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11.0 RADIOACTIVE WASTE MANAGEMENT

11.1 Design Objective And Criteria

The radiocastive waste management system for Alvin W. Vog;le Nuclear
Plant Units 1, 2, 3 and 4 will be designed to provide for_the controlled
handling and treatment of radioactive liquid, gaseous and solid wastes.
The applicant's design objective for these systems is to restrict the

amount of radicactivity released from normal plant operatiom to

unrestricted areas to within the limits set forth in 10 CFR Part 20.

The Technical Specifications issued as part of the operating licemse will
requiré the applicant to maintain and use existing plant equipment to
achieve the lowest practicable reléases of radioactive materials to

the environment in accordance with the requirements of 10 CFR Part 20

and 10 CFR Part 50. The applicant will also be required to maintain
radiation exposures to inplant personnel and the general public "as

low as practicable" in conformance with the requirements of 10 CFR Part 20.

Our evaluation of the design and expected performance of the waste

management systems for Vogtle Units 1, 2, 3 and 4 are based on the

following design objectives:

Liquids

(1) Provisicns to treat'liquid waste to limit the expected releases
of radicactive materials in liquid effluents to the environment
to less than 5 Ci/yr/unit; excluding tritium and dissolved gase-.

(2) The calculated annual average exposure to the whole body or any
organ of an individual at or beyond the site boundary not to

exceed 5 mrem for expected releases,
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(3) Concentrations of radioactive materials in liquid effluents
not to exceed the limits in 10 CFR Part 20, Appendix B, Table II,
Columm 2, for the expected and des;gn releases. |

Gaseous

(1) Provisions to treat gaseous waste to limit the expected release
of radioactive materials in gaseous effluents from principal
release points so that the annual'average exposure to the
whole body or any organ of an individual ;t or beyond the site
boundary not to exceed 5 mrem.

(2) Provisions to treat expected radioiodine released in gaseous

effluent from principal release points so that the annual average

exposure to the thyroid of a child through the pasture-cow-milk

pathway be less than 15 mrem. For Alvin W. Vogtle, Units 1, 2, 3 and

4 the estimated dose is evaluated at the nearest potential pasture,

appfoximately one mile north of the site;

(3) Concentrations of radiocactive materials in gaseous effluents not
to exceed the limits in 10 CFR Part 20, Appendix B, Table II,
Column 1, for the expected and design releases.

Solid

. (1) Provisions to solidify all expected liquid waste prior to shipment

to a licensed burial ground.

(2) Containers and method of packing to meet the requirements of 10

CFR Part 71 and applicable Department of Transportation regulations.
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The following sections present our evaluation of the liquid, gaseous,

and solid waste treatment systems; the dssign codes and gquality assurance
criteria; and the radiation monitoring of process effluenté and of inplant
areas. The liguid, gasecus, and solid waste systems are de;igned to
accoﬁ;odauethe waste produced during simultaneous operation of Units 1,
- S aéd 4. Except for the liquid radwaste systems the reactors gill
be constructed as a two-group facility.  Units 1 and 2 will share
certain radwaste treatment equipment and support bﬁildings as a group,

and likewise Units 3 and 4 will be constructed and operated as a group.

Each unit will have a separate liquid waste treatment system.

Our evaluation and calculation of annual releases of radiocactive materials
model adjusted to these reactors and uses somewhat different operating
conditions and parameters than those assumed by the applicaﬁt. Our
calculated effluents are therefore, different than the applicants.

Based on our evaluation, we find the proposed liquid, gaseous and solid
radwaste systems proposed for Units 1, 2, 3, and 4 to be acceptable.

Liquid Waste Svstems

Treatment of the liquid waste is dependent on the source, activity and
composition of the particular liquid waste and on the intended disposal

procedure. The. liquid waste system is divided into two main subsystems;
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(1) the reactor coolant treatment system which includes the chemical

and volume control system (CVCS) and the boron recovery system (BRS);

and (2) the liquid radwaste processing system which includéﬁ drain channpel
A (recycleable wastes), drain channel B (non-recycleable wa;te) and the

steam generator blowdown treatment system.

