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1.0 RECORD OF REVISION

Revision No. Date Reason for Revision

1 December - 1998 Changed word “waste” to “effluent” in
section 1.0, changed 1st sentence in
section 2.0 to exact wording in T.S., added
section 3.0 to reference section 1.0 word
change to LAR 39.

2 October - 2000 Moved previous ODCM-03.01 (GASEOUS
EFFLUENTS) into this section and
renamed this section “GASEOUS
EFFLUENTS CALCULATIONS” to facilitate
moving the Radiological Effluents Tech
Specs to the ODCM.

Moved associated figures and tables into
this section to make the section easier to
use. Removed references to the unused
MIDAS System. Revised references to the
X/Q and D/Q values now located in
Appendix A.

3 November - 2001 Replaced maximum acceptable flow rate in
equation 2.1-9 (85.5 cfm) to the effluent
flowrate at the Offgas Pretreatment Monitor.

4 January - 2004 Fixed typographical errors on equations
2.1-4, 2.5-4 and 2.5-5.
Removed plant activity uptake through soil
factors from equations 2.5-5, 2.5-7 and
2.5-9. This term models plant activity
uptake through the soil. Experience has
shown this to be an insignificant pathway
and the NRC drops it from consideration in
NUREG 0133.
Removed reference to 10CFR20 in
sections 2.0.B., 2.2.1, 2.2, 2.2.1 and 2.2.2.
With the revision to 10CFR20, the
connection between the 400 and 3000
mRem/yr dose rate limits for gaseous
effluent monitor alarm setpoints was
broken. These limits still exist, but they are
Technical Specification only requirements.
Moved sentence about real time x/Q and
MIDAS XP computer program in section
2.2.3 to section 2.2.2 where it belongs.
Added sentence about historical
atmospheric dispersion factors (D/Q) being
used to determine critical receptor to
section 2.2.3.
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2.0 GASEOUS EFFLUENT CALCULATIONS

This section describes the procedures used by MNGP to:

A. Determine alarm point settings for gaseous effluent monitors;

B. Determine that dose rates at the site boundary from noble gases, particulates, and
iodines remain below the limits of Technical Specifications, and

C. Determine that the total dose from airborne effluents for the year is within the limits
of Appendix I of 10CFR50.

The computations of this section may be done manually, by use of computer programs
which implement these algorithms.

2.1 Monitor Alarm Setpoint Determination

This procedure determines the effluent monitor alarm setpoint that indicates if
the dose rate at or beyond the site boundary due to noble gas radionuclides in
the gaseous effluent released from the site exceeds 500 mrem/year to the whole
body or exceeds 3000 mrem/year to the skin. Accident monitors are set to limit
effluent releases to a small fraction of the limits specified in 10CFR100. In
addition this section calculates the maximum activity permitted in each off-gas
storage tank.

Monitor high alarm or isolation setpoints are established in one of the following
ways:

1. Monthly calculation of setpoints using the methodology of Section 2.1.1 for
noble gas nuclides in releases during the previous month.

2. Prior to each containment purge, recalculation of the setpoint using the
methodology of Section 2.1.1 based on the sample taken prior to purging.

2.1.1 Effluent Monitors

Monitor alarm setpoints are determined to assure compliance with
Technical Specifications. The setpoints indicate that the dose rate at or
beyond the site boundary due to noble gas radionuclides in the gaseous
effluent released from the site exceeds 500 mrem/year to the whole
body or exceeds 3000 mrem/year to the skin.

Monitor alarm setpoints are calculated for the Reactor Building
Ventilation Plenum Noble Gas monitors and the Stack Noble Gas
monitors once per month. These calculations are based on the noble
gas isotopes in releases made during the previous month. The
calculations are performed by the DOSGAS computer program.
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In addition, prior to containment purging, the monitor setpoint for the
monitor release point is recalculated. This calculation is performed by
the DWCAL computer program. The monitor setpoint is determined as
follows:

1. If no detectable noble gas activity is found in the purge sample, the
values used as the basis for the alarm point setting are from the
column, “Drywell purging” in Table 1, Gaseous Source Terms.

2. If any calculated setpoint is less than the existing monitor setpoint,
the setpoint is reduced to the new value.

3. If the calculated setpoint is greater than the existing monitor
setpoint, the setpoint may remain at the lower value or be
increased to the new value.

4. The setpoint during purging may not be increased above the
setpoint determined for continuous releases, however.

Except for containment inerting and deinerting, all containment purging
and venting is done via the standby gas treatment system and plant
stack. Containment inerting and deinerting releases are made via the
Reactor Building vent. The small amount of containment atmosphere
released by the containment sampling system on a continuous basis is
not considered a venting operation.

A. Reactor Building Vent Alarm Setpoint

The following method applies to gaseous releases via the
Reactor Building vent when determining the high-high alarm
setpoint for the Reactor Building Vent Noble Gas Monitor . This
method is applied to both continuous releases and batch
releases (containment inerting and deinerting).

1. Determine the “mix” (noble gas radionuclides and
composition) of the gaseous effluent.

a. Determine the gaseous source terms that are
representative of the “mix” of the gaseous effluent.
Gaseous source terms are the total curies of each
noble gas released during the previous month or a
representative analysis of the gaseous effluent.
Table 1 source terms may be used if the Reactor
Building releases for the previous month were
below the lower limits of detection ( LLD), or, in the
case of inerting and deinerting releases, no
detectable activity was found in the grab sample
taken prior to purging.
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b. Determine Si, the fraction of the total radioactivity in
the gaseous effluent comprised by noble gas
radionuclide “i”, for each individual noble gas
radionuclide in the gaseous effluent.

Si =

Ai
Σ Ai
i 2.1-1

where

Ai = The radioactivity of noble gas
radionuclide “i” in the gaseous effluent.

2. Determine Qt, the maximum acceptable total release rate
of all noble gas radionuclides in the gaseous effluent
(µCi/sec), based upon the whole body exposure limit
(500 mrem/yr).

Qt = (χ/Q) ΣΚiSi

500
2.1-2

v i

where

(χ/Q)
v

The highest calculated average relative
concentration of effluents released via the
Reactor Building vent for any area at or
beyond the site boundary for all sectors
(sec/M3) from Appendix A, Table 3. For
purge releases, substitute the value ob-
tained from Chemistry Manual Procedure
I.6.07 (ATMOSPHERIC DISPERSION
DETERMINATION).

=

Ki = The total whole body dose factor due to
gamma emissions from noble gas
radionuclide “i” (mrem/year/µCi/m3) from
Table 2.
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3. Determine Qt based upon the skin exposure limit
(3000 mrem/yr).

Qt = (χ/Q) Σ(Li + 1.1 Mi) Si

3000
2.1-3

v i

where

Li + 1.1 Mi = the total skin dose factor due to
emissions from noble gas radionuclide
“i” (mrem/year/µCi/m3) from Table 2.

4. Determine HHSP (the monitor high-high alarm setpoint
above background (net µCi/sec)).

NOTE: Use the lower of the Qt values obtained in Sections 2.1.1.A.2. and 2.1.1.A.3.

HHSP = 0.50 Qt 2.1-4

0.50 = Fraction of the total radioactivity from the
site via the monitored release point to
ensure that the site boundary limit is not
exceeded due to simultaneous releases
from several release points.

B. Stack Isolation Setpoint

The following method applies to gaseous releases via the Stack
when determining the high-high alarm setpoint for the Stack Gas
Monitor which initiates isolation of Stack releases. The method is
applied to both continuous releases and batch releases
(containment purges). Mechanical vacuum pump releases
(relatively insignificant) will be controlled using the continuous
setpoint.

