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1.0 GASEOUS EFFLUENTS

,

|

1.1 RELE%SE POINTS DESCRIPTION
,

i

There are six exhausts at Sequoyah Nuclear Plant that are monitored
for airborne ef fluents. These are: a Condenser Vacuum Exhaust for
each unit, a service Building Exhaust, an Auxiliary Building Exhaust
and a Shield Building Exhaust for each unit. Figure 1.1 provides an
outline of the airborne effluent release and discharge points with
associated radiation monitor identifications.

Condenser Vacuum Exhaust

The Condenser Vacuum Exhausts (CVEs) are located in the turbine
M building. They exhaust at a maximum design flow rate of 45 cubic feet

per minute. They are monitored by radiation monitors (1)- and
(2)-RM-90-99 -119.

Service Building Vent

.

The Titration Room, Chemistry Lab, Hot Shop, and Health Physics Lab
all exhaust to the Service Building Vent. This exhausts at
approximately 14,950 cfm and is monitored by radiation monitor
0-RM-90-132.

Auxiliary Building yghaust (see Figure 1.2 for detail),

The annulus vacuum priming system exhausts through the containment
I vent to the Auxiliary. Building. The Auxiliary Building exhaust mixes
| with~the General Exhaust System and they cumulatively exhaust at a

| maximum design flow of' 228,000 cfm. The exhaust is monitored by
' radiation monitor 0-RM-90-101.

Shield Building Vent (see Figure 1.2 for detail)

The Auxiliary Building Gas Treatment System (ABGTS) draws from the
Auxiliary Building and exhausts to the waste. gas header. There are
nine Waste Gas Decay Tanks (WGDTs) that also empty into this header.
Either ABGTS or the Emergency Gas Treatment System (ECTS) is run to
release a WGDT. Each WGDT has a design capacity of 600 cubic feet and
a design release rate of 22.5 cfm. Both the Containment Purge and the
Incore Instrument Room Purge from each unit tie into the waste gas

| header. The Containment Purgo exhausts at a maximum of 28,000 cfm and
is monitored by radiation monitors (1)- (2)-RM-90-130, -131. If theL

Incore Instrument Room Purge is operating exclusively, it exhausts at
,

-800 cfm. .Under emergency conditions, and sometimes during normal'

operation, the EGTS is used to' draw a vacuum in the annulus and
exhaust to the Shield Building Vent. Auxiliary Building Isolation

starts both the ABCTS rad ECTS. The common header exhausts to the

Reformatting /Repagihation changes only . o144g

.



I
,

F

SQW ODCM
Revision 24
Page 't of 156

Shield Building. Exhaust. There is one exhaust for each unit. This
exhausts at a maximum design flow of 28,000 cfm and is monitored by
radiation mon' tors (1)- (2)-RM-90-100.i
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1.2 DOSE RATE |

1

1.2.1 REOUIREMENTS |

The dose rate due to radioactive materials released in gaseous
effluents to areas at or beyond the SITE BOUNDARY (UNRESTRICTED AREA) R24
(see Figure 1.3) shall be ILmited to the following:

a. For noble gases: Less than or equal to 500 mram/yr to the
'

total body and less than or equal to 3000 mram/yr to the skin,
and

b. For Iodine-131, Iodine-133. Tritium, and for all radionuclides
in particulate form with half-lives greater than 8 days: Less
than or equal to 1500 mram/yr to any organ.

This requirement is applicable at all times.

1 Thio requirement is provided to ensure that the dose at any time at
the SITE BOUNDARY from gaseous effluents from all units on the site R24.

.will be within the annual dose limits of 10 CFR Part 20. The annual
doso limits are the doses associated with the concentrations of
10 CFR Part 20, Appendix B. Table II, Column 1, These limits provide,

reasonable assurance that radioactive material discharged in gaseous
effluents will not result in the exposure of a MEMBER OF THE PUBLIC, R24
either within or outside the SITE BOUNDARY, to annual average R24
conces.trations exceeding the !imits spccified in Appendix B. Table II

of 10 CFR Part 20 (10 CFR Part 20.106(b)). For MEMBERS OF THE PUBLIC R24
who may at times be within the SITE BOUNDARY, the occupancy of the R24
indiviital will-be sufficiently low to compensate for any increase in
the atmospheric diffu'. ion factor above that for the SITE BOUNDARY. R24
The spectfled release rate limits restrict, at all times, the
corresponding gamma and beta dose rates.above background to an
individual at or_beyond the SITE BOUNDARY to less than or equal to R24
500 mrem /yr to the total body or'to less than or equal to 3000 mrom/yr

! to the skin. These release rate limits also restrict, at all times,
!, the correspondies thyroid dose rate abovo background to an infant via

the cow-milk-infant pathway to less than or equal to 1500 mrem /yr for
the nearest cow to the plant. This requirement applies to the release
of gaseous effluents from all reactors at the site. For units with
shared radwaste treatment systems, the gaseous effluents from the
shared systems are proportioned among the units sharing that system.

If this requirement is not met, the following action will be

-performed:

With dose rate (s) exceeding'the above limits, without delay
restore the release rate to within the above limit (s).

01441

3;
- . _ .- _ _ _ _ .



_ _ _ .

.

#

SQN ODCM
Revision 24
page 4 of 156-

.To ensure that thic requirement is met:

The dose rate due to noble gases in gaseous effluents shall te
determined to be within the above limits in accordance with the
methodology and parameters in Section 1.2.3, and

.The dose rate due to I-131, I-133, Tritium, and for all
radionuclides in particulate form with half-lives greater than
8 days in gaseous efflucnts shall be determined to be within the
above limits in accordance with the methodology and parameters in
Section 1.2.4 and by obtaining representative samples and
performing analyses in accordance with thu sampling and analysis
program specified in Table 1.1.

1.2.2 REPORTING LIMITS

10 CFR 50.73 requires that any airborno radioactivity release that
exceeds 2 times the applicable concentrations of the limits specified

.in Appendix B. Table II of 10 CFR 20 in UNRESTRICTED AREAS when R24
averaged over a period of one hour be reported to the NRC within
30 days. For the purposes of meeting this requirement, it is assumed
that the dose rate limits stated above are the result of offsite
concentrations equal to those listed in Appendix B. Table II of
10 CFR 20.

1.2.3 NOBLE GAS DOSE RATES

Dose rates are calculated for total body and skin due tc submersior,
within a cloud of noble gases using a seml-infinite cloud model.

1.2.3.1 Total Body Dose Rate

The'doso rate to the total body DRTB in mrem / year, is calculated
using the following equation:

DHTB = (X/Q).F Z Ci DFBi (1 1)
i

where

X/Q = relative concentration, s/m*, Helative air
concentrations are calculated for the land-site boundary in
each of the sixteen sectors as described in Section 1.9.2
using the. historical meteorological data for the period
1972-1975 given in Table 1.2. For dose rate calculations,
the highest value frem the sixteen land-site boundary,

I locations is used.
| = 5.125-06 s/m8 (from Table 1.3).
|- F = flowrate of effluent stream, cc/s.

Ci . = concentration of nobic gas nuclide i in effluent stream,
pC1/cc.

DFBi- = total body' dose factor due to gamma radiation for noble gas
nuclide i, mrem /y por pC1/m (Table 1.4).8

I:

l
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1.2.3.2 Skin Dose Rate _

The dose rate to the' skin, DR in mrem / year, is calculated using thes
following equation:

s = (X/Q) F 1 C (DFgi + 1.11 DFyi, (1.2)DR
i

*

i

where

X/Q = relative concentration, s/m8 Relative air
concentrations are calculated for the land-site boundary
in each of the sixteen sectors as described in
Section 1.9.2 using the historical meteorological data for
the period 1972-1975 given in Table 1.2. For dose rate
calculations, the highest value from the sixteen land-site
boundary locations is used.

= 5.12E-06 s/ms (from Table 1.3).
F = flowrate of. effluent stream, cc/s.

Ci = concentration of noble gas nuclido i in effluent stream,
pC1/cc. -

DFS1 --skin dose factor due to beta radiation for nobic gas
nuclide i, mrom/y per pCi/m8 (Table 1.4).

1.11 = the average ratio of tissue to air energy absorption
coefficients, mrem / mrad.

*

DF71 = dose conversion factor for external gamma for noble gas'

nuclide i, mead / year per.pC1/m8 (Table 1.4).

'
|

|
!

i

|

|

|
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01441
.

,

_ _ . _ _ . . _ _ _ _ . _ - _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ . _



,

s

SQN ODCM
Revision 24

_

_ Page 6 of 156
-1.2.4 I-131. I-133. TRITIUM AND ALL RADIONUCLIDES IN PARTICULATE FORM

WJTH HALF-LIVES OF CREATER THAN 8 DAYS - ORGAN DOSE RATE

Organ dose rates due to I-131, I-133. Tritium and all radionuclides in
particulate: form with half-lives of greater than 8 days. DR inopg
meem/ year, are calculated for all age groups (adult, teen, child, and
infant) and all organs (bone, liver, total body, thyroid, kidney,
lung, and GI Tract) using the following equation:

DRorg= F[ C (X/Q)[RIT+RCTp]+lci((K/Q)Rii+(D/Q)(RCPl+Rai]]} (1.3) R24T
i

where:

- F = flowrate of effluent stream, cc/a.

CT = concentration of tritium in effluent stream, pCi/cc.
X/Q = relative concentration, s/m8 Relative air

(. concentrations are calculated for the land-site boundary in
each of the. sixteen scctors as described in Seccion 1.9.2
using the historical meteorological data for the period

.
1972-1975 given in Table 1.2. For dose rate calculations,
the highest value from the sixteen land-site boundary

- locations du _ used.
L

*

= 5.12E-06 s/ma (from Table 1.3).
!

RIT = inhalation dose factor for tritium, mrem / year per
pCi/m*. Dose factor is calculated as described in
Section 1.8.13.

RCTP = Grass-cow-milk dose f actor for tritium, mrem / year per
pCi/m8 Dose factor is calculated as described in
Section 1.8.7.

Ci = concentration of nuclide i in effluent stream, uci/ce.
Ryi, = inhalation dose factor for each identified nuclide i,

' mrem / year per pCi/m . Dose factors are calculated ass

described in Section 1.8.13.
relative deposition,:1/m2 Relative deposition.isD/Q =

calculated'for the land-site boundary in each of the sixteen
sectors as described in Section 1.9.3 using the historical
meteorological data for the period 1972-1975 given in
Table.l.2. For dose rate calculations, the highest value
from the sixteen land-site boundary locations is used.

= 1.29E-08-1/m8 (from Table 1.3).
RCPI Grass-cow-milk dose factor for,cach identified nuclide i,

m8-mrem / year per pCi/s. Dose factors are calculated
.

as described in Section 1.8.1.

Ro t - ground plane dose factor for each identified nuclide 1,=
,

m*-mrem / year per pCi/s. Dose factort are calculated
as described in Section 1.8.14.

The maximum. organ dose rate is selected from among the dose rates *

ealculated for all the organs and all age groups.
< . ,

01441
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1.3 RADIOACTIVE CASEOUS EFFLUENT MONITORING INSTRUMENTATION

1.3.1 REOUTREMENT

The radioactive gaseous effluent monitoring instrumentation channels
shown in Table 1.5 shall be OPERABLE with their alarm / trip setpoints R24
set to ensure that the limits of Section 1.2 are not exceeded. The
alarm / trip setpoints of these channels chall be determined in
accordance with the methodology and parameters in Section 1.3.3.

This requirement is applicable as shown in Table 1.5.

Ths radioactive gaseous effluent instrumentation is provided to
monitor and control, as. applicable, the releases of radioactive
materials in gaseous effluents during actual or potential reics:es of
gaseous effluents. The alarm / trip setpoints for these instruments
shall be calculated in accordance with the procedures in Section 1.3.3
to ensure that the alarm / trip will occur prior to exceeding the limits
of 10 CFR Part-20. The OPERABILITY and use of this instrumentation is R24
consistent with the requirements of General Design Criteria 60, 63,
and 64 of Appendix A to 10 CFR Part 50. ;

! If this requirement is not met, the appropriate following action (s)
will be performed:

; a. With a radioactive gaseous effluent monitoring instrumentation '

channel alarm / trip setpoint less conservative than required above,
without delay suspend the release of radioactive gaseous effluents
monitored by the affected channel, declare the channel inoperable,
or change the setpoint so it is acceptably conservative. j

'

|

b. With less than the minimum number of radioactive gaseous effluent
monitoring instrumentation channels OPERABLE take the action shown R24
in Table 1.5. Exert best efforts to return the instruments to
OPERABLE status within 30 days and, if unsuccessful, explain in R24
the next' Semi-Annual Effluent Report why the inoperability could
not be corrtuted within 30 days.

To ensure that this esquirement is met:

i

Each radioactive gaseous effluent monitorinb instrumentation '

channel shall be demonstrated OPERABLE by performance of the R24
CHANNEL CHECK, SOURCE CHECK, CHANNEL CALIBRATION, and CHANNEL R24

j' FUNCTIONAL TEST operations at the frequencies shown in Table 1.6. R24

1

!

01441
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1.3.2 RELEASE SAMPLING

Prior to each release (excludir.g an Incore Instrument Room Purgo), a
grab sample is taken and analyzed to determine the concentration,
vCi/ce, of each noble gas nuclide.- On at least a weekly basis,
filters are analyzedato determine the amount of iodines and

particulates released. Composite samples are maintained (as required '

by Table 1.1) to determine the concentration of certain nuclides
(Sr-89, Sr-90, and alpha emitters). >

.

For those nuclides whose activities are determined from composite
samples the concentrations for the previous composite period will be
assumed as the concentration for the next period to perform the

.

'calculations in Sections 1.2, l.4, 1.5 and 1.6. The actual measured
concentrations will be used for the dose calculations described in
Section 1.7.

.

..

.

.

1

l-
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-t - 5 TNSTRUMENT SETPOINTS

]
'

E .3.3.1 Expected Monitor Response1

For each release, the expected monitor response, R in cpm, is
calculated using the following equation:

1

R= B + I effi ct (1.4)
i

khere -j

-B = monitor background, cpm. !,

effi = efficiency factor for the monitor for nuclide i,
cpm per pC1/ce.

C1 measured concentration of nuclide i, pCi/cc.a

For the noble gas response, the nummation in the above equation will .

be performed over all measured noble gases. Similarly, the responses '

for iodines and particulates would sum over all measured iodine and
particulate nuclides respectively. .

1.3.3.2 Calculated Maximum Petpoint i

For each release from a release point, a calculated maximum setpoint !

E is determined for the appropriate monitor which corresponds to the
most restrictive dose rate limit. This maximum setpoint is calculated
as follows:

'
1.= The ratio, r, of the dose rate limit to the calculated dose rate

,

for the release is obtained using the following equation:
.

>

*
r= (1.5)

| DR
'

where

-DR11m * the dose rate limit, mrem / year.

= 500 mrem / year to the total body for noble gases,
- . =_3000 mrem / year to the skin for noble gases, and

| s

L = 1500 meem/ year to the maximur organ for iodines and
particulates. |

DR- = the calculated dose rate for-the release, mrom/ year.
~

= DRTB for total body (as described in fection 1.2.'3.1), ,

= DR for skin-(as described in Section 1.2.3.2), and -g
= DR for maximum organ (as described in i

Sectkon1.2.4).
op

'

. Reformatting / Repagination changes only
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2. The calculated _ maximum monitor response R11m in epm,
corresponding to the dose rate limit is determined using the
following equation:

Elim = (r(R - B)) +B (1.6)

where

r = ratio of dose rate limit ta calculated dose rate for the
release, as calculated above. For noble gases, the smaller of
the two ratios for total body or skin is used.

L R = expected monitor response (as calculated-in Section 1.3.3.1),
, ,

i e ph.,

b = monitor background, cpm.

3. The calculated maximum setpoint, Smax in epm, corresponding to
the dose rate limit is calculated using the following equation:

'
Smax = ((A*SF)(R im - B)) + B (1.7)l ,

where

A = dose'cate allocation factor for the release point,
am dimensionless. The dose rate allocation factors:for

release points are defined in approved plant procedures.
SF = safety. factor for the monitor, dimensionless. Safety

factors for each monitor are defined in approved plant
procedures.

Rlim * the calculated monitor response, as calculated above,
cpm.

B = the monitor backgrcund, cpm.

1.3.3.3 Normal Default Sotpoint

'A normal def ault setpoint is determined for each monitor. The default
setpoints'for each monitor are defined and documented in approved
plant procedures. The default setpoints should be set high enough
such that, in most cases, the value'will not need to be changed for
each release. The default cetpoints should be low enough, however, to
ensure that the-limits given in Section 1.2.1 are not violated, and to
ensure that unexpected releases are identified.

Reformatting / Repagination changes only
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.,

!

The setpoint chosen for a monitor for each release is determined as |:

follows
,

l
1. IF the calculated maximum setpoint is less than the normal

default, TIIEN the setpoint shall be cet equal to the
calculated maximum setpoint. ;

2. IF the calculated maximum setpoint is greater than the normal
default, AND X1 times the expected monitor response is
less than the normal default setpoint, Ti!EN the setpoint shall
be' set equal to the normal default setpoint.

3. IF the calculated maximum setpoint is greater than the normal
default, AND X1 times the expected monitor response is
Breater than the normal default setpoint, TilEN the setpoint
shall be set equal to X1 times the expected response.

'
1
1

l

.

(

1 X is an administrativo factor designed to account for expected
-

variations in monitor response. It will be defined in approved
plant instructions.

Reformatting / Repagination changes only
01441

.

I
-__ - - - . - , . - - - - - - - , - - - - - - - - . - - - - - _ - - _ - _ _ . _ - _ - - - - . - - - _ _ . _ _ - - _ _ _ _ _ _



_ _ _. . .._ -

t

'

- ,
i

s

SQN ODCM
Revision 24
page 12 of 156 i

1.4 DOSE - NOBLE CASES

i

1.4.1 REQUIREMENTS

The air dose due to noble gases released in gaseous effluents from
each reactor unit to areas at or beyond the SITE BOUNDARY (see R24 |

Figure 1.3) shall be limited to the following* |

l

a. During any calendar quarter: Loss-than or equal to 5 mrad for |gamma radiation and less than or equal to 10 mead for beta '

radiation and

b. During any calendar years Less than or equal to 10 mrad for
gamma radiation and less than or equal to 20 mrad for beta
radiation.

.

This requirement is applicable at all times.

| This requirement is provided to implement the requirements of Sections .

