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Record of Revisions

May 1989

ugust 1989

Revised methodelogy for calculating
maximum permissible liquid effluent
discharge rates and liquid effluent
moniter setpoints, provided
methodology for calculating liguid
effluent monitors response
correction factors, provided an
enhanced description of controls on
liquid monitor background limits,
provided additional liguid &
gaseous dose conversion factors and
bicaccumulation factors (Tables 1,
2, 4 & 5), provided description of
the use of the setpoint regquired by
Technical Specification 4.9.4.2
during Core Altarations, added
discussion of gaseous & liguid
monitor setpoint selection in the
event that the sample contains no
detectable activity, added minimum
heldup requirements for Waste Cas
Decay Tanks, revised dispersion
parameters & accompanying
description per FSAR Change

Notice 88~42.

Radiclogical Effluent Technical
Specifications were moved fiom the
Callaway Plant Standard Technical
Specifications to Section 9.0,
Radicactive Effluent Controls, of
the ODCM as per NRC Ceneric Letter
89-01. At the same time, in order
to formalize control of the entire
ODCM, it was converted to
APA-22-01003, OFFSITE DOSE
CALCULATION MANUAL.
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OFFSITE DOSE CALCULATION MANUAL

7 1.0 PURPOSE AND SCOPE

.
=

The OFFSITE DOSE CALCULATION MANUAL (ODCM)
describes the methodology and parameters used in
the calculation of cffsite doses resulting from
radiocactive gaseous and liquid elflus.ts, in the ‘
calculation of gaseous and liquid effluent -
monitoring Alarm/Trip Setpoints, and in the :
conduct of the Environmental Radiological
] Monitoring Program. The ODCM also contains the

j Radicactive Effluent Controls and Radioclogical
Y Environmental Monitoring Programs reguired by X
| Technical Specification 6.8.4, and descriptions i
w of the information that should be included in the i
s Annual Radiclogical Environmental Operating and ﬁ
Semi-aunual Radiocactive Effluent Release Reports
reguired by Technica. Specifications 6.9.1.6 and
6.9.1.7. The ODCM also contains a list and
description of the specific sample locations for
the radiological environmental monitoring

! program. :
ﬁ 2.0 LIQUID EFFLUENTS
|
2.3 RADIOACTIVE EFFLUENT CONTROLS (REC) SECTION
41838 The radicactive liquid effluent monitering ‘“g

t instrumentation channels shall be OPERABLE with

i their alarm/trip setpoints set to ensure that the

" limits of Section 9.3.1.1 are not exceeded. The

41840 alarm/trip setpoints of these channels shall be
adjusted to the values determind in accordance
with the methodology and parametere in the ODCM.
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Liguid Effluent Monitors

Cross radicactivity monitors which provide for
adutomatic termination of liguid effluent releases
&re present on the liguid effluent lines. Fiow
rate measurement devices are present on the
liguid effluent lines and the discharge line
(cooling tower blowdown) . Setpoints,
precautions, and limitations applicable to the
operation of the Callaway Plant ligquid effluent
mMOnitors are provided in the appropriate Plant
Procedures. Setpoint values are calculated to
assure that alarm and trip actions occur prior to
éxceeding the Maximum Fermissible Concentration
(MPC) limits in 10 CFR Part 20 at the release
point to the UNRCSTRICTED AREA. The calculated
alarm and trip action setpoints fur the ligquid
effluent line monitors and flew measuring devices
nast satiefy the following equation:

the liquid effluent concentration limit
(MPC) implementing Section 9.3.1.1 for the
8ite in (wCi/ml).

The setpoint, in (uCi/ml), of the
rndioact;v;ty monitor measuring the
radiocactivity concentration in the effluent
iine prior to dilution and subseguent
release; the setpoint, which is inversely
related to the volumetric flow of the
effluent line and directly related to the
volumetric flow of the dilution stream plus
the effluent Stream, represents a value,
which, if eéxceeded, would result in
concentrations exceeding the limits of 30
CFR Part 20 in the UNRESTRICTED AREA.




f = The flow setpoint as measured at tie
radiation monitor location, in volume per
unit time, but in the same units as F,
below.

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

(Ref. 11.8.1)
If no dilution is provided, then ¢ < C.

The radicactive liquid warce stream is diluted by
the plant discharge line prior %o entry into the
Missouri River. Normal.y, the dilution flow is
obtained from the cooiing tower blowdown, but
should this becume unavailable, the plant water
treatment facility supplies the necessary
dilution flow via a bypass line. The batch
release limiting concentratioen (¢) which
corresponds to the liquid radwaste effluent line
menitor setpoint is to be calculated using
methodelogy from the expression above.
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Thus, the expression for determining the setpoint
on the ligquid radwaste effluent line monitor
becomes:

€ s C(F « £) (vCi/ml)
(2.2)

The alarm/trip setpoint calculations are based on
the minimum dilution flow rate (cooling tower
blowdown, 5000 gpm), the maximum effluent stream
flow rate, and the actual isotopic analysis. Due
to the poseibility of & simulatanecus release
from more than one release pathway, a portion of
the total site release limit is allocated to ench
pathway. The determination and usage of the
allocation factor is discussed in Section 2.3

In the event the alarm/trip setpoint is reached,
an evaluation will be performed using actual
dilution and effluent flow values and actual
isotopic analysis to ensure that Section 9.3.1.1
limits were not exceeded.

uo 2
The radiation detection monitors associated with

continuous liquid effluent relesses are (Ref.
11.6.1, 11.6.2):

Meoniter I1.D. c on

BM-RE=-52 Steam Cenerator Blowdown
Discharge Monitor

LE-RE-59 Turbine Building Drain
Monitor
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These effluent streams are not considered to be
radicactive unliess radiocactivity hes been
detected by the associated effluent radiation
moniteor or by laboratory anaiyeis. The sampling
freguency, minimum analysis frequency, and type
©f analysis performed are as per Table §.3-A.
Since the Turbine Building Drain is not a
designated ligquid radicactive effluent discharge

point, its setpoint is established as a function
of background.

Radicactive Liguid Batch Release Effluent
Monitors

The two radiation monitors which are asscciated

with the liguid effluent batch release systems
are (Ref. 11.6.4, 11.6.5):

MONITOR 1.D. Description

HB«RE-18 Liguid Radwaste Discharge
MNonitor

HF=RE-45 Secondary Ligquid Waste
System Monitor

These Jifluent streams are normally considered to
be radicactive. The sampling freguency, minimum
analysis freguency, and the type of analysis
performed are as per Table 9.3-A.

Calculation of Liguid Effluent Monitor Setpcints

The dependence of the setpoint (¢), on the
radionuclide distribution, yields, calibration,
and monitor parameters, regQuires that several

variables be considerea in setpoint calculations.
(Ref. 11.8.1)
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2.3.1 Calcuiation of the MPC Sum

The isotopic concentratica of the release(s)
being considered must be determined. This is
obtained from the analyses reguired per Table
$.3-A, and is used to calculate an MPC sum

(MPCSUM ) :
MPCSUM = .
(T(Cg) 4/ (MPC ), )*(Co/MPC, )+ (Co/MPC, )+ (Co/MPC, ) *(Co/MPC,) (2.3)
i
Where:

(cg)1 = the concentration (cq) of each measured
gamma emitting nuclide, i, observed by
gamma-ray spectroscopy of the waste
samp.e.

C.* = the measured concentration (c.) of alpna
emitting nuclides ocbserved by groes alpha
analysis.

C_* = the measured concentrations of Sr-89% and
Sr-90 as cdetermined by analysis of the
Quarterly composite sample.

C.* = the measured concentration of He3 in liguid
effluents.

Ct* = the measured concentration of Fe-55 in

ligquid waste as determined by analysis of
the quarterly composite sample.

*Values for these concentrations will be based on
previous composite sample analyses as required by
Table 9.3=-2.
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M?Cg, MPC., urc., MPCz. M?Ct = are the limiting

concentrations of the appropriate radionuclides
from 10CFR 20, Appendix B, Table II, Column 2.
For dissclved or entrained noble gases, the

cvncentration shall be limited to 2x10™* uCi/ml
total activity.

SF = the safety factor; an administra.ive factor
used to compensate for statistical
fluctuations and errors of measurements.
This factor also provides a margin of
safety in the calculation of the maximum
ligquid effluent discharge flowrate (zmax)‘

The value of SF should be <1.

For the case MPCSUM < 1, the monitor tank
effluent concentration meets the limits of
Section 9.3.1.1 without dilution and the effluent
may be released at any desired flow rate. 1If
MPCSUM > 1 then dilution is required to ensure
compliance with Section 9.3.i.1 concentration
limits. 1If simultaneous releases are occuring or
are anticipated, an allocation fraction, N, must
be applied so that available dilution flow may be
apportioned among simultaneocus discharge
pathways. The value of N may be any value
between O and 1 for a particular discharge point,
provided that the sum total allocation fractions
for all discharge points must be < 1.
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The maximum permissible liguid effluent discharge
flowrate is calculated by:

fm.x £ (F » fp) (SF) (N) ¢ (MPCSUM) (2.4)

Where:

fmax = Maximum permissible liguid effluent
discharge flowrate, in (gallons/minute);

fp = the expected undiluted liquid effluent
flowrate, in gpm.

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

F, SF, & MPCSUM, are as previously defined.

The minimum value of F is 5000 gpm, which is used
ar a default value., The dilution water supply is
f\ snished with a flov monitor which isclates the
ligquid effluent discharge if the dilution flow
rate falls below the 5000 gpm minimum value.

In the event that f is less than fp, then the

max
value of fmax is substituted into the equation
fcr fp and a new value of fmax is calculated.

This substitution is performed for three
iterations in crder to calculate the correct

value of fmax'
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Calculation of Licuid Effluent Monitor Setpoint

The liguid 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 + (I(C.)y *
4

the monitor setpoint as previously defined,
in (vCi/ml);

BKG = the monitoer background prior to discharge,
in (vCi/ml);

Cg and SF are as previously defined.