1. Determine the “mix” (noble gases and composition) of the
gaseous effluent.

a. Determine the gaseous source terms that are
representative of the “mix” of the gaseous effluent.
Gaseous source terms are the total curies of each
noble gas released during the previous month or a
representative analysis of the gaseous effluent.
Table 1 source terms may be used if the Stack
releases for the previous month were below the
lower limits of detection (LLD).
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b. Determine Si, the fraction of the total radioactivity in
the gaseous effluent comprised by noble gas
radionuclide “i”, for each individual noble gas
radionuclide in the gaseous effluent.

Si =

Ai
Σ Ai
i 2.1-5

where

Ai = The radioactivity of noble gas
radionuclide “i” in the gaseous effluent.

2. Determine Qt, the maximum acceptable total release rate
of all noble gas radionuclides in the gaseous effluent
(µCi/sec), based upon the whole body exposure limit
(500 mrem/yr).

Qt = ΣViSi
500

2.1-6
i

NOTE: For short-term batch releases (equal to or less than 500 hrs/yr) via drywell
purging, substitute vi for Vi in Equation 2.1-6.

where

Vi = The constant for long-term releases (greater
than 500 hr/yr) for noble gas radionuclide “i”
accounting for the gamma radiation from the
elevated finite plume (mrem/year/µCi/sec)
from Table 2.

vi = The constant for short-term releases (equal
to or less than 500hr/yr) for noble gas
radionuclide “i” accounting for the gamma
radiation from the elevated finite plume
(mrem/yr/µCi/sec) from Table 2.

3. Determine Qt based upon the skin exposure limit
(3000 mrem/yr).

Qt = Σi (Li (χ/Q)s + 1.1Bi) Si

3000
2.1-7
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NOTE: For short-term batch releases (equal to or less than 500 hours per year) via
drywell purging, use the short-term (χ/q)svalue and substitute bi for Bi in
Equation 2.1-7.

where

Li(χ/Q)s + 1.1Bi = The total skin dose constant for
long-term releases (greater than
500 hours per year) due to
emissions from noble gas
radionuclide “i”, Table 2,
(mrem/year/µCi/sec);

Li(χ/q)s + 1.1bi = The total skin dose constant for
short-term releases (less than or
equal to 500 hours per year) due
to emissions from noble gas
radionuclide “i”, Table 2,
(mrem/year/µCi/sec).

4. Determine HHSP (the monitor high-high alarm setpoint
above background (µCi/sec).

NOTE: Use the lower of the Qt values obtained in sections 2.1.1.B.2. and 2.1.1.B.3.

HHSP = 0.50 Qt 2.1-8

0.50 = Fraction of the total radioactivity from the
site via the monitored release point to
ensure that the site boundary limit is not
exceeded due to simultaneous releases
from several release points.

2.1.2 Accident Monitors

The gross radioactivity in noble gases removed from the main
condenser by means of steam jet air ejectors as measured prior to
entering the treatment, adsorption, and delay systems SHALL be
limited by an alarm setpoint for the Offgas Monitor.

This procedure determines the monitor alarm setpoint that indicates if
the potential body accident dose to an individual at or beyond the site
boundary due to noble gas radionuclides in the gaseous effluent
released from the site exceeds a small fraction of the limits specified in
10CFR100 in the event this effluent, including the radioactivity
accumulated in the treatment system, is inadvertently discharged
directly to the environment without treatment. This calculation is
performed by the OFFGAS computer program on a routine or an as
needed basis. Offgas flow is automatically terminated when this
setpoint is reached.
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A. Maximum Release Rate

Determine Qt, the maximum acceptable total release rate in
µCi/sec of all noble gas radionuclides in the gaseous effluent at
the Offgas Monitor after a 5-minute decay, based on the
maximum acceptable total release rate of 2.60E5 µCi/sec after a
30-minute decay.

1. Determine the offgas mixture of the gaseous effluent. The
offgas mixture is the fraction of the offgas noble gas
radioactivity caused by each recoil diffusion, and
equilibrium component. The offgas mixture is determined
at least once per month.

2. Determine Qt based on the offgas mixture using Table 3.
This table was prepared using a variation of the EBARR
computer code.

B. Maximum Concentration

Determine Ct, the maximum acceptable total radioactivity
concentration of all noble gas radionuclides in the gaseous
effluent (µCi/cc).

Ct = 2.12 E-03
Qt

f 2.1-9

where

f = The effluent flowrate at the Offgas Pretreatment
Monitor (cfm);

C. Monitor Reading

Determine C.R., the calculated monitor reading above
background attributed to the noble gas radionuclides (mR/hr).

C.R. =
Ct
E

2.1-10

where

E = The detection efficiency of the monitor for noble
gas radionuclides represented in main condenser
offgas (µCi/cc/mR/hr) from Plant Chemistry
Surveillance procedures.
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D. Monitor High High Setpoint

The monitor high-high alarm setpoint above background (mr/hr)
should be set at or below the C.R. value.

2.1.3 Offgas Storage Tank Maximum Activity

The maximum activity in each storage tank is limited to less than 22,000
curies of noble gas (considered as dose equivalent Xe-133) after 12
hours of holdup. To verify that this limit is not exceeded, Table 3 is
used.

The gross radioactivity of noble gases from the main condenser air
ejector is determined by isotopic analysis monthly and whenever a
significant increase in offgas activity is noted. Analysis of this data is
used to determine the primary mode of fission product release from the
fuel (recoil, equilibrium, or diffusion) and the gross release rate. This
information combined with the condenser air inleakage rate (cfm) and
the air ejector monitor release rate is used to confirm that the maximum
tank contents limit is not exceeded. This calculation is performed by the
OFFGAS computer program on a routine or as needed basis.

Table 3 is entered with the offgas mixture (fraction recoil, diffusion, and
equilibrium rounded to one decimal place) and the air inleakage rate (in
cfm). The resulting tank activity is multiplied by the current total release
rate after a 30 minute decay (µCi/sec) and divided by the maximum
permitted air ejector release rate of 260,000 µCi/sec. Linear
interpolation of air inleakage is used.

As noted earlier, Table 3 is derived from the EBARR computer program
described in Section 2.4. It is extremely unlikely that the maximum tank
activity limit will be exceeded.
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2.2 Gaseous Effluent Dose Rate - Compliance With Technical Specifications

Dose rates resulting from the release of noble gases, and from radioiodines and
particulates must be calculated to show compliance with 10CFR20. The dose
rate limits of Technical Specifications are conservatively applied on an
instantaneous basis at the hypothetical worst case location.

2.2.1 Noble Gases

The dose rate in unrestricted areas resulting from noble gas effluents is
limited to 500 mrem/yr to the total body and 3000 mrem/yr to the skin.
The setpoint determinations discussed in the previous section are
based on the dose rate calculation method presented in
NUREG-0133(4). This represents a backward solution to the limiting
dose rate equations in NUREG-0133. Setting alarm trip setpoints in this
manner will ensure that the limits of Technical Specifications are met for
noble gas releases. Therefore, no routine dose rate calculations for
noble gases will be needed to show compliance with this part. Routine
calculations are made for dose rates from noble gas releases to show
compliance with 10CFR50, Appendix I by performing the DOSGAS
computer program.

2.2.2 Radioiodine and Radioactive Particulates and Other Radionuclides

The dose rate in unrestricted areas resulting from the release of
radioiodines and particulates with half lives greater than 8 days is
limited by Technical Specifications to 1500 mrem/yr to any organ. The
calculation of dose rate from radioiodines and particulates is performed
for drywell purges prior to the release and weekly for all releases. This
calculation is performed by the DWCAL computer program for drywell
purges and 1/week by the IPART computer program for all releases.
The calculations are based on the results of analyses obtained pursuant
to Surveillance Requirement 3.1.4.B. To show compliance with
Technical Specifications, Equation 2.2-1 will be evaluated for I-131,
I-133, tritium, and radioactive particulates with half lives greater than
eight days.