II.B.III.A and IV.A of Appendix I, 10 CFR part 50. The requirement
implements the guides set forth in Section II.B of Appendix I. The
action to be taken provide the required operating flexibility and at

i the same time implements the guides set forta in Section IV.A of
'

Appendix I to assure that the releases of radioactive material in

j gaseous effluents will be kept "as low a reasonably achievable." The
E surveillance-implements the requirements in Section III.A of

| Appendix I that conformance with the guides of Appendix I be shown by
! calculational procedures based on models and data such that the actual +

|: - exposure of a MEMBER OF THE PUBLIC through appropristely modeled R24
~ pathways is unlikely to be substantially underestimated. The dose

| calculations established in Section 1.4.2 for calculating the-doses
I . due to the actual release rates of radioactive noble gases in gaseous
' effluents are consistent with the methodology provided-in Regulatory

Guide 1.109. " Calculation of Annual Doses to Man from Routlne Releases
.'

of Reactor Effluents for the purposes of Evaluating Compliance with
10 CFR part 50, Appendix I," Revision 1, October-1977 and Regulatory
Guide 1.111. " Methods for Estimating Atmospheric Transport and
Dispersion of Gaseous Effluents in Rrutine lleleases from Light-Water
Cooled Reactors," Revision 1, July 1977. The ODCM equations provided
for determining the air doses at the SITE BOUNDARY are based upon the R24
historical average atmospheric conditions.

If this requirement is not met, the following action will be *

performed:

With the calculated' air dose from radioactive noble gases in

gaseous effluents exceeding any of the above limits, prepare and
submit to the Commission within 30 days, pursuant to Technical
Specification 6.9.2, a special Report which identifies the

,

01441
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cause(s) for exceeding the limit (s) and defines the corrective
actions that have been taken to reduce the releases and the.
proposed corrective actions to be taken to assure that subsequent
releases will be in compliance with the above limits.

To ensure that this requirement is met: ,

Cumulative dose contributions for the current calendar quarter and
current calendar year for noble gases shall be determined in
accordance with the methodology and parameters in Section 1.4.2 at
least once per 31 days.

1.4.2 CUMULATIVE DOSE CALCULATIONS - NOBLE GASES

Doses to be calculated are gamma and beta air doses due to exposure to
an infinite cloud of noble gases. These doses will be calculated at
the land-site boundary location with the highest annual-average
X/Q based on 1972-1975 meteorological data (Table 1.2). This"

location is chosen from the SITE BOUNDARY locations listed in R24
*

Table 1.3. Dispersion factors are calculated using the methodology
described in Section 1.9.2.

No credit is 6.aken for radioactive decay.

1.4.2.1 Comma dose to air

The gamma air dose,-D in mead, is calculated for each releasey
using the following equation:i

1

h .Dy = 1.9E-06 (X/Q) E Qi DFyi T (1.8)
i

where:

1.9E-06 = a,onversion factor, years per minute.
X/Q = highest land-site boundary annual-average relative

concentration, 5.12x10-6 s/ma (from Taole 1.3).
L Qi = release rate for nuclide i, pCi/s.

= dose conversion factor for external gamma for nuclide 1I DFy1
(Table 1.4), mead / year per pCi/m8

T = duration of release, minutes.

The samma-air doce calculated by this method will be used in the
cumulative dose calculations discussed in Section 1.4.2.3.

01441
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1.4 2.2 Beta dose to air

The beta air dose. Dg in mead, is calculated for each release using
the following equation:

|

Dg = 1.9E-06 (K/Q) I Qi DFgt T (1.9)

where:
I

'l.9E-06 a conversion factor, years per minute.
highest land-site boundary annual-average relativeX/Q =

concentration, 5.12x10-' s/m3 (from Table 1.3).
release rate for nuclide i, uci/s.Qt a

DFgi m. dose conversion factor for external beta for nuclide i, j

mead / year per pC1/m8 (from Table 1.4).
duration of release, minutes.T a

;

iThe beta-air dose calculated by this method will be used in the
cumulative dose calculations discussed in Section 1.4.2.3.

.

1.4.2.3 Cumulative Dose - Noble Gas
.,

Quarterly and annual sums of all doses are calculated for each release
as described below to compare to the limits listed in Section 1.4.1. -l

!

!

For noble gases, cumulativo doses are calculated for gamma and beta !

. air doses. Doses due to each release are summed with the doses for
all-previous release in the quarter or year to obtain cumulative
quarterly and annual doses.

1.4.2.4 Comparison to Limits

The cumulative calendar quarter and calendar year doses are compared :

to their respective limits once per 31 days to determine compliance. 1

i

!

i

l- ]
,

' ,o"
q

. !
| <

,

'

.
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1.5 CUMULATIVE DOSE - I-131. I-133. TRITIUM AND RADIONUCLTDES IN

PARTICULATE FORM

1.5.1 REQUIREMENTS

The dose to a NEMBER OF THE pUBLIC from I-131. I-133, iritium and all R24
radionuclides in particulate form with half-lives greater than 8 days
in gaseous effluents released to areas at or beyond the SITE BOUNDARY R24
(see Figure 1.3) shall be limited to the following from each reactor
unit:

a. During any calendar quarter: 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.

This requirement is applicable at all times.

'

This requirement is provided to implement the requirements of Sections
II.C.III.A and IV.A of Appendix I, 10 CFR Part 50. The requirement
implements the guides set forth in Section II.C of Appendix I. The
= action to be taken provides the required operating flexibility and at
the same time implements the guides set forth in Section IV.A of
Appendix I to assure that the releases of radioactive material in
gaseous effluents will be kept "as low as reasonably achievable."
Section 1.5.2 calculational methods implement the requirements in
Section III.A of Appendix I that conformance with the guides of
Appendix I be shown by calculational procedures based on models and
data such that-the actual exposure of a MEMBER OF THE PUBLIC through R24
appropriately modeled pathways is unlikely to be substantially
underestimated. Section 1.5.2 calculational methods for calculating.
the doses due to the actual release rates of the subject materials are
consistent with the methodologies provided in NUREG/CR-1004, "A
Statistical. Analysis of Selected Parameters for Predicting Food Chain
Transport and Internal Dose of Radionuclides," October 1979 and
Regulatory Guide 1.109, " Calculation of Annual Doses to Man from
Routine Releases of Reactor Effluents for the Purposes of Evaluating
Compliance with 10 CFR Part 50, Appendix I," Revision 1. October 1977
and Regulatory Cuide 1.111. "Hethods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases from
Light-Water Cooled Reactors," Revision 1 July 1977. These equations
also provide for determining the actual doses based upon the
historical average atmospheric conditions. The release rate
specifications for I-131 I-133 tritium and all radionuclides in

. particulate form with half-lives greater than 8 days are dependent on
i the existing radionuclide pathways to man, beyond the SITE BOUNDARY. R24

.The pathways which were examined in the development of these
calculations woro: 1) individual inhalation of airborne radionuclides,

01441
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Page 16 of 156 |2)~ deposition of, radionuclides onto green leafy vegetation with I

subsequent consumption by man, 3) deposition onto grassy areas where
~

milk aninials and meat producing animals graze with consumption of the
milk and meat by man, and 4) deposition on the ground with subsequent
exposure of man.-

If this requirement is not met, perform the following-action:

. With the calculated dose from the release of IL131, I-133 tritium ;
and all radionuclides in particulate form with half-lives 1

exceeding 8 days, in gaseous effluents exceeding any of the above
limits, prepare and submit to the commission within 30 days,
pursuant to Technical Specification 6.9.2, a Special Report which
identifies-the cause(s) for exceeding the limit (s) and defines the
corrective actions that have been taken to reduce the releases and
the proposed corrective actions to be taken to assure that
subsequent releases will be in compliance with the above limits.

To ensure that this requirement is met:

.

Cumulative dose contributions for the current calendar quarter and
current calendar year-for I-131 I-133 tritium and-all
radionuclides.in particulate form with half-lives exceeding 8 days
shall be determined in accordance-with:the' methodology and
parameters in Section 1.5.2 at least once per 31 days.

|-

!
'

-
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l'.5.2 DOSE DUE TO I-131. I-133. TRITIUM AND ALL RADIONUCLIDES IN

PARTICULATE FORM WITH HALF-LIVES OF GRRATER THAN 8 DAYS

1.5.2.1 Orne.n dose Calculation

Organ doses due to I-131, I-133, tritium and all radionuclides in
particulate form with half-lives of greater than 8 days are calculated
for each release for the critical receptor. The critical rceeptor is
defined as the land-site boundary in the sector with the highest
annual average X/Q. The annual average X/Q and D/Q are
calculated using the methodology in Sections 1.9.2 and 1.9.3 using the

- historical 1972-1975 meteorological data (Table 1.2). Pathways
considered to exist at this location are inhalation, ground plane
exposure. grass-cow-milk ingestion, grass-cow-beef ingestion and fresh.

leafy and stored vegetable ingestion. All age groups are considered
,

(adult, teen, child and infant). Dose factors for these age groups
and pathways are calculated as described in Section 1.8. For the
ground exposure pathway, which has no age or organ specific dose
factors, the total body dose will be added to the internal organ doses
for all age groups. No credit is taken for radioactive decay. .

The general equation for the calculation of organ dose is:
,

Dors = 3.17E-08 T I [.Rpi ['Wp Qi ) (1.10)
iP

where:

3.17E-08 = conversion factor, year /second
T = duration of release, seconds.
Rpi = dose factor for pathway P for each identified nuclide i,

Em -mrem / year per pCi/s for ground plane,a

grass-cow-milk, grass-cow-meat, and vegetation pathways,
and mrem / year per pCi/m* for inhalation and tritium

t

ingestion pathways. Equations for calculating these dose
factors are given in Section 1.8.

dispersion factor for the location and pathway.Wp a

X/Q for the inhalation and tritium ingestion.

pathways,
8S.12E-06 s/m .a

D/Q for the food and ground plane pathways,.

= 1.29E-08 m-8
release rate for radionuclide i, pCi/sQ

~~

t =

From the four age groups considered, the maximum is determined by
comparing all organ doses for all age groups. The age group with the
highest single organ' dose is selected as the critical age group. The

l' organ dosos for the critical age group will be used in the cumulative
doses discussed in section 1.5.2.2.
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1.5.2.2 Cumulative Doses

Quarterly and annual sums of all doses are calculated for each release '

as described;below to compare to the limits listed in Section 1.5.1.

For maximum organ dose, cumulative quarterly and annual doses are
maintained for each of the e,e).t organs-considered. The cumulative '8

dose is=obtained by summing tN doses for each organ of the critical
age group (as calculated in Seb ion 1.5.2.1) as determined for each

- release with the organ doses.for all previous' releases in the quarter
or year to obtain the cumulative quarterly.and annual doses. Thus,.

the cumulativa organ doses will be conservative values, consisting of
doses belonging to various age groups depending on the mix of
radionuclides. The highest of these cumulative organ doses is used
for the-comparison to the limits described in Section 1.5.1.

1.5.2.3' Comparison to Limits

The cumulative calendar quarter and calendar year doses are compared
to their-respective limits once per 31 days to determine compliance. .
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1.6 GASEOUS RADWASTE TREATMENT

1.6.1 REQUIREMENTS
!

The GASEOUS RADWASTE TREATMENT SYSTEM and the VENTILATION EIMAUST R24 1

TREATMENT SYSTEM shall be used to reduce radioactive materials in R24
gaseous waste prior to their discharge when the projected gaseous ,

'

effluent' doses due to gaseous effluent releases to areas at or beyond
The SITE BOUNDARY (see Figure 1.3), when averaged over 31 days, would R24
exceed 0.2 mrad per unit for- gamma radiation, and 0.4 mrad per unit
for beta radiation. The appropriate portions of the VENTILATION R24
EIHAUST TREATMENT SYSTEM shall be used to reduce radioactive materials R24
in gaseous waste prior to their discharge when the projected doses due
to gaseous effluents to areas at or beyond the SITE BOUNDARY (See E24
Figure 1.3) when averaged over 31 days would exceed 0.3 mrom per unit
to any orgen.

This requirement is applicable at all times.
.

This requirement that the appropriate portions of these systems be
used, when specified, provides reasonable assurance that the releases

'
of radioactive materials in gaseous effluents will be kept "as low as
reasonably achievable." This requirement implements the requirements
of 10 CFR Part 50.36a, General Design Critoria 60 of Appendix A to
10 CFR part 50, and the design objectives given in Section II.D of
Appendix I to 10 CFR part 50. The specified limits governing the use

of appropriate portions of the systems were specified as a suitable
fraction of the dose design objectives set forth in Section II.B and
II.C of Appendix I, 10 CFR part 50, for gaseous effluents.

If this requirement is not met, perform the following action:

With the gaseous waste being discharged without treatment for more
than 31 days and in excess of the above limits, prepare and submit
to.the Commission within 30 days, pursuant to Technical
Specification 6.9.2, a Special Report which includes the following
information:

1. Identification of the inoperable equipment or subsystems and
the reason for inoperability.

2. Action (s) taken to restore the inoperable equipment to
OPERABLE status, and R24

3. Summary description of action (s) taken to prevent a
recurrence.

To ensure that this requirement ^is met:

Doses due to gaseous releases from the site shall be projected at|

' least once per 31 days, in accordance with the methodology and
parameters'in Section'1.6.2.

|'
|
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1.6.2. DOSE PROJECTIONS.

In accordance with Section 1.6.1, dose projections will be performed.
This will,be done by maintaining running 31-day totals for the gamma

_

dose, the beta dose and the maximum organ dose. Once per 31 days,
these 31-day.: running totals: will be compared to the limits. given in
Section 1.6.1.to determine compliance.

If the projected. doses exceed any of these limits, the GASEOUS R24
RADWASTE TREATMENT SYSTEM and the VENTILATION EXHAUST TREATMENT SYSTEM R24 |

shall be used to reduce radioactive materials in-gaseous effluents to
)areas at or beyond the SITE BOUNDARY.- R24.

1.6.3 GASEOUS RADWASTE TREATMENT SYSTEM DESCRIPTION

The, GASEOUS RADWASTE TREATMENT SYSTEM (GRTS) described below shall be R24
maintained and operated to keep releases ALARA.

,

.A flow diagram for the GRTS is given in Figure 1.4. The system j,

consists of two waste +sas compressor packages, nine gas decay tanks,
,fand-the associated piping, valves, and instrumentation. Gaseous

wastes.are received from the following: desassing of the reactor
coolant and purging of the volume control tank prior to a cold
shutdown, displacing of cover gases caused by liquid accumulation in
the tanks connected to the vent header, and boron recycle process
operation,

y
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1.7 OUARTERtY DOSE CALCULATIONS
.

A complete dose analysis utilizing the total estimated gaseous
releases for each calendar quarter will be performed and reported as
required in Section 5.2. Methodology for this analysis is that which
is. described in this section using the quarterly release values
reported by the plant personnel. All real pathways and receptor i

locations identified by the most recent land use survey are
considered. In addition, actual meteorological data representative of
a ground level release for each corresponding calendar quarter will be
used. For iodine releases, it is assumed that half the iodine -

released is in organic form. Organic iodine causes a dose only by
inhalation. For cow-milk and beef ingestion doses, the fraction of
the time the animals are on stored feed (identified in the survey) is
used in the calculation.

r,

The highest organ dose for a real receptor is determined by sunning
' the dose contribution from all identified pathways for each receptor

| including ground contamination, inhalation,1 vegetable ingestion (for
identified garden locations).. cow and/or goat milk ingestion (if a cow ..

or goat is identified for the location). beef ingestion (the beef
.

ingestion dose for the location of highest beef dose for all receptors
will be considered the beef dose for all receptors).

1.7.1 NOBLE GAS - GAMMA AIR DOSE

Gamma air doses due to exposure to noble gases, D in mrem, arey
calculated using the following equation:

|
| D7 = Xim DFyi (1.11) '

where:

| Xim- ' concentration of nuclide i at location m, pCi/m8

L Air concentrations are calculated as described by.
|- Equation 1.16.

| DF dose conversion factor for external gamma for nuclide i,
71

=

I mead / year per pCi/m8 (Table 1.4).

1.7.2 NOBLE GAS - BETA AIR DOSE
1.

Beta air doses due to exposure to noble gases Da in mrem, are f
|calculated using the following equation:

|
Da = Xim DFai (1.12)

1 where:
! |

Xim " concentration of nuclide i at location m, pC1/m . Air |8

| concentrations are calculated as described by Equation 1.16. |
DFoi = dose conversion' factor for external beta for nuclide i,

L mead / year per pC1/m3 (Table 1.4).

Reformatting / Repagination changes only |
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1.7.3'RADI0 IODINE! PARTICULATE AND TRITIUM - MAXIMUM ORGAN DOSE

Organ: doses due to radioiodine, particulate and tritium releases.
D in meem,- are-calculated using the following equation:org

Dorg = 3.17E-08((X/Q)lRpTQTl[( /Q){Rpi+(D/Q)Roi+(X/Q)Ryi]Qi); (1.13) R24 -

P= i P. l
1

where: *

|

3.17E-08 a conversion factor, year /second. |

X/Q. Relative concentration-for location under consideration,=

s/m8 Relative concentrations are calculated as- ]
described by-Equation 1.17.

|
.

ingestion dose factor for pathway P for tritium,
|RPT' =

ma-mrem / year per pC1/s. Ingestion pathways |
- available'for consideration are the same as those: listed j

above for Rpt. Equations for calculating ingestion dose |
factors for tritium are given in Sections 1.8.7 through i

J1.8.12. '

.

adjusted release rate for tritium for location underQT =

consideration, pCi/s. Calculated in the same manner as--

Qi:above.-w +

ingestion dose factor for pathway P for each identifiedRpi =

nuclide 1"(except tritium), m2-mrem / year per pCi/s.
Ingestion pathways available for consideration include:

' pasture grass-cow-milk ingestion
stored feed-cow-milk ingestion
pasture grass-goat-milk ingestion
stored feed-goat-milk ingestion

I pasture grass-beef ingestion
'

stored feed-beef ingestion
fresh leafy vegetable ingestion
stored vegetable ingestion
Equations.for. calculating these ingestion dose factors are

i given in Sections 1.8.1 through'1.8.6.
D/Q. Relative deposition for location under consideration,- 3

=

m-2 Relative deposition is calculated as described
in-Equation 1.18.,

L Dose factor for standing on contaminated ground,Rai =

! am -meem/ year per pCi/s. The equation for
| calculatingsthe ground' plane dose factor is given~in+ *

Section l'.8.14.
Inhslation dose factor, mrem / year per pCi/m . Thea 'Ryi =

. equation for calculating the inhalation dose factor is
given in Section 1.8.13.

--
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Qi = adjusted release rate for nuclide i for location under
,

consideration, pC1/s. The initial release rate is J

adjusted to account for decay between the eclease point
i

and the location, depending on the frequency of wind- '

speeds applicable to that sector. Hence, the adjusted
release rate is equal to the actual release rate decayed ,

for an average travel time during the period.
.

>

9 -

Qio I fj exp(-Ki x/uj) (1.14)
j=1

where

Qio = initial average release rate for nuclide i over the |
period, pCi/s.

3
= joint relative frequency of occurrence of winds inf

windspeed class j blowing toward this exposure point,
expressed as a fraction.

Ki = radiological decay constant for nuclide i, s-1 .

downwind distance, meters.x =

uj = midpoint value of wind speed class interval j , m/s.

1.7.4 p0PULATION DOSES

For determining population doses to the 50-mile population around the
plant, each compass sector is broken down into elements. These
elements are defined in Table 1.7. For each of these sector elements,

i an average dose is calculated, and then multiplied by the population
in that sector element. Dispersion factors are calculated for the
midpoint of each sector element (see Table 1.7).

