for an irradiation
time of 15 years.

12.2.1.4 Maximum Hypothetical Accident (MHA) Sources

12.2-10

For MHA (maximum hypothetical accident) exposure calculations, fractions of the
equilibrium core fission product inventory (see Table 12.2-12) that are assumed to be
released from the fuel rods are the following:

(1) 100% of the noble gases released to containment

(2) 50% of the core iodines released to the sump and 50% of pure iodines
released to containment

(3) 1% of core particulates released to the sump
Refer to Chapter 15 for details of accident analysis.

RADIATION SOURCES
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12.2.1.5 Condensate Demineralizer Waste Evaporator

The Condensate Demineralizer Waste Evaporator (CDWE) package is not required for
the operation of Unit 1, however the package is installed and connected to the waste
disposal system. System description, function, and interfaces are contained in Section
11.2.2. Liquid waste will be processed through the mobile demineralizer until such
time that the CDWE becomes an available option for processing liquid radioactive
wastes.

12.2.2 Airborne Radioactive Material Sources

Expected airborne activity levels and the corresponding derived air concentration
(DAC) fractions, for the Containment, Turbine Building, and Auxiliary Building and the
instrument room are presented in Tables 12.2-19 through 12.2-22, respectively. The
DAC fractions are determined by dividing the estimated radioactive air concentrations
by the corresponding DAC values. For the determination of these concentrations, the
assumptions and models are those employed in Section 11.3.7 for the determination
of gaseous effluent releases except for the following assumptions: (1) lower
containment, upper containment, and the instrument room are assumed to be purged
after each 60 days of operation, (2) purge flows are 14,958 cfm (upper containment),
7,500 cfm (lower containment), 540 cfm (instrument room), and (3) purge lasts for 6
hours.

REFERENCES
(1) Deleted by Amendment 84.
(2) Deleted by Amendment 84.

(3) "Coolant Activity Experiences at Connecticut Yankee," by R. H. Graves,
Nuclear News, November 1970, page 66. (See 12.2.1.2.12)

(4) ANSI/ANS-18.1-1984, "Radioactive Source Term for Normal Operation of
Light Water Reactors," December 31, 1984.

(5) TID-14844, "Calculation of Distance Factors for Power and Test Reactor
Sites," March 1962.
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Table 12.2-1 Chemical And Volume Control System Mixed Bed Demineralizer

Inventory Inventory
Isotope (Microcuries) Isotope (Microcuries)
Cr 51 137(+8) 1131 107(+11)
Mn 54 .700(+8) 1132 .543(+9)
Mn 56 184(+7) 133 .204(+10)
Co 58 917(+9) | 134 .126(+8)
Co 60 .932(+8) 1135 .365(+9)
Fe 59 .239(+8) Ba 137m 124(+11)
Br 84 .548(+6) Ba 140 .286(+8)
Br 88 .270(+8) La 140 .299(+8)
Rb 89 .631(+6) Ce 144 .241(+8)
Sr 89 .102(+9) Pr 144 .241(+8)
Sr 90 .146(+8) Mo 99 .865(+10)
Sr 91 .454(+6) Tc 99m .758(+10)
Y 90 .145(+8) Cs 134 .240(+10)
Y 91m 277(+6) Cs 136 .968(+8)
Y 91 A72(+8) Cs 137 133(+11)
Zr 95 .228(+8) Cs 138 .125(+8)
Nb 95m .455(+6)
Nb 95 .341(+8)
Te 132 .498(+9)
Te 134 522(+6)

a. Inventory is distributed over a resin volume of 30 cubic feet.
b. Numbers in parentheses denote exponents to the base 10.
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Table 12.2-2 Chemical And Volume Control System Cation Bed Demineralizer

Inventory
Isotope (Microcuries)
Mo 99 .865(+9)
Tc 99m .758(+9)
Cs 134 .240(+10)
Cs 136 .107(+9)
Cs 137 A33(+11)
Cs 138 125(+7)
Ba 137m A24(+11)
Y 90 .204(+5)
Y 91 .168(+8)
a.