ΣP [χ/Qv) Qiv + (χ/Qs) Qis] < 1500 mrem/yr 2.2-1
i
I

where

P
i I = child critical organ dose parameter for radionuclide i for

the inhalation pathway, mrem/yr per µCi/m3; (Table 4)

(χ/Q)v = annual average relative concentration for long-term
release from the Reactor Building vent at the critical
location, sec/m3 (Appendix A, Table 3);

(χ/Q)s = annual average relative concentration for long-term
releases from the offgas stack at the critical location,
sec/m3 (Appendix A, Table 6);
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Qiv = the release rate of radionuclide i from the Reactor
Building vent for the week of interest, µCi/sec;

Qis = the release rate of radionuclide i from the offgas stack for
the week of interest, µCi/sec.

The χ/Q values presented in Appendix A, Tables 3 and 6 have been
calculated using the USNRC computer code “XOQDOQ”(5). Dose rate
calculations using Equation 2.2-1 are made once per week. The source
terms Qiv and Qis are determined from the results of analysis of weekly
stack and Reactor Building particulate filters and charcoal cartridges.
These source terms include all gaseous releases from MNGP. They are
recorded and reported as the total dose for compliance with Technical
Specifications.

Radioiodines and particulates may be released from both the offgas
stack and the Reactor Building vent. As specified in NUREG-0133, the
critical receptor location is identified based on the Reactor Building vent
χ/Q.

A component of the total stack or vent source term may be due to short
term releases occurring as a result of containment drywell purging.
Dose rate calculations are made on this component separately to
further assure compliance with Technical Specifications prior to release.
The calculated dose rate is used only to determine whether or not the
drywell can be purged. All dose rates from drywell purges will be
accounted for and reported through the weekly calculations discussed
above. Release rates are determined from the results of analyses of
samples from the drywell. The real time atmospheric dispersion factor
(χ/Q) is calculated by performing the MIDAS XP Computer Program
IAW MNGP Procedure I.06.07 (ATMOSPHERIC DISPERSION
DETERMINATION).

The term Qis for the calculation of drywell purge dose rate is determined
by multiplying the concentration of each nuclide in the drywell by the
rate of release. Credit will be taken for the expected reduction in
radionuclide concentration due to use of the standby gas treatment
system. Equation 2.2-2 is used to calculate purge dose rates. Only one
source term is used depending on the release point (stack or Reactor
Building vent). Short term values of χ/q from Appendix A, Table 9 or
Table 12 are used in the purge dose rate calculation. the limiting dose
rate limit for each purge is determined using:

BL = 1500 - (Dcv + Dcs - Ddw) 2.2-2

where

BL = limiting dose rate for the batch, mrem/yr;

Dcv = previous week’s dose rate from Reactor Building
continuous and batch releases, mrem/yr;
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Dcs = previous week’s dose rate from offgas stack continuous
and batch releases, mrem/yr;

Ddw = previous week’s total dose rate from drywell purge
releases, mrem/yr, for the purge release point.

Although mechanical vacuum pump releases are batch mode, they
cannot be sampled prior to release. For this reason, no prerelease
dose rate calculations can be made from this source. Experience has
shown mechanical vacuum pump release to be well within Technical
Specifications limits.

2.2.3 Critical Receptor Identification

As stated in 5.2.1 of NUREG-0133, when the critical receptor is different
for stack and vent releases, the controlling location for vent releases
should be used. For this reason, the Reactor Building vent dispersion
parameters are used to identify the critical receptor. (Historical
Atmospheric Dispersion factors (D/Q) are used for determining the
critical receptor (App A, Table 5).) As discussed previously, weekly and
batch dose rate calculations are performed for the critical boundary
location. The critical boundary location is based on reactor vent long
term χ/Q (Appendix A, Table 3) is 0.43 miles in the SSE sector.
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2.3 Gaseous Effluents - Compliance With 10CFR50

Doses resulting from the release of noble gases, and radioiodines and
particulates must be calculated to show compliance with Appendix I of 10CFR50.
The calculations are performed monthly for all gaseous effluents. Calculations of
the doses received due to the release of noble gases is performed by the
DOSGAS computer program. Similarly the dose received due to the release of
radioiodines and particulates is calculated by the DOSPIT computer program.
These two programs are performed monthly or as required.

This section describes the methods and equations used at MNGP to perform the
dose evaluation using manual methods based on historical meteorological
dispersion parameters.

2.3.1 Noble Gases

The air dose in unrestricted areas at MNGP is limited to:

A. for any calendar quarter:

Dγ ≤ 5 mrad due to gamma radiation; and
Dβ ≤ 10 mrad due to beta radiation; and

B. for any calendar year:

Dγ ≤ 10 mrad due to gamma radiation; and
Dβ ≤ 20 mrad due to beta radiation.

Air doses may be calculated using historical meteorological data using
the highest normalized concentration statistics as the best estimator of
the atmospheric dispersion.

A. Air Dose Based on Historical Meteorology

The limiting air dose, D, based on historical meteorology is based
on the critical receptor in the unrestricted area. For air doses the
critical receptor is described by the off-site location with the
highest long term annual average relative concentration (χ/Q) at
or beyond the restricted area boundary. For short-term vent
releases (less than 500 hours per year), the location with the
highest short-term average relative concentration (χ/q) is chosen.
The critical receptor is described in section 2.3.5.

For gamma radiation, the air dose is given by:

Dγ = 3.17 x 10-8 Σ (Mi[(χ/Q) vQiv + (χ/q)v qiv ] + BiQis + biqis)

2.3-1i
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The historical meteorological data base is the basis for the method
described in the original MNGP ODCM.

For beta radiation, the air dose is:

Dβ = 3.17 x 10-8 ΣΝi [(χ/Q)vQiv + (χ/q)vqiv + (χ/Q)sQis + (χ/q)sqis]
i

2.3-2

where

Mi = The air dose factor due to gamma emission for
each identified noble gas radionuclide i, mrad/yr
per µCi/m3; (Table 5)

Ni = the air dose factor due to beta emissions for each
identified noble gas radionuclide i, mrad/yr per
µCi/m3; (Table 5)

(χ/Q)v = the annual average relative concentration for areas
at or beyond the site boundary for long-term
Reactor Building vent releases (greater than 500
hr/yr), sec/m3, (Appendix A, Table 3);

(χ/q)v = the relative concentration for areas at or beyond
the site boundary for short-term Reactor Building
vent releases (equal to or less than 500 hr/yr),
sec/m3, (Appendix A, Table 12);

(χ/Q)s = the annual average relative concentration for areas
at or beyond the site boundary for long-term offgas
stack releases (greater than 500 hr/yr), sec/m3

(Appendix A, Table 6);

(χ/q)s = the relative concentration for areas at or beyond
the site boundary for short-term offgas stack
releases (equal to or less than 500 hr/yr), sec/m3

(Appendix A, Table 9);

qis = the average release of the noble gas radionuclide i
in gaseous effluents for short-term offgas stack
releases (equal to or less than 500 hr/yr), µCi;

qiv = the average total release of the noble gas
radionuclide i in gaseous effluents for short-term
Reactor Building vent releases (equal to or less
than 500 hr/yr), µCi;

Qis = the total release of noble gas radionuclide i in
gaseous releases for long-term offgas stack
releases (greater than 500 hr/yr), µCi;
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Qiv = the total release of noble gas radionuclide i in
gaseous effluents for long-term Reactor Building
vent releases (greater than 500 hr/yr), µCi;

Bi = the constant for long-term releases (greater than
500 hr/yr) for each identified noble gas
radionuclide i accounting for the gamma radiation
from the elevated finite plume, mrad/yr per µCi/sec
(Table 6);

bi = the constant for short-term releases (less than or
equal to 500hr/yr) for each identified noble gas
radionuclide i accounting for the gamma radiation
from the elevated finite plume, mrad/yr per µCi/sec
(Table 6);

3.17 x 10-8 = the inverse of the number of seconds in a year.