Cross connections between the subsystems provide flexibility for
processing by alternate methods. Treated wastes will be handled on a
batch b#sis-tc permit optimum control and release of radiocactive waste.
Prior to the release of treated liquid wastes, samples will be analyzed
to determine the type and amount of radiocactivity in each batch. Based
on the analytical results, these wastes will either be released through
the circulating water direct to the Savannah River or retained for
further processing. Radiation monitoring equipment will automatically
trip a valve on the discbarge pipe terminating the release of liquid

waste if the levels of activity exceed a predetermined value.

The chemical and volume control system (CVCS).consists of redundant
mixed-bed demineralizers for the removal of corrosion and fission products
and cation bed demineralizers for the removal of radioactive cation
products, During normal operations the CVCS will process reactor coolant
letdown at approximately 75 gpm. Approximately 937 of the treated

letdown stream will be collected in the volume control tank and returned
to the primary coolant system. Approximately 1.3 gpm of the treated

letdown stream will be diverted to the boron recovery system (BRS) for

-— - — - e




chemical shim control.

The shim bleed will be processed throuéh two mixed-bed demineralizers
and stored in one of two 112,000 gal. re;ycle holdup tanks: After a
sufficient quantity has been collected, the liquid from thé holdup

tank will be processed through : 15 gpm boric acid evaporator. The
evaporator condensate will be processed through an anionm polishiné
demineralizer and collected in the reactor makéup water storage

tank. We assume that approximately 10% of the effluent from the anion
demineralizer will be diverted to the waste monitor tanks and discharged,
to maintain the plant water balance. The evaporator bottoms will be
either stored in the boric acid holdup tank for reuse or processed in

the solid waste system.

Drain channel A (DCA) and drain channel B (DCB) will share the waste
evaporator and polishing'demineralizer. However, the DCA and DCB wastes
will be kept separated since processing will be batchwise. DCA will
cqflect high purity waste from primary system equipment drains and leakoffs
in a 10,000 gal. waste holdup tank. In our evaluation w; assumed the

DCA flow to be approximately 166 gpd at primary coolant activity. The

DCA wastes will be processed through the 15 gpm waste evaporator and
miied-bed polishing demineralizer. The treated waste will be sampled in

a 5000 gal, monitor tank and normally recycled to the primary system for
reuse. We estimate that approximately 90% of the treated stream will

be reused to meet plant water requirements, and 107 will be discharged.

. F s . !
. ! . N M T D A 4 ’
PO RASEY | Sl TV T A AR AT IR Mt WP LD Y O N AL AT RO N

bmc s bl ¥oos o e

R



- -

DCB will collect low purity waste from floor drains, decontamination
operations, and laboratory operations in a 10,000 gal. floor drain tank.
In our evaluation we assumed the DCB volume to be approzisa;ely 900

gpd at 7% of primary coolant activity. DCB wastes will beiptocessed
through the same system as DCA, however, collected in a separate 500U
gal. t;;k for sampling and analysis. DCB will be 100% discharged.after
processing. Onme mixed-béd demineralizér will be avaiable to process
wastes as required during unexpected operationQI occurrances or equipment
downtime, Units 1 & 2, and Units 3 & 4will share a common 10,000 gal;

laundry and shower drain tank. Based on reactor operating experience,

we assumed these wzstes will total approximately 450 gpd/unit at approximately

10_4 uCi/ml. We consider these wastes to be released without treatment

following sampling and analysis.

The steam generator blowdown processing system will process blowdown
through heat exchangers prior to entering the blowdown tark to prevent..
flashing. The blowdown will be processed through two cation demineralizer;
and two mixed-bed demineralizers in series, at approximately 7 gpm and
secondary coolant activity. The treated stream will be collected in

the 1500 gal. surge tank. In our evaluation we assumed 100% discharge of

the treated blrwdown wastes.