The monitor's background is controlled at an
appropriate limit to ensure adeguate sensitivity.
Utilizing the methodology of ANSI N13.10-1974
(Ref. 11.21), the background must be maintained
at a value of less than or egual to 2.23E-6
uCi/ml (relative to Cs+137) in order to detect a
change of 1E-7 uCi/ml ¢of 1-134 (the most
restrictive nuclide in Table 1 of reference

19 -
.&&-26

In the event that there is no detectable gamma
activity in the effluent or if the value of
(E(Cg)‘+SF) is less than the background of the

monitor, then the monitor setpoint will be set at
twice the current background of the monitor.
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As previously stated, the monitor's response is
dependent on the gamma emitting radionuclide
distribution of the effluent. Accordingly, a new

' database conversion factor is calculatad for each
release based upon the results of the gamma
i spectrometric analysis of the effluent sample and

the measured response of the monitoer to the
National Bureau of Standards (NBS) traceable
calibration sources:

-

DBCFC = (I(Cq)i)G(CMR) x (ECF) (2.6)

Where:

| DBC!‘c = the monitor data base conversion factor

¥ which converts count rate inte
. concentration (uCi/ml);

CMR = the calculated response of the radiation
monitor to the ligquid effluent;

ECF = the conversion factor for Cs=137, which
convertes count rate into concentration
(uCi/ml).

cg is as previously defined.

The new value of the DBC!C is calculated and

entered into the monitor data base prior to each
discharge. A more complete discussion of the
derivation and calculation of the CMR is given in
reference 11.14.7.

{ ' e 40 o
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Liguid Effluent Concentration Measurements

REC Section 9.3.1.1

The concentration of radicactive material
released in ligquid effluents to UNRESTRICTED
AREAS shall be limited to the concentrations
specified in 10 CFR Part 20, Appendix B,

Table 1, Columu 2 for radionuclides other than
digsolved or entrained noble gases. For
dissolved or entrained noble gases, the

concentracion shall be limited to 2.0 E~04 uCi/ml
total activity.

Liguid Effluent Concentration Measurements

Liguid batch releases are discharged as a
discrete volume and each release is authorized
based upon the sample analysis and the dilution
flow rate existing in the discharge line at time
of release. To assure representative sampling,
each liguid monitor tank is isclated and
thoroughly mixed by recirculation of tank
contents prior to sample collection. The methods
for mixing, sampling, and analyzing each batch
are outlined in applicable plant procedures. The
allowable release rate limit is calculated for
each batch based upon the pre-release analysis,
dilution flow=rate, and other procedural
conditions, prior to authorization for release.
The radwaste liguid effiuent discharge is
monitored pricr to sntering the dilution
discharge line and will automatically be
terminated if the pre-selected alarm/trip
setpoint is exceeded. Concentrations are
determined primarily from the gamma isotopic,
H=3, & jross alpha analyses of the liguid batch
sample. For Sr-89, Sr-%0, & Fe-55, the mhasured
concentration from the previous composite
analysis is used. Composite samples are
collected for each batch release and qQuarterly

analyses are performed in accordance with Table
®.3=A.
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Doses from liguide discharged as coentinuous
releases are calculated by utilizing the last
measured values of samples reguired in accordance
with Table 9.3-A.

Dose Due to Liguid Fffiuents

The dose or dose commitment to a MEMBER OF THE
PUBLIC from radicactive materials in ligquid
effluents released, to UNRESTRICTED AREAS shall
be limited:

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

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

The Maximum Exposed Individual

The cumulative dose determination considers the
dose contributions from the maximum exposed
individual's consumption of fish and potable
water, as appropriate. Normally, the adult is
considered to be the maximum exposed individual.
(Ref. 11.8.3)

The Callaway Plant's liguid effluents are
discharged to the Missouri River. As there are
no potable water intakes within 50 miles of the
discharge point (Ref. 11.7.1, 11.6.6), this
pathway does not reguire routine evaluation.
Therescore, the dose contribution from fish
consumption is expected to account for more than
95% of the total man-rem dose from discharges to
the Missouri River. Dose from recreatiocnal
activities is expected to contribute the
additional 5%, which is considered to be
negligible. (Ref. 11.6.7)

-12.
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2.5.3 ation o [*) m
3:.9.3:3 on o ) i [}

The dose contributions for the total time periocd

m
st t

t=1

are calculated at least once each 31 days and a

cumulative summation of the total body and

individual organ doses is maintained for each

calendar guarter. These dose contributions are

calculated for all radioruclides identified in

liquid effluents released to UNRESTRICTED AREAS
| using the following expression (Ref. 11.8.3)

m
D, =1 [A11 3 4, C

.

ip Fol (2.12)'

é

tel

F Where:

Dt = the cumulative dose commitment to the total

body or any organ, t, from the liguid
effluents for the total period

m
et

=]

in mrem.

s 13 o
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the length ©f the tth time period over
which cit and E‘ are averaged for all

liguid relesases, in hours. ot corresponds

to the actual curation ¢of the release(s).

the average meusured concentration of

radionuclide, i, in undiluted ligquic
effluent during time period Atl from any

liguid release, in (uCi/ml).

the site related ingestion dose commitment

factor to the total body or any organ t for
each identified principal gamma nd beta
einitter listed in Table $.3-A, (in mrem/hr’
per (uCi/ml). The calculation of tis A*1

values is detailed in Ref. 11.14.5 and are
given in Table 1.

the near field average diluticn factor for
ci£ during any ligquid effluent release.

fl = fmnx

(¥ o fmnx) 89.77

maximum undiluted effluent flow rate
during the release
F = sverage dilution flow
89.77 = site specific applicable factor for the
mixing effect of the discharge
structure. (Ref 11.5.1)

The term Ci! is the undiluted concentration of

radiocactive material in liqgquid waste at the
common release point determined in accordance
with Section 9.3.1.1, Table 9.3=-A, "Radiocactive
Liguid Waste Sampling and Analysis Program". All
diluticn factors beyond the sample point(s) are
included in the F! term.
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The nearest municipal potable water intake
downstieam from the liguid effluent discharge
point into the Missouri River is located near the
city of St. Louis, Mo., approximately 78 miles
downstream. As there are currently no potable
water intakes within 50 river miles of the
discharge point, the drinking water pathway is
not included in dose estimates to the maximally
exposed individual, or in dose estimates to the
population. Should future water intakes be
constructed within 10 river miles downstream of
the discharge point, then this manual will be
revised to include this pathway in dose
estimates. (Ref. 11.6.6).

S culatio ©
E

The dose contribution for the total time period

m
IM:l

t=]

is determined by calculation at least once per 31
days and a cumulative summation of the total bedy
end organ doses is maintained for each calendar
quarter. The projected dose contribution from
liguid effluents for which radionuclide
concentrations are determined by periodic
composite and grab sample analysis, may be
approximated by using the last measured value.
Dose contributions are determined for all
radionuclides identified in liguid effluents
released to UNRESTRICTED AREAS. Nuclides which
are not detected in the analyses are reported as
"less than" the nuclide's Minimum Detectable
Activity (MDA) and are not reported as beiny
present at the Lower Level of Detection (LLD)
level for that nuclide. The "less than" values
are not used in the regquired dose calculations.

o 1B o



TABLE 1
INGESTION DOSE COMMITMENT FACTOR (A ) FOR ADULT AGE GROUP
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(mrem/ht) per (wei/mi)