Noble gases are continuously released from the Reactor Building
vent and the plant stack. These long-term releases rates are
determined from the continuous noble gas monitor readings and
periodic radionuclide analyses. There are infrequent
containment purges from either release point. To separate the
short-term release from the long term release (the continuous
monitor records both), the drywell source term should be
subtracted from the total source term whenever a purge release
occurs. Periodic radionuclide analysis of main condenser offgas
and radionuclide analysis of each purge prior to release are used
in conjunction with the total activity measured by the monitor to
quantify individual noble gas nuclides released.

Long-term and short-term χ/Q’s are given in Appendix A for both
the Reactor Building vent and the plant stack. Short-term χ/q’s
were calculated using the USNRC computer code “XOQDOQ”
assuming 144 hours per year drywell purge. Values of M and N
were calculated using the methodology presented in
NUREG-0133 and are given in Table 5. Table 6 presents values
of Bi and bi calculated using the USNRC computer code
“RABFIN.” This code was also used to calculate values of Vi
presented in section 1.0. Values of vi, were calculated by
multiplying Vi by the ratio of bi to Bi. The vi, iBi, and bi values of
Table 6 are the maximum values for the site boundaries location.
This location, 0.51 mi SSE, is different than the critical site
boundary location based upon the Reactor Building vent χ/Q.
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2.3.2 Radioiodine, Particulates, and Other Radionuclides

The dose, Daj, to an individual from radioiodines, radioactive materials in
particulate form and radionuclides other than noble gases with half lives
greater than eight days in gaseous effluents released to unrestricted
areas SHALL be limited to:

Daj ≤ 7.5 mrem for any calendar quarter

Daj ≤ 15 mrem for any calendar year

These limits apply to the receptor location where the combination of
existing pathways and age groups indicates the maximum exposure.

A. Dose from Radioiodines and Particulates Based on Historical
Meteorology

The worst case dose to an individual from I-131, tritium and
radioactive particulates with half-lives greater than eight days in
gaseous effluents released to unrestricted areas is determined
by the following expressions:

Daj = 3.17 X 10-8 ΣΣRiapj [WvQiv+Wvqiv + WsQis+Wsqis] 2.3-3
pi

where

Qis = release of radionuclide i for long-term offgas stack
releases (greater than 500 hr/yr), µCi;

Qiv = release of radionuclide i for long-term Reactor
Building vent releases (greater than 500 hr/yr),
µCi;

qis = release of radionuclide i for short-term offgas stack
purge releases (equal to or less than 500 hr/yr);
µCi;

qiv = release of radionuclide i for short-term Reactor
Building vent purge releases (equal to or less than
500 hr/yr); µCi;

Ws = the dispersion parameter for estimating the dose to
an individual at the controlling location for
long-term offgas stack releases (greater than 500
hr/yr), sec/m3 or m-2;

Wv = the dispersion parameter for estimating the dose to
an individual at the controlling location for
long-term Reactor Building vent releases (greater
than 500 hr/yr), sec/m3 or m-2;
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Ws = the dispersion parameter for estimating the dose to
an individual at the controlling location for
short-term offgas stack releases (equal to or less
than 500 hr/yr), sec/m3 or m-2;

Wv = the dispersion parameter for estimating the dose to
an individual at the controlling location for
short-term Reactor Building vent releases (equal to
or less than 500 hr/yr), sec/m3 or m-2

3.17 x 10-8 = the inverse of the number of seconds in a year.

Riapj = the dose factor for each identified radionuclide i,
pathway p, age group a, and organ j, m2 mrem/yr
per µCi/sec or mrem/yr per µCi/m3.

The above equation is applied to each combination of age group
and organ. Values of Riapj have been calculated using the
methodology given in NUREG-0133 and are given in Tables 7
through 25. The equation is applied to a controlling location
which will be one of the following:

A. residence,

B. vegetable garden,

C. milk animal.

The selection of the actual receptor is discussed in section 2.3.5.
The W values are in terms of χ/Q (sec/m3) for the inhalation
pathways and for tritium and in terms of D/Q (m-2) for all other
pathways.

Section 2.5.2 contains the methodology for calculating Riapj
values. This method will be used to compute dose factors for
nuclides not tabulated in Tables 7 through 25 if they are
encountered.

2.3.3 Cumulation of Doses

Doses calculated monthly are summed for comparison with quarterly
and annual limits. The monthly results are added to the doses
cumulated from the other months in the quarter of interest and in the
year of interest and compared to the limits given in section 2.3.1 and
2.3.2. This summation is performed by the DOSGAS and the DOSPIT
computer programs for doses from exposures due to noble gas, and
radioiodine and particulates respectively. If these limits are exceeded, a
Special Report will be submitted to the USNRC. If twice the limits are
exceeded, a Special Report showing compliance with 40CFR190(9) will
be submitted.
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2.3.4 Projection of Doses

Projection of doses is not necessary. The ODCM requires the offgas
holdup system to be operated at all times.

2.3.5 Critical Receptor Identification

The critical receptors for compliance with 10CFR50, Appendix I will be
identified. For the noble gas specification the critical location is based
on the external dose pathway only. This location is the off-site location
with the highest long-term Reactor Building vent χ/Q and is selected
using the χ/Q values given in Appendix A, Table 4. The critical receptor
location is used for showing compliance with 10CFR20 and remains the
same unless meteorological data is re-evaluated or the site boundary
changes.

The critical location for the radioiodine and particulate pathway is
selected once per year. This selection follows the annual land use
census performed within 5 miles of the MNGP. Each of the following
locations is evaluated as a potential critical receptor before
implementing the effluent technical specifications:

A. Residences in each sector.

B. Vegetable garden producing leafy green vegetables.

C. All identified milk animal locations.

The critical receptor is selected based on this evaluation.

Following the annual survey, doses are calculated using Equation 2.3-3
for all newly identified receptors and those receptors whose
characteristics have changed significantly. The calculation includes
appropriate information shown to exist at each location. The dispersion
parameters given in this manual should be employed. The total
releases reported for the previous calendar year should be used as the
source term.
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2.4 Summary of EBARR Computer Program

The basic task performed by EBARR is to predict the offgas composition and
activity at various stages of waste gas treatment and at the time of release
(Table 26). The basic data supplied to EBARR consists of the release rate, in
µCi/sec measured at the SJAE, of six readily measurable fission product noble
gases: Xe-133, Xe-135, Kr-85M, Kr-88, Kr-87, and Xe-138. There are nine
other noble gases of interest from a radioactive effluent point of view. They are:
Kr-90, Xe-139, Kr-89, Xe-137, Xe-135m, Kr-83m, Xe-133m, Xe-131m, and
Kr-85. Many of these nine gases are not directly measurable in the presence of
the others. By establishing the offgas release mode from the six measured
release rates, EBARR computes the release rates of the other nine gases known
to be present.

The first step performed by EBARR is to correct the release rates of the six
measured noble gases for decay during their transit from the reactor vessel to
the SJAE:

λi tdlyAi(0) = Ai(tdly) e 2.4-1

where

Ai(t) = release rate of noble gas i at the time t after leaving reactor,
µCi/sec;

tdly = transit time from reactor to SJAE, sec;

λi = decay constant of noble gas i, sec-1.

