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ANTRODUCTION

Thig Semiannual Radiocactive Effluent Release Report is submitted in
accordarice with Section 6.9.1.7 of the Callaway Plant Technical
Specifications.

The report presents a summary of radicactivity released in liquid
and gaseous effluents, and sclid waste shipped from the Callaway
Plant during the period from July 1, 1593 to December 31, 1953. The
information is presented in the format outlined in Appendix B of
Regulatory Guide 1.21, Revision 1, June 1974.

All liquid and gaseous effluents discharged during this reporting
period were in compliance with federal regulations and the limite of
Union Electric Administrative Procedure APA-ZZ-01003, Offsite Dose
Caleulation Manual {ODCM) .

SUPPLEMENTAL INFORMATION

Regulatory Limitse

Specified as follows are ¢
limits applicable to the re
and gaseous effluents.

adiclogical Effluent Control (REC)
se of radivcactive material in laiguad

Fission and Activation Gases (Noble Gases)

The dose rate due to radicactive noble gases released in gaseous
effluents from the site to areas at and beyond the site boundary
shall be limited to less than or egual to 500 mrem/yr to the total
body and less than or equal to 3000 mrem/yr to the skin.
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e air dose due to noble gases released in gaseous effluents, from
ck unit, to areas at and beyond the site boundary shall be limited
to the following:

a. During any calendar quartexr: Less than or egual to 5 mrad for
gamma radiation and leasgs than or equal to 10 mrad for beta
radiation and,

b During any calendar year: Less than or egual to 10 mrad for

gamma radiation and less than or egual to 20 mrad for beta
radiatien.

Radiociodine, Tritium, and Particulates

The dose rate due to Jodine 131 and 133, tritium and all
radionuclides in particulate form with half lives greater than eight
(8) days released in gaseous effluents from the site to areas at and
veyond the site boundary shall be limited to less than or equal to
1500 mrem/yr to any crgan.

The dose to a member of the public from Iodine 131 and 133, tritium,
and all radionuclides in particulate form with half-lives greater
than eight (8) days in gaseous effluents released to areas at and
beyond the site boundary shall be limited to the following:

a During any calendar quarter: Less than or equal to 7.5 mrem to
any organ and,
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b. During any calendar year: Less than or egual to 15 mrem to any
organ.

Ligquid Effluents

The concentration of radicactive material released in liguid
effluents to unrestricted areas shall be limited to the
concentrations specified in Appendix B, Table II, Column 2 to
10CFR20.001 to 20.601 for radionuclides other than dissolved or
entrained noble gases. For dissolved or entrained noble gases, the
concentration shall be limited to 2.0E-04 microcuries/ml total
activaity.

The dose or dose crmmitment to an Individual from radiocactive
materials in liguid effluents released to unrestricted areas shall
e limited:

a. During any calendar guarter to less than or equal to 1.5 mrem
to the total body and less than or equal to 5 mrem to any
organ, and

b During any calendar year to less than or equal to 3 mrem to the
whole body and to less than or equal to 10 mrem to any organ.

Uranium Fuel Cycle Sources

The annual (calendar year) dose or ¢ commitment to any member of
the public due to releases of radiocactivity and to radiation from
uranium fuel cycle sources shall be limited to less than or equal to
25 mrem to the total body or any organ, except the thyroid, which
shall be limited to less than or equal to 75 mrem.

Maxamum Permissible Concentrations

The maximum permissible concentration values specified in

Appendix B, Table II, Column 2 to 10CFR20.001 to 20.601 are used to
calculate release rates and permissible concentrations of liquid
radicactive effluents at the unrestricted area boundary. A value of
2.0E-4 microcuries/ml is used as the limiting concentration for
dissolved and entrained noble gases in liquid effluents.

For gaseous effluents, maximum permissible concentrations are not
utilized in release rate calculations since the applicable limits
are based on dose rate at the gite buundary. The "Percent of Tech
Spec Limit" for Table 1A is therefore not applicable to the Callaway
Plant

Average Enerqy

Thig is not applicable to the Callaway Plant radiological effluent
monitoring program

Megasurements and Approximations of Total Radicactivity

The guantification of radiocactivity in liguid and gaseous effluents
was accomplished by performing sampling and radiological analysis of
effluents in accordance with the requirements of Table 9.3-A and
Table 9.6-A of APA ZZ-01003, Offsite Dose Calculation Manual.

Gamma speciroscopy was the primary analysis technique used to
determine radionuclide compositicon and concentration of ligquid and
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SUMMARY OF GASEOUS RADIOACTIVE EFFLUENTE

The quantities of radicactive material released in gaseous effluents
are summarized in Tables 1A and 1B. Note that for this reporting
period no gaseous effluents were considered as elevated releases.

StMMARY OF LIQUID RADIOACTIVE EFFLUENTS

The quantities of radicactive material released in liguid effluents
are summarized in Tables 2A and 2B.

SOLID WASTES

The quantities of radicactive material released in shipments of
solid waste for burial and irvadiated fuel transpcrted from the site
during the reperting period are summarized in Table 3. The activity
and fractional abundance of each nuclide was determined for each
waste type by an independent laboratory based upon radiochemical
analysis of samples of that waste type. The curie amount of each
nuclide listed in Table 3 was determined as the product of the
fractional abundance and the total curies shipped. Those nuclides
which comprise at least 1% of the total activity for a particular

waste type are presented in Table 3.

RELATED INFORMATION

Unplanned Releases

Unplanned releases are: 1) Inadvertent or accidental releases cf
radicactive material; 2) Releases of radiocactive material wvia normal
pathways without a release permit, proper authorization, or proper
sampling and analysig; and 3) Feleases which are conducted in such a
manner as to result in significant deviation from the requirements
of the release permit.

There was one unplanned release during the reporting period.

On November 4, 1993, the auxiliary boiler was sampled and found to
be contaminated. Isctopic analysis indicated that I-131 was
present at a concentration of 2.24E-8 uCi/gram.

The plant operations department was notified immediately to ensure
that area drains and boiler blowdown were routed to the liguid
radwaste system.