For population doses resulting from ingestion, it is conservatively
assumed that all food eaten by the average individual is grown locally.

The seneral equation used for calculating the population dose in a
given sector element is:

E-RATI0p * p0PN * AGE * 0.001 * DOSEp (1.15)Dose
pop = p

where

RATI0p = ratio of average to maximum dose for pathway p. (Average
ingestion rates are obtained from Regulatory Guide 1.109
Table E-4.)

= 0.5 for submersion and ground exposure pathways, a
shielding / occupancy factor.

| Reformatting / Repagination changes only
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=:1.0-for.the inhalation pathwayi
= 0.515. 0.515, 0.5.,-and O'355'for' milk, fue infeat, child,.

toen and. adult, respectively. -(1't is-assussa that the
,

ratio of, average to anaximum infant milk ingestion tutes to
the same_as-that for'ch11d.2

=<1.0,.0.90, 0.91,.0.86 for beef ingos',lon. for infant,-
= child.. teen and adult, respectively,

= 1.0, 0.38, 0.38, 0.37 for vegetable ingestion, for iaCast,
child, teen and adult, respectively. (It is assumad'that
the average individual eats no fresh leafy vngetables,
only stored vegetables.)

POPN = the population of the sector element, persons (Table 1.8).
ACE- = fraction of the population belonging to each age group.,

= 0.015 0.168, 0.153, 0.665 for infant, child, teen and
adult, respectively (fractions taken from NUREG/CR-1004,
Table 3.39).

0.001 = conversion-from mrem-to rem.
DOSEp = the dose for pathway P to the maximum individual at the

location under consideration, mrem. For ingestion
pathways, this dose is multiplied by an average decay .

correction to account for decay as the food is moved
through the: food distribution cycle. This average decay
correction ADC, is defined as follows:

For milk and vegetables, ADC = exp(-A t) '

l

where
.A, = decay constant for nuclide i, seconds,i

t. = distribution time for food product under consideration
(values from Regulatory Cuide 1.109, Table D-1).

= 1.21E+06 seconds.(14 days) for vegetables.-

= 3.46E+05 seconds (4 days) for milk.

exp(-A t) A tt ebt
For meat, ADC =

1 - exp(-K teb)-i

where
At >= decay constant for nuclide 1, seconds,
t = additional distribution time for meat, over and above

the time for. slaughter to consumption described in
Section 1.8.3, 7 days,

teb- = time to consume a whole beef, as described in
Section 1.8.3.

>

For beef ingestion, the-additional. factors in the calculation of ADC
negate the integration of the dose term over the period during which a
whole beef is. consumed, for the calculation of population dose. In

~ other words, this -assumes that the maximum individual freezes and cats
a whole beef, while.the average individual buys smaller portions at a
time.

,

.
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Population doses are summed over all sector elements to obtain a total
population dosa for the 50-mile population.

1.7.5 HEPORTING OF DOSES
,.

' The calculated quarterly dosec and calculated population doses
described in this section are reported in the Semi-Annual Effluent
Release Report submitted to the NRC for the period ending December 31
of cach year.

i

'
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, Y.8'GASROUS' RELEASES' -Dose Factors ' ' * * !) -
m . m, ,, . . , , 4

1.8.1 PASTURE GRASS-COW /C0AT-MILK TNCESTION DOSE FACTORS - RCPI(m -ares / year per'microcuries/second)^ a

'N
r !

hFm19f'XP(-A tl fm)f I~ (1-exp(-Agtep))- Biy(1-exp(-K t ))ibRCPi = *DFLiao + }'p yp * E'-- J4
where:

!
108 conversion factor, picoeurie/ microcurie. 'l=

ingestion dose conversion factor for nuclide i, iDFLiao =

age group a, organ o, mrem /picoeurie (Table 1.9). |
U =ap milk ingestion rate for age group a, liters / year. j

Fmi = transfer factor for nuclide-i from animal's feed to milk, J
days / liter (Table 1.10). 'I

Qf animal's consumption rate, kg/ day.
,

=

| Ki decay constant for nuclide 1, seconds-1 (Table 1.10). !=

I tfm transport time from milking to receptor, seconds.=
!.

fp fraction of time animal opends on pasture, dimensionless. |=

r = fraction of activity retained on pasture grass,
dimensionless. '

|

KE the effective._ decay constant, due to radioactive decay and
,

=

weathering, seconds-1, equal to Ai + k. !w
w weathering decay. constant for leaf and plant surfaces, i

A a

seconds-1
ep time pasture is exposed to depo 91 tion, seconde. !t =

Y = agricultural productivity by unit area of pasture grass,p
kg/m2 ,

i

transfer factor for nuclide i from soil to vegetation, IByi =

picoeuries/kg (wet wei/,ht of vegetation) per picoeuries/kg
,

(dry soil). '

tb = time period over which accumulation on the ground is
evaluated, seconds.

.
!

P' = effective surface density of soll, kg/m .8

- i

NOTE: Factors defined above which do not reference a table for their
numerical values are given in Table 1.11. ' i

-

'fb 'h

1

*
iy,
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1.8'.2 : SIORED FRED _-CQ(/g, TAT-nit.K INGESTICV DOSE FACTMS_ - BCG2-

a(m .meem/ year-;.ac.nicrocuries/second)-
,

( J.-uxp(-K ti escli
. Regi = W MLiao Jup Fai Af fu 8XP(-K ti fm) g q - - ----

--

,

c(1 exp( i rf esf)) Iit ivil-'Ad(]A t ))
'

i 3
I 6 b., p ,i

..

-nf .

Where:
;

105 convernion factor, :picoeuria/cdcrocurie.a

insation doso conversion iacto? For nuclide i,DFt. lao a

age Group a, cegun' o, mren 'pice curie (Tabin ,fd .

ap ndik . ingestion rato for r.46 grenp a, liters'yotr |
U =

Fmi transfer factor ter nucl Ddo L from animal'n l oci to milk,= -

days /litue.(Table 1.t0).
animal' c contnetion t. ate, kg.' day,Qg u

f, = fracti.1c;of tirac animal spenda on stored fend, -

dimensionless,

ii = decay constar;t ' fo: nat.lida i, s ectnds"'l (Table 1. M),

tfm - t.runsport tism frem oilking to rec.eptor, seconds,
tesf = time betstan )arvest of stored feed and consumptxen by

aniral. 2econde.
r = frection of attivity retcined on pasture grass,

dimensionless.
KE. = the' effective decay conutant, due t o radioactive de'.ov and

weathering, secondn-T , equal to Kt + K,,
Kw = weathering decay. constant for ts.s! and plaac surfecci.,

seconds-2
tesf = time stored feed is exposed to Leprsition, secende.
Yg = agriculturni pr)ductivity by uni.t area'of stored feed,g

kg/m2
Bly = transfer factor for nuclide.1 from soil to vegetation

picoeuries/kg (wet weight of vegetction) per picoeurive/ks
(dry soll).

tb = time period'over which accumulation on the ground is '

evaluated, seconds.
P = effective surface density of soil, kg/m ,a

NOTE: Factors defined above shich do not reference a tabla for their
numerical values are given in Table 1.31.
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- 1,84 3 PASTURg *2_R,4Mff,dHE INCESTION > DOSE 6 FACTORS *-t Rgpi - ' M ,|
C (ma-meem/ year par microcuries/second)-

,

(1-exp(-K ti eb))- '"' " '

RMPL = 10* D/L fo Vi an Fgi Qg exp(-K ts)i

.

~f { r(1-exp(-K tep)) Biy(1-exp(-X t ))
. .

E ib+- }s ''p Y AE PAi
.~

p
, ,

'l where:
n,u-

- 10' conversion factor, picoeurie/ microcurie.=

ingestion' dose : conversion- f actor ~ f or' nuclide i,g DFLiao =

o' age group a',' organ o, mrem /picoeurie (Table 1.9).w

am meat ingestion rate for' age group a, kg/ year.U =

Fri- transfer" factor:for nuclide i~from cow's; feed to meat,=

days /kg*(Table'li10).
cow's: consumption rate, kg/ day.Qg =

Ay decar constant ^ for nuclide ip seconds-1 (Table 1.10).= '

time- for receptor < to consume 'a whole beef seconds.teb. *=

transport time from. slaughter to consumer, secondo,ts *

fp fraction ofstime cowJspendston pasture, dimensionless,=

fraction of* activity" retained'on pasture grass,*'r> =-

dimensionless.v s a '+ a--.

KE the ef fectiveJdecay constant,. due to radioactive dec.ay and=

weatheringj seconds-2,'" equal"to A "+ Kgg ~ ~l
weathering decay constant for leaf and plant surfaces,A =y
seconds-1'. - * *

<

ep time' pasture-is' exposed"to deposition,-seconds.t =

p agricultural productivity by unit' area of pasture grass,Y_ =

kg/m -a,
Biy4 transfer * factor for nuclide i-from soil to vegetation,=

picoeuries/kg-(wet weight of vegetation)' per' picoeuries/kg
(dry soil).,

( tb time--'over which accumulation on the ground is evaluated.=

| seconds. ~v -> > '+ '- "

effective surface density of soil, kg/m2.P- =

NOTE: Factors defined above w ich do not reference a table for their
numericaliyalues are>given=in Table 1.11.r

| +, g 3, ;
,

e
|

.

.
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1.8.4 STORED FEED-BEEP TNCESTION DOSE FACTORS - Rggi |
(m -mrom/ year per microcuries/second)- )

a

(1-exp(-K ti eb)) J

Rggi = IOS DFLiao Uam Fri Qg s)
'

Ai tcb
(1-exp(- Altesf)) r(1-exp(-K tegg)) Biy(1-exp(-K t ))E ib '

s Al tesf Ysf AE P Ai

where:

10' = conversion factor, picoeurie/ microcurie..

DFLiao = ingestion dose conversion factor for nuclide i,
age group a, organ o, mrem / picocurie (Table 1.9).

U = meat ingestion rate for age group a, kg/ year.am

Fri = transfer factor for nuclide i from cow's feed to meat,
days /kg (Table 1.10),

Qg = cow's consumption rate, kg/ day.
Ai = decay constant for nuclide 1, seconds-1 (Table 1.10).

.

teb = time for receptor to consume a whole beef, seconds. -

t = transport time from slaughter to consumer, seconds. *

s
f, = fraction of time cow spends on stored feed, dimensionless,

tesf = time between harvest of stored feed and consumption by
cow, seconds.

- r- = fraction of activity retained on pasture grass,
dimensionless,

tesf = time stored feed is exposed to deposition, seconds.

Ygg = agricultural productivity by unit area of stored feed,
akg/m ,

' KE' = the effective decay constant, due to radioactive decay and
weathering. seconds-1, equal to Ki+A.w

A, = weathering decay constant for leaf and plant surfaces,
seconds-1

Biy = transfer factor for nuclide i from soil to vegetation.
-picoeuries/kg (wet weight of vegetation) per picoeuries/kg
(dry soil).

tb = time over which accumulation on the ground is evaluated, '

seconds.
P = effective surface density of soil, kg/m ,a

NOTE: Factors defined above which do not reference a table for their
numerical values-are given in Table 1.11.
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: 1.8.5 FREsisLEAFY' Vt0RTABLE*INCESTION DOSE!FACTORST- Rypt
" ' '

,

ta -arem/ year'per microcuries/second)' js
,

' 'r(1Le(-A l )) Bly(1-o(-K t ))Ee id"Rypt = 10' DFLiaoAC-A,ti he')? UFLaf k + }L yg.AE PAi
*

v. . ,m .,, ,e ., ,,

where:
_

' *
. ,

10*
DFL,

,= conversion factor, picoeurie/ microcurie.

iao- = ingestion dose conversion factor for nuclide i,
age. group,a, organ o, mrem /picoeurie (Table 1.9).
d,ecay, constant for,nuclide i, seconds-1 (Table 1.10),1,,1|

=

average: time between harve::t of vegetables and. theirteh =

consumption and/o.r storage, seconds.
Upga. = consumptionLrate of fresh, leafy; vegetables by the receptor.

in age group a, kg/ year,

ft =(fraction of fresh leafy vegetables grown locally, '

.

,di, mens ionless ,,

fractionofdeposit$d'activ'ith$$'etained:onvegetables,r =
~

, ',

dimensi'onl"e's s . '
' '' ' ' ' ''

the effective' decay con'sEanE,'due lo radioactive" decay andA'E =
' "** .

weath' Sing, sec~onds-1.- [,,e
, ,,r ,. m

l * = K , + A ,,i w
, decay, constant for removal of activity.on leaf and plantK =w.

,

surfaces by. weathering, seconds-1

e gos,ure time.in garden for fresh leafy and/.or stored,t
.

=

. vegetables, seconds.
~''

, ,, _

agricultural yleid for fresh leafy veget.abl'es, kg/in ,aYf a

By = transfer factor,for nuclide i from soil.to vegetables,i
picocuries/kg (wet weight of vegetation) por picoeuries/kg

'

'(dry soil).
~ .. _. __

, ,

tb tim _e' period over which' accumulation on the ground is i'=

evaluated, seconds. - ,

P' =eff,ectivesurface'densit'y}ofsoilhkg/m2 .
, ,

. r_ r ~ -

NOTE: Factors [defin$dabovowhichdonotreference"aiableLfor'their
numerical values are given in Table 1.11. -
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1.8.6 STORED VECETABLE INGESTION DOSE FACTORS - Rygi

m -mrem / year per microcuries/second)a

(1-e(-K ti sy))
,

Rysi = 10' DFLiao exp(-K ti he) USafg x t,

'

B y(1-e(-K t )))r(1-e(-K te)) i ibE

Ysv AE P K t,
,

where:

105 = conversion f actor, picoeurie/ microcurie.
DFLiao = ingestion dose conversion factor for nuclide i,

age group a, organ o, mrem /picoeurie (Table 1.9).
Ai = decay constant for nuclide i, seconds-1 (Table 1.10),

te = average time between harvest of vegetables and theirh
consumption and/or storage, seconds.

= consumption rate of stored vegetables by the receptor inusa
age group a, kg/ year,

*

f = fraction of stored vegetables grown locally, dimensionless.g
t = time between storage of vegetables and their consumption,sy

seconds.
r = fraction of deposited activity retained on vegetables,

dimensionless.
= the effective decay constant, due to radioactive decay andKE
weathering, seconds-1

=Ki+Kw
Kw = decay constant for removal of activity on leaf and plant

surfaces by weathering, seconds-1
t, = exposure time in garden for fresh leafy and/or stored

vegetables, seconds.
agricultural yield for stored vegetables, kg/m ,a-Y =sv
transfer factor for nuclide i from soil to vegetables,Biy =

picoeuries/kg (wet weight of vegetation) per picoeuries/kg
-

(dry soil).
= time period over which accumulation on the ground istb

evaluated, seconds.
aeffective surface density of' soil, kg/m ,P =

NOTE: Factors defined above which do not reference a table for their
numerical values are given in Table 1.11.

|

|

|
|
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+1L8,.7.-TRITIUM-PASTURE esama-00W/00AT-MILKrDOSE FACTOR - R
CTP i-

<
-a(meestyear.;per. mierseuries/m*)u < >,.

.- -X1
,

-

, -
-

|
Mir I 'I |

. .. . RCTP = 108 105.DFLr.Ta.o mT Qf U,p [0.75(0.5/H)) fpw <w .;n m.,s
.

exp(-A tT fm)F '

-:pg N o ,b .. p ,*
.

whore:. --

o . m :o we .

.108 = conversion factor,]sgrams/kg.
o ~ - , 4

105 = conversion factor, picoeuries/microcuries.
)

DFLTao = ingestion dose conversion factor for tritium for -
|

%A- age group a, organ o, mrem /picoeurie (Table 1.9). |

FmT' transfer factor for tritium from animal's feed to milk,a

1= - -days /11ter'(Table 1010)'| * ~ ~ "-'

a Qty,g , - = enimal's consumpt' ion ~ rate, 'kg/dayr 4 i"

U =: milk ingestion rateeforfage group'a, liters / year.a
0.$5 = the> f rection of" total feed = that~ is wator;"" "

0.5 = the ratio of the' specific ^ activity cf'the fbed' grass water-4
; ,.'torthe-atmospheric ~ water. ~' ' " " ' '

ai
=' absolute' humidity! of"the ' atmosphere, g/m ,:* H.m

-i < '= _,
*fraction of ' time animal spends on pasture, dimensionle:;s.| fp

'

.

: A J. = decay 4 constant? for tritium; seconds-"(Table 1".'10) .T
'tfm. ;=rtransportytime"from milkingsto' receptor," seconds!

, p.i .e,

' ^~. - . , . a .,n . r ;,, . .. m . , . . u -. :-, ~ ~ . . . - - . ..

NOTE: Factors" defined above which do not reference a table for their
q,; s numericaluvaluessare- givensin Table 1.11*. ' ' <
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1.8.8 TRITIUM-STORED FEED-COW / GOAT-MILK DOSE FACTOR - R CTS

-(mrem / year per microcuries/m*)

(1-exp(-A tT egg))
RCTS = los los opbTao FmT Qf Uap (0.75(0.5/H)] f 8XPC-A tT fm)

'

s AT tegg
where:

108 = conversion factor, grams /kg.
conversion factor, picoeuries/microcuries.105 =

DFLTao ingestion dose conversion factor for tritium for=

age group a, organ o, mrem /picoeurie (Table 1.9).
transfer factor for tritium from animal's feed to milk,EmT

=

days / liter (Table 1.10).

Qg = animal's consumption rate', kg/ day.
= milk ingestion rate for age group a, liters / year.

Ua$50. = 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.
8H = absolute humidity of the atmosphere, sim .

'

fs = fraction of time animal spends on stored feed,
dimensionless.

.AT = decay. constant for tritium, seconds-1 (Table 1.10).
time between harvest of stored feed and consumption bytesf =

animal, seconds,

tfm = transport time from milking to receptor, seconds.

NOTE: Factors defined above which do not reference a table for their
numerical values are given in Table 1.11.

,e

.
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1.3.-9-TRITIUM-PASTURE Grass- BetP Dost FACTOR 9Rg * * =
| T.,$"

a(mreedyear por,microcucies/m8) . ..?
""

m

.u.T.P = 108 1,0* DFL. Tao Fry,Qg pam (0.75,(0.5/K)] f 'exp('-K t,F
'

.RM p T ,.a;.,, gg ,
~

-
. . ,

[1-exp(-K t p)) (1-exp(Aft'ef)) - -T
'M :

Kwhere: T t,p. AT teb
up ., m -n.... ,-. w .g. . . u-.,4

108 .= conversion factor, grams /kg.: " +
10*. .= conversion factory' picoeuries/microcuries.