Turbine building floor drain wastes will be collected in the turbine
building drain collection tank, monitored, and released without treatment.
We estimate these wastes to be approximately 7200 gpd at 0.1% of

secondary coolant activity.
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We estimate that liquid waste releases will be less than 0.2 Ci/yr/unit,

excluding tritium and dissolved gases. We have normalized these releases

to 0.4 Ci/yr to compensate for equipment downtime and anticipated operational

occurrances. The applicant estimates the liquid releases.to be approximately

2 Ci/yr/unit excluding tritium. Based on operating experience at other
pressurized water reactors using zircalloy clad fuel, we estimate that
approximately 350 Ci/yr/unit of tritium will be released. The

applicant estimated tritium releases to be approximately 70 Ci/yr/unit.

We calculate the whole body and critical organ dose to individuals
to be less than 5 mrem/yr. The applicants also calculate these doses

to be less than 5 mrem/yr.

Based on our evaluation that the liquid radwaste system wili process
the expected wastes to less than 5 Ci/yr/unit, with a resultant dose
of less than 5 mrem/yr from the site, we conclude that the system is
acceptable. We conclude.that the system is capable of processing
radwastes in accordance with 10 CFR Part 20 and 10 CFR Part 50, and to
levels which are "as low as practicable".

Gaseous Waste Svstems

The gaseous waste systems consist of a cover gas recycle system for
primary system gases, an air ejector treatment system, and systems for
removing iodine and particulates from the containment, fuel handling,

and auxiliary building atmospheres prior to release.
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The cover gas recycle system strips hydrogen and small amounts of

radioactive fission gases from the primary coolant in the volume control
tanks. Units 1 and 2 and Units '3 and 4 will share a cover gas recycle
system consisting of a continuously recirculating nitrogen loop, two
compressors, two recombiners, and sixteen pressurized storage tanks.
Fourteen storage tanks will be used during normal operation and two

tanks will be used for shutdowns. Gaseb stripped from the primary coolant
will be diluted with nitrogen, and blended witﬁ.stoichiomet:ic amounts §£
oxygen. - The hydrogen and oxygen will be catalytically recomﬁined to
form water. The resultant nitrogen stream, containing small amounts of
fission gases, will be routed to ome of the fourteen pressurized storage
tanks to permit decay of the short-lived radionuclides. After decay,

the nitrogen, containing small amounts of long-lived radioactive gases,
will be recycléd back to the primary system as cover gas. Valves will

equipped with bellows seals or leakoffs piped to low pressure portions of

the system. Four gas znalyzers will monitor hydrogen and oxygen concentraticns

upstream and downstream of the catalytic recombiners. These analyzers

will alarm should hydrogen or oxygen concentrations approach the lower

combustion limit (LCL). Both hydrogen and oxygen feed will be automatically

terminated should either hydrogen or oxygen exceed a predetermined level.

The system will be designed to store radioactive gases indefinitely to
reduce releases of radiocactive materials. In our evaluation we assumed

50,000 ft3/yr of gaseous waste will be processed by this system,




We considered the waste to be discharged after 90 days, at which time
Kr-85 will be the major isotope released. Gasecus wastes from the
secondary system will be processed through condenser air ejectors,

HEPA filters, and charcoal adsorbers prior to release. Th% plant
ventilation systems will be designed to ensure that air flow will be

from areas of low potential to areas having a greater potential for

the release of airborne.radioactivity.' The a2uxiliary fuel handling,

and containment building atmospheres will be pfocessed through HEPA
filters and charcoal adsorbers prior to release. In addition, a 30,500
cfm internal recirculation system will process containment air through
charcoal adsorbers for approximately 16 hours prior to purging the contain-
ment. The recirculation system will have the capacity to reduce airborme

jodine concentrations to below the levels in 10 CFR Part 20, Appendix B,

Table 2, Column 1 prior to eantry by operating personnel.

The steam generator blowdown processing system will be vented to the
main condenser thereby eliminating this effluent stream. Main steam
will be used for the gland sealing system. The gland seal leakoff steam

will be routed to the gland seal condenser. Noncondensibles will pass

through a charcoal adsorber and be vented¢ to the roof vent and the condensibles

will be drained to the condensate storage tank. We estimate the gland seal

gaseous releases to be negligible.