A 10CFRS50.59 evaluation was initiated immediately along with an
investigation to determine the source of the ac~tivity which had
concentrated in the auxiliary boiler.

An evaluation was previously performed on auxiliary boiler
contamination assuming a maximum I-131 concentration of

5.0 E-08 uCi/ml. The resulting dose to a member of the public was
calculated to be 2.8E-02 mrem to the child age group which is
ingagnificant with respect to the guarterly and annual critical
organ dose limits of 7.5 and 15 mrem, respectively. The dose rate
at the site boundary wae calculated to be 1.35E-03 mrem/yr which is
also well below the release rate limit of 1500 mrem/yr This
evaluation bounds the current operation of the auxiliary boiler with
contamination identified
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The post release evaluation showed that 3.9E-05 Ci of I-131 and

4 6E-03 Ci of Tritium was released to the environment., The dose to
a member of the public from this release was calculated to be 3.3E-
03 mrem which is negligible when compared to the guarterly and
annual effluent control limits. As a result, the release of
radicactive material from the operation of the auxiliary boiler did
not endanger the health or safety of the public or the environment.

The activity released is reported in Table 1A and 1B for this
reporting period and will be included in the annual dose
calculations (see Section 7.0},

The safety evaluation completed for this event was documented in
Request for Resolution (RFR) 14435 Rev. A. This event was also
described by Suggestion Occurrence Solution (SOS) 93-1763.

Changes to the Process Control Program

There were no changes made to Administrative Procedure APA-2Z-01011,
"Process Control Program Manual”, during the reporting period.

Chancies to the Offsite Doge Calculation Manual

Revision 3 of Administrative Procedure APA-ZZ-01003, Offsite Dose
Calculation Manual (ODCM) was approved September 23, 19%3. The
major changes incorporated in this revision were deletion of the
turbine building drain and secondary liquid waste system liguid
radiation monitors as effluent release monitors, the relocation of
the reporting requirements for solid radwaste which are now
described in APA-Z22-01011, Process Control Program, and addressing
compliance with 10CFR20.1301.

A complete copy of Administrative Procedure APA-ZZ-01003, Revision 3
is included as Attachment 1.

Majox Changes to Radwaste Treatment Systems

During the reporting period, there were no changes tc the plant
which would be considered a major change to a Liguid, Gaseous, or
Sclid Radwaste Treatment System.

Langd Usge Censug Changes

There were no changes in critical receptor locations for dose
calculations during the reporting period,.

Ingperabilicy of Effluent Mopitoring Instrumentation
1O ADALITY OF

All effluent monitoring instrumentation was OPERABLE within the
limits specified by APA-22-01003, Section 5.1.1 and 95.2.1 during the
reporcing period,
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All liguid tanks and waste gas decay tanks were within the limits of

Specifications 3.11.1.4 and 3.11.2.6 during the yeporting period.

7.0 METEOROLOGICAL DATA

The completion of the verification and validation of the new
metesrologacal data processing software by a meteorologist
(reference NRC inspection report unresolved item 50-483/93008-01)
was not completed in time for incorporation of the 1993
metecrological data into this report. The data will be submitted as
an addendum to this report when the verification and validation of
the new meteorological data processing software is completed.

8.0 ASSESSHNENT OF DOSES

The assessment of doses to the maximum exposed individual from
gasecus effluents is not included in this report due to the
verification and validation of the new meteorclogical data
provessing scftware which has not been completed as described in
section 7.0,

The assessment of doses to the maximum exposed individual from
liguid effluents was performed for locations representing the
maximum dose. For liguid effluents, doses were well below Technical
Specification limits. The assessment of doses from gaseous
effluents will be submitted as an addendum to this report with the
metecrological data.

Dose at the SITE BOUNDARY From Gaseous Effluents

An assessment of doses from gaseous effluents is performed in
accordance with Administrative Procedure APA-ZZ-01003 for the
maximum exposed individual at the SITE BOUNDARY location with the
highest ground level concentration of radicactive material, based
upon actual meteorclegical conditions existing during the year.
Doses are assessed at each location considering noble yas
submersion, inhalation and ground plane pathways. This assessment
16 performed for each age group, with the Child age group receiving
the highest dose.

The calculations for the SITE BOUNDARY location conservatively
assumed a hypothetical maximum exposed individual. The results of
the assessment for the Child age group will be provided in an
addendum to this report.

8.2 Doge at the Nearest Residence From Gasegus Effluents

An assessment of doses from gaseocus effluents is performed in
accordance with Administrative Procedure APA-ZZ-01003 for the
maximum exposed idividual at the Nearest Residence location with
the highest ground level cnncentration of radiocactive material,
based upon actual metecrological conditions existing during the
year. Doses are asgessed at each location considering noble gas
submersion, inhalation, ground plane, and ingestion pathways. The
ingestion pathwaye considered are produce, vegetable, goat's milk,
cow's milk, and meat pathways This assessment is performed for ths
Child age group.

o
o
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The results of the assessment for the Child age group will be
provided in an addendum to this report. The calculations for the
Nearest Residence are for a "real" individual. It is conservatively
assumed that each ingestion pathway exists at the Nearest Residence
location, and that the Child age group exists at each location.

Dose to the MEMBER OF THE PURLIC from Activities Within the SITE
BO ARY

The assessment of dose to the MEMBER COF THE PUBLIC from activities
within the SITE BOUNDARY ie performed in accordance with
Administrative Procedure APA-ZZ-01003 Section 4. The dose to the
MEMBER OF THE PUBLIC from activities within the SITE BOUNDARY will
be provided in an addendum to this report.

Total Dose Due to the Uranium Fuel Cycle

Since there are no other Uranium Fuel Cycle facilities within 8 km
the Callaway plant, the total dose to the most likely exposed
MEMBER OF THE PUBLIC results from direct radiation and radicactive
effluents from the Callaway Plani.. The methodclogy for assessing

this dose is G.scribed in Administrative Procedure APA-ZZ-01003

The Total Dose f: the Uranium Fuel Cycle is evaluated for the
MEMBER OF THE PU C whe may use portions of the area within the
SITE BOUNDARY for purposes not associated with plant operations.