Inventory is distributed over a resin volume of 20 cubic feet.

b. Numbers in parentheses denote exponents to the base 10.
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Table 12.2-3 Chemical and Volume Control System Seal Water Return Filter

Inventory

Isotope (Microcuries)
Cr 51 265(+7)
Mn 54 .301(+7)
Mn 56 .607(+6)
Co 58 .877(+8)
Co 60 .298(+7)
Fe 59 .324(+7)
Cs 134 .335(+7)
Cs 136 A13(+7)
Cs 137 .162(+8)
Cs 138 .165(+5)
Ba 137m .151(+8)

a. Inventory is distributed over a filter cartridge volume of 3.72 ft3, (Diameter = 13.75", Length
43.25")

b. Numbers in parentheses denote exponents to the base 10.
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Table 12.2-4 Chemical And Volume Control System-Hcldup Tank Liquid Space

Inventory Inventory
Isotope (Microcuries) Isotope (Microcuries)

Cr 51 .620(+5) Te 132 A72(+8)
Mn 54 .514(+5) Te 134 .808(+6)
Mn 56 146(+7) Cs 134 .255(+8)
Co 58 AB7(+7) Cs 136 170(+8)
Co 60 494(+5) Cs 137 121(+9)
Fe 59 .667(+5) Cs 138 492(+8)
Br 84 .912(+6) Ba 137m 110(+9)
Br 88 .337(+9) Ba 140 .280(+6)
Rb 89 A11(+7) La 140 .104(+6)
Sr 89 .255(+6) Ce 144 .180(+5)
Sr 90 .734(+u) Pr 144 .180(+5)
Sr 91 A17(+6) Kr 85m .153(+9)
Zr 95 447 (+5) Kr 85 .338(+9)
Nb 95 A427(+5) Kr 87 573(+8)
1131 .166(+9) Kr 88 .235(+9)
1132 .484(+9) Xe 131m .156(+9)
133 .257(+9) Xe 133m .260(+9)
134 .181(+8) Xe 133 .236(+11)
1135 131(+9) Xe 135m .921(+7)

Xe 135 .486(+9)

Xe 138 .849(+7)

a. Inventory is distributed over a volume, of 32,000 gallons (the bottom 1/4 of the tank volume).

b. Numbers in parentheses denote exponents to the base 1.0.

RADIATION SOURCES
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Table 12.2-5 Chemical And Volume Control System-Hcidup Tank Vapor Space

Inventory
Isotope (Microcuries)
Kr 85m .721(+8)
Kr 85 .183(+9)
Kr 87 .270(+8)
Kr 88 A11(+9)
Xe131m .736(+8)
Xe 133m 123(+9)
Xe 133 A12(+11)
Xe 135m A433(+7)
Xe 135 .229(+9)
Xe 138 400(+7)

a.Inventory is distributed over a volume of 96,000 gallons (the top 3/4 of the tank volume).

b.Numbers in parentheses denote exponents to the base 10.

12.2-16
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Table 12.2-6 Chemical And Volume Control System - Evaporator
Feed Mixed Bed lon Exchanger

Inventory Inventory
Isotope (Microcuries) Isotope (Microcuries)
Cr 51 AT75(+6) Te 132 .200(+8)
Mn 54 .707(+6) Te 134 .209(+5)
Mn 56 .738(+5) [ 131 AT4(+9)
Co 58 .186(+8) | 132 .220(+8)
Co 60 .720(+6) | 133 .821(+8)
Fe 59 .643(+6) | 134 .505(+6)
Br 84 .219(+5) | 135 147(+8)
Br 88 108(+7) Ba 137m .165(+10)
Rb 89 .253(+5) Ba 140 A22(+7)
Rb 89 .256(+7) La 140 A27(+7)
Sr 90 .108(+6) Ce 144 .247(+6)
Sr 91 .182(+5) Pr 144 .247(+6)
Y 90 .180(+6) Mo 99 .316(+10)
Y 91M 111(+5) Tc 99m 277(+10)
Y 91 .897(+7) Cs 134 .362(+9)
Zr 95 .488(+6) Cs 136 .376(+9)
Nb 95m .908(+4) Cs 137 A77(+10)
Nb 95 .586(+6) Cs 138 AB7(+7)

a. Inventory is distributed over a resin volume of 27 ftS.

b. Numbers in parentheses denote exponents to the base 10.
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Table 12.2-7 Chemical And Volume Control System-Evaporator
Feed Cation Bed lon Exchanger

Inventory
Isotope (Microcuries)
Mo 99 .316(+10)
Tc 99m .362(+9)
Cs 134 .376(+9)
Cs 136 A77(+10)
Cs 138 ABT(+7)
Ba 137m .165(+10)
Y 90 .746(+5)
Y 91 .697(+7)

a.Inventory is distributed over a resin volume of 20 ftS.

b.Numbers in parentheses denote exponents to the base 10.