Based on our evaluation of the gaseous waste systems we calculated that
the radiocactivity released from Units 1, 2, 3 and 4 during normal operationm

will be 1340 Ci/yr/unit of noble gases and 0.04 Ci/yr/unit of iodine-13l.
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The applicant estimated these releases to be 3580 Ci/yr/unit of noble

gases and 0.017 Ci/yr/unit for iodine-131.

For the simultaneous operation of all f;ur units, we calc&iate the

whole body dose due to noble gases to be less than 5 mrem/&r to an
individual at or beyond the site boundary. We calculate the poteptial
dose to a child's thyroid through the bastute-cow—milk chain, at the
nearest potential pasture located one mile north of the site to

be approximately 24 mrem/yr. The applicant calculated a whole body dose

of less than 5 mrem/yr and a dose to a child's thyroid of less than

15 mrem/yr. Even though the calculated potential thyroid dose to a child's
thyroid through the pasture-cow-milk path sppears to exceed the 15 mrem/yr
objective of our as low as practicable guidelines, the applicant has
proposed to use state-of-the-art technology to reduce iodine releases

in conformance with Regulatory Guide 1.42, and therefore, find the calculated

thyroid dose acceptable.

To assure that the actual doses do not exceed the "as low as practicable"
guidelines, the applicant will be required to provide an extensive
monitoring program in the surrounding environs. This program will be

delineated in the Technical Specifications and will relate to measuring

the iodine releases from the plant. Should the actual measured iodine release:

appear to exceed a dose rate of 7.5 mrem averaged over any calendar quarter,
the applicant will be required to make the necessary modifications to the

plant to reduce these releases as delinested in the Technical Specifications.

¥
§



11.4

* 1 -

Based on our evaluation the gaseous radwaste system has the capability
to process the expected noble gases to a calculated whole body dose

of less than 5 mrem/yr to an individual. In additiom, state-oi-the-art
equipment will be used to process gaseous waste and the applicant is
committed to monitor the environs to ensure releases will be "as low
as practicable". We, therefore, conclude that che gaseous radéﬁste
systems are acceptable.

Solid Waste Systems

The solid'radwaste system will be designed to collect, monitor,
process, package, and provide temporary storage for radioactive
solid wastes prior to offsite shipment and disposal in accordance

with applicable regulations.

Spent demineralizer resins from the various treatment systems will

be dewatered and solidified with cement.and vermiculite. The resins will
be encaﬁgulated in a 55 gal drum fitted with a cement and steel liner
to provide shielding. Evaporafbr concentrates and chemical wastes will
be mixed with a cement-vermiculate mixture and sealed in 55-gal. drums.
The drums will be remotely filled under a vacuum to preclude airborme
releases to the plant atmosphere. Mechaéical vibrators will be used

to homogenize the waste mixture. When filled, drums will be sealed and

moved to a storage area by remotely operated equipment.

A radiation monitor will keep the operator informed of the activity

level in each drum. Highly radioactive drums will be stored in shielded
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sleeves prior to shipment to reduce radiation levels., Miscellaneous

low level dry compressable wastes will be compacted into 55-gal. drums
using a hydraulic baler. During baling, the drums will be enclosed in

a shroud. The shroud will be vented to the plant ventilatioh system

to remove dust particles generated during baler opera: ‘on and to reduce
airborne activity levels in the plant. An interlock system w..l preveat

{nadvertant releases due to baler operation with the shroud door open.

We estim#te the solid wastes to total approximately 235 drums/yr/unit

of wet wastes at approximately 21 Ci/drum and approximately 600 drums/yr/
unit of low level dry wastes containing less than S Ci/yr total. The
applicant estimates the quantity of solid waste generated to be approximately
240 drums/yr/unit of wet wastes containing an average of 25 Ci/drum. The
applicant estimates dry wastes to total approximately 120 drums/yr/unit.

The applicant estimates that an additional 300 drums/yr/unit of spent resinc
from the steam generator blowdown processing system containing less than

0.05 Ci/drum will be processed for bulk shipment. Low level wastes will

be shipped monthly.