The Total Dose to the MEMBER OF THE PUBLIC (Table 7) is the sum of
the dose due to activities within the SITE BOUNDARY (Table 6) and
the dose due to gassous effluents at his residence (Table 7).

The Total Dose at the Nearest Residence is due to the dose from
gaseous effluents, assuming that each food ingestion pathway exists
at thas loctaticn (Table 5).

In each case, the wheole body gamma dose from Noble Gases and ground
plane exposure is added to the organ dose from the inhalation and
ingegtion pathwavs,

The Total Dose from the Uranium Fuel Cycle will be presented in an
addendum to this report

Doge Due to Liguid Effluents

The total dose to the maximum exposed individual from liguid
effiuents released from the Callaway Plant during the year is
presented in Table 8.
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TABLE B

DOSE DUE TO LIQUID EFFLUENTS
(MEMBERK OF THE PUBLIC)

VR
L')M ” el UNITS ) DOSH LIMIT * % LIMIT
. BONI MREM I 00 0111
LIVER MREM I 10,0 | 051

L, TOTAL BOD)Y MREM 0.24} 3.0 3.08E-0]

. THYROID MREM 3. 03E-03 10 (K 3.03E-6

S, KIDNEY MREM 481 10.00 SARE-0

6. LUNG MBEM R4} 10.0x 3.R4E-0
17.GI-LLI MREM 6.57E-03 10.00 6.57E-02

* Annt | LY
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Rev. 6

March 1983

November 1983

March 1984

June 1985

February 1987

January 1988

May 1989

APA-ZZA 1003
Rev. 3

RECORD OF REVISIONS

Reason for Revision

Revised to support the current RETS subsutial and to
incorporate NRC Swafl comments

Revised to incorporate NRC Staff comments

Revised to incorporate errata identificd by ULNRC-
803 and changes to the Environmental Monitoring,
Program. Incorporate results of 1984 Land Use
Census

Minor clarifications, incorporated 3 | -day projected
dose methodology. Change in the uulization of arcas
within the Site Boundary

Minor clarifications, revised descriptions of liquid and
gaseous rad monitors, revised liquid setpoint
methodology 1o incorporate monitor background,
revised dose calculations for 40CFR190 requirements,
Revised Table 6 and Figures 5.1A and 5.1E 1o refine
descriptions of environmental TLD stations,
incorporated descripuon of environmental TLD 1esting
required by Reg, Guide 4.13, revised Tables 1, 2, 4
and 5 10 add addituonal nuclides, deleted redundant
material from Chapter 6

Revised methodology for calculating maximum
permissible liquid effluent discharge rates and liquid
«Muent discharge rates and liquid effluent monitor
setpoints, provided methodology for caleulating liquid
effluent monitors response correction factors, provided
an enhanced description of controls on liquid monitor
background limits, provided additional liquid and
paseous dose conversion factors and bivaccumulation
factors (Tables 1, 2, 4 & 5), provided description of
the use of the setpoint required by Technical
Specification 4.9 4.2 duning Core Alterations, added
discussion of gaseous and Liquid monitor setpoint
selection in the event that the sample contains no
detectable activity, added minimum holdup
reguirements for Waste Gas Decay 1anks, revised
dispersion parameters and accompanying description
per FEAR Change Nolice 8842
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1

1063

Daic

August 1989

October, 199
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JAiS

1991

1993

APA-ZZ-01003

Rev 3

RECORD UF REVISIONS

Reason for Revision

Radiological EMluent Techmcal Specifications were
moved from the Callaway Plant Technical
Specifications to Section 9.0, Radioactive Effluent
Controls, of the ODCM ax per NRC Genenic Letier 89-
(1. At the same tume, in order to formalize control of
the entire ODCM, it was convented to APA-ZZ-01003,
OFFSITE DOSE CALCULATION MANUAL

Revise Action 41 of Table 9.2-A (o alliow continued
purging ‘or 24 hours as per Amendment 20 (o
operating license, issued 4/10/87

section 2.4.2 - Changed gross alpha analysis
frequency from "each batch” to a monthly compozite
as per Table 9 3-A, and the Callaway Plant NPDES
permit (reissued March 15, 1991)

Deleted HF-RE-45 and LE-RE-49 as effluent

maor ‘ors. Revised table numbering for consistency
with, avse in Section 9.0, deleted redundant matenial,
incorporated 1992 Land Use Census results, muved
LLD description to Attachment 1, moved REC Bases
to Attachment 2. Deleted reporting requirements for
solid radwaste, which are described in
APA-ZZ-01011, PROCESS CONTROL PROGRAM
Addressed compliance with 10 CFR 20.1301. Revised
the dilution flow rate to allow values other than

5000 gpm, based on dilution flow monitor setpoint
Fevised "MPC" terminclogy to "ECV™. Added

Action 46 t¢ REC 9.2 1o clanfy actions for inoperable
rud and high range WRGM Channels. Revised
references 10 be consistent with the revised 10 CFR 20
Added Appendix A. Revised Action 41 of Rec 9.2 and
the operability requirements of GT-RE-22/33
Incorporated the revised R values in Tables 3.2 and
3.3, Added Section 6.2 and Table 6.3
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LIQUID EFFLUENTS

LIQUID EFFLUENT MONITORS

Gross radicactvity monitors which provide for automatic termination of liquid effluent releases
are present on the hquid effluent lines. Flow rale measu:ement devices are present on the liquid
effluent lines and the discharge line (cooling tower blowdown). Setpoints, precautions, and
limitations applicabie to the opcration of the Callaway Plant liquid eflluent monitors are provided
in the appropnate Plan Procedures. Setpoint values are calculated to assure that alarm and trip
actions occur prior to exceeding the Effluent Concentration Values (ECV) limits in 10 CFR Pan
20 at the release point to the UNRESTRICTED AREA. The calculated alarm and trip action
setpoints for the liquid effluent line momitors and flow measuring devices must satisfy the
following equation