12.2-18
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Table 12.2-8 Gas Stripper And Boric Acid Evaporator Package-Vent Condenser

Concentration

Isotope (Microcuries/Cubic Centimeter)
Kr 85m 63.0
Kr 85 134
Kr 87 343
Kr 88 106
Xe 131m 54.3
Xe 133m 91.5
Xe 133 8230
Xe 135m 5.43
Xe 135 180
Xe 138 19.0

a. Activity concentration exists in 48% of the total condenser volume. Shielding calculations are

performed by assuring concentrations in the entire condenser volume, 1.648 x 10% cm?3, are 48%

of the concentrations in this table.

RADIATION SOURCES
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Table 12.2-9 Gas Stripper And Boric Acid Evaporator Package-Evaporator Bottoms

Inventory Inventory
Isotope (Microcuries) Isotope (Microcuries)

Cr 51 439(+4) Zr 95 317(+4)

Mn 54 .365(+4) Nb 95m A67(+1)

Mn 56 .623(+5) Nb 95 .303(+4)

Co 58 .118(+6) Mo 99 .242(+8)

Co 60 .351(+4) Tc 99m 671(+7)

Fe 59 473(+4) 1131 117(+8)

Br 84 .219(+5) 1132 248(+7)

Br 88 .108(+7) 1133 .169(+8)

Rb 89 .253(+5) 1134 .501(+6)

Sr 89 .181(+5) 1135 T46(+7)

Sr 90 .521(+3) Te 132 .120(+7)

Sr 91 .710(+4) Te 134 .209(+5)

Y 90 .613(+3) Ba 137m A439(+7)

Y 91m .369(+4) Ba 140 .198(+5)

Y 91 .260(+5) La 140 .784(+4)

Y 92 .189(+4) Ce 144 .128(+4)

Pr 144 .128(+4)

Cs 134 .995(+6)

Cs 136 .659(+6)

Cs 137 ATA(+T)

Cs 138 .502(+6)

a.Inventory is distributed over a homogenized volume of 712 gallons.
b.Numbers in parentheses denote exponents to the base 10.
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Table 12.2-10 Spent Fuel Pool Cooling System-Spent Fuel Pool Demineralizer

Inventory

Isotope (Microcuries)

1131 .500(+7)
Cs 137 261(+7)
Cs 134 .547(+6)
Mn 54 .940(+6)
Co 58 .305(+8)
Co 60 .905(+6)
Fe 59 A22(+7)
Cr 51 A14(+7)

a.Inventory is distributed uniformly over a resin volume of 30 cubic feet.

b.Numbers in parentheses denote exponents to the base 10.

RADIATION SOURCES
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Table 12.2-11 Spent Fuel Pool Cooling System-refueling Water Purification Filter

Isotope
Cs 137 .104(+5)
Cs 134 .219(+4)
Mn 54 .940(+6)
Co 58 .305(+8)
Co 60 .905(+6)
Fe 59 A22(+7)
Cr 51 A14(+7)

a.Numbers in parentheses denote exponents to the base 10.

Inventory
(Microcuries)

12.2-22
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Table 12.2-12 Core Inventory
(Page 1 of 3)
Half-Life Fisson Inventory
Isotope (Sec.) Yield (ci)