| {

"1 Jotal |
Nuclide| Bone | liver | Booy

]
| Thereid | Kidner | leng | GI-LL1 |

| M3  INo Dats |2.26E-0) [2.26E<01(2.26E<01 |2.26E-01/2.26E-0112.26E+-01]
| Bes? |1.30E-02/2.98E+~02 |1.45E~02|No Data |3.15E~02|No Data |5.16E«00|
| €16 [3.13E+0416.36E+03 |6.26E+03|6.26E+03 |6.26E+03|6.26E+00|6.26E+03|
| Nas2é 14 . OTE#02|6 . 07E+02 |4 .07E+02|4.07E402 |46.07E402|4.07E+02)6.07E+02 |
| Pe32 |4 . 62E+07|2.87E«06 |1.78E+06|No Data |[No Data INo Data (5.19E«06|
| Cr+51 |[No Dats |No Data |1.27E+00|7.62E~01 |2.81+01 |1 .69E+00|5.20E«02/
| Mn-54 |Ne Dats )& 3BE+D3 |8.35E+02,N¢c Dats |1.30E+03|No Data |1.34E+04|
| Mn+56 [Ne Data |1.10E+02 [1.95E+0)|N~ Data |1.4CE4D2|No Data |3.52E«03|
| Fes55 |6.57E«02)6 54E+02 |1.06E+02!" o Data |[No Data |2.53E402|2.61E+02)
| Fes59 |1 OWE«03]2 &4E+03 |9.34F+0" o Data |No Data |6.81E+02]8.13E+03]
| Co+57 |No Data |2 .09E+01 |3.4BE+0)1|No Data |[No Dats |No Data |7 .31E+02|
| Co+58 |No Data |8.94E+01 |2.00E+02|No Dats |No Dsta |No Data |1.81E+03|
{ Co*60 |No Data |2.57E+02 |3.66E+02|No Data |[Ne Dats |No Datas |4.82E+03|
| Ni=63 |3.11E+04|2.15E+03 |1 ,04E+05|No Datse |No Data |No Data |4 .49E«02|
| Ni=65 |1.26E+02' . 64E+0]1 |7.4BE+00|No Data |No Dats |No Data |4 . 16E+02|
| Cu=6& |NO Dats |1.00E+40] |&.69E+00(No Data |2.52E+01|Ne Data |8.52E+02|
| Gne=65 |2 32E«C |7 . 3BE«04 |3 33FE+04|No Data |& . 93E«0&4|No Data |4 . 65E+0u|
| Zn=6% |& 93E+ [|9 &4E+0) |6 .56E+00|No Data |6.13E«01 |No Date |1 .42E+01|
| Br«82 |No Data |No Data |2.27E+03|No Data |[No Dats |No Data |2.60E+03| p
| Br«83 |No Data |No Dete |&.04E+0)1|Ne Data |No Data |No Data |5.81E«01|
| Br=84& |[No Date |No Deta !5.26E+01|No Dats |No Data |No Date |&.13E-04|
| Br+85 |No Data |[No Data |2.15E+00|No Data |No Data [No Deta | © |
| RbeBé [No Dats |).01E«05 |4 .71E+04|Ne Data |No Dets |No Datas |1.99E+04|
| Rb=88 |No Data |2.90E+02 |1.54E+02(No Dats |[Ne Dets INo Data |5.00E-09|
| Rb+=89 |Ne Data |1.92E+02 |1.35E+02|No Data |[No Data |Ne Date |1.12E-11|
| Sr=89 |2.21E+04|No Data |6.35E+C2|No Data |[No Data |No Dats |3.55E+03|
| Er«90 |5.44E+05|No Data |1.34E+05|No Date |No Data |No Date |1.57E+04|
| Sr+91 |&.07E+02!No Data |1.64E+01|No Date ([No Deta |No Data |1.S4E«03/
| 8re92 |1.54E+02|No Data |6.6BE+00|No Datea |No Data |No Data |3.06E+03|
| Y=90 |5.75E-01|No Date |1.54E~0Z|No Data |[No Dats |No Data |6.10E«03|
| Y=91M |5 &4FR-03|MNo Data |2.10E+04|No Data !No Data [No Dete |1.60E-02|
| Y»91 |6.43E+00(No Data |2.25E-01|No Data |No Data |No Data |&.64E+03|
| Y*92 |5.05E-02|No Data |1.4B8E-03|No Data |No Data |No Data |8.85E+02|
| ¥+93 |1.60E-01|No Data |&.&42E-0)|No Data |No Date |No Data |5.08E+03|
| 2r+98 |2.40E-01|7.70E-02 |{5.21E~02|No Data |1.21E<01|No Data |2.44E+02|
| 22+97 |1.33E-0212.68E+03 |1.22E-03|No Data |4.04E-03INe Data |B8.30E+02|
| Nb+95 |&.47E+02]2.4BE+02 |1.34E+02|No Data |2.46E+02|No Data |1.51E+06|
| Mo+99 |No Data |1.03E+02 |1.96E+01|No Data |2.33E+02|No Data |2.39E+02|
| Tc=99M|8.67E-03|2.51E-02 |3.19E<01|Ne Duta |3.B1E~01]1.23E-02|1.48E~0]|
| Te+101|9.13E+03|1.31E-02 [1.29E-01|No Data |2.36E«01|6.70E-03| 0 |
| Ru=103|4 42E+00|No Dats |1.90E«00|No Dsta |1.65E+01|No Data |5.1TE+02|
| Ru+i05|3.68E-01INo Data |1.45E-01|No Data |&.76E+00|No Data |2.25E+02|
| Ru=100/6.57E+01|No Data |8.32E+00|No Data |1.27E+02|No Dats |4.25E+03|
% | Cd+109|No Data |5.54E+02 |1.94E+01|Nc Data |5.31E«02|No Data |5.59E+03|
| 8neii3|5.66E6 |1.61E3 |3.26E3 |9.18E2 [No Data [No Dasta |1.69E5 |
| Sbe1.<16.69E+00|1.26E-01 |2.65E+00|1.62E-02 !No Data |5.21E+00|1.90E+02|
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TABLE 1 (Continued)
INGESTION DOSE COMMITMENT FACTOR (4, ) FOR ADULT AGE GROUP

Br e vavve

Rev. ©

(mrem/hr) per (uei/ml)

| | 1 | Totes | T | 1 |
INclide| ®one | liver | Bodv | Thyroid | Kidney | Lung | GI-111 |
|8b=125 |&.28E+00|6.78E«02 |1.02E+00 (4 . 35E<03 |No Data |3.30E+00|4.71E+01]
[ Te+125M|2.57E+03 |9 . 30E+02 |3.64E+02(7, 728402 |1.04E+04 |No Data |1.02E+04|
[Te*127M|6 . &7E+03|2.32E+03 |7.90E+02|1.665+03 |2.63E+04 |No Data |2.17E«04|
[Te=127 |1.05E+02(3.78E+01 |2.28E+01|7.80E«01 |4.29E+02 |2 Dava |8.30E+03|
[Te«1208]1. J0E+04 |4 11E+05 |1.74E403|3 . 78E+03 |4 .60E+04 |No Data |5.354E+04|
[Te=129 |3.01E4(1]1.13E+01 |7.33E+00|2.318+01 |1.26E+02|Ne Dats |2.27E+01|
[Te=131M|1.66E+03|8.09E+02 |6.75E+0%|1.28E+03 |8.21E403 |No Data |8.03E+04 |
[Te=131 |1.89E+01|7 . BBE400 |5.96E400|1.55E+01 |8.25E+01 |No Data |2.67E+00|
[Tes132 |2.41E+03|1.56E+03 |1.47E+03|1.72E+03 |1.50E+04|No Data |7.38E+04|
[1=130 |2.71E%0)|8.01E+01 |3.16E+01!6.79E+03 |1.258+02|No Data |6.89E+01|
[1+131 |1.49E+02(2.14E+02 |1.22E+02|7.00E+04 |3.¢6E+02|No Dats |5.64E+01|
{1132 |7.29E+00)1.95E+0) |6.82E+00|6.82E+02 |3.11E+01|No Data |7.66E+00|
1133 |$.10E«01(8.87E+0) |2.70E+C1|1.30E+04 |1.55E+02|No Data |7.97E+01]
[1+134 |3.81E+00|1.03E+0) |3.70E+00|1.79E+02 |1.64E+01!No Data |9.01E-03|
[1135 |1.59E+0)1 /4. 16E+0) |1 .5«E+01|2.75E+03 |6.6BE+0]|No Data |4.70E+01]|
[Cs=134 |2.9BE+05|7 . 09E+05 |5 .80E+05 |No Dats |[2.49E+05|7.62E+04|1.24E404]
{Co=136 |3.12E+04|1 . 23E+05 |B.86E+04|No Data !6,.85E404 (9. 39E+03|1.40E+04 |
{Cs+137 |3 .82E+05|5.22E+05 |3.42F+05|No Data |1.77E+05|5.89E+04|1.01E+04 ]
|Co=138 |2.64E+02(5.22E+02 |2.59E+02|No Data |3.84E+02|5.79E+01)2.23E-031
|Ba=139 |9.29E+01|6.62E«04 |2.72E-02|No Data |6.19E<04|3.76E-04|1.65E+00]
|Ba=140 |1.94E+0212 . 44E+01 |1.27E+0)|No Data |8.31E+02|1.40E-01|4. 00E+02]
{Ba=141 |4 50E~01|3.40E~04 |1.52E-02|Ne Data |3.16E+0é4|1.93E~04]2.12E-10]
|{Bas142 |2.04E-01|2.09E~04 |1.28E-02|No Data |1.77E-0&|1.19E-04| O |
|La+160 |1.50E-01|7.53E+02 |1.99E~02|No Dats |No Data |M~ Data [5.53E+03|
|La~142 |7.65E-03|3.48E~03 |8.66E-04|No Data |No Data |N. Data |2.54E+01|
|Ce=14) |2.24E-02(1.51E-02 |1.72E+03|No Dats |7.03E~03|No Data |5.78E+01|
[Ces143 |3.94E+~03|2.92E+00 |3.23E+04(No Data |1.28E-03|Ne Data |1.09E+02|
[{Cevlédd [1.17E+00|4 . BEE-01 |6.26E-02|No Data |2.89E+01|No Data |3.94E+02]
|Pr=142 |5.50E-01/2.21E~01 |2.73E~02|No Datsa |1.27E<01|No Data |2.41E+03|
INd*147 |3.76E~01|&6.35E-01 [2.60E-02|No Data |2.54E-01|Ne Data |2.09E+03|
|Eue154 |3,67E1 |&.52E0 |3,21E0 |No Date |2.16E1 |Ne Dats |3.27E3 |
|HE«181 |3.99E+02|1.945-01 [1.80E-02{Ne Data |4.17E-02|Ne Date |2.21E+02|
{W=187 |2.96E+02|2 47E+02 |8.64E+01|No Data |No Data |No Data |8.09E+04|
INp=2039 |2.84E+02(2.80E+03 |1.54E~03|No Data |8.72E-03|No Data |5.74E+02]
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LIQUID RADWASTE TREATMENT SYSTEM
REC Section 9.5.1.1

The LIQUID RADWASTE TREATMENT SYSTEM shall be
OPERABLE and appropriate portions of the system
shall be used to reduce releases of radiocactivity
wvhen the projected doses due to the liguid
effluent, to UNRESTRICTED AREAS, would exceed
V.06 mrem to the total body or 0.2 mrem to any
»rgan in a 31 day peried.

.- 19 o
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OPERABILITY Of The LIQUID RADWASTE TREATMENT
SYSTEM

The LIQUID RADWASTE TREATMENT SYSTEM is capable
of varying treatment, depending on waste type and
product desired. It is capable of concentratiug,
gas stripping, and distillation of ligQuid wastes
through the use of the evaporator system. The
demineralization system is capable of removing
radicactive ions from solutions to be reused as
makeup water. Filtration is performed on certain
iiguid wastes and it may, in some cases, be the
enly regquired treatment prior to release. The
system has the ability to absord halides through

the use ©of charcoal filters prior to their
release,

The design and operation reguirements of the
LIQUID RADWASTE TREATMENT SYSTEM provide
assurance that releases ¢f radiocactive materials
in liguid effluents will be kept "As Low As
Reasonably Achievable" (ALARA).

The OPERABILITY of the LIQUID RADWASTE TREATMENT
SYSTEM ensures this system will be available for
use when ligquids reguire treatment prior to their
release to the envivonment. OPERABILITY is
demenstrated through compliance with Sections
$.3.1.1 and 9.4.1.1.

Frejected doses due to ligquid releases 0
UNRESTRICTED AREAS are determined each 31 days by
dividing the cummulative annual total by the
number ©of elapsed monthe.
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SASEQUS EFFLUENTS
REC Section $.2.1.1
The radicactive gaseous effluer r.. ang

instrumentation channels shall ¢ 07 8LE with
their Alarm/Trip Setpoints se\ " : en re that the
limits of Section $.7.1.1 are no. > eeded. The
Alarm/Trip Setpoints of these channels shall be
adjusted to the values determined in asccordance
with the methodology and parameters in the ODCM.