DFLTao =-ingestion dose + conversion > factor for H-3 for age group a,.

organ o, seem/picocurier'(Table'1.9)r " " '

r
FfT = transfer:, factor for-H-3 from cow's feed to meat, days /kg '

. (Table . l .10)'." ' ' - +-u. -u

Qg, = cow!s~consumptioncrate, kg/ day.- -m

U sp - ..meatfingestion rate 4 forrage group agohg/ year.
,

s <

0475- c.the fraction of* total': feed'that'is water. -"- "

0.5 ' = the: ratio.ofd.theespecific activity of the feed grass water
' to.the<atmosphericiwater. # h.''.- Ah*

,

H, = ebsolute humidity 1offtheiatmosphere ~g/m 't e2

f ,=;frection.ofitime cow spends on pasture, dimensionless.p
Ky decay constant for tritium.. seconds-1'(Table 1.10)',=

t:3 .= transportcbime+from, slaughter *tooconsumery-seconds; ~
t t=< time pastureiis. exposed to deposition,.' seconds,ep -.

time'for receptorrto.consumera whola beef.-seconds.teb =

NOTE: Factors defined above which do not> reference a table'for their
numerical values are given in Table 1.11..

... ~ .m :

. . , . . s , u

'- ,_ _

, . _ _. ._ _ . - . . , .- - .- - ~... -- -

.

.
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,
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u -
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1.8.10 TRITIUM-STORED FEED-BEEF DOSE FACTOR - RMTS-

-(meem/ year per microcuries/ms)

RMTS = 108 108JDFLTao FfT 9f Uam (0.75(0.5/H)) fg
'

exp(-A t )Ts

(1-exp(-A tep)) (1-exp(-K teb))T T

AT t KT ted
'

where: ep

108 conversion factor, grams /kg,=
.

10' conversion factor, picoeuries/microcuries.=

DFLTao = ingestion dose conversion factor for H-3 for age group a,
organ o, mrem /picoeurie (Table 1.9).

FfT = transfer factor for H-3 from cow's feed to meat, days /kg
(Table 1.10).
cow's consumption rate, kg/ day.Qg =

U * meat ingestion rate for age group a, kg/ year.am
0.75 = the fraction of total feed that is water.

the ratio of the specific activity of the feed grass water0.5 =

to the atmospheric water.
,

H = absolute humidity of the atmosphere, g/m ,a

f, = fraction of time cow spends on stored feed, dimensionless.

T = decay constant for tritium, seconds-1 (Table 1.10).A

ts = transport time from slaughter to consumer, seconds,
time pasture is exposed to deposition, seconds.tep =

teb = time for receptor to consume a whole beef, seconds.
,

NOTE: Factors defined above which do not reference a table for their
numerical-values are given in Table 1.11,

i

!
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L8.11 TRITINTEREN'I.5AFYfVEGETABLES ' DOSE PACTOR,- R ' ~D'

VTF' -

(mrom/ year;per-microcuries/m8)
,

f..->

. .. .

_ . ~?L~
R g = 108010*;DFLy o;[0.75(0.5/H)] UFLa.fL *MPi-A t c):;-

_
, Th ~ '''

u iM;,.e 4^I whers: A Ws ~ ' - ~ . ,' .,

,
-

. ,

. . . , , , - .

108 @.- = conversion factor, grams /kg. e
108: conversion' factor, picocuries/microcuries.

~=

Tao 'a.-ingestion dose 2 conversion 5 factor for tritium for - * e -DFL
M' age > group"a.c organ ; c', mrom/picoeurie1(Table 1. 9) .

~

I
2

s " ''

0 : 75 f,; = the! fraction'ofstotalivegetation that"is'Esterf 'N N
0.5. = the? ratio offtha-specific activity?of the vegetables water.. '' "

-% to'thefatmosphericrwater!" A n * w" * -

M = abs'eluteshumidity of the atmosphere, g/m*.
-UPLa --consumptionaratolof'fresholeafy vegetables by the receptor'-

M in iage 6 group,a,* kg/ year."* *" 'y" '" '*
,

,

| ' fC = fraction #of" fresh' leafy' vegetables grown locally.
. U,'I . dimensionloos r '?:

~

' ' ' '*' " W *- ' N- *' '

--
!

KT = decay constant for tritium, seconds-1 (Table 1.10). '

. s,

te = timeibetween' harvest.'of-vegetablessand'their; consumptionh
and/or storage, seconder', ' "*- '"":''""""'"'a ' ' " " ' ' + c.

. ;. : .u-,, . ,
r . ,

,a-

. - > .w. v . . . . . . e. , . . - ..,.sn..~~- w . u-.n;w

NOT : Factors 4 defined 9above which do#not reference altable for their- <

w .c numericalivalues are given in Table'lilli: 'A'
-

w :mi y .1 ;o -. . . . , , ,
.. .

.
,

o ( p 's 4,

. - .,

a

,
i

%

OG Y ,P

. . . _ , ,, , , ~ .-,

'

, n.-. . . . . - .- . w
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1.8.12 TRITIUM-STORED VEGETABLES DOSE FACTOR - RVTS
(mrem / year per microcuries/ma)

(1-exp(-K tT sy))
RVTS = 108 IOS DFLTao [0.75(0.5/H)] USafg AT tsv 8xP(-A tT he)

where:

10' = conversion factor, grams /kg.
10' = conversion factor, picoeuries/microcuries.

DFLTao = ingestion dose conversion factor for tritium for
age group a, organ o, mrem /picoeurie (Table 1.9).

0.75 = the fraction of total vegetation that is water.
0.5 = the ratio of the specific activity of the vegetation water

-to the atmospheric water.
H = absolute humidity of the atmosphere, g/m ,a ,

usa = consumption rate of stored vegetables by the receptor in
age group a, kg/ year.

f = fraction of stored vegetables grown locally, dimensionless.g
17 = decay constant for tritium, seconds-1 (Table 1.10).

,

time between harvest of stored vegetables and theirty =s
consumption and/or storage, seconds.

the time between harvest of vegetables and their storage,=

seconds.

NOTE: Factors defined above which do not reference a table for their
numerical values are given in Table 1.11.

-
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1.8.13 INMALATION DOSE FACTORS- Ryi
e(mram/ year per microcuries/m )

Ryi = DFAiao BR 10'a

where ,

s

inhalation dose conversion factor for nuclide i,DFA ,o =
i

,

age group a and organ o, meem/ picocurie (Table 1.12).
breathing rate for age group a, m / year (Table 1.11).s

bra =
!conversion factor, picoeurie/ microcurie.105 =

|
:
'

1.8.14 GROUND PLANE DOSE FACTORS - Roi
(m*-arem/ year per microcuries/second)-

Roi = DFG o 1/Ki 105 8760 (1 - exp(-K t )Ii ib

where:
'

dose conversion factor for standing on contaminated ground
DFato a

for nuclide i and organ o (total body and skin), meem/hr per
picoeurie/m3 (Table 1.13). 4

'

decay constant of nuclide i, seconds-1 (Table 1.10).Ki =

conversion factor, picoeurie/microcurio.los = '

conversion factor, hours / year.' 8760 =

time period over which the ground accumulation is evaluated,t3 =

seconds'(Table 1.11).

<

( ..

,

p

!

( ,' Th

i

i

1

!

I '

( Reformatting / Repagination changes only 01441

.

|

.-w
}.ae-~



_ _ - ,
s

,
|

% . ..
.

'%P -

A
n p 6.w g .u4 k . %~ai.r.->4s. .j.A y

.: 4_' j-'
_

,

' 'f b., m . - . . .
,%Km - p' a , ',..

'- :n ' - anyh-QN.bbCM r.- 9. . . _ _ . .' ~ ' '

Wei'e3(6n'24[4 ~
'T "[Ne'vis

-~' -
1 '

94 f 156- d %l
. A

1.^ ^ D. M |,14.9"PISFERM9FMRTINGOLOGY E*D "t r L. .
' '' ' " ~ '-

u A W' ' *p,p,w. . .. . ' ;'Q'Dispersion factors are calculated t'or radioactive effluent; releases- ~ , q*f..
.

. . .
.

' ' ,

..
'A

usingthourlyreverage mit'eorological data consisting of wind speed and~ "4 ,: - - N.G,J "
..

|

direction measuccments at 10m and temperature measurements at 9m and- % si
'

_ _ , , , . m , _y,

k- *R'. _ , . . . , - - , - ~

s t'e n t ' .. . , . . . . e .with' Regulatory,iA4. sector-aveengev dispersionsequat-ionbconsi . %.-

Guide 1.111 istuseda- The6 dispersion'model'consi;ders" plume 'dep1' ticn , % 3.Ie -

ldusing information fromeFigure 145)', and buildiny wake ef fects'.- " " J '."

' Terrain off acteronidispersion- acentot, considered.'" ~

. ,_ _ s..

Hourly average meteoroldgical data are expressed :as a' joint-frequency J - #

distribution: of._ wind.ispeedWwind " direction, and -atmospheric. ~ '

stabilityu >Theijoint-frequency' distribution which represents the ~

_ historical' meteorological data for the period. January 1972 to
~

2 T.[,,.? '
.y*

' December 1975 is given'in Table 1.2; ' '

.y
h wind speed classes that are used are as follows: - - 1

<-*y,

,:;% ,NumberWe .e Renneo(m/ska Midpo in t"(m/ s ) " ; Y"P""""*' # * '"''' -
"

"
, . ...s.. . . t. .c. ~ e.* w

+ ,

, .. u. <, . %._, '.
..

, , es

1 ufe t.AO.3' W - 9.: 0.13
.

7 ~ ~' '

'
- - 2

*t''- 2: . ~? n :073-0.6+ T Q C * ~.00456.'.27
'

, ,

3 ,c, 3 - . W m O . Tais 5 %~ 216;10 < N -

.m # 4-...w.m. & 1.6-2i4. .h . 4 1.99 '' -

5.. . e w w 2r5-3.3 ~ ~ +b + 2 '. 8 8~ "w * ' " " ' - "'* "". . .

6 u M Ui +3e4-5.5 '4.45
_ . .4

7 5.6-8.2 6.91
8 8.3-10.9 9.59
9 >10.9 10.95.

The stability classes that will be used are the. standard A through G e.

classifications. The stability classes 1-7 will correspond to ~

A=1, B=2, ...,.Ga7. '.o
-

,. 3;. .

1.9.1 AIR CONCENTRATION - x '(pci/m )' .
,

a
~

- .

Air.concentrat', ions' of nuclides~.at downwi..nd locations are calculated '
- -.m a. r.

. .. . _ . . . ..,. _. . -, s . - , . ~.

+

'6- , , . , .
- -- N. r. . ..

"using the following" equation:
, ~r

' ~ *' " " ' - ~

,

J., . '*''.J.I a. ;fi ' .. s t ,s .

|
_

n.m.9; 7 e.,.e
.g ..w.,,. - ,y,+, ~e.. _ , - .- c .w. 47 .,m.

.

- ,. ,4,.,,y - , .
.

fjk Qi-p!

xi = 1; E (2/w)f 2 exp(-Ki x/uj)-
- -- - ~-

-

.

/ (1.16)
T+ ' j il 1.=1 Izk uj (2rx/n) '' ' '

where: ,- -

,.
'

, -

s , .- .. . .

fjk ' joint relative frequency of occurrence of winds in windspeed
_

_..

- % class aj..ostability-class 4 k, blowing toward this exposure "y
-

" * * * *,% ,. %
'

point, esepressed as a fraction. >
, . , .

.

..? o s : ..

, n &iggyi$;.j j,4;ig.g3. gwg., .gg. .g
c-

1 - wrs
,
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average annual release rate of radionuclide i, uci/s.Qi =

fraction of radionuclide remaining in plume (Figure 1.5).p =

vertical dispersion coefficient for stability class k whichEzk =

includes a building wake adjustment.
(ojk + cA/w)1/a,=

or = /3 a k, whichever is smaller.z ,

c where
ok is the vertical dispersion coefficient for stabilityz
class k (m) (Figure 1.6),
e is a building shape factor (c=0.5),
A is the minimum building cross-sectional area (1800 m8).
midpoint value of wind speed class interval j, m/s.uj a

downwind distance, m.x =

number of sectors, 16.n =

radioactive decay _ coefficient of radionuclide'i, s-1Ai = .

sector width at point of interest, m.25x/n =

1.9.2 RELATIVE CONCENTRATION - x/0 (sec/m8)
.-

Relative concentrations of nuclides at downwind locations are
calculated using the following equation:

9 7'

x/Q =I E (2/w)1/2 3 (1.17)
j=1 k=1 Ezk uj (2wx/n)

whero

|, fjk joint relative frequency of occurrence of winds in windspeed=

i class j , stability class k, blowing toward this expor,ure
l point, expressed as a fraction.

vertical dispersion coefficient for stability class k whichIzk =

includes a building wake adjustment,
(ajk + cA/w)1/2,=

or = /3 o k, whichever is smaller.z
where

h ok is the vertical dispersion coefficient for stabilityz
class k (m) (Figure 1.6),

i c is a building shape factor (c=0.5),
A is the minimum building cross-sectional area (1800 m2),

midpoint value of wind speed class interval j, m/s.I uj =

x = downwind distance, m.
number of sectors, 16.n a

sector width at point of interest, m.2wx/n =
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- 1;9.3 RELATIVE DEPOSITION D/Oi(m-8)"

,

' '"
.,

.4.,,,,., (-,, .. - ., d g e* . i lp h s ( )gn,% 7p ; ~;1,. Twls *\ Oi . ,
. ,

- Relative deposition of nuclidestatcdownwind'locationstis calculated '

-

using the following equations. n 4 %. .,

,- n .
|.

.g 9: 7' .!
- f j. . . .DR..

.

k

D/Q = I'**k[1 -(2rx/n).
(1.18)

j=1 = .. 4- w a.m
'" ~

", s i r . . . , ,1

, |
'

where
.

i

joint relative *fre''uency of occurrence"offwinds liwinIApeed- fk q=
- 'cla'ss"j'and stability class'k, blowing toward'this". exposure

"p61nt,'" expressed'as a fraction.~

rela. t'ive" depo'siti. on. r' ate, m-1 ( f, rom Fi. .gu.re l'. 7 ) '.DR =
.,, . ,m %-~ sx1 .= downwind distance

.

. m.e

n" number of' sectors 716. ' ""
=

sector width at point of interest, m.2wx/n =

.>yu - w. m a- -n., ; .

.

.,9 m .......f .6 s< a."- - ..-4 .. + , . , , , .

. p s m ; . - c; . ,g .:. , s.v.. e ,.-v ..o. ,

- .
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Yb
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IfJ ~%p .-.bJ g 4
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'
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1
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2.0 LIOUID EFFtUENTS

2.1 RELEASE POTNTS
.

l

There are four systems from which liquid effluents are released to the
environment. These'are the Liquid Radwaste System, the Condensate
Demineralizer System, the Turbine Building Sump, and the Units 1 and 2
Steam Cenorator Blowdown. Figure 2.1 provides an outline of the
liquid release paths and discharge points with associated flow rates
and radiation monitors.

All liquid effluents are ultimately discharged to the Diffuser Pond
which releases to the Tennessee River. The Essential Raw Cooling |Water (ERCW) provides dilution for liquid effluents at a minimum flow i

rate of 15,000 gpm. ERCW flow is monitored by radiation monitors
0-RM-133, -134, -140 -141. The inlet of the Diffuser Pond is
monitored by radiation monitor 0-RM-90-211.

| Liquid Radweste Syctem
l

.

The Liquid Radwaste System processes liquid from the Reactor Building
:and Auxiliary Building Floor Drains and the laundry / hot shower and
chemical drain tanks. Figure 2.2 provides a schematic of the Liquid I

'Radwaste System, showing the liquid pathways, flow rate and radiation
monitors. The normal release points for liquid radwaste are the
Monitor Tank and the Cask Decontamination Collector Tank (CDCT). The
Monitor Tank has a capacity of 22,000 gal and is released routinely at
a flow rate of 125 gpm. The CDCT has a capacity of 15,000 gal and is I

also released routinely at a flow rate of 125 spm. The Monitor Tank
and CDCT discharge to the Cooling Tower Blowdown (CTBD) line as a
batch release and are monitored by radiation monitor 0-RM-90-122.

Condensate Demineralizer System
|

The Condensate Demineralizer System processes liquid wastes coming
from-the High Crud Tanks (HCT-1 and -2), the Neutralization Tank, and
the Non-Reclaimable Waste Tank (NRWT). The HCTs have a capacity of
20,000 gal and a maximum discharge flow rate of 245 spm. The
Neutralization Tank has a capacity of 19,000 gal and a maximum
~ discharge flow rate of 245 gpm. The NRWT has a capacity of 11,000 gal
and a maximum discharge flow rate of 245 spm. The Condensate
Demineralizer System is routinely released to the CTBD line and is
monitored by radiation monitor 0-RM-90-225.

Turbine Building Sump |

I
The Turbine Building Sump (TBS) normally releases to the Low Volume i

Waste Treatment Pond (LVWTP) but can be released to the Yard Pond.
|

|
|

|
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1 01441

,

|
.

|
1

'- _ - - - _ - - -



-

: .
I b

~
.

SQN ODCM.
Revision.24
Page 43 of:156,

The TSS.has acespecity of-30,000 gal and a design discharge releaso ~

rate cf 1,750 gym per pump. TBS releases are monitored by radiation
moni to ri,,0-RN- 90-212. .

s

Steam Generator Blowdown . -. . ., , u .

'... .- . , , . . . , . ....u.,.4 , . . . .. . . . . . - >

The Steam, Generator Blowdown -(80BD) is processed in the; Steam- i

Generator,Draindown Flash Tanks or SGBD Heat.Exchangers..".The SGBD
discharge has a maximum flow rate of 80 gpm per steam generator. SGBD
discharges-to the CTBD line are continaous and are monitored by
radiation monitors (1) (2)-RM-90-120. -121.
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2.2 CONCENTRATION

2.2.1 REOUIREMENTS I

;

The concentration of radioactive asterial released to UNRRSTRICTED R24 I

ARLAS (see Figure 1.3) shall be limited to the concentrations R24 - ;specified in 10 CFR part 20 Appendix B. Tabla II, Colwun 2 for '

radionuclides other than dissolved or entrained noble gases. For ;' dissolved or entrained noble gases, the concentration shall be limited
to 2K10-8 microcuries/ml total activity. i

1

This requirement is applicable at all times.

This requirement is provided to ensure that the concentration of
radioactive materials released in liquid waste effluents to i

UNRESTRICTED AREAS will be less than the concentration levels R24
specified in 10 CFR part 20. Appendix B. Table II, Column 2. This
limitation provides additional assurance that the levels of

radioactive materials in bodies of water in UNRESTRICTED AREAS will R24
result in exposures within (1) the section II.A design objectives of .

Appendix I, 10 CFR 50, to a MEMBER OF Ti!E PUBLIC and (2) the limits of R24
10 CFR 20.106(e) to the population. The concentration limit for
dissolved or entrained noble gases is based upon the assumption that
Ke-135 is the controlling radioisotope and its MpC in air (submersion)
was converted to an equivalent concentration in water using the
methods described in International Commission of Radiological
Protection (ICRp) Publication 2.

'

If this requirement is not met, the follcwing action will be
performed:

With the concentration of radioactive notorial released to i

UNRESTRICTED AREAS exceeding the above limits, without delay, R24
restore the concentration to within the above limits.