1 Kr 83m 6.6960E+03 5.3069E-03 1.64E+07
2 Kr 85m 1.6128E+04 1.3017E-02 3.95E+07
3 Kr 85 3.3862E+08 2.8825E-03 9.99E+05
4 Kr 87 4.5780E+03 2.5421E-02 7.59E+07
5 Kr 88 1.0080E+04 3.5840E-02 1.08E+08
6 Kr 89 1.9080E+02 4.6812E-02 1.40E-08
7 Kr 90 3.2320E+01 4.6891E-02 1.45E-08
8 Xe 131m 1.0282E+06 3.9694E-04 6.68E+05
9 Xe 133m 1.9440E+05 1.9140E-03 5.16E+06
10 Xe 133 4.5706E+05 6.7705E-02 2.03E+08
11 Xe 135m 9.3900E+02 1.0564E-02 5.46E+07
12 Xe 135 3.2940E+04 6.6334E-02 5.55E+07
13 Xe 137 2.2980E+02 6.1325E-02 1.89E+08
14 Xe 138 8.5020E+02 6.2836E-02 1.79E+08
15 Xe 139 4.0000E+01 5.1578E-02 1.59E+08
16 Xe 140 1.3600E+01 3.7182E-02 1.15E+08
17 1130 4.4496E+04 2.4100E-06 7.43E+03
18 | 131 6.9638E+05 2.8352E-02 8.80E+07
19 1132 8.2080E+03 4.2083E-02 1.34E+08
20 1133 7.4880E+04 6.7653E-02 1.97E+08
21 1134 3.1560E+03 7.6117E-02 2.31E+08
22 1135 2.3756E+04 6.4065E-02 1.79E+08
23 1 136m 4.6000E+01 2.1095E-02 6.51E+07
24 Br 83 8.6400E+03 5.3069E-03 1.64E+07
25 Br 84m 3.6000E+02 1.9217E-04 5.93E+05
26 Br 84 1.9080E+03 9.6650E-03 2.98E+07
27 Br 85 1.8000E+02 1.2953E-02 3.99E+07
28 Br 87 5.5700E+01 2.2016E-02 6.79E+07
29 Cs 134 6.5070E+07 4.5000E-07 6.25E+02
30 Cs 135 7.2580E+13 6.6348E-02 1.10E+02
31 Cs 136 1.1215E+06 5.2710E-05 1.63E+05
32 Cs 137 9.4671E+08 6.2626E-02 7.78E+06
33 Cs 138 1.9320E+03 6.7178E-02 2.07E+08
34 Cs 139 5.6400E+02 6.4137E-02 1.98E+08
35 Cs 140 6.3700E+01 5.9022E-02 1.82E+08
36 Cs 141 2.4900E+01 4.4186E-02 1.36E+08
37 Rb 88 1.0680E+03 3.6243E-02 1.12E+08
38 Rb 89 9.1200E+02 4.8470E-02 1.49E+08
39 Rb 90m 2.5600E+02 1.0034E-02 3.09E+07
40 Rb 90 1.5400E+02 4.9249E-02 1.52E+08
41 Rb 91 5.8000E+01 5.7450E-02 1.77E+08
RADIATION SOURCES 12.2-23
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Table 12.2-12 Core Inventory
(Page 2 of 3)
Half-Life Fisson Inventory
Isotope (Sec.) Yield (ci)

42 Se 84 1.9800E+02 9.4511E-0 32.91E+07
43 Sr 89 4.3632E+06 4.8501E-02 1.50E+08
44 Sr90 8.9937E+08 5.9155E-02 7.73E+06
45 Sr 91 3.4200E+04 5.9163E-02 1.82E+08
46 Sr 92 9.7560E+03 5.9482E-02 1.83E+08
47 Sr93 4.5600E+02 6.2663E-02 1.93E+08
48 Sr 94 7.8000E+01 6.0148E-02 1.85E+08
49 Y 90 2.3040E+05 5.9157E-02 1.82E+08
50 Y 91m 2.9826E+03 3.6685E-02 1.13E+08
51 Y 91 5.0553E+06 5.9171E-02 1.82E+08
52 Y 92 1.2744E+04 5.9560E-02 1.84E+08
53 Y 93 3.6360E+04 6.3667E-02 1.96E+08
54 Y 94 1.1460E+03 6.4079E-02 1.98E+08
55 Y 95 6.4200E+02 6.4304E-02 1.98E+08
56 Y 96 1.3800E+02 5.9745E-02 1.84E+08
57 Zr 95 5.5279E+06 6.4593E-02 [.99E+08
58 Zr 97 6.1200E+04 5.9446E-02 1.83E+08
59 Nb 95 3.0370E+06 6.4594E-02 [.99E+08
60 Nb 97m 6.0000E+01 5.5931E-02 1.72E+08
61 Nb 97 4.3260E+03 5.9603E-02 1.84E+08
62 Mo 99 2.3832E+05 6.1327E-02 1.89E+08
63 Tc 99m 2.1672E+04 5.3968E-02 1.66E+08
64 Tc 99 6.7210E+12 6.1327E-02 1.10E+03
65 Tc 101 7.5200E+02 5.0440E-02 1.56E+08
66 Ru 103 3.4214E+06 3.1351E-02 9.67E+07
67 Ru 105 1.5984E+04 9.8670E-03 3.04E+07
68 Ru 106 3.1882E+07 3.9171E-03 8.52E+06
69 Ru 107 2.5200E+02 1.7339E-03 5.35E+06
70 Rh 103m 3.4200E+03 3.1038E-02 9.57E+07
71 Rh 105m 4.5000E+01 2.6641E-03 8.22E+06
72 Rh 105 1.2730E+05 9.8670E-03 3.04E+07
73 Rh 106 3.0400E+01 3.9171E-03 1.21E+07
74 Rh 107 1.3020E+03 1.7340E-03 5.35E+06
75 Sn 130 2.2320E+02 9.0010E-03 2.78E+07
76 Sb 127 3.0931E+05 1.2844E-03 3.96E+06
77 Sb 129 1.5525E+04 6.3718E-03 1.96E+07
78 Sb 130m 3.7800E+02 1.1157E-02 3.44E+07
79 Sb 130 2.4000E+03 2.9877E-03 9.21E+06
80 Sb 133 1.6200E+02 2.2346E-02 6.89E+07
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Table 12.2-12 Core Inventory