EBARR then uses a least square fitting routine to determine the values of B1, B2,
and B3 giving the best fit to A1(0) through A6(0) in the equation:

log
Ai
yiλi

= log B1 +
B2 +

B3
λi

2.4-2
pyλi

where

yi = fraction of all fissions yielding noble gas i.

This equation consists of three terms; a recoil release mode term, a diffusion
release mode term, and an equilibrium release mode term. This is the standard
General Electric offgas distribution model.
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The values of B1, B2, and B3, are used by EBARR to characterize the offgas
release mechanism in terms of percent recoil, percent diffusion, and percent
equilibrium type release. This characterization is useful in fuel performance
evaluation. The equation for these three fractions are:

% Recoil = 100 X

% Diffusion = 100 X

% Equilibrium = 100 X

Σ B1yiλi
i = 1,6

Σ (B1yiλi + B2yi λi + B3yi)
i = 1,6

2.4-3

2.4-4

2.4-5

Σ B2yi λi
i = 1,6

Σ (B1yiλi + B2yi λi + B3yi)
i = 1,6

Σ B3yi
i = 1,6

Σ (B1yiλi + B2yi λi + B3yi)
i = 1,6

y

py

y

py

p

p

The release rate from the reactor vessel for the nine noble gases not measured
is then:

Ai(0) = B1yiλi + B2yi λi + B3yi
2.4-6

py

At any time, t, after leaving the reactor vessel the release rate is:

-λiti
Ai(t) = Ai(0) e , for i = 3 through 14 2.4-7

and

Ai(t) = Ai(0) e
-λit ∝iλiAj(0)

+
λi - λj

-λjt(e -e ), for 1 = 1, 2, and 15 2.4-8-λit

where

∝i = fraction of disintegrations of isotope j producing isotope i.

Equation (2.4-8) contains an additional factor to account for the decay of
Xe-131m to Xe-133, Xe-135m to Xe-135, and Kr-85m to Kr-85. This factor is
normally small.
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As shown in Table 26, the plant stack noble gas release consists of three
components:

A. main condenser non-condensibles;

B. gland exhaust; and

C. stack dilution air drawn from Reactor and Turbine Buildings.

Source C is considered to be negligible compared to sources A and B. The
composition of the gland exhaust release is assumed to be identical to the offgas
mixture at the SJAE. Therefore, the stack release rate of isotope i is:

Ri(t) = Ai(t) + FlocAi(tdly) 2.4-9

where

Floc = fraction of main steam flow diverted to gland seal steam supply and
the total noble gas release rate at any time is:

Rtot(t) = Σ [Ai(t) + FlocAi (tdly)] 2.4-10
i=1, 15

EBARR also performs a secondary task of computing the compressed offgas
storage tank contents in terms of dose equivalent Xe-133. Control 2.4.1.B in
ODCM-03.01 limits this quantity to 22,000 Curies 12 hours after placing a tank in
storage (when the discharge valve interlock permits the tank to be released).

Prior to reaching the storage tanks (Table 26), the offgas stream is delayed
several hours flowing from the recombiners to the compressors via the 42-inch
holdup pipe. Offgas reaching the tanks is therefore delayed by:

tddly = tdly +
P42V42
PaL

2.4-11

where

V42 = 42-inch pipe volume;

P42 = 42-inch pipe pressure;

L = total air inleakage, SCFM, (Bleed air and condenser inleakage);

Pa = atmospheric pressure.
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While a tank is being filled, offgas enters the tank at rate L. The activity of each
isotope in the tank, Ci, is a function of time from the start of filling, tf, is computed
by EBARR using.

Ci(tf) =
Ai(tddly)

λi
2.4-12(1 - e -λitf ) for i = 3 to 14

and

Ci(tf) =
Ai(tddly) -λitf

i
(1 - e ) +

αiλiAj(tddly) [e -e
-λitf -λjtf

λi - λj λi

+ 1 - e
-λitf ]

for i = 1, 2, and 15 2.4-13

λj

Equation 2.4-13 contains an additional factor to account for the decay of
Xe-133m to Xe-133, Xe-135m to Xe-135, and Kr-85m to Kr-85. This factor is
normally small.

Pressure builds up in the tank at the rate:

p(tf) =
tfL Pa
Vtk

2.4-14

where

Vtk = volume of storage tank.

When the pressure in the tank reaches the design value, Pmax, at tfill, EBARR
assumes the tank is full. Total tank activity, C, and total tank Xe-133 dose
equivalent activity, D, is computed at trel when the interlock on the tank
discharge valve permits the tank to be released after an additional delay of tintk:

tfill =
PmaxVtk
PaL

2.4-15

trel = tfill + tintk 2.4-16

-λitintk
Ci(trel) = Ci(tfill) e , for i = 3 through 14 2.4-17

and

Ci(trel) = (Ci(tfill) e
-λitintk αiλi Cj(tfill)+ (e -λjtintk -e-λitintk ) for i = 1, 2, and 15

2.4-18
λi - λj
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C(trel) = Σ C (trel) 2.4-19
i = 1, 15

D(trel) = Σ Ci(trel) Ki
i = 1, 15

Ki

2.4-20

where

Ki = value of Ki for Xe-133 (i = 1) from Table 5.

The minimum offgas holdup time is:

tholdup = tddly + trel 2.4-21

When the system is operating normally; however, with all five holdup tanks in
service, the holdup time is given by:

tholdup = tddly + 4 tfill 2.4-22



GASEOUS EFFLUENT CALCULATIONS Revision 4
ODCM-05.01MONTICELLO NUCLEAR GENERATING PLANT

TITLE:
Page 26 of 66

I/plr

2.5 Dose Parameters for Radioiodines, Particulates and Tritium

This section contains the methodology which was used to calculate the dose
parameters for radioiodines, particulates, and tritium to show compliance with
10CFR20 and Appendix I of 10CFR50 for gaseous effluents. These dose
parameters, Pi and Ri were calculated using the methodology outlines in
NUREG-0133 along with Regulatory Guide 1.109 Revision 1. The following
sections provide the specific methodology which was utilized in calculating the Pi
and Ri values for the various exposure pathways.

2.5.1 Calculation of Pi

The parameter, Pi, contained in the radioiodine and particulates portion
of Section 2.2, includes pathway transport parameters of the ith
radionuclide, the receptor’s usage of the pathway media and the
dosimetry of the exposure. Pathway usage rates and the internal
dosimetry are functions of the receptor’s age; however, the child age
group will always receive the maximum dose under the exposure
conditions assumed.

A. Inhalation Pathway

2.5-1PiI = K′ (BR) DFAi

where

Pi I = dose parameter for radionuclide i for the
inhalation pathway, mrem/yr per µCi/m3;

Ki = a constant of unit conversion,

= 106 pCi/µCi;

BR = the breathing rate of the child age group, m3/yr

DFAi = the maximum organ inhalation dose factor for the
child age group for radionuclide i, mrem/pCi.

The age group considered is the child group. The child’s
breathing rate is taken as 3700 m3/yr from Table E-5 of
Regulatory Guide 1.109 Revision 1. The inhalation dose factors
for the child, DFAi, are presented in Table E-9 of Regulatory
Guide 1.109 in units of mrem/pCi. The total body is considered
as an organ in the selection of DFAi.
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The incorporation of breathing rate of the child and the unit
conversion factor results in the following:

Pi 3.7E9 X DFAi 2.5-2
I

=

2.5.2 Calculation of Ri

The radioiodine and particulate Control 2.3.1.A. is applicable to the
location in the unrestricted area where the combination of existing
pathways and receptor age groups indicates the maximum potential
exposure occurs. The inhalation and ground plane exposure pathways
SHALL be considered to exist at all locations. The grass-goat-milk, the
grass-cow-milk, grass-cow-meat, and vegetation pathways are
considered based on their existence at the various locations. Ri values
have been calculated for the adult, teen, child, and infant age groups for
the ground plane, cow milk, goat milk, vegetable and beef ingestion
pathways. The methodology which was utilized to calculate these
values is presented below.