REC Section 9.6.1.1

The dose rate due to redicactive materials
released in gaseous effluente from the site to
areas 2t and beyond the SITE BOUNDARY shall be
limited to the following:

a. For noble gases: Less than or egual to 500
mrem/yr to the total body and less than or
equal to 3000 mrem/yr to the skin, and

b. For lodine « 131 and 133, for tritium, and for
all radionuclides in particulste form with
half lives greater than 8 days: Less than or
egqual to 1500 mrem/yr. to any organ, from the
inhalaticn pathway only.

Caseous uent

Noble gas activity monitors are present on the
containment building ventilation system, plant
unit ventilation system, and radwaste building
ventilation system.

The alarm/trip (alarm & trip) setpoint for any
gaseocus effluent radiation monitor is determined
based on the instantaneous noble gas total body
and skin dose rate limits of Section ©.6.1.1, at
the SITE BOUNDARY location with the highest
annual average X/Q value. (Figure 5.1B)

e 2]l
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Each monitor channel is provided with a twe level
system which provides segquential alarms on
increasing radicactivity levels. These setpoints
are designated as alert setpoints and alarm/trip
setpoints. (Ref. 11.6.3)

The radiation monitor alarmn/trip setpointes for
each release point are based on the rac “tive
noble gases in gaseous effluents. It i ot
considered practicable to apply instantaneous
alarm/trip setpoints to integrating radiatien
monitors sensitive to radiciodines, radiocactive
materials in particulate form and radionuclides
other than noble gases. Conservative assumptions
may be necessary in establishing setpoints to
account for system variables, such as the
measurement system efficiency and detection
capabilities during normal, anticipated, and
unusual operating conditions, the variability in
release flow and principal radionuclides, and the
time lag between alarm/trip action and the final
isclation of the radicactive effluent. (Ref.
11.8.5.) Table 9.2+ provides the instrument
gsurveillance regquirements, such as calibration, ,
source checking, functional testing, and channel
checking.

ontinuous Release Caseous Ef .- M ors
The radiation detection monitors associated with

continuous gaseous effluent releases are (Ref.
11.6.8, 11.6.9):

Monitor 1.D. Description
CT«RE-21 Unit Vent
GH-RE-10 Radwaste Building Vent

Each of the above continuocusly monitors gaseous
radicactivity concentrations downstream ¢f the
last point of potential influent, and therefore
measures effluents and net inplant
concentrations.

.22-
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The Unit Vent monitor continuously monitors the
effluent from the unit vent for gaseous
radiocactivity. The Unit Vent, via ventilation
exhaust systems, continuously purges various
tanks and sumps normally containing lowe-level
radicactive aerated liguids that can potentitlly
generate airborne activity.

The exhaust systems which supply air to the unit
vent are from the fuel building, auxiliary
building, the access control area, the
containment purge, and the condenser air
discharge.

The Unit Vent monitor provides alarm functions
enly, and does not terminate releases from the
Unit Vent.

The Radwaste Building Ventilation effluent
monitor continuously menitors for gaseous
radicactivity in the effluent duct downstream of
the exhaust filter and fans. The flow path
provides ventilation exhaust for all parts of the
building structure and components within the
building and provides & disclarge path for the
waste gas decay tank release line. These
comporrats represent potential sources for the
release of gaseous and air particulate and iodine
activities in addition to the drainage sumps,
tanks, and eguipment purged by the waste
processing system.

This monitor wiil isclate the waste yas decay

tank discharge line upen a high gaseous
radicactivity alarm.

.23 ¢
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The continuous gaseous effluent monitor setpoints
are established using the methodoloyy described
in Sectien 3.4. Since there are two continuous
gaseous effluent release points, a fraction of
the total dose rate limit (DRL) will be allocated
to each release point. Neglecting the batch
releases, the plart Unit Vent monitor has been
allocated 0.7 DRL and the Radwaste Building Vent
moniter has been allocated 0.3 DRL. These
allocavion factous may be changed as reguired vo
support plant operational needs, but shall not be
allowed to axceed unity (i.e. 1.0). Therefore, a
particular monitor reaching the setpoint would
not necessurily mean the dose rate limit at the
SITE BOUNDARY is being exceededi; the alarm only
indicates that the specific release point is
contributing a greater fraction of the dose rate
limit than was allocated to the associated
monitor, and will necessitate an evaluation of
both systems.

Batch Release Caseous Monitors

The radiation monitors associated with batch
release gaseous effluents are (Ref. 11.6.9,
11.6.10, 11.6.11):

Monitor 1.D. escription
CT-RE-22 Containment Purge System
CT-RE-33

CH-RE-10 Radwaste Building Vent

The Containment Purge System monitors
continuously monitor the centainment purge
exhaust duct during purge cperations for gaseous
radicactivity. The primary purpose of these
monitors is to isolate the containment purge
system on high gaseous activity via the ESFAS.

The sample points are located outside the
containment between the containment iscolation

-24.
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dampers and the containment p:rge filter adsorber
unit.

The Radwaste Building Vent monitor was previously
described in Section 3.3.1.

Setpoints for the batch gaseous effluent monitors
are calculated using the methodology described in
Section 3.4.

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

Determination of Caseous Effluent Monitor
Setpoints

The alarm/trip setpoint for gt¢seous effluent
monitors iz determined based on the lesser of the
*otal body dcse rate and skin dose rate, as
calculated for the SITE BOUNDARY.

During core zlterations, the setpoint for the
Containment Purge Monitors, GT-RE«22 and GT-RE-33
is set at a value of less than or equal to SE-3
uCi/cc, as reqguired by Technical Specification
4.9.4.2. The actual setpoint value will be
reduced according to the Instrument Loop
Uncartainty Estimate (ILUE). This value will
also be utilized in the event that there is no
detectable noble gas activity in the containment
atmosphere sample analyzed in accordance with
Section 9.6.1.1. The full derivation of this
value is discussed in reference 11.14.6.

- 28
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Total Body Dose Rate Setpoint Calculations

To ensure that the limits of Secticn 9.6.1.1 are
met, the alarm/trip setpoint b .sed on the total
body dose rate is calculated according to:

Do R.LF T

tb'th"s a (3.2)

the alarm/trip setpoint based on the total
body dose rate (uCi/ce).

Section 9.6.1.1 limit of S00 mrem/yr,

conservatively interpreted as a continuous
release over a one year period.

the safety factor; a conservative factor

used to compensate for statistical
fluctuations and errors of measurement.
(For example, F. = 0.5 corresponds to a

100% variation.) Default value is l. =
1.0,

the allocation factor which will modify the

required dilution factor such that
simultaneous gaseous releases may be made
witl.out exceeding the limits of Section
9.6.1.1. The default value is 1/n, where n
is the number of pathways planned for
release.

e 28 »
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Rtb = factor used to ccnvert dose rate to the

effluent concentration as measured by the
effluent men.tor, in (uCi/cc) per (mrem/yr)
to the total body, determined according to:

Rep ® € ¢ (X7 T KQ,)

monitor reading of a noble gas monitor
corresponding to the sample radicnuclide
concentrations for the batch to be
released. Concentrations are determined in
accordance with Table 9.6-A. The mixture
of radionuclides determined via grab
sampling of the effluent stream or source
is correlated to a calibration factor to
determine monitor response. The monitor
response is based on concentrations, not
release rate, and is in units of (uCi/cec).

the highest culculated annual average relative
concentration for any area at or beyond the
SITE BOUNDARY in (sec/m?). Fefer to

Tables 9, 10, and 12.

the total body dose factor due to gamma

emissions for each identified noble gas
radionuclide, in (mrem/yr) per (uCi/m?).
(Table 3)

rate of release of noble gas radicnuclide,
i, in (uCi/sec).
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Qi is calculated as the product of the

ventilation path design flow rate and the
measured activity of the effluent stream as
determined by gradb sampling. Flow rates
for the ventilation pathways can be found
in references 11.6.18, 11.6.19, 11.6.20,
and 11.6.21.

Skin Dose Rate Setpoint Calculation

To ensure that the limites of Section 2.€.1.1 are
met, the alarm/trip setpoint based on the skin
dose rate is calculated according to:

SS N DSRSFSFB

Where:

F_ and Fﬁ are as previously defined in Section

s
3.4.1.3,

= the alarm/trip setpoint based on the skin
dose rate.

Section 9.6.1.1 limit of 3000 mrem/yr,

conservatively interpreted as a continuous
release over a one year period.
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r i R = factor used to convert dose rate to the

effluent concentration as measured by the
. effluent monitor, in (uCi/cc) per (mrem/yr)
i to the skin, determined according to:

R, =C+ [(X7Q) T (L, + 2.1M,) Q,] (3.4)

b

ﬁﬁ'ﬁ Where:

L., = the skin dose factor due to beta emissions
for each identified noble gas radionuclide,
in (mrem/yr) per (uCi/mB). (Table 2)

1.1 = conversion factor: 1 mrad air dose = 1.1 : I
mrem skin dose.

the air dose factor due to gamma emissions

for each identified noble gas radionuclide,

in (mrad/yr) per (uCi/m3). Table 3)

C, (X/Q) and Qi are as previously defined.
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Caseous Effluent Monitors Setpoint Determination

The results of Equation (3.1) and Eguation (3.3)
are compared. The setpoint is then selected as
the lesser of the two values.
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TABLE 3
DOSE_FACTORS FOR EXPOSURE 10 A SEMI-INFINITE CLOUD OF NOBLE GASES®
Tota! Body Gamma Air Beta Air
Dose Factor Skin Dose Factor PDose factor Dcse Factor

K L L) N .
Rad ionuci ide (-m/yr)'per (MCi/m3) (mrem/yr) :’er (PCi/m?) l-rad/yr)'per (uCi/m3) (-nd/y:') per (MCi/m?)