Where

|

1

|

|

A
e
A
—
)
—

The liquid effluent concentration value (ECV) implementing REC 9.3.1.1 for the site in
(LCVml)

The setpoint, in (uCi/ml), of the radioactivity monitor measuring the radioactivity
concentration in the eflluent line prior to diluton and subsequent release, the setpoint,
which is inversaly related to the volumiewric flow of the effiuent line and directiy related
to the volumetric flow of the dilution suream plus the effluent steam, represents a value,
which, if exceeded, would result in corcrnuations exceeding the values of 10 CFR Pant
20 Appendix B, Table IT, Column 2, in the UNRESTRICTED AREA

The flow setpoint as measured at the radiation monitor Jocation, in volume per unit
time, but in the same units as F, below

The dilution water flow rate setpoint as measured prior to the release point, in volume
per unit ame. {If (F) is large compared to (f), then F + f = F).

(Ref. 11.8.1)

If no dilution is provided, then¢c < C

The radioactive liquid waste stream is diluted by the plant discharge line prior to entry into the
Missour River. Normally, the dilution flow is obtained from the cooling tower blowdown, but
should this become unavailable, the plant water treatment facility supplies the necessary dilution
flow via 2 bypass line. The limiting concentration which corresponds to the liquid raawaste
effluent monitor setpoint is Lo be calculated using methodology from the expression above

Thus, the expression for determinuing the setpoinit of the liguid radwaste efluent line monitor

becomes
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The alarm/trip setpoint calculations are based on the minimum dilution flow rate (corresponding
to the dilubon flow rate scipoint), the maximum efMluent stream flow rate, and the actual isolopic
analysis. Due to the possibility of a simultancous relcase from more than onc release pathway, a
poruon of the total site release Limit is allocated 10 each pathway. The determination and urag” ¢!
the allocation factor is discussed in Section 2.2, In the event the alarm/trip sctpoint is reached,
an evaluatuon will be performed using actual dilution and effluent flow values and actual isotopic
analysis to ensure that REC 9.3.1.1 limits were nol exceeded

Continuous Liguid Effluent Monitors

The radiation detection monitor associated with continuous liquid efMuent releases is
(Ref 1161, 11.6.2)

Monitor LD, Description

BM-RE-52 Stzam Generator Blowdown Discharge Monitor

The Steam Generaior Blowdown discharge is not considered to be radicactive unless radioactivity
has been detected by the associated effuent radiation monulor or by laboratory analysis. The
sampling ': frcqu.rm munimum analysis frequency, and type of analysis performed arc as per
Table 9.3-

Radicactive Liquid Batch Release Ef]

The radiation monitor which 1s associated with the liquid effluent batch release svstem is (Ref

116.4)

Monitor 1D Description

HB-RE-18§ Liguid Radwaste Dizcharge Monitor

This effluent stream is normally m'wdcrcd to be radioactive. The sampling frequency, minimum
pling ireq :

analysis frequency, and the o { analysis performed arc as per Table 9.3-A

CALCULATION OF LIQLUTD EFFLUENT MONITOR SETPOINTS

The dependence of the setpoint (¢}, on the radionuclide distribution, yields, calibration. and
monior parameters, requires that several vanables be considered in setpoint calculations. (Ref
11.8.1)
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Where

fnax = maximum permissible hquid effluent discharge flowrate, in (gallons/minute);

t'p E the expected undiluted liquid effluent flowrate, in gpm

N= the allocation fraction which apportions dilution flow among simultancous discharge
pathways (see discussion above)

SF =  the safety factor, an admirustrative factor used to compensate for statistizal fluctuations

and errors of measurements. Thus factor aiso provides a margin of safety in the
calculation of the maximum liquid cffluent discharge flowrate (f,4,). The value of SF

should be < |

F & ECVSUM, are previously defined

The diluuon water supply is furnished with a flow monitor which isolates the liquid efMuent
discharge i the diiution flow rate falls below its sctpoint value

In the event that {p,, . 1€ less than {), then the value of . is substituted into the equation for
fy,, and a new value of fi,,.\ is calculated. This substitution is performed for threc iterations in
J a

¢

order to calculate the correct value of [,

ation of Liguwd Effluent Monitor Setpoint

The liquid effluent monitors are Nal(Tl) based systems and respond primarily to gamma
radiation. Accordingly, their setpoint is based on the total concentration of gamma emitting
nuclides in the effluent

¢ =BKG + ( 2 f_Cg’) + SF ) = uCi/ml] (2.5)
Where
¢ the monitor setpoint as previously defined, in (pCi/ml);

BKG = the monitor background prior to discharge, in (uCi/ml);
£ B

Cg and SF are as previously defined

The monitor's background is controlied at an appropriate limit to ensure adequate sensitivity
Utilizing the methodology of ANEI NI3,10-1974 (Ref, 11.21), the background must be
maintained at a value of less than or equal to 2.23E<6 pCum! (relative to Cs-137) in order to
detect a change of 1E-7 uCi/m! of 1-134 (the most restrictive nuclide in Table 1 of reference
11.21)

(X(Cy) + SF) is less than the background of the monitor, then the monitor setpoint will be set at

twice the current background of the monitor

L

' In the event that there is no detectable gamma activity in the effluent or if the value of
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As previously stated, the monitor's response is dependent on the gamma emitting radionuclide
distribution of the eflluent. Accordingly, a new database conversion factor is caleulated for cach
release based upon the results of the gamma spectrometnc analysis of the effluent sample and
the measured response of the monitor ¢ National Institute of Standards and Technology (NIST)
traceable calibration sources.

DB, = (S°(c,)) + (CMR) x (ECF) (2 6)

DBCF = the momitor data base conversion factor which converts count rate into
concentration (uCi/ml);

CMR = the calculated response of the radiation monitor to the hiquid eMuent, |
ECF = the conversion factor for Cs-137, which converts count raie inlo concentration
(y Ci/ml).