To ensure that this esquirement is met:

Radioactive liquid wastes shall be sampled and analyzed according
! to the sampling and analysis program of Table 2.1 and -

'

The results of the radioactivity analysis shall be used in
accordance with the methods in Section 2.2.2 to assure that the >

concentration at the point of release is maintained within the
, limits stated above.
|
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242.2 MPC-SUN OF THE RATIOS *

The sum of;theiratios (Rj) for each release point will be calculated
by the following relationship.
,a- ...s - 1 - (. i .. , t. . . *,

Cg.g.m s . s m,, :. . ..s. .

Rj m, (2.1). ,, u , ,,

v . . . ,

.

where:- ' ' ' ' ' "'

,

__

the sum of-the ratios for release point J. :Rj =

MPCg '=7the MPC of radionuclide 16 as specified in Section 2.2.1,
pCi/mL.
concentration of'radionuclido i,= pCi/mL/ *Cg a

, . - , . _

The' sum of the MPC ratios must'be 5 i due to the releases from any or
all of'the release points described above.

The followin5 relationship is used to~ ensure that'this criterion'is -

mett *" ^ ' '~ *"
.

$, ,,s, . . ,.,o , s

, , .
, , , ,

fR11+fR
'

5,' 1'. 0
. . . , , .

' '

RTBE +
' ' 2 2 +'f R33+fR44 (2.2)' '

-
" ' '.

'

. p. - .

.
.m....3 . . . . . . . - , , ,

where '

RTBS m' sum"of the ration of the turbine building sump as
determined by equation 2.1.' '

f 'f4 = effluent. flow rate for radwaste._condensatof .f2t 3 .l

demineralizer system and each of'the steam generators,
'' respectively, spm.-

'

" -

R ,R ,Ry,R '= sum of' ration for radwaste, condensate"''1 2 4
demineralizer system and each of the steam generators, -

' respectively, as' determined by equation 2.1.
F = minimum dilution flow rate for.CTBD, 15,000 gpm,

o. , i.e , - , t. , , . m , , , . .- o . ..s , ,

.. . . . . . . . . . . . . < . . .
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2.3 RADI0 ACTIVE LIOUID EFFLUENT MONITORING INSTRUMENTATION
t

2.3.1 REOUTREMENTS

The radioactive liquid effluent monitoring instrumentation channels '

shown in Table 2.2 shall be OPERABLE with their alarm / trip setpoints R24

set to ensure that the limits of Section 2.2.1 are not exceeded. The ,

alarm / trip setpoints of those channels shall be determined in
accordance with the methodology and parameters in Section 2.3.3.

This requirement is applicable during all releases via these pathways.

The radioactive liquid effluent instrumentation is provided to monitor ;

and control, as applicable, the releases of radioactive materials in
liquid effluents during actual or potential releases of liquid
effluents. The alarm / trip setpoints for these instruments shall be
calculated in accordance with the procedures in Section 2.3.3 to ,

ensurc that the alarm / trip will occur prior to exceeding the limits of
10 CFR part 20. The OPERABILITY and use of this instrumentation is R24
consistent with the requirements of General Design Criteria 60, 63, .

and 64 of Appendix A to 10 CFR part 50.

If this requirement is not met, the appropriate following action (w)
will be performed;

a. With a radioactive liquid effluent monitoring instrumentation
channel alarm / trip setpoint less conservative than required above,
without delay suspend the release of radioactive liquid effluents
monitored by the affected channel or declare the channel
inoperablo, or change the setpoint so that it is acceptably
conservative.

b. With less than the minimum number of radioactive liquid effluent
monitoring instrumentation channels OPERABLE, take the action R24

, shown in Table 2.2. Exert best effort to return the instruments
! to OPERABLE status within 30 days and, if unsuccessful, explain in R24

the next Semi-Annual Effluent Release Report why the
inoperability could not be corrected within 30 days.

To ensure that this requirement is mett

Each radioactive liquid effluent monitoring channel shall be|

demonstrated OPERABLE by performance of the CHANNEL CHECK, CHANNEL R24
CALIBRATION, and CHANNEL FUNCTIONAL TEST operations at the R24

| frequencies shown in Table 2.3.
(
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2.3.2 RRLEASE SAMPLING- - 5 <..

Radwaste. tanks will be recirculated through two volume changes prior
to sampling to ensure that a representative sample is obtained. The
condensate demineralizer waste evaporator blowdown tanks cannot be
recirculated.. Itowever, the contents willJba transferred to the waste
distillate tanks. prior to release. -

'Condensate demineralizer. tanks are routinely continuously releaseda
and utilize a composite sampler to obtain a representative sample
while being discharged. In the avent of an inoperable effluent
radiation monitor or composite sampler, a two volume recirculation and
two independent samples and analyses will be performed. Releases from
the steam generator blowdown and turbine building sumpa are
considered continuous and grab sampled daily.

;

Prior to a batch release, a grab sample will be taken and analyzed to
determine the concentration, pCi/ml, of each gamma-emitting
nuclide. For. continuous releases,. daily grab or composite samples
will be taken.and analyzed to determine the concentration, vCi/ml. .

of each gamna-emitting nuclide nuclide. Composite samples are
maintained (as required by Table 2.1) to determine the concentration
of certain nuclides (H-3, Fe-55, Sr-89 ..Sr-90,~and alpha emitters).

For those nuclides whose activities are determined from composite
samples (i.e..Sr-89..Sr-90 <Fe-55 and H-3) the concentrations for the
previous composite period.will be assumed.as the concentration for the
next period to perform the calculations in. Sections 2.2, 2.3, 2.4 and
2.5. The actual measured concentrations will be used for the dose
calculations. described.in Section 2.6.

,,

-

,.

, ., , , , . s

..+., , ,,

, . . , o . .. . _ . . . . . . . , . . . _. ..,

a~ Sampling requirements"for these release pointa are applicable'only
during periods of primary-to secondary: leakage. or the release of
radioactivity.as. detected.by the effluent radiation monitor
provided the radiation monitor setpoint is at a LLD of 1 IE-06
pCi/ml and allowing for background radiation during periods when
primary to secondary leakage is occurring;

y

> ; .
,

n.
.
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2.3.3 INSTRUMENT SETPOINTS i

!

Liquid effluent monitor setpoints are determined to ensure that the !

concentration of radioactive material released at any time from the |
site to UNRESTRICTED AREAS does not exceed the MPC limits referenced R24 ;

in Section 2.2.1. -

2.3.3.1 Expected Monitor Response

For each release, the expected monitor response R in epm, is ;

calculated using the following equations !
r

R = B + I Effi*C1 (2.3)
i ;

!

whero
B . = monitor background, cpm. j

Effi = monitor efficiency for nuclide 1, cpm per pCi/cc. ;

Ci = tank concentration of nuclide 1 pCi/cc.
,

.

.

2.3.3.2 Calculated Maximum Monitor Setpoint

For each release from a release point, a setpoint is calculated for -

the appropriate monitor which corresponds to the MPC limit for that ;

release. i

The calculated maximum monitor setpoint S in epm, is given bymax ,

the following equation:
,

Smax = (SAF*(R - B)) + B (2.4) :
!

where ,

SAF = setpoint adjustment factor as calculated below.
R = expected monitor response, cpm, as calculated by equation 2.3

in Section 2.3.3.1. >

B = background, cpm.

Setpoint Adjustment Factor - SAF

The SAF is determined by calculating the required dilution factor for !

the waste stream which will ensure that the MPC limits are met at the,

| UNRESTRICTED AREA boundary. If no dilution is required, then there is R24 ,

|~ no need for a SAF. If dilution is, required to meet the MPC limits, '

the SAF adjusts;the monitor to account for any additional dilution
| over the required amount. The methodology for determining the SAF is '

'

given below.

'

.

.

'
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1. A required dilution factor. DF , is calculated using the '

p
following equation:

i

RJ
-

-
*

DF ar (2.5)
SF ' '.

where

Rj = sum of the MPC ratios for release point j as calculated in .

Section 2.2.2. '

SF = safety f actor for the monitor.

2. The following criteria will be applied to the required dilution
factor to determine the SAFt

A. If the required dilution factor. DFr is less than or equal ,

to 1. then the .5AF = 0. '

B. If the required dilution factor, DF , is greater than 1. SAFe
is calculated using the following equation. This accounts for .

~ the downstream dilution of the waste flow over and above the
required dilution.

, . -,

DFa
SAF =.

DFp
where

r the required dilution factor as calculated above.DF a

DFa * the actual dilution factor, calculated using the
following equation:

FLOWw + ( A * FLOW il )d
DFa= (2.6)'

FLOWw-
where

FLOW = flow of waste stream, spm.w
'

FLOWdi1~ '" flow of the, dilution stream, spm.
A < fraction of dilution flow allocated to this '

.
release point.. For the. TBS."this fraction is

' - sero. The-fractions for the remaining 4-release.
? points are defined as the ratio of:the allocated'-

~ ~ ~

minimum CTBD flow for that release point to the *

saw total minimum CTBD flow. The minimum CTBD flow, -

' allocation for thess-release. points is as follows;.

'', Radwa'ste 9000 gpm
Condensate domineralizer 3000 gpm
Steam generator blow down (Ul) 1500 gpm,

, Steam generator blow down (U2) 1500 gpm
,

1
.

'

| .
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2.3.3.3 Normal Default Setpoint

A normal default setpoint may be determined for each monitor. A
default setpoint for a monitor will be defined and documented in

approved plant procedures. A default setpoint should be low enough to >

ensure that concentration limits defined in Section 2.2.1 are not .

violated and to ensure that unexpected releases are identified.

2.3.3.4 Actual Monitor Setpoints

The maximum calculated monitor setpoint is determined for each monitor
using the methodology in Section 2.3.3.2. The default setpoint is ,

defined in Section 2.3.3.3. The monitor setpoint for the release is
determined as described below.

The setpoint chosen for a monitor for each release is determined as
follows:

1. IF the calculated maximum setpoint is less than the normal
default, Ti(EN the setpoint shall be set equal to the .

calculated maximum setpoint.

2. IF the calculated maximum setpoint is greater than the normal
default, AND X1 times the expected monitor response is
less than the normal default setpoint, Ti!EN the setpoint shall
be set equal to the normal default setpoint.

3. IF the calculated maximum setpoint is greater than the normal
default, AND X1 times the expected monitor response is
greater than the normal default setpoint, TilEN the setpoint
shall be set equal to X1 times the expected response.

1 X is an administrative factor designed to account for expected
variations in monitor response. It will be defined in approved
plant instructions.
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2.3.4-Post-Release Analysis-
,

A post-release analysis will be done using actual release data to
ensure that the limits specified in Section 2.2.1 were not exceeded.

A composite list of. concentrations (Cg), by isotope, will be used -

with the actual waste (f) and dilution (F) flow rates (or volumes)
during the release. The data will be substituted into Equation 2.2 to
demonstrate compliance with'the limits in Section 2.2.1. This data
and setpoints will be recorded in auditable records by plant personnel.

.

+

,

,

>

, . . ,

2, . , ,

,,.. . . . . , . . . .
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2.4 2011

2.4.1 REQUIREMENTS

The dose or dose commitment to a MEMBER OF THE PUBLIC from R24 ,

radioactive materials in liquid effluents released to UNRESTRICTED R24
AREAS shall be limited from each reactor unitt R24

a. During any calendar quarter to less than or equal to 1.5 mram i

to the total body and to less than or equal to 5 mrom to any
organ, and .

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

organ.

This requirement is applicable ab all times.

This requirement is provided to implement the requirements of Sections
II.A III.A, and IV.A of Appendix I, 10 CFR Part 50. The requirement .

imp 1tments the guide set forth in Section II.A of Appendix 1. The
acti>n statements provide the required operating flexibility and at
the Jame time implement the guides set forth in Section IV.A of

'Appendix I to assure that the releases of radioactive materials in
liquid effluents will be kept "as low as reasonable achievabic."
Also, for fresh water sites with drinking water supplies which can be
potentially affected by plant operations, there is reasonable
assurance that the operation of the facility will not result in

'

radionuclide concentrations in the finished drinking water that are in
excess of the requirements of 40 CFR 141. The dose eniculations in
this Section implement the requirements in Section III.A of Appendix I
that conformance with the guides of Appendix 1 be shown by
calculational procedures based on models and data, such that the
actual exposure of a MEMBER OF THE PUBLIC through appropriately R24
modeled pathways is unlikely to substantially underestimated. The
equations specified in this section for calculating the doses due to
the actual release rates of radioactive materials in liquid offluents
are consistent with the methodology provided in Regulatory Guide
1.109, " Calculation of Annual Doses to Man from Routine Releases of
Reactor Effluents f or the Purposes of Evaluating Compliance with 10
CFR Part 50 Appendix I," Revision 1, October 1977 and Regulatory
Guide 1.113. " Estimating Aquatic Dispersion of Effluents from
Accidental and Routino R6 actor Releases for the Purpose of
Implementing Appendix I," April 1977.

1
This requirement applies to the release of liquid offluents from each

i

I reactor at the site. For units with shared radwnste treatment
systems, the liquid effluents from the shared systems are proportioned
among the units sharing that system.

I
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If this requirement is not met, the following action will be
performed:

'With the calculated dose from the release of radioactive materials
in liquid effluents exceeding any of the above limits, prepare and
submit to the Commission within 30 days, pursuant to Technical
Specification 6.9.2, a Special Report which identifies the
cause(s) for exceeding the limit (s) and defines the corrective J
actions that have been taken to reduce the releases and the i

proposed corrective actions to be taken to assure that subsequent '

releases will be in compliance with the above limits. This
special Report shall also include (1) the results of radiological
analyses of the drinking water source and (2) the radiological
impact on finished drinking water supplies with regard to the
requirements of 40 CFR 141 (spplicable only if drinking water
supply is taken from the receiving water body within three miles
downstream of the plant discharge).

To ensure that this requirement is mett
^ '

Cumulative dose contributions from liquid effluents for the ,

current calendar quarter and current calendar year shall be
determined in accordance with the methodology and paramoters in
Section 2.4.2 at least once per 31 days.

,
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2.4.2 CUMULATIVE L10UID EFFLUENT DOSE CALCULATIONS

Doses duu to liquid effluents are calculated for each release for all
age groups (adult, teen, child and infant) and organs (bone, liver,
total body, thyroid, skin, kidney, lung and GI tract). pathways
considered are ingestion of drinking water, fish consumption and .t

recreation-shore 11nc. The maximum individual dose from drinking water
is assumed to be that calculated at the location immediately
downstream from the diffuser (see Table 1.1). The maximum individual
dose from fish ingestion is assumed to be that calculated for the
consumption of fish caught anywhere between the plant and the first .

downstream dam (Chickamauga Dam). The maximum potential recreation
dose is calculated for a location immediately downstream of the plant
outfall. Dose factors for these age groups and pathways are
calculated as described in Section 2.7. For pathways with no age or -

organ specific dose factors (i.e. shoreline recreation), the total
body dose will be added to the internal organ doses for all age groups.

The general equation for the dose calculations is:
.

Dose = 1 Alt TCi D (2.7)
i

where: i

Att = the total dose factor to the total body or any organ t for
nuclide i, mrem /hr per pCi/ml. The total dose factor is the
sum of the dose factors for water ingestion, fish ingestion,
and shoreline recreation, as defined in Section 2.7.

T = the length of time period over which the concentrations and
the flows are averaged for the liquid release, hours.

Ci = the average concentration of radionuclide 1, in undiluted
liquid effluent during the time period T from any liquid
releaso, pC1/ml.

D = the near field average dilution factor for Ci during any
effluent release. D is calculated by the following equation:

FLOWw
D=

0.60 RF
whero

FLOW = maximum undiluted liquid waste flow during the release,w
cfs. For TBS releases, this term is the diluted waste flow
into the pond.
mixing factor of effluent in river, defined as the0.60 a

percentage of the riverflow which is available for dilution
of the release.

RF = default riverflow, cfs. For each release, this value is set
to 1900 cfs (the lowest average quarterly riverflow recorded
from the period 1978-1988).
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From the four age groups considered 'the maximum is determined by
comparing all organ doses for all age groups. The age group with the
highest single organ dose is selected as the critical age group. The I

total body and maximum organ doses for the critical age group are used l
in the calculation of the monthly dose described in Section 2.4.2.2. '

2.4.2.2 Monthly Dose Calculations

At the end of each month, the actual average riverflow for the month
is used to recalculate the liquid doses. The monthly cumulative dose |
is defined as the sum of the doses for the critical age group for each
release during the month. Thus, the monthly cur.ulative dose will be a '

conservative value, consisting of doses belonging to various age
groups depending on-the mix of radionuclides. These doses are
multiplied by the ratio of the default riverflow (7900 cfs) to the
actual monthly average riverflow to obtain the monthly dose. The ,

total body and maximum organ doses determined in this manner are then
used to determine the cumulative quarterly and annual doses described
in Section 2.4.2.3, and for the dose projections described in
Cection 2.5.3. .

2.4.2.3 Cumulative Doses

Quarterly and annual sums of all doses are determined at the end of
each month to compare to the limits given in Section 2.4.1. These
quarterly and annual sume will be the sum of the monthly. cumulative >
doses described in Section 2.4.242 for the. appropriate, months in the
quarter or year. These doses will be used in the comparison to the !

limits.

2,4.2.4 Comparison to Limits

The cumulative calendar quarter and enlendar year doses are compared r

to the limits in Section 2.4.1 once per 31 days to determine !
compliance.

f
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2.5 LIQUID WASTE TRRATMENT
,

I
2.5.1 REQUIREMENT

The liquid radwaste treatment system shall be used to reduce the
radioactive materials in liquid wastes prior to their discharge when
the projected doses due to the liquid effluent to UNRESTRICTED AREAS R24
(see Figure 1.3) would exceed 0.06 mrem per reactor unit to the total

,

body or 0.2 mrom per reactor unit to any organ in a 31-day period.

This requirement is applicable at all times.

The requirement that the appropriate portions of this system be used
'

;

when specified provides assurance that the releases of radioactive
materials in liquid effluents will be kept "as low as reasonable
achievable." This requirement implements the requirements of
10 CFR part 50.36a, General Design Criteria 60 of Appendix A to
10 CFR part 50 and the design objective given in Section II.D of
Appendix I to 10 CFR part 50. The specified limits governing the use
of appropriate portions of the liquid radwaste system were specified .

as a suitable fraction of the dose design objectives set forth in
Section II.A of Appendix I, 10 CFR part 50, for liquid effluents,

b

If this requirement is not met, the following action will be
performed:

With radioactive liquid waste being discharged without treatment
and in excess of the above limits, prepare and submit to the
Commission within 30 days pursuant to Technical
Specification 6.9.2, a Special Report which includes the following
information:

1. Identification of the inoperable equipment or subsystems and
the reason for inoperability.

2. Action (s) taken to restore the inoperable equipment to
OPERABLE status, and R24

3. Summary description of action (s) taken to prevent a recurrence.

To ensure that this requirement is met

Doses due to liquid releases shall be projected at least once per
31 days, in accordance with the methodology and parameters in
Section 2.5.3.