Kr-83m 1.56 £-02 - - - 1.93 £+ 2.88 £+02
Kr-85m 1.17 E+03 1.4%6 €£+03 1.23 €403 1.97 £+03
Kr-85 1.61 E+01 1.3% E+03 1.72 £+00 1.95 403
Kr-87 5.92 E+03 9.73 £+03 6.17 £403 1.03 E+08
Kr-88 1.57 E+0n 2.37 €403 1.52 E+0h 2.93 €403
Kr-89 1.66 E+04 1.01 £+04 1.73 E+04 1.06 E+04
Kr-%0 1.56 E+04 7.29 E+03 1.63 E+0h 7.83 E+03
Xe-131m 9.15 €+01 .76 E+02 1.56 E+02 1.11 E+03
Xe-133m 2.5) E+02 9.94 E+02 3.27 £+02 1.48 E+03
Xe-133 2.9% E+02 3.06 E+02 3.53 E+02 1.05 €403
Xe-135m 3.12 E¥03 7.11 E+02 3.36 E+03 7.39 £+02
Xe-135 1.81 £+03 1.86 E+03 1.92 €403 2.%6 £4+03
Xe-137 1.42 £+03 1.22 E+04 1.51 §403 1.27 E*04
Xe-138 8.23 £+03 §.13 £+03 9.21 £+03 .75 €403
Ar-41 8.84 E+03 2.69 E+0O3 9.30 £+03 3.28 £403

(a) The tisted dose factors are derived from Reg. Guide 1.109, Table B-1 (Rev. 1, 1977).

-31-



3.4.4

3.8

3.5.1

3.5.1.1

APA-ZZ-01003
Rev. 0

Summary, Caseous Effluent Monitors Setpoint
etermination 2

The gaseous effluent monitors setpoints are
calculated according to equations (3.1) and
(3.3), as described in Section 3.4. However, it
should be noted that a batch release will alter
the flow rate characteristics at the Unit Vent
and thereiore the concentration a&s sensed by the
monitor. For example, in the case of a minie-
purge, the setpoint for the Unit Vent moniter
must be re-calculated to include both the
continuous and batch sources.

Calculation of Dose From Caseous Effluents

Dose rate calculations are performed for gaseous
effluents to ensure compliance with Section
.6.1.1.

Calculation of Dose Rate

The following methodology is applicable to the
location (EITE BOUNDARY or beyond) characterized
by the values of the parameter (X/Q) which
results in the maximum total body or skin dose
rate. In the event that the analysis indicates a
different location for the total body and skin
dese limitaticns, the location selected for
consideratior 18 that which minimizes the
allowable ielease values. (Ref. 11.8.6)

The factors Ki’ Li' and Mi relate the

radionuclide airborne concentrations to various
dose rates, assuming a semi-infinite cloud model,
and are tabulated in Table 3.

Noble Cases

The release rate limit for notle gases is
determined according to the f:llowing general
relationships (Ref. 11.8.6):



Where:

Dep ™

K, =
3
bS
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$OC mrem/yr

< 3000 mrem/yr

Total bod dJdose rate, conservatively
averaged over a period of one year.

Total body dose factor due to gamma
emissions for each identified noble gas

radionuclide, in (mrem/yr) per (uCi/m3).
(Table 3)

The highest calculated annual average
relative concentration for any area at or

beyond the SITE BOUNDARY. Refer to Tables
©, 10, and 12.

The release rate of noble gas

radicnuclides, i, in gaseous effluents,
from all vent releases in (uCi/sec).

is calculated as the product of the

ventilation path design flow rate and the
measured activity of the effluent stream as
determined by grab sampling. Flow rates

for the ventilation pathways can be found
in references 11.6.18, 11.6.19, 11.6.20,
and 11.6.21.

Skin dose rate, conservatively averaged
over a period of one year.
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Li & Skin dose factor due to beta emissions for
each identified noble gas radiocnuclide, in

! (mrem/yr) per (uCi/m’) (Table 3).

; 1.1 = Units conversion factor; 1 mrad rir dose =
1.1 mrem skin dose.

Mi = Alir dose factor due to ganma emissions for

each identified nohble gas radionuclide, in
(mrad/yr) per (uCi/m?) (Table 3).

- S Radionuclides Other Than Ncble Gases

The releasze rate limit for lodine-131 and-133,
for tritium, and for all radicactive materials in
particulate form with half lives greater than 8
days is determined according to (Ref. 11.8.7):

D, =1 Pi[(m)Qi] < 1500 mrem/yr (3.7)
i

Where:

D° = Dose rate to any critical organ, in

» (mrem/yr).

Pi = Dose parameter for radionuclides other than

noble gases for the inhalation pathway for
the child, based on the critical organ, in
(mrem/yr) per (uCi/m?). (Table &)

Q.= The release rate of radionuclide, i, in

gaseous effluents, from all vent releases,
in (uCi/sec). Qi is calculated as the

product of the ventilation path design flow
rate and the measured activity of the
effluent stream as determined by grab
sampling. Flow rates for the ventilation
pathways can be found in references
11.6.18, 11.6.19, 11.6.20, and 11.6.21.
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(X/Q) is as previously defined.

The dose parameter (Pi) includes the internal

dosimetry of radionnclide, i, and the receptor's
breathing rate, which are functions of the
recentor's age. Therefore the child age group
has been selected as the limiting age group.

For the child exposure, separate values of Pi are

tabulated in Table 4 for the inhalation pathway.

These values were calculated according to (Ref,
11.8.8):

= K' (BR) DFAi

Units conversion factor: luCi = lEO& pCi.

The breathing rate of the maximum exposed
child age group, 3700 m?/yr. (Regulatory
Cuide 1.109, Table E~5).

The maximum organ inhalation dose factor

for the child age group for the ith
radionuclide, in (mrem/pCi). The total
body is considered as an organ in the
selection of DFAi. (Ref. 11.11.5 and

11.14.4)

Note: All radiociodines are assumed to be released
in elemental form. (Ref.l1.8.7)
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TABLE &
DOSE PARAMETER (Pi) FOR RADIONUCLIDES OTHER THAN NOBLE GASES®

Inhalation Pathway

(mrem/yr) per (uCi/m?)

I 10t [ | Total | | I i l
[Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |

| B3 | ND  |1.12BS |1.12BE3 |1.12E3 |1.12BE3 [1.12E3 |1.12E8 |
| Bes? |8.47E2 |1.44E3 |9.25E2 | ND | ND  |6.48E4 |2.55E3 |
| C-14 |3.59E4 |6.73E3  [6.73E3 |6.73E3  |6.73E3 [6.73E3 |6.73E3 |
| Na+24 |1.61E4 |1.61E4 |1.61E4 [1.61E4 |1.61E4 [1.61E4 |1.61E4 |
| P32 |2.60E6 [1.14E5 |9.88E4 | ND | ND | ND  |4.2236 |
| Cr=51 | ND | ND J1.54E2 |8.55E1  |2.43E1 |1.70E4 |1.08E3 |
| Mn-54 | ND  |4.29E4 {9.51E3 | ND |1.00E4 |1.58E6 |2.29E4 |
| Mn+56 | ND  |1.66E0 |3.12E-1 | ND |1.67E0 [1.31E4 |1.23E5 |
.. | Fe*55 |4.74E6 |2.52E4 |7.72E3 | ND | ND  |1.11ES |2.87ES |
" | Fe=59 |2.07E4 |3.34E4 |1.67E4 | ND | ND  |1.27E6 |7.07B4 |
| Co*57 | ND  |9.03E2 |1.07E3 | ND | ND  |5.07ES |1.32B4 |
| Co=58 | ND  |1.77E3 |3.16E3 | ND | ND  |1.11E6 |3.44E4 |
| Co=60 | ND  |1.31E4 [2.26E4 | ND | ND  |7.07E6 |9.26E4 |
| Ni=63 |8.21E5 |4.63E4 |2.80E4 | ND | ND  |2.75E5 |6.33E3 |
| Ni=65 |2.99E0 |2.96E-1 |1.64E-1 | ND | ND  |8.18E3 |8.40E4 |
| Cu=64 | ND  |1.99E0 |1.07E0 | ND |6.03E0 |9.58E3 |3.67E4 |
| Zn~65 |4.26E4 |1.13E5 |7.03E4 | ND |7.14E4 |9.95E5 |1.63E4 |
| 2n-69 |6.70E-2 |9.66E-Z |8.92E-3 | ND |5.85E-2 |1.42E3 |1.02E4 |
| Br«82 | ND | ND |2.09E4 | ND | ND | ND | ND |}
| Br=83 | ND | ND |4.74E2 | ND L R R R T |
| Br+846 | ND | ND IS.48E2 | ND ST I S S Gt
| Bz=85 | ND | ND [2.53E1 | ND b e e R |
| Rb=86 | ND  |1.98E5 |1.14E5 | ND | ND | ND  [7.99E3 |
| Rb=88 | ND  |[5.62E2 [3.66E2 | ND | ND | ND  [1.72E1 |
| Rb-89 | ND  |3.45E2 |2.90E2 | ND | ND | ND  |1.89E0 |
| Sr=89 |5.99E5 | ND |1.72E4 | ND | ND  |2.16E6 |1.67E5 |
| Sr=90 |1.01E8 | ND |6.44E6 | ND | ND  |1.48E? |3.43E5 |
| Sre91 |1.21E2 | ND |4.59E% | ND | ND  |5.33E4 |1.74ES |
| Sr-92 [1.31E1 | ND 15.25%=1 | ND | ND  |2.40E4 |2.42E5 |
| Y=90 |4.11E3 | ND |1.1.E2 | ND | ND  |2.62E5 |2.68ES |
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| | T Total | | | |
[Nuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |

K-3 | ND |1.12E3 [11.12E3 |1.12E3 {1.12E3 |1.12E3 |1.12E3
Be=7 |8.47E2 |1.44E3 |9.25E2 | ND | ND |6.48E4 |2.55E3
C-14 |3.59E4 |6.73E3 |6.73E3 |6.73E3 |6.73E3 |6,73E3 6.73E3
Na=-24 |1.61E4 |1.61E4 |1.61E4 |[1.61E4 |1.61E4 |1.61E4 |[1.61Eé4
P32 |2.60E6 |1.14ES |9.88E4 | ND | ND | ND |14,22E4
Cr=51 | ND ! ND |1.54E2 |8.55E) |2.43E1 |1.70E4 |1.08E3
Mn-54 | ND |4.29E4 |19.51E3 | ND |1.00E4 |[1.58E6 |2.29E4
Mn-56 | ND |1.66E0 |3.12E<1 | ND |1.67E0 |1.31E4 |1.23ES
Fe-55 |4.74E4 |2.52E4 12,7263 | ND | ND ]1.11E5 |2.87E3
Fe-59 |2.07E4 |3.34Eé4 11.67E4 | ND | ND |1.27E6 |7.07E4
Co=57 | ND |9.03E2 ]1.07E3 | ND | ND |5.07ES |1.32E4
Co=58 | ND |1.77E3 |3.16E3 | ND | ND |1.11E6 |3.44E4
Co=60 | ND |1.31E4 |2.26E4 | ND | ND |17.07E6 |9.26E4
Ni-63 |8.21E5 |&4.63E4 |2.80E4 | ND | ND |2.75ES |6.33E3
Ni-65 |2.99E0 |2.96E-1 |1.64E-1 | ND | ND |8.18E3 |8.40E4
Cu-64 | ND |1.99E0 |1.07E0 | ND |6.03E0 |9.58E3 |[3.67E4
Zn=65 |6.26E4 |1.13ES |7.03E64 | ND |7.14E4 |5.95ES |1.63Eé4
Zn-69 |6.70E-2 |9.66E-2 |8.92E-3 | ND |5.85E-2 |1.42E3 |1.02E4
Br-82 | ND | ND {2.09E4 | ND | ND | ND | ND

Br-83 | ND | NP |4.74E2 | ND | ND | ND | 0

Br-84 | ND | ND |[5.48E2 | ND | ND | ND | 0

Br-85 | ND | ND |12.83E1 | ND | ND | ND | 0

Rb-86 | ND |1.98ES5 |[1.14E5 | ND | ND | ND |7.9%E3
Rb-88 | ND |5.62E2 |3.66E2 | ND | ND | ND |1.72E1
Rb-89 | ND |3.45E2 |12.90E2 | ND | WD | ND |1.89E0
Sr-89 |5.99E5 | ND |1,72E4 | ND | ND |2.16E6 |1.67E5
Sr-90 |1.01E8 | ND |6.44E6 | ND | ND |1.48E7 |3.43ES
Sr-91 |1.21E2 | ND |4.59E0 | ND | ND |5.33E4 | 1.74ES
Sr-92 |1.31E1 | ND |5.25E-1 | ND | ND |2.40E4 |2.42ES
Y-90 |4.11E3 | ND |1.11E2 | ND | ND |2.62E5 |2.68ES

DOSE PARAMETER (Pi) FOR RADIONUCLIDES OTHER THAN NOBLE GASES®

TABLE &

(mrem/yr) per (uCi/m?)

Inhalation Pathway
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TABLE 4 (Cont'd.)

DOSE PARAMETER (Pi) FOR RADIONUCLIDES OTHER THAN NOBLE 3asEs®

(mrem/yr) per (uCi/m?)

Inhalation Pathway

: | | | Total | | | i |
INuclide| Bone | Liver | Bedy | Thyroid | Kidney | Lung | GI-LLI |
| ¥Y-91m |5.07E-1 | ND |1.84E-2 | ND | ND |2.61E3 [1.72E3 |
| Y=91 |9.14ES | ND [2.44E4 | ND | ND 2.63E6 |1.84E5 |
| Y=92 |2.04E1 | ND |S.81E-1 | ND | ND [2.39E4 |2.39E5 |
| Y-93 |1.86E2 | ND |S.11E0 | ND | ND |7.44E4 |3.89E5 |
| 2r-95 |1.90E5 |4.18E4 |3.70E4 | ND |5.96E4 |2.23E6 |6.1%4 |
| 2r=97 |1.88E2 |2.72E1 [1.60E1 | ND |3.89E1 |1.13E5 3.51ES |
| Nb=95 |2.33E4 |9.18E3 |6 .S5E3 | ND |8.62E3 |6.14E5 |3.70E4 |
| Mo=99 | ND [1.72E2 [4.26E1 | ND |3.92E2 |1.35ES |1.27ES |
| Te-99m|1.78E-3 |3.48E~3 |5.77E-2 | ND |S.07E-2 |9.51E2 |&.81E3 |
| Te-101|/8.10E-5 |8.51E-5 |1.08E-3 | ND |1.45E-3 |5.85E2 |1.63E1 |
| Ru=103|2.79E3 | ND |1.07E3 | ND |7.03E3 |6.62E5 |4.48E4 |
| Ru=105|1.53E0 | ND |S.55E+«1 | ND |1.34E0 |1.59E4 |9.95E4 |
| Ru=106|1.36E5 | ND |1.69E4 | ND |1.84E5 |1.43E7 |4.29E5 |
|Ag=110m|1.69E4 |1.14E4 [9.14E3 | ND |2.12E4 |5.48E6 |1.00E5 |
| Cd=109| ND |5.48E3 |2.59E4 | ND |4.96E5 |1.05E6 |2.78E4 |
| Sn~11311.13E5 |3.12E3 |8.62E3 |2.33E3 | ND |1.46E6 |[2.26E5 |
| Sb=124|5.74E4 |7.40E2 |2.00E4 [1.26E2 | ND [3.24E6 |[1.64E5 |
| Sb=125|9.84E4 |7.59E2 |2.07E4 |9.10E1 | ND |2.32E6 |&4.03E4 |
|Te=125m|6.73E3 |2.33E3 |9.14E2 |1.92E3 | ND |4.77ES |3.38E4 |
|Te=127m|2.49E4 | 8.55E3 |3.02E3 |6.07E3 |6.36E4 |1.48E6 |7.14E4 |
[Te=127 |2.77E0 |9.512-%1 |6.11E-1 |1.96E0 |7.07E0 |1.00E4 |[5.62E4 |
|Te=129m|1.92E4 |6.85E3 |3.04E3 |6.33E3 |S.03E4 |1.76E6 |1.82ES |
|Te=129 |9.77E-2 |3.50E-2 |2.38E-2 |7.14E-2 |2.57E-1 |2.93E3 |2.55E4 |
|Te-131m|1,34E2 |5.92E1 |S.07E1 |9.77E1 |4.00E2 |2.06E5 |3.08E5 |
|Te=131 |2.17E-2 |8.44E-3 |6.59E-3 |1.70E-2 |5.88E-2 |2.0SE3 |1.33E3 |
|Te-132 |4.81E2 !2.72E2 |2.63E2 |[3.17E2 [1.77E3 |3.77ES |1.38ES |
|I-130 |[8.18E3 |1.64E4 |8.44E3 |1.85E6 |2.45E4 | ND i$.11E3 |
[I-131 |4.81E4 |4.81E4 |2.73E4 |1.62E7 |7.88E4 | ND |2.84E3 |
|I-132 |2.12E3 |4.07E3 [1.88E3 |1.94ES |6.25E3 | ND |3.20E83 |
|I-133 |1.66E4 |2.03E4 [7.70E3 |3.85E6 |3.38E4 | ND |5.48E3 |
[I-134 |1.17E3 |2.16E3 |9.9SE2 |5.07E4 |3.30E3 | ND |9.55E2 |
|I-135 |4.92E3 |8.73E3 |6.14E3 |7.92ES |1.34E4 | ND [&.44E3 |
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TABLE 4 (Cont'd.)

DOSE PARAMETER (Pi) FOR RADIONUCLIDES OTHER THAN NOBLE GASES®

Inhalation Pathway

(mrem/yr) per (uCi/m?)

| Total | l |

I i
: Liver | Body | Thvroid | Kidney |

Nuclide| BPone

R

|Cs=134 |6.51ES
|Cs~136 |6.51E4
|Cs=137 |9.07ES
|Cs~138 ,33E2
|Ba=139 .84ED

.01Eé
Z71ES
+&3ES
.&QE2
.B4E~4

«25ES ND |3.03ES
. 16E3 ND |2.55E4
. 28E5 ND |2.72ES
.S33E2 ND 16.22E2
«37E-2 ND |8.62E-4

W W W

O 00 0 »* 4
Ly Uy s e O

{Ba~140 |7.40E4
|Ba=141 |2.19E-1
{Ba=142 |5.00E-2
|La=140 |6.44E2
|La=142 .30E0

L 4LBE1
.0SE-4
.60E=5
.25E2
«11E-1

o

.33E3 ND .11E1
+36E=3 ND &TE-5
. 79E-3 |2.91E-5
.535E1 ND ND
«29E-1 ND | ND

2O OB

200 W e

—

|
|
|
I
l

~3 B P3O e

[Ce=141
|Ce=143
[Ce=1&4
|Pr=143
|Pr=14s

.92E4
.66E2
.77E6
.85E4
.96E~2

L85E4
L99E2
. 12E6
.S55E3
.85E-2

.90E3 | ND |8.353E3
.87E1 | ND |8.36E1
.61E5 | ND .17E6
|
I

Lo IR VLU &8
e

. 14E2 ND .00E3
,00E-2 ND |9.77E-3

U PO b
Lo WO WP P

Ly pe

{Nd=147
|Eu=154
|Hf-181
|W=187

|Np=239

.OBE4
.01E?
. 78E4
.63E1
.66E2

. 7383
+21E3
.01E5
.08E0D
.34E1

.81E2 | ND 4. 81E3
4Q0E5 | ND 4,03E6
.25E4 | ND .05E&
|
|

O o
oo O

.33E0 ND ND
«39E1 ND .73E1

£ v 1O s e
5 I S S

W O »

(a) The child age group; refer to reference 11.14.5.
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Dose Due To CGaseous Effluents
REC Section 9.7.1.1

The air dose due to noble gases released in
gaseous effluents, to areas at and beyond the
SITE BOUNDARY shall be limited to the following:

a. During any calendar gQuarter: Less than or
egqual to 5 mrad for gamma radiation and
less than or equal to 10 mrad for beta
radiation and,

b. During any calendar year: Less than or
egqual to 10 mrad for gamma radiation and
less than or egual to 20 mrad for beta
radiation.
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Noble Cases

The air dose at the SITE BOUNDARY due to noble
gases released from the site is calculated

according to the following methodology (Ref.
11.8.9):

During any calendar quarter, for gamma radiation:

L17E-08 I (M, {(X/Q) Q, + (X/q) q,}) <5 mrad (3.9)
i

During any calendar gquarter, for beta radiation:

.17E-08 I [N, (X/Q) R; *+ (X/q) qy}) £ 10 mrad  (3.10)
i

During any calendar year, for gamma radiation:

L17E-08 I [M, ((X/Q) @, *+ (X/q) q;}) £ 10 mrad (3.11)

-
-

During any calendar year, for beta radiation:

g (X/Q) @, *+ (X/q) q4)] = 20 mrad (3.12)




(X/Q)

3.17E=

Mi is

3.4.1.
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Air dose from gamma radiation due to noble
gases released in gaseous effluent.