(Page 3 of 3)
Half-Life Fisson Inventory
Isotope (Sec.) Yield (ci)

81 Te 125m 5.0110E+06 6.7480E-05 2.08E+05
82 Te 127m 9.4176E+06 2.2418E-04 6.80E+05
83 Te 127 3.3660E+04 1.2799E-03 3.95E+06
84 Te 129m 2.9030E+06 1.9080E-03 5.88E+06
85 Te 129 4.1760E+03 6.2156E-03 1.92E+07
86 Te 131m 1.0800E+05 3.5440E-03 1.09E+07
87 Te 131 1.5000E+03 2.5405E-02 7.83E+07
88 Te 132 2.8080E+05 4.1877E-02 1.29E+08
89 Te 133m 3.3240E+03 3.9298E-02 1.21E+08
90 Te 133 7.4700E+02 3.0283E-02 9.34E+07
91 Te 134 2.5080E+03 6.7648E-02 2.09E+08
92 Ba 137m 1.5312E+02 5.9248E-02 1.83E+08
93 Ba 139 5.0940E+03 6.4816E-02 2.00E+08
94 Ba 140 1.1059E+06 6.3164E-02 1.95E+08
95 Ba 141 1.0962E+03 5.8670E-02 1.81E+08
96 Ba 142 6.4200E+02 5.8292E-02 1.80E+08
97 La 140 1.4497E+05 6.3221E-02 1.95E+08
98 La 141 1.4148E+04 5.8868E-02 1.82E+08
99 La 142 5.5620E+03 5.9304E-02 1.83E+08
100 La 143 8.4000E+02 5.9369E-02 1.83E+08
101 Ce 141 2.8080E+06 5.8868E-02 1.82E+08
102 Ce 143 1.1880E+05 5.9687E-02 1.84E+08
103 Ce 144 2.4538E+07 5.4554E-02 1.34E+08
104 Ce 145 1.8000E+02 3.9396E-02 1.21E+08
105 Pr 143 1.1733E+06 5.9687E-02 1.84E+08
106 Pr 144 1.0368E+03 5.4555E-02 1.68E+08
107 Pr 145 2.1528E+04 3.9408E-02 1.22E+08
108 Np 239 2.0300E+05 0.0000E+00 0.00E+00
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Table 12.2-13 Irradiated In-Core Detector Drive Wire Sources (MEV/CM-SEC)

Photon
Energy Time After Shutdown
(Mev/Y 0 4 Hours 12 Hours 1 Day 1 Week 1 Mo
0.8 4.1x1010 1.1x 1010 2.6 x 10° 1.1 x10° 1.0 x 10° 1.0 x
1.3 1.2x10° 1.2x10° 1.2x10° 1.2 x10° 1.1 x10° 8.4 x
2.2 4.0x 1010 1.3x1010 15x10°  5.8X107
12.2-26
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Table 12.2-14 Irradiated Ag-In-Cd Control Rod Sources
Control Rod, Ag-In-Cd Tip

Energy Group Source Strength at Time After Shutdown (Mev/cm3-sec)

(Mev/gamma) 1 Day 1 Week 1 Month 6