01441
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2.5.2 LTOUID RADWASTE TREATMENT SYSTEM

The liquid radwaste treatment system described below shall be
maintained and operated to keep releases ALARA.

A flow diagram for the LRTS is given in Figure 2.2. The system
consists of one reactor coolant drain tank with two pumps and a floor
and equipment drain sump inside the containment of each unit and the
following shared equipment inside the auxiliary building: one sump
tank and pumps, one tritiated drain collector tank with two pumps and
one filter, one floor drain collector tank with two pumps and one
filter, a waste condensato tank filter, three waste condensate tanks
and two pumps, a chemical drain tank and pump, two laundry and hot
shower tanks and pump, a spent resin storage tank, a cask
decontamination tank with two pumps and two filters, Auxiliary
Building floor end equipment drain sump and pumps, and evaporator with
two distillate tanks, a Mobile Waste Domineralizer System (if needed)
and the associated piping, valves and instrumentation.

2.5.3 DOSE PROJECTIONS .

In accordance with Section 2.5.1, dose projections will be performed

by averaging the two previous month's doses as determined in
Section 2.4.2.2. To determine compliance with the limits, these
averages are assigned as the dose projections for the upcoming month.

The projected doses are compared to the limits of Section 2.5.1. If

the projected doses exceed either of these limits, the liquid radweste
treatment system shall be used to reduce the radioactive materials in
liquid wastes prior to their discharge to UNRESTRICTED AREAS. R24

|
|
|
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'
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2.6 0UARTERLY DOSE CALCULATIONS,

A complete dose analysis utilizing the total estimated liquid releases
for each calendar quarter will be performed and reported as required r

in Section 5.2. Methodology for this analysis is that which is
idescribed in this section using the quarterly release values reported
;by the plant personnel. The releases are assumed, for this

calculation, to be continuous over the 90 day period.

The average dilution factor, D, used for the quarterly calculations is: >

;

1
D= (for receptors upstream (2.7) 3

RF * 0.60 of Chickamauga Dam)
and ig

D= (for receptors downstream (2.8) *

RF of Chickamauga Dam)

where:
.

RF the average actual riverflow for the location at which the=

dose is being determined, cfs.

the fraction of the riverflow available for dilution in the0.60 =

near field, dimensionless.

2.6.1 WATER INGESTION

Water ingestion doses are calculated for each water supply identified
within a 50 mile radius downstream of SQN (Table 2.4). Water +

ingestion doses are calculated for the total body and each internal
organ as described below:

Dors = 105 9.80E-09 Agit Qi D exp(-8.64E+04 Ki t) (2.9)d
;

where

10' = conversion factor, pCi/Ci,
9.80E-09 = conversion factor, cfs per ml/ hour.

AWit = Dose factor for water ingestion for nuclide i, age group
t, mrem / hour per pC1/ml, as calculated in Section 2.7.1.

Qi = Quantity of nuclide i released during the quarter, curies.
D = dilution factor, as described above, cfs-1

Ki radiological decay constant of nuclide i, seconds-1=

(Table 1.10).

I
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decay time for water ingestion, equal to the travel timetd a

from the plant to the water supply plus one day to account
for the time of processing at the water supply (per
Regulatory Guide 1.109), days.
conversion factor, seconds per day.8.64E+04 s

.

2.6.2 FISH INGESTION

Fish ingestion doses are calculated for each identified reach within a
'

50 mile radius downstream of SQN (Table 2.4). Individual fish
ingestion doses are calculated for the total body and each internal

_

organ as described below: '

t) (2.10)Dors = 10' 9.80E-09 0.25 AFit Qi D exp(-8.64E+04 Ki d

where

conversion factor, pCL/C1.10' .

conversion factor, cfs per ml/ hour.9.80E-09 a

fraction of the yearly fish consumption caten in one0.25 = ,

quarter, dimensionless.
Dose factor for fish ingestion for nuclide i, age group t,AFit =

meem/ hour per pCi/ml, as calculated in Section 2.7.2.
,

Quantity of nuclide i released during the quarter, Curies.Qi =

dilution factor, as described above, cfs-1D =

radiological decay constant of nuclide i, seconds-2Ki =

(Table 1.10),
decay time for fish ingestion, equal to the travel timetd =

from the plant to the conter of the reach plus one day to
account for transit through the food chain and food
preparation time (per Regulatory Guide 1.109), days.
conversion factor, seconds per day.8.64E+04 a

2.6.3 S110 RELINE RECREATION

Recreation doses are calculated for each identified reach within a 50
mile radius downstream of SQN (Table 2.4). It is assumed that the
maximum exposed individual spends 500 hours per year on tho shoreline
at a location immediately downstream from the diffusers. Individual
recreation shoreline doses are calculated for the total body and skin

as described below:

Dors = 10' 9.80E-09 rf ARit Qi D exp(-8.64E+04 Ki t) (2.11)d

where
,

conversion factor, pCi/C1.10' a
conversion factor, cfs per ml/ hour.9.80E-09 a

,
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l

rf = recreation factor, used to account for the fact that the j
same amount of time will not be spent at a recreation site '

during each quarter. Recreation factors used are:
q

1st quarter - 0.1 '

2nd quarter - 0.3
3rd quarter - 0.4
Ath quarter - 0.2.

ARit = Dose factor for shoreline recreation for nuclide i, age
group t, mrem / hour per pCi/mi, as calculated in

,

Section 2.7.3.
quantity of nuclide i released during the quarter, Curies.Qt =

D = dilution factor, as described above, cfs-1
radiological decay constant of nuclide i, seconds-1ki =

(Table 1.10).
decay time for recreation, equal to the travel time fromtd =

the plant to the center of the reach, days.
conversion factor, seconds per day.8.64E+04 =

2.6.4 TOTAL MAXTMUM INDIVIDUAL DOSE ,

The total maximum individual total body dose is obtained by summing
the following for each age group: the highest total body water
ingestion dose from among all the public water supplies; the highest
total body fish ingestion dose from among all the reaches; and the
total body maximum shoreline recreation dose. The total maximum
individual organ dose is obtained by summing the following for each
organ and each age group: that organ's highest water ingestion dose
from among all the public water supplies; that organ's highest fish
ingestion dose from among all the reaches; and the total body maximum
shoreline recreation dose. The total maximum individual skin doso is
that skin dose calculated for the maximum shoreline dose.

2.6.5 POPUI.ATION DOSES

For determining population doses to the 50-mile population around the
plant, an average dose is calculated for each age group and each
pathway and then multiplied by the population.

For water ingestion, the general equation used for calculating the
population doses POPWTR, in man-rem for a given PWS is:

5 4

POPWTRg = 10-s [ POP E POP ATHW TWDOSamt (2.12)m a a
mal aal

where:

POPWTRt ' water ingestion population dose to organ t, man-rom.
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_ _ _ _ _ -



c

.

%

SQN ODCM
Revision 24
Page 61 of 156

POPa * fraction of population in each age group a (from
NUREG CR-1004, table 3.39).

Adult 0.665=

Child 0.168=

Infant = 0.015
0.153Teen =

POP ' Population at PWS m. The 4 PWSr and their populationsm
are listed in Table 2.4.

ATNW * ratio of average to maximum water ingestion rates fora
each age group a. Maximum water ingestion rates are
given in Table 1.11. Average water incestion rates, in
L/ year, (from R.G. 1.109 Table E-4) are:

370Adult =

child 260=

Infant = 260
260Teen =

= total individual water ingestion dose to organ t at PWS
TWDOSamt

m, to the age group a, as described in Section 2.6.1,
mrem.

10** = conversion factor for rem / mrem. .

For population doses resulting from fish ingestion the calculation
assumes that all fish caught within a 50-mile radius downstream of SQN
are-consumed by local population. An additional 7-day decay term is

added due to distribution time of sport fish. The general equation
for calculating population doses, POPF, in man-rem from fish ingestion
of all fish caught within a 50-mile radius downstream is:

453.6 HVST APR 4 3 TFDOSart POPa

POPFt= - [ 1 (2.13)
108 108 r=1 a=1 FISH POPa a

where

total fish ingestion population dose to organ t, man-rem.POPFt a

fish harvest for the Tennessee River, 3.04 lbs/ acre / year.HVST =

APR = size of reach, acres (Table 2.4).
* total fish ingestion dose to organ t for reach r, forTFDOSart

the age group a, as described in Section 2.6.2, mrem.
fraction of population in each age group a, as givenPOP *a ,

" " ' above.
amount of fish ingerted by each age group a, kg/ year.FISH aa
Average fish ingestion rat 6s (R.C. 1.109 Table E-4) are:

6.9' - ' Adult- =

2.2Child =

5.2Teen a

conversion ~ factor, g/lb.453.6 =

conversion factor, meem/ rem.108.
conversion (actor, g/kg.

=

108' =
,,
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For recreation shoreline, the general equation used for calculatin5
the population doses POPR, in man-rem is:

4
REQFRA

; POPRt= [ TSHDOSrt SHVIS HRSVIS (2.14)p p
108 8760 r=1

wherer

POPRt total recreation population dose for all reaches toa

organ t, man-rem.
fraction of yearly recreation which occurs in thatREQFRA .

quarter, as given in Section 2.6.3.

TSHDOSrt total shoreline dose rate for organ t, in reach r,a

mrem /h.
shoreline visits per year at each reach r, (Table E.4).SHVIS ap
length of shoreline recreation visit at reach r, 5 hours.HRSV7.Sp a

conversion factor, mrem / rem.los 4

conversion factor, hours / year.8760 .

.

|'
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2.7 LIOUID DOSE FACTOR EQUATIONS

2.7.1 WATER INGESTION - AWit (mrem /hr per pCi/ml)

DFLlat U 10* 108wa

AWit *
8760

wherc:

DFList = ingestion dose conversion factor for nuclide i, age group
a, organ t, meem/pci, (Table 1.9).

U = water consumption rate for age group a, L/ year,wa
(Table 1.11).

IOS = conversion factor, pCi/ pct.

108 = conversion factor, ml/L.
8760 = conversion factor, hours per year.

2.7.2 FISH INCESTION - AFit (mrem /hr per pCi/ml)
.

DFLia{Ufa Bt 106 108
AFit "

8760
where:

DF ist = ingestion dose convercion factor for nuclide i, age groupL
a, organ t, mrem /pci, (Table 1.9).

Ug, = fish consumption rate for age group a, kg/yoar, <

(Table 1.11).
Bt = bioaccumulation factor for nuclide i, pCi/kg per pCi/L,

(Table 2.5).
- 106 . conversion factor, pCi/pci.

108 . conversion factor, ml/L.
8760 = conversion factor, hours per year.

2.7.3 SHORELINE RECREATION - ARit (mrem /hr per pCi/ml).

DFGit K M W 108 10' Uc

8760 * 3600 Ki
where:

DFGit = doue conversion factor for standing on contaminated ground *

for nuclide i and organ t (total body and skin), mrem /hr per
pCi/m , (Table 1.13).a

K . transfer coefficient'from water to shoreline cediment.e
L/kg-hr, (Table 1.11).

2
- M = mass den.ity of sediment, kg/m , (Table 1.11),

9

| !
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transfer coefficient from water to shoreline sediment.
'

K *c
L/kg-hr (Table 1.11).
mass density of sediment, kg/m8, (Table 1.11).M 4

shoreline width factor, dimensionless, (Table 1.11).W =g

108- conversion factor, al/L.a
,

10' conversio'i factor, pCi/pci.=

conversion factor, seconds / hour, i3600 =

decay constant for nuclide 1, seconds **, (Table 1.10).Ki a

time shoreline is exposed to the concentration on the water,tb * '

seconds (Table 1.11).
.U usage factor, 500 hours / year.=

conversion factor, hours / year.8760 a

i

?

?

,

.
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3.0 ,gadioloaical Environmental Monitorina j

3.1 MINIMUM REQUIRED MONTTORING PROGRAM
l

'3.1.1 REQUIRFMENT I

The radiological environmental monitoring program shall be conducted
as specified in Table 3.1. I

I
This requirement is applicable at all times, j

i

The radiological environmental monitoring program required by this
section provides measurements of radiation and radioactive raterials )
in those exposure pathways and for those radionuclides, which lead to

;

the highest potential radiation exposures of individuals resulting
'

from the station operation. This monitoring program thereby
supplements the radiological effluent monitoring program by verifying
that the measurable concentration of radioactive materials and levels
of radiatinn are not higher than expected on the basis of the effluent
measurements and modeling of the environmental exposure pathways. The ,

initially specified monitoring program will be effective for at least
the first three years of commercial operation. Following this period,
program changes may be initiated based on operational experience.

The LLDs required by Table 3.2 are considered optimum for routine
environmental measurements in industrial laboratories. It should be
recognized that the LLD is defined as an a priori (before the fact)
limit representing the capability of a measurement system and not as a
posteriori (after the fact) limit for a particular measurement.
Analyses shall be performed in such a manner that the stated LLDs will
be achieved under routine conditions. Occasionally background ,

'

fluctuations, unavoidably small sample sizes, the presence of
interfering nuclides, or other uncontrollable circumstances reay render
these LLDs unachievable. In such cases, the contributing

circumstances will be identified and described in the Annual
Radiological Environmental Operating Report.

If this requirement is not met, the appropriate following action (s)
will be performed

a. With the radiological environmental monitoring program not being
|

conducted as specified in Table 3.1, prepare and. submit to the
|

Commission, in the Annual Radiological Environmental Operating
Report, a description of the reasons for not conducting the1

program as required and the plans for preventing a recurrence,

b. With the levol of radioactivity in an environmental sampling
medium exceeding the reporting levels of Table 3.3 when averaged
over any calendar quarter, prepare and submit to the Commission
within 30 days from the end of the affected quarter, pursuant to
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Technical Specification 6.9.2, a Special Report that identifies the
cause(s) for exceeding the limit (s) and defines the corrective actions
to be taken to reduce radioactive effluents so that the potential
annual dose to a member of the public is less than the calendar year
limits of Sections 1.4.1, 1.5.1 and 2.4.1. When one or more of the
radionuclides in Table 3.3 is detected in the sampling medium, this
report shall bo submitted ift

,

concentration (1) concentration (2)
'+ +. . g 1.0.

limit level (1) limit level (2) 1

When radionuclides other than those in Table 3.3 are detected and
are the result of plant effluents, this report shall be submitted
if the potential annual doce to a MEMBER OF THE PUBLIC is equal to R24
or greater than the calendar year limits of Sections 1.4.1, 1.5.1
and 2.4.1. This report is not required if the measured level of
radioactivity was not the result of plant effluents; however, in
such an event, the condition shall be reported and described in ,

the Annual Radiological Environmental Operating Report,
,

c. With milk or fresh leafy vegetable samples unavailabic from one or
more of the sample locations required by Table 3.1, identify
locations for obtaining replacement sampics and add them to the
radiological environmental monitoring program within 30 days. The
specified locations from which samples were unavailable may then
be deleted from the monitoring program. Purcuant to Section 5.1,

identify the new locations for obtaining replacement samples in
the Annual Radiological Environmental Operating Report. A revised
figure (s) and table (s) for the ODCM reflecting the new location (s)
shall be included in the next Semi-Annual Effluent Release Report

pursuant to Section 5.2.

To ensure that this requirement is met:

The radiological environmental monitoring samples shall be
'

collected pursuant to Table 3.1 from the locations given in the
tables and figures listed below and shall be analyzed pursuant to
the requirements of Table 3.1 and the detection capabilities
required by Table 3.2.

3.1.2 MONITORING PROGRAM
'

An environmental radiological monitoring program shall be conducted in
accordance with the above requirement. The monitoring program
described in Tables 3.4, 3.5, and 3.6, and in-Figures 3.1, 3.2 and 3.3
shall be conducted. Results of this program shall be reported in

|
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accordance with Section 5.1.

The atmospheric environ.nental radiological monitoring program shall -

consist of monitoring stations from which sampics of air particulates
and atmospheric radioiodine shall be collected.

The terrestrial monitoring program shall consist of the collection of
milk, soil, ground water, drinking water, and food crops. In t

addition, direct gamma radiation levels will be measured in the
vicinity of the plant.

The reservoir campling program shall consist of the collection of
samples of surface water, sediment, clams, and fish.

Deviations are permitted from the required sampling schedule if
specimens are unobtainable due to hazardous conditions, sample ,

unavailability, or to malfunction of sampling equipment. If the
latter, every effort shall be made to complete corrective action prior
to the end of the next sampling period.

.

3.1.3 DETECTION CAPABILITIES

Analytical techniques shall be such that the detection capabilities
listed in Table 3.2 are achieved.

,

,

4

'i
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3.2 LAND USE CENSUS

3.2.1 EEQtITREMENT
r

A Land Use Census shall be conducted and shall identify within a
distance of 8 km (5 miles) the location in each of the 16
meteorological sectors of the nearest milk animal, the nearest
residence, and the nearest garden * of greater then 50 ma

,

(500 fta) producing fresh leafy vegetables.
,

This requirement is applicable at all times.
,

This requirement is provided to ensure that changes in the use of
unrestricted areas are identified and that modifications to the
monitoring program are made if required by the results of that
census. The best sarvey information from the door-to-door, aerial, or
consulting Nith local agricultural authorities shall be used. This
census natisfies the requirements of Section IV.B.3 of Appendix I to
10 CFR Part 50. Restricting the census to gardens of greater than
500 fta provides assurance that significant exposuro pathways via

,

leafy vegetables will be identified and monitored since a garden of
this size is the minimum required to provide the quantity (26 kg/yr)
of leafy vegetables assumed in Regulatory Guide 1.109 for consumption
by a child. To determine this minimum sarden size, the following
assumptions were used, 1) that 20% of the garden was used for growing .

broad leaf vegetation (i.e., similar to lettuce and cabbage), and 2) a
2vegetation yield of 2 kg/m .

The results obtained'in the Land Use Census will be evaluated in ,

accordance with the following appropriate actions:

a. With a Land Use Census identifying a location (s) thst yields a
calculated dose or dose commitment 20% greater than the values >

'

currently being calculated in Sections 1.4 and 1.5, identify the
,

' new location (s) in the next Semi-Annual Effluent Release Report
pursuant to Section 5.2.

b. With a Land Use census identifying a location (s) that yields a
calculated dose or dose commitment (via the same pathway) 20%
greater than at a location f. rem which samples are currently being
obtained in accordance with the requirements of Section 3.1.1, add
the new location (s) within 30 days to the radiological
environmental monitoring program given in Section 3.1.2, if
samples are available. The sampling location (s), excluding the
control station location, having the lowest calculated dose or 1

'

dose commitment (s), via the same exposure pathway, may be deleted
y from this monito' ring program after October 31 of the year in which 1

this Land Use census was conducted. Pursuant to Technical
'

Specification 6.14, submit in the next Semi-Annual Effluent

I
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Release Report documentation for a change in the ODCM including a
revised figure (s) and table (s) for the ODCM reflecting the new
location (s) with the information supporting the change in samplins
locations.