Air dese from beta radiation due to noble
gases released in gaseous effluents.

= The relative ccncentration for areas at
or beyond the SITE BOUNDARY for
ghort-term releases (eJual to or less
than 500 hrs/year). Refer to Tables 9,
10, 11, and 1l2.

The averace release of noble gas

radionuclides, i, in gaseous effluents from
all vent releases for short-term releases
(egqual to or less than 500 hrs/year), in
(#Ci). PReleases are cumulative over the
calendar qQuarter or year, as appropriate,

The air dose fastor due to beta emissions

for each identified noble cas radicnuclide,
i, in (mrad/yr) per (uCi/m’). (Table 3)

The average release of noble gas

radionuclides, i, in gaseous effluents from
all vent releases for long-term releases
(greater than 500 hrs/year), in (uCi).
Releases are cumulative over the calendar
guarter or year, as appropriate.

= The highest calculated annual average
relative concentration for
areas at or beyond the
SITE BOUNDARY for long-term releases
(greater than 500 hrs/yr). Refer to
Tables ¢, 10, and 12.

08 = The inverse of the number of seconds
per year.

as previously defined. (Refer to Section
2)

o 41 »
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REC Section 9.8.1.1

The dose to a MEMBER OF THE PUBLIC from
lodine~131 and 133, tritium, and all
radionuclides in particulate form with half-lives
greater than 8 days in gaseous effluents
released, to areas at and beyond the SITE
BOUNDARY shall be limited to the following (Ref.
11.8.9):

a. During any calendar guarter: Less than or
equal to 7.5 mrem to any organ and,

b. During any calendar year: Less than or
equal to 15 mrem to any organ.

Radionuclides Other Than Noble Cases

The dose to a MEMBER OF THE PUBLIC from
lodine=13]1 and 133, tritium, and all
radionuclides in particulate form with half-lives
greater than 8 days in gaseous effluents
released, to areas at and beyond the SITE
BOUNDARY, is calculated according to the
following expressions:

During any calendar gQuarter:

Ia

Di = 3.17E-08 I Ri (W Qi -V Qi]
i

During any calendar year:

D

. 3.17E=-08 ? Ri (W Qi + W qi] < 15 mrem (3.14)

i

Where:

Di = Dose to a MEMBER OF THE PUBLIC from

radionuclides other than noble gases.

-42-

7.5 mrem (3.13)
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Qi = The releases of racio..odines, radicactive

materials in particulate form, and
radionuclides other than noble gases, i, in
gaseous effluents, for all long-term vent
releases (greater than 500 hrs/yr), in
fuCi). Releases are cumulative over the
calendar guarter or year as appropriate.

= The veleases of radioiodines, radiocactive

materials in particulate form and
radionuclides other than noble gases, i, in
gasecus effluents for all short-term vent
releases (egual to or less than 500
hre/yr), in (uCi). Releases are cumulative
over the calendar guarter or year as
appropriate.

R, = The dose factor for each identified

radienuclide, i, in m?(mrem/yr) per

(uCi/sec) or (mrem/yr) per (uCi/m?). (Table

S)

W= The dispersion parameter for estimating the
dose to an individual at the controlling

location for long-term releases (greater
than 5C0 hrs/yr):

W = (X/Q) for the inhalation and tritium pathways,
in(sec/m?).

w = (D/Q) for the food and ground plane

pathways, in(meters ?).
Refer to Tables 2, 10, and 12.



. | W o= The dispersion parameter for astimating the
E, k dose to an individual at the controlling
;| location for short-term releases (egual to
or less than 500 hrs/yr):

w o= X/q, for the inhalation pathway,
in(sec/m?)

(D/q) for the food and ground plane

pathvay, in (meters”). Refer to Tables 9,
10, {1, and 12.

E«(8 = The inverse of the number

of seconds per year.

the average relative deposition of the i
effluent at or beyond the SITE BOUNDARY, |
considering depletion of the plume %
during transport, for long term releases ‘

(greater than 500 hrs/yr), in (meters”
2
¥id

the relative deposition of the effluent
at or beyond the SITE BOUNDARY,
considering depletion of the plume
during transport, for short term
releases (less than or egual to

500 hrs/yr), in (meters ?).
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Note: For the direction sectors with existing
pathways within 5 miles from the site, the
appropriate Ri values are used. If no real

pathway exists within 5 miles from the
center of the building complex, the cow=-
milk Ri value is used, and it is assumed

that this pathway exists at the 4.5 to 5.0
mile distance in the limiting-case sector.
If the Ri for an existing pathway within §

miles is less than a cow=milk Ri at 4.5 to

5.0 miles, then the value of the cow=milk
Ri at 4.5 to 5.0 miles is used. (Rev.

9.8.10.)

Although the annual average relative
concentration (X/Q) and the average relative
deposition rate (D/Q) are generally considered to
be at the approximate receptor location in lieu
cf the SITE BOUNDARY for these calculations, it
is acceptable to consider the ingestion,
inhalation, and ground plane pathways to coexist
at the location of the nearest residence with the
highest value of (X/Q). (Ref. 11.8.9) The Total
Body dose from ground plane deposition is added
to the dcrse for each individual organ. (Ref.
33.333)

The cumulative critical organ doses for a
monthly, quarterly or annual evaluation are based
on the calculated dose contribution from each
specified time period occurring during the
reporting periecd.
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TABLE 5

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES®

Inhalation Pathway

(mrem/yr) per (uCi/m?)

| Total | | |
Liver | Body | Thyroid | Kidney |
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TABLE 5 (Cont'd.)

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES®

Inhalation Pathway

(mrem/yr) per (wCi/m?)

l l | Total | | |
INuclide| Bone | | Thyroid | Kidney |

Y-%1lm
Y-91

| |5.07E-1 ND | ND
| |
| ¥-92 |
| I
I !

5. e

9.14ES | ND ND
2.04E1 . . | ND ND
1 I
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TABLE 5 (Cont'd.)

PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES®

(mrem/yr) per (uCi/m*)

Inhalation Pathway

l s I | Total | l | | |
INuelide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LLI |
|I-135 |4.92E3 |8.73E3 |&.14E3 |7.92 [1.34E4 | ND |4.44E3 |
|Cs~134 |6.51E5 |1.01E6 |2.25E8 | ND |3.03E5 |1.21ES |3.85E3 |
|Cs=136 |6.51E4 |1.71ES |+.16E5 | ND |9.55E4 |1.45E4 |4.18E3 |
|Cs=137 |9.07ES |8.25ES |1.28ES | ND |2.72E5 |1.04E5 |3.62E3 |
|Cs-138 |6.33E2 |B.40E2 |S.55E2 | ND |6.22E2 |6.81E1 |2.70E2 |
|Ba=139 |1.84E0 |[9.84E~4 |5.37E-2 | ND |8.62E~4 |S.77E3 |5.77E4 |
|Pa=140 |7.40E4 |6.48E1 |4.33E3 | ND |2.11E1 |1.74E6 |1.02E5 |
|ba-141 |2.19E-1 |1.09E-4 |6.36E-3 | ND |9.47E-5 |2.92E3 |2.75E2 |
|Ba~142 |5.00E-2 |3.60E-5 |2.79E-3 | ND |2.91E-5 |1.64E3 |2.74E0 |
|La=140 |6.44E2 |2.25E2 [7.55E1 | ND | ND |1.83E5 |2.26E5 |
|La=142 [1.30E0 |4.11E-1 |1.29E-1 | ND | ND |8.70E3 |7.59E4 |
[Ce=141 {3.92E4 |1.95E4 12.90E3 | ND |8.355E3 |5.44E5 |5.66E4 |
[Ce~143 |3.66E2 |1.99E2 |2.87E1 | ND |8.36E1 |1.15ES |1.27ES |
[Ce=144 |6.77E6 |2.128E6 |3.61E5 | ND 1.17E6 |1.20E7 |3.89E5 |
[Pr-143 |1.85E4 |5.55E3 19.14E2 | ND 3.00E3 |&.33E5 |9.73E4 |
|Pr-144 |5.96E-2 |1.85E-2 |3.00E-3 | ND |9.77E-3 |1.57E3 |1.97E2 |
[Nd=147 |1.08E4 |8.73E3 |6.81E2 | ND |4.81E3 |3.28E5 |8.21E4 |
|Ev=154 |1.01E7 |- .21ES |8.40E5 | ND |4.03E6 |6.14E6 |1.10E5 |
|Hf€-181 |2.78E4 |1.01ES |]1.2586 | ND |2.05E4 |1.06E6 |6.62E4 |
|W=187 |1.63E1 |9.66E0 |4.33E0 | ND | ND |4.11E4 |9.10E4 |
[Np=239 |4.66E2 |3.34El |2.35E1 | ND |9.73E1 |5.81E4 |6.40E4 |

(a) The child age group; refer to reference 11.14.5.
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TABLE 5 (Cont'd.)
PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES‘

Ground Plane Fathway

(m?® mrem/yr) per (uCi/sec)

Nuclide Total Body Skin
Be-7 2.24E7 3.21E7
Na-24 1.19E7 1.39E7
Cr-51 4. S5E6 5.51E6
Mn-54 1.3%9 1.63E9
Mn-56 $.03E5 1.07E6
Fe-59 2.72E8 3.20E8
Co=57 2.98E8 4.37E8
Co-358 3.79E8 4. L4LES
Co=60 2.15E10 2.53E10
Ni-63 2.97ES 3.43ES
Cu-64 6.07ES 6.88ES
in=63 7.47E8 8.59E8
Br-82 3.14E7 4. 4IET7
Br-83 4.87E3 7.08E3
Br-84 2.03E5 2.36E5
Rb-86 8.99E6 1.03€7
Rb-88 3.31E4 3.78E4
Rb-89 1.23E5 1.48ES
Sr-89 2.16E4 2.51E4
Sr-91 2.15E6 «.51E6
Sr-92 7.77E5 8.53ES
.=90 &.49E3 5.31E3
Y-91m 1.00ES 1.1eES
Y-01 1.07E6 1.2156
Y-92 1.80E5 2.14E3
Y-93 1.83ES 2.51E5
ir-95 2.45E8 2.84E8
2r-97 2.96E6 3.44E6
Nb-95 1.37E8 1.61E8
Mo-99 3.98E6 4.62E6

49 -



Rev. 0

TAB Cont'
PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES.