A. Inhalation Pathway

Ri Ki(BR)a (DFAi)a 2.5-3I =

where

Ri I = dose factor for each identified radionuclide i of the
organ of interest, mrem/yr per µCi/m3;

Ki = a constant of unit conversion,

= 106 pCi/µCi;

(BR)a = breathing rate of the receptor of age group a,
m3/yr;

(DFAi)a= organ inhalation dose factor for radionuclide i for
the receptor of age group a, mrem/pCi.
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The breathing rates (BR)a for the various age groups are
tabulated below, as given in Table E-5 of the Regulatory
Guide1.109 Revision 1.

Age Group (a) Breathing Rate (m3/yr)

Infant 1400
Child 3700
Teen 8000
Adult 8000

Inhalation dose factors (DFAi)a for the various age groups are
given in Tables E-7 through E-10 of Regulatory Guide 1.109
Revision 1.

B. Ground Plane Pathway

IiKiK″(SF)DFGi (1-e 2.5-4-λtRiG = )

λi

where

RiG = dose factor for the ground plane pathway for each
identified radionuclide i for the organ of interest;
mrem/yr per µCi/sec per m-2;

Ki = a constant of unit conversion,

= 106 pCi/µCi;

K″ = a constant of unit conversion,

= 8760 hr/yr;

λi = the radiological decay constant for radionuclide i,
sec -1;

t = the exposure time, sec,

= 4.73 x 108 sec (15 years);

DFGi = the ground plane dose conversion factor for
radionuclide i,

mrem/hr per pCi/m2
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SF = the shielding factor (dimensionless);

Ii = factor to account for fractional deposition of
radionuclide i.

For radionuclides other than iodine, the factor Ii is equal to one.
For radioiodines, the value of li may vary. However, a value of
1.0 was used in calculating the R values in Table 7.

A shielding factor of 0.7 is suggested in Table E-15 of Regulatory
Guide 1.109 Revision 1. A tabulation of DFGi values is
presented in Table E-6 of Regulatory Guide 1.109 Revision 1.

C. Grass-Cow or Goat-Milk Pathway

-λitf= IiKiQFUapFm(DFLi)a e fpfs
r(1-e

YpλE

-λEtep)
+ (l-fpfs)

r(1-e

YsλE
+

i

-λithe
2.5-5

M
R

i

i
i

-λEtes)
i

where

Ri
M

= dose factor for the cow milk or goat milk pathway,
for each identified radionuclide i for the organ of
interest, mrem/yr per µCi/sec per m-2;

K′ = a constant of unit conversion,

= 106 pCi/µCi;

QF = the cow or goat feed consumption rate, kg/day
(wet weight);

Uap = the receptor’s milk consumption rate for age group
a, liters/yr;

Yp = the agricultural productivity by unit area of pasture
feed grass, kg/m2

Ys = the agricultural productivity by unit area of stored
feed, kg/m2
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Fm = the stable element transfer coefficients, pCi/liter
per pCi/day;

r = fraction of deposited activity retained on cow feed
grass;

(DFLi)a= the organ ingestion dose factor for radionuclide i
for the receptor in age group a, mrem/pCi;

λ = λi + λwEi

λi = the radiological decay constant for radionuclide i,
sec-1

λw = the decay constant for removal of activity on leaf
and plant surfaces by weathering, sec-1,

= 5.73x10-7 sec-1 (corresponding to a 14 day
half-life);

tf = the transport time from feed to cow or goat, to milk,
to receptor, sec;

th = the transport time from harvest, to cow or goat, to
consumption, sec;

tb = period of time that activity builds up in soil, sec;

Biv = concentration factor for uptake of radionuclide i
from the soil by the edible parts of crops, pCi/kg
(wet weight) per pCi/kg (dry soil);

P = effective surface density for soil, kg (dry soil)/m2;

fp = fraction of the year that the cow or goat is on
pasture;

fs = fraction of the cow feed that is pasture grass while
the cow is on pasture;

tep = period of pasture grass and crop exposure during
the growing season, sec;

tes = period of crop exposure during the growing season
(stored feed); sec;

li = factor to account for fractional deposition of
radionuclide i.
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For radionuclides other than iodine, the factor li is equal to one.
For radioiodines, the value of li may vary. However, a value of
1.0 was used in calculating the R values Tables 14 through 21.

Milk cattle and goats are considered to be fed from two potential
sources, pasture grass and stored feeds. Following the
development in Regulatory Guide 1.109 Revision 1, the value of
fs is considered unity in lieu of site-specific information. The
value of fp is 0.500 based upon an 6 month grazing period.

Appendix C, Table 1 contains the appropriate parameter values
and their source in Regulatory Guide 1.109 Revision 1.

The concentration of tritium in milk is based on the airborne
concentration rather than the deposition. Therefore, the Ri is
based on χ/Q:

RT
M

= K′K′′′FmQFUap(DFLi)a 0.75(0.5/H) 2.5-6

where

RT
M

= dose factor for the cow or goat milk pathway for tritium for
the organ of interest, mrem/yr per mCi/m3;

K′′′ = a constant of conversion,

= 103 gm/kg;

H = absolute humidity of the atmosphere, gm/m3;

0.75 = the fraction of total feed that is water;

0.5 = the ratio of the specific activity of the feed grass
water to the atmospheric water;

and the other parameters and values are as given above. A
value for H of 8 grams/m3, was used in lieu of site-specific
information.
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D. Grass-Cow-Meat Pathway

The integrated concentration in meat follows in a similar manner
to the development for the milk pathway, therefore:

-λitf
= IiKiQFUapFm(DFLi)a e fpfs

r(l-e
YpλE

-λEtep)

+ (l-fpfs)

r(l-e

YsλE
+ -λithe

2.5-7

Ri
B i

i

i

-λEtes)
i

where

Ri
B

= dose factor for the meat ingestion pathway for radionuclide i
for any organ of interest, mRem/yr per µCi/sec per m-2;

Ff = the stable element transfer coefficient, pCi/kg per
pCi/day;,

Uap = the receptor’s milk consumption rate for age group
a, liters/yr;

ts = the transport time from slaughter to meat
consumption, sec;

th = the transport time from harvest, to animal
consumption, sec;

tep = period of pasture grass exposure during the
growing season, sec;

tes = period of crop exposure during the growing season
(stored feed); sec;

li = factor to account for fractional deposition of
radionuclide i.

For radionuclides other than iodine, the factor Ii is equal to one.
For radioiodines, the value of Ii may vary. However, a value of
1.0 was used in calculating R values in Tables 11 through 13.

All other terms remain the same as defined in Equation 2.5-5.
Appendix C, Table 2 contains the values which were used in
calculating Ri for the meat pathway.



GASEOUS EFFLUENT CALCULATIONS Revision 4
ODCM-05.01MONTICELLO NUCLEAR GENERATING PLANT

TITLE:
Page 33 of 66

I/plr

The concentration of tritium in meat is based on its airborne
concentration rather than the deposition. Therefore, the Ri is
based on χ/Q.

RT
B

= K′K′′′FfQFUap(DFLi)a 0.75(0.5/H) 2.5-8

where

RT
B

= dose factor for the meat ingestion pathway for
tritium for any organ of interest, mrem/yr per mCi/m3,

All other terms are defined in Equation 2.5-6 and 2.5-7, above.