Ci‘ 15 as previously defined
The new value of the DECF_, is calculated and entered into the monitor data base prior to each
discharge A more compleie discussion of the derivation and calculation of the CMR is given in

reference 1).14.7,

LIQUID EFFLUENT CONCENTRATION MEASUREMENTS

Laquid batch releases are discharged as a discrete volume and each release is authorized based
upon the sample analysis and the dilution flow rate exisung in the discharge line at the time of
relcase. To assure representative sampling, each liquid monitor tank is isolated and thoroughl:
mixed by recirculation of tank coatents prior 1o sample collection. The methods for mixing,
sampling, and analyzing each baich are outlined in applicable plant procedures The allowable
release rate limit is caleulated for each batch based upon the pre-release analysis. dilution flow-
rate, and other procedural conditior, prior to authorization for release. The liquid efMluent
discharge is monitored prior to entering the dilution discharge line and will avtomatically be
ternunated if the pre-selected alarm/trip setpoint is exceeded. Concentrations are determined
primarily from the gamma isotopic and H-3 analyses of the liquid batch sample. For gross alpha,
51-89, 51-90, & Fe-55, the measured concentration from the previous composite analysis is used.
Composite samples are collected for each batch release. Monthly analvsis for gross alphz and
quarterly analyses for 5r-89, 8¢-90, and Fe-55 are performed in accordance with Table 9 3-A.
Doses from liquids discharged as continuous releases are caleulated by utilizing the last measured
values of samples required in accordance with Table §.3-A

DOSE DUE TO LIQUID EFFLUENTS

The Maximum E sposed Individual

The cumulative (0se determination considers the dose contributions from the maximum exposed
individual's consumption of fish and potable water, as appropriate. Normally, the adult is
considered 1o be the maximum exposed individual. (Ref. 11.8.3)
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The Callaway Plant's liquid effluents are discharged to the Missouri River. As there are no
potablz water intakes within 50 miles of the discharge point (Ref. 11.7.1, 11.6.6), this pathway
does not require routine evaluation. Therefore, the dose contnbution from fish consumption is
expected to account for more than 95% of the total man-rem dose from dischurges o the
Missouri River. Dose from recreational activities is expected to contribute the additional 5%,
which is considered to be negligible. (Ref. 11.6.7)

s

Calculation of Dose From Liguid Effiuents
- » 25A=4

The dose contributions for the total time period

are calculated at Jeast once cach 31 days and a cumulative sumunation of the total body and
individual organ doses 1s maintained for each calendar quanier. Dose is caiculated for ol
radionuclides identified in liquid effluents relzased to UNRESTRICTED AREAS using the
following expression (Ref. 11.8.3)

[ m 1
D,=>YIA, > &, C, F| (2.12)
' e T et . . x5 3
i { £=] J
Where
Dy= the cumulative dose commitment 1o the total body or any organ, =, from the liquid
effiuents for the total period
m
>
{=)
in mrem
&t, = the length of the £ th time period over which C;, and F, are averaged for all liquid
releases, in hours. At, corresponds to the actual duration of the release(s)
Cj, = the average measured concentration of radionuclide, i, in undiluted liquid efMuent
during time period A1, from any liquid release, in (WCi/ml)
Ajy = the site related ingestion dose commitment factor to the total body or any organ 1 for

each ydenufied pnincipal gamma and beta emitier listed in Table 9.3-A, (in mrem/hr)
per (pCyv/ml). The calculation of the Ajy values is detailed in Refl 11.14.5 and are given

in Table 2.1
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F, = the near ficld average dilution facior for C,, during any liquid cfMuent relcase

- - —— ey

4 [ -

F ¥ fmu) 89.77
Where
fmax = maximum undiluted efMuent flow rate during the release
F= average dilution flow
89.77 = sue specific applicable factor fui the mixing effect of the discharge structure, (Ref
11.5.1)

The term C;, is the undiluted concentration of radicactive material in hquid wasie at the
common relcase poini determuned in accordance with REC 9.3.1.1, Table 9.3-A. "Radicactive
Liquid Waste Sampling and Analysis Program”. All dilution f1ctors bevond the sample point(s)
are included inthe F, term

The nearest municipal potable water intake downstream from the liquid effluent discharge point
inte the Missouni River is located near the city of St. Louis, Missourn, approximately 78 miles
downstream. As there are currently no potable water intakes within 50 river miles of tlie
discharge point, the drinking water pathway is not included in dose estimates to the maximaliy
exposed individual, or in dose estimates te the population. Should future potable water intakes be
constructed within 10 nver miles downstream of the discharge point, then this manual will be
revised ‘o include this pathway in dose estimaies, (Ref 11.6.6)

fMuent

Summary, Calculation of Dose Due to Liguid

”n

res

i

The dosz contnbution for the total time period

is determined by calculation at least once per 31 davs and a cumulative summation of the total
body and organ doses is maintained for cach calendar quanier. The projecied dose contribution
from liquid effluents for which radionuciide concentrations are determined by penodic composite
and grab sample analysis, may be approximated by using the last measured value. Dose
contributions are determined for all radionuclides identified in liquid efMuents released to
UNRESTRICTED AREAS. Nuclides which are not detected in the analyses arc reported as "less
than” the nuclide's Minimum Detectable Actvity (MDA) and are not reported as being present at
the Lower Level of Detection (LLD) level for that nuciide. The “less than” values are not used in
the dose calculations

o
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Nuclides

H-3
Be-7
C-14
Na-24
P-32

Cr-5)
Mn-54
Mn-56
Fe-55
Fe-59

Co-57
Co-58
Co-60
Ni3

165

Cu-64
Zn63
Zn-69
Br-82
Br-83

Br-84
Br-85
Rb-B6
Rh-R8
Rb-§9

Sr-8%
S0
L1901
Sr-92
Y-90

TABLE 2.1

APA-ZZ-01003

Res

INGESTION DOSE COMMITMENT FACTOR (A;;) FOR ADULT AGE GE.OUP

Bone

No Data

1.30E-02
3. 13E+04
4. 07E+02

4 62E+07

No Data
No Data
No Data
6.57E+02
1 04E+03

No Data
No Data
No Data
1. 11E+04

1. 26E+02

No Data
2.32E+04
4 93E

No Data
No Data

“ O

+{]