To ensure that this requirement is mett

The Land Use Census shall be conducted during the growing season
at least once per 12 months using that information that will
provide the best results, such as by a door-to-door survey, mail
survey,- telephone survey, serial survey, or by consulting local .

agricultural authorities. The results of the Land Use Census
shall be included in the Annual Radiological Environmental
Operating Report pursuant to Section 5.1.

3.2.2 LAND USE CENSUS

A land uso survey shall be conducted in accordance with the
requirements above. The results of the survey shall be reported in
the Annual Radiological Environmental Operating Report. .

d

Broad loaf vegetation campling'of at 1 cast three different kinds*

of vegetation.may be porformed at the SITE BOUNDARY in each of'two R24
different direction sectors with the highest predicted D/Qs in
lieu of the garden cencus. Specifications for broad leaf
vegetation sampling in Table 3.1.4c chall be followed, including
analysis of control samplos.

01441
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3.3 INTERLABORATORY COMPARISON PROGRAM

|

!3.3.1 REQUIREMENT
j
iAnalyses shall be performed on radioactive materials supplied as part ;

of an Interlaboratory Comparison Program which has been approved by '

the Commission.
;

This requirement is applicable at all times. ;

The requirement for participation in an Interlaboratory Comparison
program is provided to ensure that independent checks on the precision
and accuracy of the measurements of radioactive material in

environmental sample matrices are perfrrmed as part of the quality
assurance program for environmental monitoring in order to demonstrate
that the results are reasonably valid.

,

If this requirement is not met, the following action will be
performed

. ,

With analyses not being performed as required above, report the
corrective actions being taken to prevent a recurrence to the
Commission in the Annual Radiological Environmental Operating
Report.

To ensure that this requirement is met *

A summary of the results obtained as a part of the above required
Interlaboratory Comparison Program and in accordance with the
guidance below shall be included in the Annual Radiological
Environmental Operating Report.

3.3.2 INTERLABORATORY COMPARISON PROGRAM

Analyses shall be performed on radioactive materials supplied as part
of an Interlaboratory Comparison program which has been approved b;-
the NRC. A summary of the results obtained in the intercomparison
shall be included in the Annual Radiological Environmental Operating
Report (or the epa program code designation may be provided).

If analyses are not performed as required correctivo actions taken to
prevent a recurrence shall be reported in the Annual Radiological
Environmental Operating Report.

Reformatting / Repagination changes only
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4.0 TOTAL DOSE

4.1 REQUIREMENT

The annual (calendar year) dose or dose commitment to any MEMBER OF THE R24
PUBLIC, due to releases of radioactivity from uranium fuel cycle- R24
sources, shall be limited to less than or equal to 25 meem to the
total body or any organ (except the thyroid, which r. hall be limited to ,

less than or equal to 75 mrem).

This requirement is applicable at all times.

This requirement is provided to meet the dose limitations of
40 CFR 190. The action requires the preparation and submittal of a.
Special Report whenever the calculated doses from plant radioactive
effluents exceed twice the design objective doses of Appendix I. For
sites containing up to 4 reactors, it is highly unlikely that the
resoitant dose to a MEMBER OF THE PU3LIC~will exceed the dose limits R24
of 40 CFR 190 if the individual reactors remain within the reporting

requirement level. The Special Report will describe a course of ,

action which should result in the limitation of. dose to a MEMBER OF R24

THE PUBLIC for 12 consecutive months to within the'40 CFR 190 limits. R24
For the purposes of the Special Report, it may be assumed that. the
dose commitment to the MEMBER OF THE PUBLIC f rom other uranium fuel R24
cycle sources is negligible, with the exception that dose
contributions from other nuclear fuel cycle facilities at the onme
site or within a radius of 5 miles must be considered.

If this requirement is not met, the following action will be
L

performed:

With the calculated doses from the release of radioactive materials in-
liquid or gaseous effluents exceeding twice the limits of
Section 1.4.1 -1.5.1, or 2.4.1, calculations should be made to

determine if the above limits have been violated. If such is the
case, prepare and submit a Special Report to the Director, Nuclear
Reactor Regulation, U.S. Regulatory Commission, Washington D.C. 20555,
within 30 days, which defines the corrective action to be taken to

| reduce subsequent releases to prevent recurrence of. exceeding,the
limits above. This Special Report, as defined.in 10 CFR Part 20.405c. R24
shall include an analysis which estimates the radiation exposure
(dose) to a MEMBER OF THE PUBLIC from uranium fuel cycle sources R24
(including all effluent pathways and direct radiation) for a calendar '

year that includes the release (s) covered bysthis report. If the

estimated dose (s) exceeds the above limits, and if the release
condition resulting in violation of 40 CFR 190 has not already been
corrected, the Special Report shall include a request for a variance

i in accordance with the provisions of 40 CFR 190 and including the'

specified information of Section 190.11(b). Submittal of the report

.

01441
.

O

I

Y "



__

1

SQN ODCM
Revision 24 i

Page 72 of 156 )
is considered a timely request, and a variance is granted until the
staff action on the request. is completed.' R24

To ensure that this requit ement is met: -

Cumulative dose contributions from liquid and gaseous affluents shall I

be determined in accordance with the methodology and parameters in
Sections 1.4.2, 1.5.2, and 2.4.2.

4.2 ANNUAL MAXIMUM INDIVIDUAL DOSES - TOTAL REPORTED DOSE

To determine compliance with 40 CFR 190 as required in Section 5.2,
the annual dose contributions to the maximum individual from SQN
radioactive ef fluents and all other nearby uranium fuel cycle sourcer

will be considered. The annual dose to the maximum individual will be
conservatively estimated by first, summing the quarterly total body
air submersion dose, the quarterly critical organ dose from gaseous
effluents, the quarterly total body dose from liquid effluents, the
quarterly critical organ dose from liquid offluents, and the direct .

radiation monitoring program, and then taking the sum for each quarter
and summing over the four quarters.

I

:

I
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5.0 REPORTING REQUIREMENTS

5.1 ANNUAL RADIOLOGICAL ENVIRONMENTAL OPERATING REPORT

The annual radiological environmental operating reports shall include
summaries, interpretations, and an analysis of trends of the results
of the radiological environmental surveillance activities for the ;

report period, including a comparison with preoperational studies,
operational controls (as appropriate), and previous environmental
surveillance reports and an assessment of the observed impacts of the
plant operation on thelfsvironment. The reports shall also include
the results of land o ss censuses required by Section 3.2 and a listing
of the new locations ter dros calculations and/or environmental
monitoring identified by the land use coneus. If harmful effects or
evidence of irec'versible damage are detosted by the monitoring, the
report,shs.ll provide an analysis of the problems und a planned course
of action to alleviate the problem.

The annual radiological environmental operating reports shall include
summarized and tabulated results in the format of. Regulatory .

Guide 4.8, December 1975 of all radiological environmental samples
taken during the report period. In the event that some results are-
not available for inclusion with the report, the report shall be
submitted noting and explaining the reasons for the missing results.
The missing data shall be submitted as soon as possible in a
supplementary report.

The reports shall also include the following: a summary description of
the radiological environmental monitoring program; a map of all
sampling locations keyed to a table giving distances and directions
from one reactor; and the results of licensee participation in the
Interlaboratory Comparison Program required by Section 3.3.

5.2 SEMI-ANNUAL RADIOACTIVE EFFLUENT RELEASE REPORT

Semiannual radioactive release reports shall include a summary of the

quantities of radioactive liquid and gaseous effluents and solid waste
released from the unit as outlined in Regulatory Guide-1.21,
" Measuring, Evaluating, and Reporting Radioactivity in Solid Wastes
and Releases of Radioactive Materials in Liquid and Gaseous Effluents
from Light-Water-Cooled Nuclear Power Plants," Revision 1 June 1974,
with data summarized on a quarterly basis following the format of

Appendix B thereof. <

The semiannual radioactive release report shall include unplanned
releases from the site to unres'tricted areas on a quarterly basis and
shall also include any changes made to the ODCM pursuant to Technical
Specification 6.14.

,
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The semiannual radioactive release report shall include information
for solid waste as outlined in the Process Control Program, and shall
also include any changes made to the PCP during the reporting period.

The annual radioactive effluent release report (Radiological Impact)
to be submitted 60 days after January 1 of each year shall include an
annual summary of hourly meteorological data collected over the
previous year. This annual summary may be either in the form of an

,

hour-by-hour listing of wind speed, wind direction, atmospheric
stability, and precipitation (if measured) on magnetic tape, or in the
form of joint frequency distributions of wind speed, wind direction.
and atmospheric stability. In lieu of submission with the annual
radioactive effluent release report, this summary of required
meteorological data may be retained in site in a file that shall be
provided to NRC upon request). This came report shall include an

~

assessment of the radiation doses due to radioactive liquid and
gaseous effluents released from.the unit or station during the

,

previous calendar year. This same report shall also include an
' assessment of the radiation doces from radioactive liquid and gaseous

effluents to MEMBERS OF THE PUBLIC due to their activities inside the R24
SITE BOUNDARY (Figure 1.3) during the report period. All assumptions R24
used in making these assessments (i.e., specific activity, exposure
time, and location) shall be included in those reports. The
meteorological conditions concurrent with the time of release of
radioactive materials in gaseous effluents (as determined by sampling
frequency and measurement) shall be used for determining the gaseous
pathway doses. The assessment of radiation doses shall be performed
in accordance with Sections 1.7 and 2.6.

The annual radioactive effluent release report to be submitted after
January 1 of each year shall also include an assessment of radiation
doses to the likely most exposed MEMBERS OF THE PUBLIC from reactor R24
releasos'and other nearby uranium fuel cycle sources (including doses
from primary effluent pathways and direct radiation) for the previous

( calendar year to show conformance with 40 CFR 190, Environmental
I Radiation ~ protection Standards for Nuclear Power Operation, in

I accordance with Section 4.2. Acceptable methods for calculating the

| dose contribution from liquid and gaseous effluents are given in
Regulatory Cuide 1.109, Revision 1.

|

/

|

|
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6.0 DEFINITIONS

The defined terms in this section appear in capitalized type in the
text and are applicable throughout this ODCM.

6.1 CHANNEL CALIBRATION

A CHANNEL CALIBRATION shall be the adjustment, as necessary, of
the channel output such that it responde with the necessary range
and accuracy to known values of the parameter which the channel
monitors. The CHANNEL CALIBRATION shall encompass the entire
channel including the sensor and alarm and/or trip functions, and
shall include the CHANNEL FUNCTIONAL TEST. The CHANNEL
CALIBRATION may be performed by any series of sequential,
overlapping, or total channel steps such that the entire channel
is calibrated.

6.1 CHANNEL CHECK

A channel check shall be the qualitative assessement of channel -

behavior during operation by observation. This determination ~'

shall include, where possible, comparison of the channel
indication and/or status with other indications and/or status
derived from independent instrument channels measuring the same
parameter.

6.3 CHANNEL FUNCTIONAL TEST

A CHANNEL FUNCTIONAL TEST shall be:

a. Analog channels - the injection of a simulated signal into the
channel as close to the sensor as practicable to verify
OPERABILITY including alarm and/or trip functions.

b. Bistable channel - the injection of a simulated signal into
the sensor to verify OPERABILITY including alarm and/or trip
function.

6.4 GASEOUS RADWASTE TREATMENT SYSTEM

A GASEOUS RADWASTE TREATMENT SYSTEM is any system designed and
installed to reduce radioactive gaseous effluents by collecting

| primary coolant system offgases from the primary system and
' providing for delay or holdup for the purpose of reducing the

total radioactivity prior to release to the environement.

i
l

!
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6.5 DOSE EQUIVALENT I-131

DORE EQUIVALENT I-131 nhall be that concentration of I-131- ,

(pCi/ gram) which alone would produce the same thyroid dose as
the quantity and isottspic mixture of I-131. I-132. I-133. I-134,
and I-135 actually present. The thyroid dose conversion factors

,

used for this calcultation shall be those listed in Table III of
'

TID-14844, " Calculation of Distance Factors for Power and Test
Reactor Sites."

6,6 MEMBER (S) 0F THE PUBLIC

REMBER(S) 0F THE ?UBLIC shall include all individuals who are not
occupationally ar.sociated with the plant. This category shall
include non-employees of the licensee who are permitted to use
portions of the site for recreational, occupational, or other
purposes not associated with plant functions. This category does
not include non-employees such as vending machine servicemen or
postmen who, as part of their formal job function, occasionally
enter an area that is controlled by the licensee for purposes of
protection of individuals from exposure to radiation and

*

radioactive materials.

6.7 OPERABLE - OPERABILITY

A system, subsystem, train, component, or device shall be OPERABLE
or have OPERABILITY when it is capablo of performing its specified +

function (s), and when all necessary attendant instrumentation,
controls, a normal and an emergengy electrical power source,
cooling or seal water, lubrication or other auxiliary equipment
that are required for the system, subsystem, train, component, or
device to perform its function (s) are also capable of performing
their ralated support function.

6.8 MODE

A MOD's shall correspond to any one inclusive combination of core
reactivity condition, power level, and average reactor coolant
temperature specified in Table 1.1 of the SQN Technical
Specifications.

|

6.9 PUROE - PURGING

PURGE or PURGING is the controlled process of discharging air or
j gas from a confinement to maintain temperature, pressure,
i humudity, concentration or other operating condition, in such a

manner that replacement air or gas is required to purify the
confinement.

! Pago Added
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6.10 RATED-THERMAL POWER l

RATED THERMAL POWER shall be a total reactor core heat transfer i

rate to the reactor coolant of 3411 MWt.
'

6.11 SITE BOUNDARY

The SITE BOUNDARY she.11 be that line beyond which the land is not
owned, leased, or otherwise controlled by the licensee (see
Figure 1.3)

6.12 SOURCE CHECK

A SOURCE CHECK shr.ll be the qualitative assessment of channel
response when the channel sensor is exposed to a radioactive
source.

6.13 UNRESTRICTED AREA

An UNRESTRICTE'J AREA shall be any area, at or beyond the SITE ,

BOUNDARY to which access is not controlled by the licensee for

purposed of protection of individuals from exposure to radiation
and radioactive materials or any area within the SITE BOUNDARY
used for residential quarters or industrial, commercial,
institutional, and/or recreational purposes.

6.14 VENTILATION EXHAUST TREATMENT SYSTEM

A VENTILATION EXHAUST TREATMENT SYSTEM is any system designed and
| installed to reduce gaseous radiolodine or radioactive material in

particulate form in effluents by passing ventilation or vent
exhaust gares through charcoal adsorbers and/or HEPA filters for
the purpose of removing iodines or particulates from the gaseous
exhaust stream prior to the release to the environment (such a
system is not considered to have any effect on noble gas
effluents). Engineered Safety Feature (ESF) atmospheric cleanup
systens are not considered to be VENTILATION EXHAUST TREATMENT
SYSTEM components.

6.15"~ VENTING

VENTING is the' controlled process of discharging air or gas from a
cor.finement to maintain temperature, pressure, humidity,
coacentration, or other operating condition, in such a manner that
replacement air gas _is not provided or required during VENTINC.
Vent, used in' system names, does not imply a VENTING process.

|
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Table 1.1 (Page 1 of 4)

RADIOACTIVE GASEOUS WASTE MONITORING SAMPLING AND ANALYSIS PROGRAM
+

Gaseous- Minimum Type of- Lower Limit-of
Release Sampling Analysis Activity Detection (LLD)
Type- Frequency Frequency. Analysis (pC1/ml)" .

A. Waste Gas. P P

Storage Each. Tank Each Teak Principal -1x10~'
Tank Grab Gamma

Emitters 8

B. Containment
1.' PURGE P' D'- Principal 1x10'' R24

c Each FURGE Each PURGE- Gamma 'R24
Grab Emitters 8
Sample H-3 1x10~'-

DJ DJ Principal. lx10~"
'2. Vent Each Day Each Day Gamma

8Grab- Emitters '
c Gample H-3 1x10''

O. Noble Gases and M M Principal 1x10-'
Tritium Grab Gamma

Sample Emitters 8..,

Vacuum H-3' 1x10''
Exhaust"

2. Auxiliary
-Building
Exhaust *''

3

3. Service Bldg. i

Exhaust :i
;

4. Shield Bldg.
Exhaust ***'"

.

:

1

.i
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L Table 1.1 (Page 2 of 4) [
RADIOACTIVE GASEOUS WASTE MONITORING SAMPLING AND ANALYSIS PROGRAM

'

I
. ;

i Gaseous. Minimum Type of Lower Limit of 3
Release- Sampling- Analysis Activity Detection -LLD
Type Frequency Frequency Analysis (pCi/ml)* ,

D. Iodine and W" I-131' lx10'''
Particulates Continuous' Charcoal .|

Sampler Sample "

1. Auxiliary- W" Principal lx10-i' l
Building Continuous' Particulate Gamma J
Exhaust Sampler. Sample Emitters" i

(I-131,

2.. Shield Others)
Building i

Exhaust M Gross Alpha 1x10'''
Continuous' Composite
Sampler Particulate ,

Sample
.

Q Sr-89,- 1x10-'' [
Continuous' Composite Sr-90

'

Sampler Particulate
Sample

E. Noble Cases Continuous' Noble Gas Noble Cases 1x10-'
all Release Monitor Monitor Gross Beta
types as or Gamma i

listed in C
__

.

*

.
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Table 1.1 (Page 3 of 4)

RADIOACTIVE GASEOUS WASTE MONITORING SAMPLING AND ANALYSIS PROGRAM
TABLE NOTATION

,

P = Completed prior to each release.
D = At least once per 24 hours
M = At least once per 31 days i

W = At least once per 7 days
Q = At least once per 92 days

a The LLD is defined, for the purpose of these specifications, as the
smallest concentration of radioactive material in a sample that will
yield a net count above system be.ckground that will be detected with
95% probability with only a 5% probability of falsely concluding
that a blank observation represtants a "real" signal..

For a particular measurement s?tstem (which may include radiochemical. R24
separation):

4.66s.
LLD =

'

E V 2.22x10' Y exp (-A At)

Where:

LLD is the "a priori" lower limit of detection as defined above in
microcurie per unit mass or volume,
so is the standard deviation of the background counting rate or of
the counting rate of a blank sample as appropriate (as counts per
minute).
E is the counting efficiency as counts per disintegration,
V is the sample size in units of mass or volume,
2.22x10' is the number of disintegrations per minute per
microcurie,

Y is the fractional radiochemical yield (when applicable),
X is the radioactive decay constant for the particular
radionuclide, and

at is the elapsed time between midpoint of sample collection and
time of counting (riidpoint).

It should be note <1 tha; the LLD is defined as an a priori (before
the fact) limit representing the capability of a measurement system
and not an a pos eriori (after the fact) limit for a particular
measurement,

b Sampling and aralysis shall also be performed following shutdown,
startup, or a :hermal power change exceeding 15% of RATED THERMAL R24
POWER within 1 hour unless (1) analysis shows that the DOSE R24
EQUIVALENT I-131 concentratica in the primary coolant has not R24
increased more than a factor of 3 and (2) the containment noble gas
activity monitor (RE-90-106 or RE-90-ll2) shows that the
radioactivit.y has not ' increased by more than a factor of 3.