E. Vegetation Pathway

The integrated concentration in vegetation consumed by man
follows the expression developed in the derivation of the milk
factor. Man is considered to consume two types of vegetation
(fresh and stored) that differ only in the time period between
harvest and consumption, therefore:

-λitL
Ri = IiKi(DFLi)a

r(l-e
YVλE

-λEte
i

+ U

r(l-e
YVλE

i 2.5-9

L -λi
av i

th)
UafL e

S
fge

-λEte
i

where

Ri
v

= dose factor for vegetable pathway for radionuclide i for
the organ of interest, mrem/yr per µCi/sec per m-2;

K′ = a constant of unit conversion,

= 106 pCi/µCi;

= the consumption rate of fresh leafy vegetationby the
receptor in age group a, kg/yr;

L
Ua

U
S
a

= the consumption rate of stored vegetation
by the receptor in age group a, kg/yr;
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fL = the fraction of the annual intake of fresh leafy
vegetation grown locally;

fg = the traction of the annual intake of stored
vegetation grown locally;

tL = the average time between harvest of leafy
vegetation and its consumption, sec;

th = the average time between harvest of stored
vegetation and its consumption, sec;

Yv = the vegetation areal density, kg/m2;

te = period of leafy vegetable exposure during growing
season, sec;

li = factor to account for fractional deposition of
radionuclide i.

For radionuclides other than iodine, the factor Ii is equal to one.
For radioiodines, the value of Ii may vary. However, a value of
1.0 was used in calculating the R values in Tables 8 through 10.
All other factors were defined above.

Appendix C, Table 3 presents the appropriate parameter values
and their source in Regulatory Guide 1.109 Revision 1.

In lieu of site-specific data, default values for fL and fg, 1.0 and
0.76, respectively, were used in the calculation of Ri. These
values were obtained from Table E-15 of Regulatory Guide 1.109
Revision 1.

The concentration of tritium in vegetation is based on the
airborne concentration rather than the deposition. Therefore, the
Ri is based on χ/Q:

RT
v

= K′K′′′[U
a fL
L = U

s
afg ] (DFLi)a 0.75(0.5/H) 2.5-10

where

RT
v

= dose factor for the vegetable pathway for tritium for any
organ of interest, mrem/yr per mCi/m3,

All other terms remain the same as those in Equations 2.5-6 and
2.5-9.
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Figure 1 Gaseous Radwaste
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Figure 2 Ventilation System

INTERNAL COOLERS
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Table 1 Gaseous Source Terms(3) Ai, Ci/yr

Radionuclide
Reactor

Building Vent Gland Seal
Mechanical

Vacuum Pump
Gaseous
Radwaste

Drywell
Purging

Kr-83m - - 2.3E 01 - - - - - -

Kr-85m 7.1E 01 4.1E 01 - - - - 3.0E 00

Kr-85 - - - - - - 1.3E 02 - -

Kr-87 1.33E 02 1.4E 02 - - - - 3.0E 00

Kr-88 2.33E 02 1.4E 02 - - - - 3.0E 00

Kr-89 - - 6.0E 02 - - - - - -

Kr-90 - - - - - - - - - -

Xe-131m - - - - - - 4.5E 01 - -

Xe-133m - - 2.0E 00 - - 2.7E 01 - -

Xe-133 3.26E 02 5.6E 01 2.3E 03 8.9E 03 6.6E 01

Xe-135m 6.96E 02 1.7E 01 - - - - 4.6E 01

Xe-135 7.09E 02 1.5E 02 3.5E 02 - - 3.4E 01

Xe-137 - - 7.3E 02 - - - - - -

Xe-138 1.41E 03 5.6E 02 - - - - 7.0E 00

Xe-139 - - - - - - - - - -

Ar-41 - - - - - - - - - -

Total 3.58E 03 2.46E 03 2.65E 03 9.10E 03 1.62E 02
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Table 2 Dose Factors and Constants for the Total Body and Skin for Gaseous Radionuclides

Radionuclide

Total Whole Body
Dose Factor Ki
(mrem/yr per µCi/m3)

Total Skin Dose Factor
L +i 1.1Mi

(mrem/yr per µCi/m3)

Total Body Dose Constant
for Long Term Releases Vi
(mrem/yr per µCi/sec)

Kr-83m 7.56E-02 2.12E 01 2.61E-09

Kr-85m 1.17E 03 2.81E 03 1.39E-04

Kr-85 1.61E 01 1.36E 03 2.10E-06

Kr-87 5.92E 03 1.65E 04 6.33E-04

Kr-88 1.47E 04 1.91E 04 1.66E-03

Kr-89 1.66E 04 2.91E 04 1.12E-03

Kr-90 1.56E 04 2.52E 04 1.61E-04

Xe-131m 9.15E 01 6.48E 02 3.31E-05

Xe-133m 2.51E 02 1.35E 03 2.51E-05

Xe-133 2.94E 02 6.94E 02 2.61E-05

Xe-135m 3.12E 03 4.41E 03 3.34E-04

Xe-135 1.81E 03 3.97E 03 2.24E-04

Xe-137 1.42E 03 1.39E 04 9.99E-05

Xe-138 8.83E 03 1.43E 04 9.90E-04

Xe-139 5.02E 03 7.10E 04 5.79E-05

Ar-41 8.84E 03 1.29E 04 1.20E-03
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Table 2 Dose Factors and Constants for the Total Body and Skin for Gaseous Radionuclides
(cont’d)

Radionuclide

Total Body Dose
Constant for Short
Term Releases vi
(mrem/yr per µCi/sec)

Total Skin Dose
Constant for Long
Term Releases
Li(χ/Q)s.1.1Bi*
(mrem)/yr per µCi/sec)

Total Dose Constant for
Short Term Releases
Li(χ/q)s.1.1bi* (mrem)/yr
per µCi/sec)

Kr-83m 2.99E-09 4.15E-07 4.75E-07

Kr-85m 1.59E-04 3.90E-04 7.07E-04

Kr-85 2.40E-06 1.52E-04 4.14E-04

Kr-87 7.25E-04 2.13E-03 4.18E-03

Kr-88 1.90E-03 3.00E-03 4.86E-03

Kr-89 1.28E-03 2.97E-03 5.20E-03

Kr-90 1.85E-04 1.08E-03 2.54E-03

Xe-131m 3.79E-05 1.10E-04 2.11E-04

Xe-133m 2.87E-05 1.55E-04 3.56E-04

Xe-133 2.99E-05 7.88E-05 1.45E-04

Xe-135m 3.82E-04 6.36E-04 8.54E-04

Xe-135 2.57E-04 5.77E-04 9.94E-04

Xe-137 1.14E-04 1.52E-03 3.92E-03

Xe-138 1.13E-03 2.10E-03 3.13E-03

Xe-139 6.63E-05 7.33E-03 2.01E-02

Ar-41 1.57E-03 2.28E-03 3.10E-03

* (χ/Q)s, (χ/q)s, Bi, and bi values obtained from other tables in the ODCM.
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Table 3 Air Ejector Monitor Trip Setting and Storage Tank Contents Storage Tank Activity in
Dose Equivalent Curies Xe-133 12 Hours After Completion of Tank Fill Release Rate Set to

1.00 of Maximum Trip Setting
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Table 3 Air Ejector Monitor Trip Setting and Storage Tank Contents Storage Tank Activity
in Dose Equivalent Curies Xe-133 12 Hours After Completion of Tank Fill Release Rate

Set to 1.00 of Maximum Trip Setting (cont’d)
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Table 3 Air Ejector Monitor Trip Setting and Storage Tank Contents Storage Tank Activity in
Dose Equivalent Curies Xe-133 12 Hours After Completion of Tank Fill Release Rate Set to

1.00 of Maximum Trip Setting (cont’d)
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Table 4 Child Critical Organ Dose Parameters for Radionuclide i for the Inhalation Pathway