All containers will be shipped to a licenéed burial site in accordance with
AEC and Department of Transportation regulations. The proposed system
design is similar to systems which have been previously approved and
installed at other operating reactors. Based on the solid waste system's
similarity to previously approved and operating systems, we conclude that
the solid radioactive waste system will be able to package and store

radioactive wastes according io existing regulations. We also
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conclude that the system will allow handling of the wastes so that
doses to operators will be in accordance with existing regulations

We therefore, find the solid waste system to be acceptable.

Design

Major components of the gaseous and liqgid waste systems will be

designed to Quality Group C and non-seismic Categofy I in accordance with
Regulatory Guides 1.26 and 1.29. The radwaste equipment will be housed
in a sei%mic Category I structure. We conclude that the radwaste system
design codes are in accordance with appropriate codes and standards and

are acceptable.

Process and Area Radiation Monitoring Systems

The process radiation monitoring system is designed to provide information
on radioactivity levels of systems throughout the plant, on leakage

from one system to another, and on levels of radioactivity released to
the environment. The system will consist of process and effluent monitors
for the following gaseous systems:

1) waste gas processing, containment air (particulate, radioactive gas,
and iodine); 2) condenser air ejector and;turbine building exhaust

(particulate, radioactive gas, and iodine); 3) plant vent (particulate,

radioactive gas, and icdine); 4) fuel handling building exhaust (radicactive

gas); 5) gas decay tank and compressor area ventilation exhaust (radiocactive

gas); 6) control room ventilation intake (radiocactive gas). Scintillation

detectors for liquid process and effluent monitoring will be provided for
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the following systems: 1) boroh rec;cle system; 2) component cooling
water system; 3) auxiliary component cooling water systems; 4) waste
processing liquid effluent; 5) steam generator liquid sample systeams;
6) steam generator blowdown processing system; 7) nuclear service water
system; 8) turbine building drains. All monitors will alarm in the
control room if radiation measurements exceed a predetermined level,
Radiation monitoring channels will be'checked daily, tested monthly,

and calibrated during plant shutdowns.

The area radiation monitoring system is designed to provide information

on radioactivity fields in varicus areas in the plant where the potential
for personnel exposure to radiation exists. Upon high radiation signal
alarms will be initiated in the control room and in the detector area.

The monitors will consist of ionization chambers with a sensitivity range
from 10-4 to 1 rem/hr. Setpoints will be based on local background levels.
Monitors will be located in the following areas: 1) containment intetibr,
2) containment incore instrument area, 3) enclosure building, 4) spent
fuel pool, 5) control room, 6) radiochemistry laboratory, 7) sampling room,
8) drumming station, 9) charging pump room, 10) auxiliary building

low activity filter area, 11) auxiliary suilding ion exchanger valve area,

and 12) laundry room.

The system will detect, irdicate, annunciate and/or record the levels
or fields of activity to verify compliance with 10 CFR Part 20 and keep
the radiation levels as low as practicable, Ve ccncluda that the plant

is adequately provided with process and area monitoring equipment to monitor
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effluent discharge paths as specified in Criterion 64 in Appendix A

to 10 CFR Part 50.

Conclusions

Based on our model and assumptions, we calculate an expacted whele

body and organ dose of less than 5 mrem/yr to an individual from gases

and less than S mrem/yr from liquids aé or beyond the site boundary.

We calculate the potential dose to a child's tﬁyroid from the pasture-cow-
milk chain to be greater than 15 mrem/yr, but the applicant has propoSed
to use state-of-the-art technology to control radioiodine releases and
will implement a monitoring program to verify that the actual dose to

the thyroid will not exceed our as low as practicable guidelines.
Therefore, we conclude that the proposed liquid, gas and solid waste
treatment systems meet the requirements of "as low as practicable" of

10 CFR Part 20 and 10 CFR Part 50.

Ve also conclude that the radwaste systems will be designed in accordance
with acceptable codes and standards, and that the process monitoring
system is adequate for monitoring effluent discharge paths as

specified in Criterion 64 of Appendix A to 10 CFR Part 50.
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