No Data
No Data
No Data
No Daty

No Data

2.21E+04
£ 34E+0S
4 OTE+02
1 S4E+02
5. 75E01

Liver

26E-01]
98E-02
26E403
0TE+02
8TE+06

Al 5 QS ]

| O R N

No Data

IBE+03
10E+02
S4E+02
44E+03

o B v U

09E+0]
94E+0]
STE+02
1SEH03
64E+0]

R 1O 00N

ODE+0]
7.38E+0”°
9 44E+01
No Data
Ne Data

No Data
No Data
1. 01E+QS
2.90E-02

1.92E+02

No Data
No Data
No Dawa
No Data
No Dats

(mrenvhr) per (uCi'ml)

Total
Body

2 26E-01]
1 42E02
6.26E+03
4.07TE+02

1 27E+00
8.35E+02
1.95E+0]
1.O6E+(02
9.34E402

3 48E+01
2.00E+02
5.66E+02
1 O4E+03
7.48E+00)

4 69E+00
3 33EHM4
6. 56E+(X
2.27E+03
4 04E+0]

4. 71E+04
1.54E+02
1.35E+02

6.35E+02
1. 34E+05
1 64E+0]
6. 68E+(0
1 S4E-02

Thyroid

2.26E-01
No Daa
6.26E+03
4 07E+02
No Data

7.62E0]
No Data
No Data
No Data
No Data

No Dala
No Data
No Data
No Data
No Data

No Data
No Data
No Dala
No Data
No Data

No Daia
No Data
o Dat
No Data
No Data

No Data
No Data
No Data
No Data
No Data

Kidney

2.26E-01
3.15E-02
6 26E+03
4. 07E+02
No Data

2 81E-01
1.30E+03
1 40E+D2
No Data
No Data

No Dawa
No Data
No Data
No Data
No Data

2.52E+01
4 93E+4
6.13E+01
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Daia

Lung

2.26E-0]
No Data
6.26E+Q3
4.07E+02
No Data

1.69E+00
No Data
No Dawa
2.53E+02
6.81E+02

No Data
No Daia
No Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
NoData
No Data

No Data
No Data
No Data
No Data
No Data

3

GI-LLI

2.26E-01]
5.16E+00
6.26E+03
4 07E+02
S.19E+06

3.20E+02
1. 34E+04
3.52E+03
2.61E+02
8.13E+03

531EM2
1. 81E+03
4 82E+03
4 49E+02
4.16E+02

8.52E+02
4 65E+02
1.42E+0]
2.60E+03
S.BIE+0]

4 13E-04
0
1.99E+04
4 00E09
0

3.55E+03
1.57TE+04
1.94E+03
3.06E+03
6.10E+03



Nuchide

it
-
-

s’ o
’ 0

- o (534

&2y
Nb-95
Mo-99
Te-99M

Tc-101

Ru-103

Ru-105
Ru-106
Cd-109
Sn-lio

Sb-124
Sb-125
Te-125M
Te-127M
Te-127

Te-128M

TABLE 2.1 (Cont'd)

APA.ZZD1003
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INGESTION DOSE COMMITMENT FACTOR (A;,) FOR ADULT AGE GROUP

Bone

4

5.44E-03
S 43E00
$.OSED2
1. 60EQ]
2 40EDI

1.33E-02
4 4TE+02
No Data

$.R7E-03
9. 11E-03

4 42E+00
3 68E-01
6. <01
"0 Data

5 66E+04

6.69E+00
4 28E+00
2.87E+03
6 47E+03
1.CSE+02

1. 10E+04

O1E+D]
66E+H03
$9E+01
41E+03
T1E+0]

P B e e

1.49E+02
7.29E+00
L4

<
m
+
- 4

3 81E+00
1. 39E+0]

Liver

No Data
No Data
No Data
No Data
7.70E42

68E-Q3
ABE+
1.O3E+O2
2. 51E-02

1.31E02

L% B O )

No Data
No Data
No Data
5. 54E+02

1.61E+02

26E-01
78E02
7.30E4+02
2.32E+03
3.78E+01
4.11E+03

5 o

13E+01
09E+)2
7 8BE+0
S6E+03
DIE+O]

o0 =

o0

2.14E+02
1. 95E+0!
8 8TE+0]
1.03E+01
4 16E+0)

(mrem/hr) per (uCi/ml)

Total

Body

2 J0E-04
2.25E4]
1 4BE-03
4 42E-03
£

5.21E02

22E-03

34E+02
S6E+0]

19E0]
29E-01

[ S S S

SUE+00
43E-0])
31E+00

94E+01

26E+03

OB et e

LAl e

65SE~0D
02E+00
44E+02
90E+02
28E+01

T4E+03

R A WD R A

-t

IZE+D0
75E+02
96E+0
47E+03
16E+01

o

G e

1.22E+02
6 82E+00
2. 70E+01
3. 70E+00
1.54E+0]

Thyroud

No Data
No Data
No Data
No Data
No Data

No Data
Ne Data
No Data
No Data
No Data

No Data
No Data
No Data
No Data
9 18E+02

1.62E-02
4 35E03
7.72E+02
1.66E-03
7.80E+01
78E+03

‘)

31E+0]
28E+03
SSE+0]
72E+03
6.79E+Q3

Pt s S D

T.00E+04
6 82E+02
1.30E+04
1.79E+02
2.15E+03

Kindcey

No Data
No Data
No Data
No Dawa
1.21E01

4 04E-03
2 46E+02
J3EH2
B1E0]
IGE-V]

(RS

1 69E+01
4.76E+00
1.27E402
S31E+02
No Data

No Data
No Data
1. D4E+04
2.63E+04
4.28E+02
4 60E+04

1.26E+02
8 21E+03
1.S0E+04
1.25E+02

3.66E+02
3 11E+01
1.55E+02
1.64E+Q]
6.68E+0]