Nuclide

Pi
I

mrem/yr µCi/m3

H-3 1.12E 03
Cr-51 1.70E 04
Mn-54 1.58E 06
Fe-59 1.27E 06
Co-58 1.11E 06
Co-60 7.07E 06
Zn-65 9.95E 05
Rb-86 1.98E 05
Sr-89 2.16E 06
Sr-90 1.01E 08
Y-91 2.63E 06
Zr-95 2.23E 06
Nb-95 6.14E 05
Ru-103 6.62E 05
Ru-106 1.43E 07
Ag-110m 5.48E 06
Te-127m 1.48E 06
Te-129m 1.76E 06
Cs-134 1.01E 06
Cs-136 1.71E 05
Cs-137 9.07E 05
Ba-140 1.74E 06
Ce-141 5.44E 05
Ce-144 1.20E 07
I-131 1.62E 07
I-133 3.85E 06
I-135 7.92E 05



GASEOUS EFFLUENT CALCULATIONS Revision 4
ODCM-05.01MONTICELLO NUCLEAR GENERATING PLANT

TITLE:
Page 45 of 66

I/plr

Table 5 Dose Factors for Noble Gases and Daughters That May Be Detected in Gaseous
Effluents

Radionuclide

Total Body Dose
Factor Ki

mrem/yr µCi/m3

Skin Dose Factor
Li

mrem/yr µCi/m3

Gamma Air Dose
Factor Mi

mrad/yr µCi/m3

Beta Air Dose
Factor Ni

mrad/yr µCi/m3

Kr-83m 7.56E-02 -- 1.93E+01 2.88E+02

Kr-85m 1.17E+03 1.46E+03 1.23E+03 1.97E+03

Kr-85 1.61E+01 1.34E+03 1.72E+01 1.95E+03

Kr-87 5.92E+03 9.73E+03 6.17E+03 1.03E+04

Kr-88 1.47E+04 2.37E+03 1.52E+04 2.93E+03

Kr-89 1.66E+04 1.01E+04 1.73E+04 1.06E+04

Kr-90 1.56E+04 7.29E+03 1.63E+04 7.83E+03

Xe-131m 9.15E+01 4.76E+02 1.56E+02 1.11E+03

Xe-133m 2.51E+02 9.94E+02 3.27E+02 1.48E+03

Xe-133 2.94E+02 3.06E+02 3.53E+02 1.05E+03

Xe-135m 3.12E+03 7.11E+02 3.36E+03 7.39E+02

Xe-135 1.81E+03 1.86E+03 1.92E+03 2.46E+03

Xe-137 1.42E+03 1.22E+04 1.51E+03 1.27E+04

Xe-138 8.83E+03 4.13E+03 9.21E+03 4.75E+03

Xe-139 5.02E+03 6.52E+04 5.28E+03 6.52E+04

Ar-41 8.84E+03 2.69E+03 9.30E+03 3.28E+03
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Table 6 Dose Parameters for Finite Evaluated Plumes for the Critical Boundary Location 0.51
mi from the Stack in the SSE Sector

Long Term Release* Short Term Release**

Noble Gas
Radionuclide

Total Body
Vi
mrem/yr
Ci/sec

Gamma Air
Bi
mrad/yr
Ci/sec

Total Body
vi
mrem/yr
Ci/sec

Gamma Air
bi
mrad/yr
Ci/sec

Kr-83m 2.61E-09 3.77E-07 2.99E-09 4.32E-07

Kr-85m 1.39E-04 2.07E-04 1.59E-04 2.37E-04

Kr-85 2.10E-06 3.18E-06 2.40E-06 3.64E-06

Kr-87 6.33E-04 9.52E-04 7.25E-02 1.09E-03

Kr-88 1.66E-03 2.49E-03 1.90E-03 2.85E-03

Kr-89 1.12E-03 1.68E-03 1.28E-03 1.92E-03

Kr-90 1.61E-04 2.42E-04 1.85E-04 2.78E-04

Xe-131m 3.31E-05 5.21E-05 3.79E-05 5.97E-05

Xe-133m 2.51E-05 4.09E-05 2.87E-05 4.68E-05

Xe-133 2.61E-05 4.08E-05 2.99E-05 4.67E-05

Xe-135m 3.34E-04 5.06E-04 3.82E-04 5.79E-04

Xe-135 2.24E-04 3.37E-04 2.57E-04 3.89E-04

Xe-137 9.99E-05 1.51E-04 1.14E-04 1.73E-04

Xe-138 9.90E-04 1.49E-03 1.13E-03 1.70E-03

Xe-139 5.79E-05 8.69E-05 6.63E-05 9.95E-05

Ar-41 1.20E-03 1.80E-03 1.38E-03 2.07E-03

* Values are annual average
** Values are for 144 hours per year purge.
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Table 7 Ri Values for the Monticello Nuclear Generating Plant Ground Pathway
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Table 8 Ri Values for the Monticello Nuclear Generating Plant Vegetable Pathway Adult Age
Group
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Table 9 Ri Values for the Monticello Nuclear Generating Plant Vegetable Pathway Teen Age
Group
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Table 10 Ri Values for the Monticello Nuclear Generating Plant Vegetable Pathway Child Age
Group
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Table 11 Ri Values for the Monticello Nuclear Generating Plant Meat Pathway Adult Age
Group
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Table 12 Ri Values for the Monticello Nuclear Generating Plant Meat Pathway Teen Age
Group
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Table 13 Ri Values for the Monticello Nuclear Generating Plant Meat Pathway Child Age
Group
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Table 14 Ri Values for the Monticello Nuclear Generating Plant Cow Milk Pathway Adult Age
Group
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Table 15 Ri Values for the Monticello Nuclear Generating Plant Cow Milk Pathway Teen Age
Group
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Table 16 Ri Values for the Monticello Nuclear Generating Plant Cow Milk Pathway Child Age
Group
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Table 17 Ri Values for the Monticello Nuclear Generating Plant Cow Milk Pathway Infant Age
Group
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Table 18 Ri Values for the Monticello Nuclear Generating Plant Goat Milk Pathway Adult Age
Group
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Table 19 Ri Values for the Monticello Nuclear Generating Plant Goat Milk Pathway Teen Age
Group
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Table 20 Ri Values for the Monticello Nuclear Generating Plant Goat Milk Pathway Child Age
Group
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Table 21 Ri Values for the Monticello Nuclear Generating Plant Goat Milk Pathway Infant Age
Group
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Table 22 Ri Values for the Monticello Nuclear Generating Plant Inhalation Pathway Adult Age
Group
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Table 23 Ri Values for the Monticello Nuclear Generating Plant Inhalation Pathway Teen Age
Group
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Table 24 Ri Values for the Monticello Nuclear Generating Plant Inhalation Pathway Child Age
Group
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Table 25 Ri Values for the Monticello Nuclear Generating Plant Inhalation Pathway Infant Age
Group
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Table 26 Table of Radioisotope Constants Used by EBARR

i Isotope Fission Yield Decay Constant

1 Xe-133 0.0669 0.00000152

2 Xe-135 0.0630 0.0000210

3 Kr-85m 0.0130 0.0000438

3 Kr-88 0.0356 0.00000690

4 Kr-87 0.0253 0.000152

5 Xe-138 0.0590 0.000814

6 Kr-90 0.0500 0.0210

7 Xe-139 0.0540 0.0169

8 Kr-89 0.0459 0.00361

10 Xe-137 0.0600 0.00296

11 Xe-135m 0.00720 0.000722

12 Kr-83m 0.00520 0.000103

13 Xe-133m 0.00160 0.00000348

14 Xe-131m 0.000170 0.000000668

15 Kr-85 0.00271 0.00000000204