Ground Plane Path.ay

(m* mrem/yr) per (uCi/s:-:

Nuclide Total Body OOt

" Te-99m 1.84E5 2.11E8
Tc-101 2.04E4 2.26E4
Ru-103 1.08E8 1.26E8
Ru=105 6.36ES5 7.21ES
Ru=106 4.22E8 5.07E8
Ag+110m 3.44E9 4.01E9
Cd-109 3.76E7 1.54E8
Sn-113 1.43E7 4.09E7
Sb-124 8.74E8 1.23E9
Sb-125 3.57E9 5.19E9
Te-125m 1.55E6 2.15E6
Te=127m 9.16E4 1.08E5
Te-127 2.98E3 3.28E3
Te-129m 1.98E7 2.31E7
Te=129 2.62E4 3.10E4
Te-131m 8.03E6 9.46E6
Te=131 2.92E« 3,45E4
Te-132 4.23E6 4.98E6
I-130 5.51E6 6.69E6
I-131 1.72E7 2.09E7
I-132 1.23E6 1.45E6
I-133 2.45E6 2.98E6
I-134 4. . 7ES 5.30ES
I-135 2.51E6 2.93E6
Cs-134 6.86E9 8.00E9
Cs=136 1.53E8 1.74E8
Cs-137 1.03E10 1.20B10
£s-138 3.59E5 4.10ES
Ba-139 1.06ES 1.19E5
Ba=140 2.0SE7 2.35E7
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TABLE 5 (Cont'd.)
PATHWAY DOSE FACTCRS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE GASES‘

Ground Plane Pathway

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

Nuclide Total Body Skin
Ba-141 &.15E4 4.73E4
Ba-142 4. 44ES 5.06E4
La-140 1.92E7 2.18E7
La-142 7 .40ES 8.89ES5
Ce-141 1.37E7 1.54E7
Ce=143 2.31E6 2.63E6
Ce~144 6.906E7 8.,04E7
Pr-144 1.84F3 2.11E3
Nd=147 §.41L6 1.01E7
Eu~-154 2.21E10 3.15E10

v, Hf-181 1.97E8 2.82E8
W-187 2.36E6 2.74E6
Np=239 1.71E6 1.98E6

(a) Refer to reference 11.14.5 for calculational details.
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: Rev. 0
; TABLE 5 (Cont'd.)
i«‘ PATHWAY DOSE FACTORS {Ri) FOR RADIONUCLIDES OTHER THAN NOBLE Gasts®
; Meat Pathway )
| (m* mrem/yr) per (uCi/sec) {
. | | 1 Total | | | | |
[Nuclide! Bone | Liver | Body Thyr:id | Kidney | Lung | GI-LLlT |

H+3
Be«?

| ND |2.34E2
|7.37L3 |1.26E4
C+14 |3.B3E8 |7
i1 I
|7 |

2.34E2
8.06E>
-

g .J4E2
|
7.67E7 | 7
I
|

|2.34E2 (2 12, |
|1.23E4 | ND |7.00ES

|7 | i

| ‘

ND

| |
| l )
STE? |7.67E¢ |7.67E7 |7.67B7 |7.67E7 | |
Na+24 |1.78E+3 |1.78E-3 |1.78E+2 |1.78E<3 |1.78E-3 |1.78E-3 |1.78E«3 | %
P="" |7.41E9 |3.47E8 2.86E8 | ND | ND ND |2.08E8 | &
. | Cr+51 | ND | ND |8.79E3 |4.88E3  |1.33E3 |8.91E3 |4.66ES |
| Mn=54 | ND |8.01E6 |2.13E6 | ND 12.25E6¢ | ND |6.72E6 |
| Mn=56 | ND B | ® | ND | 0 | ND | 0 {
| Fee55 |4.S7E8 |2.42B8 |7.51E7 ;| ND | ND |1.37E8 |4.49E7 |
- | Fe=59 |3.76E8 |6.09E8 [3.03E8 | ND | ND |1.76E8 |6.34E8 |
| | Cos57 | ND |5.9266 |1.2087 | ND | ND | ND |4.85E7 | x
| | Cos58 | ND |1.864E7 |5.02E7 | ND | ND | ND 19.58E7 | x
| | Co=60 | ND 16.93E7 |2.04E8 | ND | ND | ND |3.84E8 | |
: | Ni+63 |2.91E10 |1.56E9 |9.91E8 | ND | ND | ND |1.05E8 |
; | Ni«65 | O T el | ND | ND | ND | 0 ‘
i
# | Cus64 | ND 12.97E+7 |1.79E-7 | ND |7.17E+7 | ND |1.39E-5 |
4 | 2n-65 |3.75E8 |1.00E9 [6.22E8 | ND |6.30E8 | ND |1.76E8 |
| 2n+69 | 0 e | 0 | ND |V | ND o |
| Bre82 | ND | ND |1.52E3 | ND | ND | MD | ND | j
| Br-83 | ND | ND | ND | ND | ND | ND | ND t i
3 | Bre84 | ND | ND | ND | ND | ND | ND | ND : -
f Br-85 | ND | ND | ND | ND | ND | ND | ND | ‘
: | Rb=86 | ND |$.82E8 |3.38ES ND | ND | ND |3.74E7
| Rbe88 | ND e | © | ND | ND | M | 0
: iy | 0 ND | ND |

ND

ND
ND



TABLE 5 (Cont'd.)
PATHWAY DOSE FACTORS (Ri) FOR RADIONUCLIDES OTHER THAN NOBLE Gasts®

(m® mrem/yx) per (uCi/sec)

Meat Pathway
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IABLE S (Cont d.)

Rey.

PATHWAY DOSE FACTORS (R‘) FOR RADIONUCLIDES OTHER THAN NOBLE GASES®

Meat Pathway

(a® mrem/yr) per (uCi/sec)

l | l [ Total | 1 [ | I
|Nueiide| Bone | lLiver | Boay | Thvroid | Kidney | Lung | GI-LLI |
1+138 | © L8 T R, R | ND | 0 I
{Cs~134 [9.22E8 |1.51E9 [3.19E8 | ND [4.69E8 |1.68E8 |8.16E6

[Cs=136 (1.61E7 |4 .43E7 |2.86E7 | ND [2.36E7 |3.51E6 |[1.56E6 |
Cs=137 |1.33E9 |[1.28E9 |1.88E8 | ND |64.16E8 |1.50E8 |7.99E6 |
[Cs-138 | 0 (@ R | ND S {9 | 0 |
[Ba=139% | W | © | 0 | ND | © | 0 | € !
[Ba=140 |4.38E? |3.84E4 [2.56E6 | ND |1.25B64 [2.29E6 12.22E7 |
|Ba=14l1 | O Lo G | ND N o8 | © |
|Ba=142 | © | 0 108 | ND B | © | © |
|La*140 |5.69E-2 |1.99E+2 |6.70E-3 | ND | ND | ND |5.54E2 |
|La=142 | © ot s | Nb | ND | ND | @ |
|Ces141 |2.22E4 |1.11E4 |1.64E3 | ND |«.85E3 | ND {1.38E7 |
[Ces143 [3.17E-2 |1.72E1 |2.49E-3 | ND [7.21E-3 | ND |2.52E2 |
|Cesl44 |2.22E6 |7.26E5 |1.24ES | ND |4.02E5 | ND |1.89E8 |
[Pr-143 |3.35E4 |1.00E4 |1.66E3 | ND |5.44E3 | ND [3.61E7 |
[Preldd | 0 | © | © | ND RO | ND RN |
[Nd=147 |1.17E4 |9.50E3 |7.35E2 | ND [$.21E3 | Nb [1.50E7 |
|Eu-154 |1.12E7 |1.01E6 |9.20ES | ND |&.42E6 | ND [2.34E8 |
|Hf-181 [4.76E6 |1.73E7 |2.15E6 | ND |3.5285 | ND |6.40E9 |
|W=187 |3.35E-2 |1.98E-2 |8.91E-3 | ND | ND | ND [2.79E0 |
INp=239 |4.20E-1 |3.02E-2 |2.12E-2 | ND |8.72E-2 | ND |2.23E3 |

(a) The child age group; refer to reference 11.14.5.
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TABLE S (Cont d.)

Rev. 0

PATHWAY DOSE FACTORS (l‘) FOR RADIONUCLIDES OTHER THAN NCSLE GASES®

Grass-Cow-Milk Pathway

(n* mrem/yr) per (uCi/sec)

| | | Total | I l | I
INuclide| Bone | Liver | Body | Thyroid | Kidney | Lung | GI-LL1 |
H+3 | ND (1.57E3  |1.57E3 |1.57B3 |1.57E3 |1.57B3 |1.57E3 |
Bes7 |7.49E3 |1.28B4 |8.19E3 | ND [1.25E6 | ND [7.11E5 |
Celé |1.19E9 ([2.39E8 |2.39E8 |2.39E8 |2.39E8 [2.39E8 |2.39E8 |
Na+24 |8.89E6 |8.89E6 |8.89E6 |8.89E6 |8.89E6 |8.89E6 [8.89E6 |
P+32 |7.77E10 |3.64E9 |3.00E9 | ND | ND | ND |2.15E9 |
Cre51 | ND | ND |1.03ES |5.65E4 |1.56B4 |1.04ES |5.40E6 |
Mn-54 | ND |2.10E7 [5.59E6 | ND |$.88E6 | ND |1.76E7 |
Mn+-56 | WD |1.29E-2 |2.90E+3 | ND [1.56E-2 | ND |1.86E0 |
Fe+55 |1.12E8 |S.93E7 |1.84E7 | ND | ND |3.35E7 |1.10E7 |
Fe+59 |1.20E8 |1.94E8 |9.6%E7 |<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>