Lung

No Data
No Data
No Datwa
No Data
No Data

No Data
No Data
No Data
1.23E402
6. 70E-03

No Data
No Daa
No Data
No Dawa
No Data

5.21E+00
3. 30E+00
No Dawa
Nu Data
No Data
No Data

No Data
No Data
No Data
No Data
No Data

No Data
No Data
No Data
Ne Data
No Data

3

GI-LLI

1.60E-02
4. 64E+(3
§.85E+02
5.0RE+03

2.'4E+02

SUE+02
S1E+06
39E+02
4$E+01

O ope K e

5. 17E+02
25E+02
2SE+03
S9EH03
1.69E+03

LF I S

1 S0E+02
<. T1E+Q]
1.OZE+04
2. 1TE+04
8 30E+03
5.54E+04

2.27E+01
8. 03E+04
2 6TE+00
7.38E+04
6.89E+0]

S 64E40!
3.66E+00
7.97E+01
901E03
4 FJOE+0?
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SEOUS EFFLUENT MONITORS
Noble gas acuvity monilors are present on the containment building ventilation system, plant
unit venulation system, and radwaste buliding ventilation system

The alarmytrip (alarm & tnp) setpoint for any gaseous effluent radiation moniter is delermined
based oo the instantaneous noble gas total body and skin dose rate limits of REC 9.6.1.1, at the
SITE BOUNDARY location with the highest annual average X/Q valuc

Each monitor channel is provided with a two level system which provides sequentia) alarms on
increasing radicacuvity levels. These setpoints are desiguated as 2lert setpoints and alarm/irip
scipoints (Ref. 11.6.3)

The radiation monitor alarm/tnp setpoinis for cach relcase point are vased on the radioactive
noble gases in gaseous effluents. It is not considered practicable 1o apply instantaneous alarm/trip
seipoinis 1o inteprating radiation monitors sensitive to radiotodines, radioactive materials in
particula’: form and radionuchides other than noble pases. Conservative assumptions mav be
necessary in establishing setpoints 1o account for system variables, such as the measurement
system efficiency and detection capabilitics during normal, anticipated, and unusual operating
conditions, the vanability in release flow and principal radionuclides, and the ume lag between
alarm/trip acuion and the final isolation of the radiocactive efffuent. (Ref. 11.8.5) Table ¢.2-B
provides the instrument surveillance requirements, such as calibration, source checking,
functional testing, and channe! checking

Continuous Release Gaseous Effivent Monitors

The radiation detection monitors associated with continuous gaseous effluent releases are (Ref
13 B y A \
1168, 116.9)

Monitor 1D, Description
GT-RE-21 Unit Vent
GH-RE-10 Radwaste Building Vent

Each of the above continuously monitors gaseous radioactivity concentrations downstream of the
last point of potential influent, and therefore measures effluents and not inplant concentrations

The unit vent monitor continuously monitors the effiuent from the unit vent for gaseous
radicacuvaty. The unit vent, via veatilation exhaust systems, continuously purges various tanks
and sumps normally containing low-level radioactive aerated liguids that can potentially generaie
airborne activity. The exhaust systems which supply air to the unit vent are from the fue!
buiiding, auxiliary building, the access control area, the containment purge, and the condenser
wr discharpe

The unit vent monitor provides alarm functions only, and docs not terminate releases from the
unit vent




“Adh et
i

-

b
2

APAZZ01007
Rey. 3

The Radwaste Building ventilation efMuent monitor continuously monitors for gaseous
rachioactivity in the efluent duct downstream of the exhaust filter and fans. The flow path
provides ventilation evhaust for all parts of the building structure and components within the
building and provides a discharge path for the waste gas decay tank release line, These
components represent potential sources for the release of gaseous and air particulate and iodine
activities in addition (o the drainage swnps, tanks, and equipment purged by the waste processing
system

This monitor will isolate the waste pas decay tank discharge line upon a high gascous
radicactivity alarm

The continuous gaseous effluent monitor setpaints are established using the methodology
described in Section 3.2 Since there are two continuous gaseous effluent release points, a
fracuot of the total dose rate hnit (DRL) will be allocated to each release point. Neglecting the
baich releases, the plant Unit Vent monitor has been allocated 0.7 DRL and the Radwaste
Building Vent monitor has been allocated 0.5 DRL. These allocation factors may be changed as
required to support plant operational needs, but shall not be allowed (o exceed unity (i.e, 1.0)
Therefore, a partucular monitor reaching the setpoint would not ngcessanly mean the dose rate
Himit at the SITE BOUNDARY is being exceeded, the alarm only indicates that the specific
release point 15 contributing a greater fraction of the dose rate himit than was allocated to the
associated monitor, and will necessitate an evaluation of both systems

Batch Reiease Gaseous Monitors
The radiation monitors associated with batch release gaseous effiuents are (Ref, 11.6.9, 11.6.10,
11.6.1))

Monitor LD Descripuon

OT-RE2 Containment Purge System
£

GT-RE-3

S

GT-RE-10 Radwaste Building Vent
The Containment Purge System continuously monitors the containment purge exhaust duct
during purge operations for gaseous radicactivity, The primary purpose of these monitors is 10

isolate the containment purge system on high gaseous activity via the ESFAS

The sample points are located outside the containment between the containment isolation
dampers and the containment purge filter adsorber unit

The Ragwaste Building Vent monitor was previously described,

A pre-release isotopic analysis is performed for each batch release 10 determine the identity and
quantity of the principal radionuchides. The alarm/trip setpoint(s) is adjusted accordingly to
ensure that the limits of REC 9.6.1.1 are not exceeded

QASEOUS EFFLUENT MONITOR SETPOQINTS

The alarm/trip setpoint for gaseous effluent monitors 15 determined based on the lesser of the
1otal body dose rate (equation 3.1) and skin dosg rate (equatien 3.3), as calculated for the SITE
BOUNDARY
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(D / Q) = the average relative deposition of the effiuent at or beyond the SITE BOUNDARY,
considenng depleuon of the plume duning transport

3.17 E-08 = The inverse of the number of seconds per year
q; 18 as previously defined

For the direction sectors with existing pathways withun 5 nules from the site, the appropriate R;
valucs are used. 1f no real psthway exists within § miles from the center of the building complex,
the cow-milk R, value is used, and 1 is assumed that this pathway exists at the 4.5 1o 5.0 mile
distance in the limiting-case sector I the R; for an existing pathway within $ miles is less than
a cow-mulk R; a1 4.5 to 5.0 miles, then the value of the cow-milk R; at 4.5 10 5.0 miles is used
(Fef 9.8.10)

Although the annual average relative concentraion (X/Q) and the aveiage relative deposition
rate (D/Q) are gencrally considered 10 be at the approximate receptor location in heu of the SITE
BOUNDARY for these calculations, it is accepiable 1o consider the mngestion, inhalation, and
ground planc pathways 1o coexast al the location of the nearest residence with the highest value of
Q). (Ref. 11.8.9) The Total Body dose from ground plane deposition is added 1o the dose for
each individual organ. (Ref. 11.11.3)

GASEOUS RADWASTE TREATMENT SYSTEM

The gascous radwaste Ureatment system and the ventilaton exhaust system are available for use
whenever gaseous efflucnts require treatment prior 1o being released to the environment. The
gascous radwaste treatment sysiem is designed to allow for the retention of ali gaseous fission
products to be discharged from the reactor coolant s'siem. The retention sysiem consists of eight
(8) waste gas decay tanks. Normally, waste gases will be retained for at least 60 days prior 10
discharge. These svstems will provide reasonable assurance that the releases of radioactive
matenials in gaseous effiuents will be kept ALARA

The OPERABILITY of the gaseous radwaste treatment system ensures this system will be
available for use when gases require treatment prior to their release to the environment
OPERABILITY is demonstrated through compliance with REC 9.6.1.1, 9.7.1.1, and 9.8.1.1.

Projected doses (gamma air, beta air, and organ dose) due 1o gascous efflucnts at or bevond Lhe
SITE BOUNDARY are determined cach 31 days by dividing the cumulauve annual total by the
number of elapsed months
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TABLE 3.3 (Cont'd)

CHILD PATHWAY DOSE FACTORS (R))FOR RADIONUCLIDEFS OTHER THAN
NOBLE GASES

Grass-Cow-Milk Pathw ny

(m? mremiyr) per (WO sec
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Kev, 3

TABLE 3.3 (Cont'd)

CHILD PATHWAY DOSE FACTORS (R;) FOR RADIONUCLIDES OTHER THAN
NOBLE GASES#

Vegetation Pathway

{m?* mrem/yr) per (uCi/sec)

TOTAL
NUCLIDE BONE LIVER BODY THYROID  KIDNEY LUNG GI1-LL1
| Y-91im | 895E-09 | 0.00E4H00 | 3.26E-10 | O.00E+00 | GOOE+00 | G.00E+00 | 1.75E05
| Y-91 | 18G6E+07 | O0.00E4+00 | 499E+05 | OO0E+00 | O00E+00 | 000E+0 | 248E+09 |
| Y-92 | 1.39E+00 | 0.00E+00 | 4.534E-02 | GOUE+0D | OQ0E<D0 | OO0E+OU | 4.58E404 |
Y-93 293E+02 | OQO0E+00 | B.05E+00 | OO0E+00 | QOGE+00 | OOUE+DD | 4.37E+06
Zr-95 JBOE+06 | B ARE+03 | 7.53E+05 | (0.00E+00 | 121E+06 | 0.00E+00 | 8 85E+08
Ze-97 5. 70E+02 | B 24E+01 | 4.86E+0) COOE+00 | 1IBE+02 | OOG0E<00 | 1.25E+07 {
Nb-95 | 7A48E+05 | 2915405 | 2.0BE+08 (. GOE+00 | 3 T4E+0U5 | CULE+00 | S39E+08 |
Mo-99 | QO0E+00 | 7.71E406 | |.91E+06 | 0.00E+00 | 165E+07 | OOUE+00 | 6.38E+006 |
Te99m 535E+02 | 1.OSE+03 | 174E+04 | 0O00VE+00 | 1.53E+04 | S33E+02 | 5.97E+05 |
[ Te-101 LASE-30 | 1A9E-30 | 189F°0 | O.00E+00 | 2.55E-29 | 7.90E-31 | 4.75E-30 |
| Ru-103 1.53E+07 | Q.00E+00 | 35 90E+06 0.00E+00 | 3.86E+07 | O000E+00 | 3.97E+08 |
| Ru-103 | 947E+01 | 0.00E+00 | 3.33E+0]1 | OO00E+00 | B.OGE+02 | 0.00E+00 | 5.99E+04 |
| Ru-106 | TA45E+08 | O.C0E+00 | 9.30E=+07 | G.OOE+00 | LOIE+09 | O0.00E+00 | 1.16E+10 |
Ag-)10m P 3.21E+07 | 207E+07 | 173E+07 | QO00E+00 | 4.04E+07 | 0.00E+00 | 2.5BE+09 |
| Cd-109 | Q.00E+00 | 2.43E+08 | 1.J4E+07 | COOE+OD | 2.18E+08 | 0.00E+00D | 7.94E+08 |
| Sn-113 15BE+09 | 3.25E+07 | 9.00E+07 | 240E+09 | 0.00E+00 | 0.00C+00 | 1.12E+09 |
i Sb-124 | 3.52E+08 | 4.57E+06 | 1.23E+08 | T97E405 | 0.00E+00 | 1.95E+08 | 2.20E+09 |
| Sb-125 | 4.99E+08 | 3835E+06 | 10SE+08 | 4.63E+03 | 000E+00 | 2.78E+08 | 1.19E+09 |
Te-125m | 351E+08 | 950E+07 | 4.67E+07 | 984E+07 | 0.C0E~+00 | 000E+00 | 3.38E+08 i
Te-127m | 1 37&(»@ | 3.56E+08 | 157E+08 | 3.IGE+08 | 3.77E+09 | (.00E+00 | 1.07E+09 <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>