Reformatting,/ Repagination changes only 01461
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Table 1.1 (Page 4 of 4)
RADIDACTIVE GASEOUS WASTE MONITORING SAMPLING AND ANALYSIS PROGRAM

TABLE NOTATION
,

c Tritium grab samples shall be taken at least once per 24 hours when
the refueling canal is flooded.

d Samples shall be changed at least once per 7 days and analyses shall
be completed within 48 hours af ter changing (or af ter removal f rom
sampler). Sampling shall also be performed at 1 cast once per 24
hours for at least 2 days following each shutdown from 115% RATED R24
THERMAL POWER, startup of 115% RATED THERMAL POWER or THERMAL POWER R24
change exceeding 15% of RATED THERMAL POWER in one hour and analyses R24
shall be completed within 48 hours of changing. When samples '

collected for 24 hours are analyzed, the corresponding LLD's may be -

increased by-a factor of 10.

e Tritium grab samples shall be taken at least once per 7 days from
the ventilation exhaust from the spent fuel pool area, whenever
spent fuel is in the spent fuel pool.

.

f The ratio of the sample flow rate to the sampled stream flow rate
shall be known for the time period covered by each dose or dose rate
calculation made in accordance with Sections 1.2, 1.4, and 1.5. "

g The principal gamma emitters for which the LLD specification applies
exclusively are the following radionuclides: Kr-87, Kr-88, Xe-133,
Xe-133m, Xc-135, and Xe-138 for noble gases and Mn-54, Fe-59, I-131,
Co-58, Co-60, 2n-65, Mo-99, Cs-134. Cs-137 Ce-141 and Cc-144 for
particulate principal gamma emitters. This list does not mean that
only these nuclides are to be detected and reported. Other gamma
peaks which are measurable and identifiable, together with the above
nuclides, shall also be analyzed and reported in the Semi-annual
Radioactive Effluent Release Report pursuant to Section 5.2.

h During releases via this exhaust system.

1 PURGING - Applicable in MODES 1, 2, 3 and 4, the upper and lower R24
compartments of the containment shall be sampled prior to PURGING. R24
Prior to breaking containment integrity in MODE 5 or 6, the upper R24
and lower compartments of the containment shall.be sampled. The
incore instrument room purge sample shall be obtained-at the shield
building exhaust-between'20 and:25 minutes following initiation of
the incore instrument room PURGE. R24

'

j VENTING - Applicable in MODES 1, 2, 3, and 4; the containment will R24
be VENTED to the containment annulus and then to the auxiliary R24
building via containment annulus fans. The lower containment
compartment shall be sampled daily when VENTING'is to occur to R24
account for the radioactivity being discharged from the VENTING R24
process.

,
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'Table 1 2 (1 of 7)

-JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED-
FOR DIFFERENT STABILITY CLASSES *

Sequoyah Nuclear Plant Meteorological Facility *
Jan. 1, 72 - Dec. 31, 75-

Stability Class A
Delta T1-1.9 deg. C/100m.

Wind Speed (mph) |
0.6- 1.5- 3.5- 5.5- 7.5- 12.5- 18.5- tc

| Calm - ~1. 4 3.4 _5.4 7.4 12.4 18.4' 24.4 >24.5' Tota 11 -

|

N 0.01 0.01 0.01 0.03 0.04 0.04- 0.0' O.0 0,0 0.13 '

NNE 0.0 0.0 0.04 0.19 ~0.20 0.16 0.01 0.0 0.0 0.60
NE 0.0 0.0 0.08 0.20 0.15 0.13 0.0 0.0 0.0 0.56- '

ENE 0.0 - 0.0 0.03 0.03 0.01 0.0 0.0 0.0 0.0 0.07
E. 0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.0 0.01
ESE 0.0 0.0 0.01 0.01 0.0 0.0 0.01 0.0 0.0 0.03
SE 0.0 0.0 0.01 0.02 0.0 0.0 0.0 0.0 0.0 0.03

'

SSE - 0.0 0.0 0.01 0.03 0.02 0.02 0.01 0.0- 0.0 0.09
S 0.0- 0.0 - 0.01 0.04 0.06- 0.05 0.01 0.0 0.0 0.17 :

'
SSW - 0.0 0.0 0.01 0.09 0.18 0.16 0.01 0.0 0.0 0.45
SW 0.0 0.0 0.04 0.12 0.10 0.09 0.02 0.0 0.0 0.37
-WSW 0.0 0.0 0.02 0.03 0.03 0.02 0.02 0.0 0.0 0.12

'

W 0.0 0.0 0.01 0.0 0.01 0.02 0.0 0.0 0.0 0.04
WNW. 0.0 0.0 0.0- 0.0 0.0 0.01 0.01 0.0 0.0 0.02
NW 0.0 0.0 0.01 0.01 0.01 0.05 0.01 0.0 0.0 0.09 r

'
NNW 0.0 0.0 0.01 0.0 0.02 0.08 0.01 0.0 0.0 0.12
Sub-
total 0.01 0.01 0.31 0.80 0.83 0.83 0.12 0.0 0.0 2.90

958 stability class A occurrences out of total 32723 valid temperature-
~

difference readings.

934 valid wind direction / wind speed, readings out of total 958 stability
class A occurrences.

o

All columns'and calm. total 100 percent of net valid readings-

'* Meteorological Facility located 0.74 miles SW of Sequoyah Nuclear Plant.
4 Temperature _InstrumentsL33 and 150 feet above ground.

Wind instruments 33 feet above ground.
, . .

,
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Table 1.2 (2 of.7)
JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED

FOR DIFFERENT STABILITY CLASSES *

Sequoyah Nuclear Plant Meteo.ological Facility *
Jan. 1, 72 - Dec. 31, 75

Stability Class B
-1.9 < delta T1-1.7 deg. C/100m

Wind Speed (mph)
0.6- 1.5- 3.5- 5.5- 7.5- 12.5- 18.5-

Calm 1.4 3.4 5.4 7.4 12.4 18.4 24.4 >24.5 Total

N 0.0 0.0 0.01 0.01 0.02 0.03 0.0 0.0 0.0 0.07
NNE 0.0 0.0 0.05 0.23 0.20 0.18 0.01 0.0 0.0 0.67
NE 0.01 0.0 0.08 0.29 0.09 0.06 0.0 0.0 0.0 0.52'

ENE 0.0 0.0 0.03 0.03 0.01 0.0 0.0 0.0 0.0 0.07
E 0.0 0.0 0.02 0.01 0.0 0.0 0.0 0.0 0.0 0.03
ESE 0.0 0.0 0.0 0.01 0.0 0.0 0.0 0.0 0.0 0.01
SE 0.0 0.0 0.01 0.02 0.0 0.01 0.0 0.0 0.0 0.04 .

SSE 0.0 0.0 0.01 0.03 0.0 0.02 0.0 0.0 0.0 0.06
S 0.0 0.0 0.03 0.03 0.07 0.04 0.01 0.0 0.0 0.18
SSW 0.0 0.0 0.04 0.09 0.20 0.20 0.03 0.0 0.0 0.56 '

SW 0.0 0.0 0.03 0.11 0.14 0.10 0.02 0.0 0.0 0.40
WSW 0.0 0.0 0.01 0.01 0.03 0.02 0.01 0.01 0.0 0.09
W 0.0 0.0 0.0 0.0 0.01 0.01 0.0 0.0 0.0 0.02
WNW 0.0 0.0 0.0 0.01 0.01 0.03 0.0 0.0 0.0 0.05
NW 0.0 0.0 0.0 0.0 0.01 0.05 0.0 0.0 0.0 0.06
NNW 0.0 0.0 0.nl 0.02 0.02 0.06 0.01 0.0 0.0 0.12
SUB-
TOTAL 0.01 0.0 0.33 0.90 0.81 0.81 0.09 0.01 0.0 2.95

969 stability class B occurrences out of total 32723 valid temperature
difference readings.

953 valid wind direction / wind speed readings out of total 969 stability
class B occurrences.

-All columns and calm total 100 percent of not valid readings.

* Meteorological ' facility ' located 0.74 miles SW of Sequoyah Nuclear ~ Plant. '

Temperature instruments 33'and 150 feet above ground.
Wind instruments 33' feet above ground.

.

I
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Table 1.2 (3 of 7)
JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED

FOR DIFFERENT STABILITY CLASSES *
I

.

Sequoyah Nuclear Plant Meteorological Facility *
'' Jan. 1, 72 - Dec. 31, 75

.

Stability Class C
-1.7 < delta Ti-1.5 deg. C/100ms--

Wind Speed (mph)
0.6- 1.5- 3.5- 5.5- 7.5- 12.5- 18.5-

Calm 1.4_ 3.4 5.4 7.4 12.4 18.4 24.4 >24.5 Total,

N 0.0 0.0 0.01 0.02 0.02 0.02 0.0 0.0 0.0 0.07,

NNE 0.0 0.0 0.05 0.12 0.11 0.11 0.0 0.0 0.0 0.39
NE 0.0 .0.0 0.05 0.14 0.05 0.03 0.0 0.0 0.0 0.27 ;

e ENE 0.0 0.0 0.03 0.02 0.0 0.0 0.0 0.0 0.0 0.05
'

E 0.0 0.0 0.01 0.01 0.0 0.0 0.0 0.0 0.0 0.02
ESE 0.0 0.0 0.01 0.01 0.0 0.0 0.0 0.0 0.0- 0.02 ,

!SE 0.0- 0.0 0.01 0.01 0.0 0.0 0.0 0.0 0.0 0.02 ,
SSE 0.0 0.0 0.01. 0.02 0.0 0.02 0.0- 0.0 0.0 0.05
S 0.0 0.0 0.03 0.04 0.06 0.05 0.0 0.0 0.0 0.18- I

SSW 0.0 0.0 0.01 0.11 0.14 0.13 0.02 0.0 0.0 0.41
SW 0.0 0. 0. 0.03 0.08 0.12 0.07 0.01 0.0 0.0 0.31
WSW 0.0 0.0 0.01 0.02 0.03 0.02 0.0 0.01 0.0 0.08

'W- 0.0 0.0 0.0 0.01 0.0 0.01 0.01 0.0 0.0 0.03
WNW 0.0 0.0 0.0 0.01 0.01 0.01 0.0 0.0 0.0 0.03
NW 0.0 0.0 0.0 0.0 0.02 0.03 0.01 0.0 0.0 0.06 .I
NNW 0.0 0.0 0.0 0.02 0.02 0.05 0.0 0.0 0.0 0.09 '

SUB-
TOTAL 0.0 0.0 0.26 0.64 0.58 0.55 0.05 0.0 0.0 2.08

i

684 stability class C occurrences out of total-32723 valid temperature
difference readings. i

!
672 valid wind direction / wind speed readings out of total 684 stability !
class C occurrences.

|

A11' columns and calm total 100 percent of net valid readings.

* Meteorological facility located 0.74 miles SW of Sequoyah Nuclear Plant
Temperature instruments 33 and 150 feet above ground. .

Wind instruments 33 feet above ground. |

i

i
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Table 1.2 (4 of 7)
JOINT PERCENTACE FREQUENCIES OF WIND DIRECTION AND WIND SPEED

FOR DIFFERENT STABILITY CLASSES *

Sequoyah Nuclear Plant Meteorological Facility *
Jan. 1, 72 - Dec. 31, 75

.

Stability Class D
-1.5 < delta T<-0.5 deg. C/100m

Wind Speed (mph)
0.6- 1.5- 3.5- 5.5- 7.5- 12.5- 18.5-

Calm 1.4 3.4 5.4 7.4 12.4 18.4 24.4 >24.5 Total

N 0.003 0.01 0.24 0.22 0.16 0.17 0.0 0.0 0.0 0.80
NNE 0.017 0.06 0.73 1.03- 0.84 0.78 0.07 0.0 0.0 3.51
NE 0.006 0.02 0.76 0.88 0.42 0.42 0.05 0.0 0.0 2.55
ENE 0.003 0.01 0.21 0.11 0.03 0.0 0.0 0.0 0.0 0.36
E 0.003 0.01 0.12 0.03 0.02 0.01 0.0 0.0 0.0 0.19
ESE 0.003 0.01 0.06 0.02 0.0 0.0 0.0 0.0 0.0 0.09 |
SE 0.0 0.0 0.12 0.08 0.0 0.0 0.0 0.0 0.0 0.20

'

.

SSE 0.0 0.0 0.15 0.15 0.05 0.06 0.01 0.01 0.0 0.43
S 0.003- 0.01 0.31 0.53 0.38 0.25 0.02 0.0 0.0 1.50

~ SSW 0.003 0.01 0.44 1.25 0,95 0.70 0.07 0.0 0.0 3.42
SW 0.003 0.01 0.47 1.17 1.03 0.52 0.03 0.01 0.0 3.24
WSW 0.0 0.0 0.22 0.34 0.18 0.21 0.07 0.01 0.0 1.03
W 0.003 0.01 0.06 0.08 0.10 0.19 0.02 0.01 0.0 0.47
WNV 0.003 0.01 0.06 0.05 0.11 0.18 0.01 0.0 0.0 0.42
NW 0.0 0.0 0.08 0.08 0.22 0.31 0.03 0.0 0.0 0.72
NNW 0.003 0.01 0.15 0.14 0.25 0.36 0.02 0.0 0.0 0.93 |Sun- 1

TOTAL 0.05 0.18 4.18 6.16 4.74 4.16 0.40 0.04 0.0 19.86

6567 stability class D occurrences out of total 32723 valid temperature |difference readings,
q

6345 valid wind direction / wind speed readings out of total 6567 stability j
class D occurrences.

All columns and calm total 100 percent of net valid readings.
!

* Meteorological facility located 0.74 miles SW of Sequoyah Nuclear Plant.
Temperature instruments 33 and 150 feet above ground.
Wind instruments 33 feet above ground. !

!
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Table 1.2 (5 of 7)
JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED

FOR DIFFERENT STABILITY CLASSES *

Sequoyah Nuclear Plant Meteorological Facility *
Jan. 1, 72 - Dec. 31, 75

Stability Class E
-0.5 < delta T< 1.5 deg. C/100m

Wind Speed (niph)
0.6- 1.5- 3.5- 5.5- 7.5- 12.5- 18.5-

Calm 1.4 3.4 5.4 7.4 12.4 18.4 24.4 >24.5 Total +

N 0.017 0.23 1.26 0.83 0.39 0.27 0.0 0.0 0.0 2.98
NNE 0.023 0.31 2.83 2.46 1.07 0.92 0.03 0.0 0.0 7.62
NE 0.011 0.15 1.03 0.71 0.31 0.18 0.01 0.0 0.0 2.39
ENE 0.009 0.12 0.48 0.16 0.04 0.0 0.0 0.0 0.0 0.80
E 0.010 0.14 0.24 0.05 0.01 0.01 0.0 0.0 0.0 0.45
ESE 0.007 0.09 0.11 0.01 0.01 0.01 0.01 0.0 0.0 0.24
SE 0.007 0.10 0.37 0.06 0.01 0.01 0.0 0.0 0.0 0.55
SSE- 0.008 0.11 0.58 0.24 0.13 0.23 0.04 0.02 0.0 1.35
S 0.013 0.17 1.33 1.49 0.91 1.05 0.08 0.0 0.0 5.03
SSW 0.007 0.10 1.67 2.32 1.67 1.45 0.11 0.0 0.0 7.32
SW 0.013 0.17 1.59 2.07 1.30 0.99 0.10 0.0 0.0 6.22
WSW 0.010 0.13 0.87 0.55 0.35 0.40 0.06 0.0 0.0 2.36
W 0.007 0.10 0.42 0.28 0.21 0.22 0.03 0.0 0.0 1.26
WNW 0.010 0.14 0.37 0.22 0.19 0.27 0.02 0.0 0.0 1.21
NW 0.007 0.10 0.50 0.37 0.43 0.38 0.02 0.0 0.0 1.80
NNW 0.011 0.15 0.80 0.68 0.57 0.40 0.01 0.0 0.0 2.61
Sub-
total 0.17 2.31 14.45 12.50 7.60 6.79 0.52 0.02 0.0 44.19

14624 stability class E occurrences out of total 32723 valid temperature
difference readings.

14146 valid wind direction / wind speed readings out of total 14624 stability
class E occurrences.

All columns and calm total 100 percent of net valid readings.

* Meteorological facility located 0.74 miles SW of Sequoyah Nuclear Plant.
Temperature instruments 33 and 150 feet above ground.
Wind instruments 33 feet above g~round.

|
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Table 1.2 (6 of 7)
JOINT PERCENTAGE-FREQUENCIES OF WIND DIRECTION AND WIND SPEED

FOR DIFFERENT STABILITY CALSSES*

i Sequoyah Nuclear Plant Meteorological Facility *
Jan. 1, 72 - Dec. 31, 75

..

Stability Class F
1.5 e delta T1 4.0 deg. C/100m *

Wind Speed (mph)
0.6- 1.5- 3.5- 5.5- 7.5- 12.5- 18.5-

Calm- 1.4 3.4 5.4 7.4 12.4 18.4 24.4 >24.5 Total

N 0.011 0.21 1.37 0.44 0.04 0.0 0.0 0.0 0.0 2.06
NNE 0.018 0.35 3.61 0.84 0.05 0.0 0.0 0.0 0.0 4.85
NE 0.011 0.21 1.15 0.28 0.01 0.0 0.0- 0.0 0.0 1.65
ENE 0.008 0.16 0.39 0.03 0.0 0.0 0.0 0.0 0.0 0.58
E 0.010 0.20 0.22 0.0 0.0 0.0 0.0 0.0 0.0 0.42
ESE- 0.007 0.13 0.18 0.02 0.0 0.0 0.0 0.0 0.0 0.33
SE 0.007 0.14 0.23 0.02 0.0 0.0 0.0 0.0 0.0 0.39 ,
SSE 0.008 0.15 0.37 0.07 0.03- 0.01 0.0 0.0 0.0 0.63
S 0.009 0.17 0.77 0.30 0.10 0.06 0.0 0.0 0.0 1.40
SSW 0.006 0.12 1.13 0.71 0.26 0.11 0.0 0.0 0.0 2.33

-SW 0.005 0.10 0.99 0.86 0.27 0.13 0.0 0.0 0.0 2.35
WSW 0.005 0.09 0.46 0.19 0.04 0.01 0.0 0.0 0.0 0.79
W' O 004 0.07 0.20 0.07 0.01 0.0 0.0 0.0 0.0 0.35
WNW 0.005 0.10 0.24 0.07 0.01 0.0 0.0 0.0 0.0 0.42
NW 0.003 0.05 0.29 0.15 0.05 0.01 0.0 0.0 0.0 0.55
NNW 0'005 0.09 0.52 0.34 0.05 0.01 0.0 0.0 0.0 1.01.

SUD-
TOTAL 0.12 2.34 12.12 4.39 0.92 0.34 0.0 0.0 0.0 20.11

6542 stability class F occurrences out of total 32723 valid temperature :
difference readings.

6461 valid wind direction / wind speed readings out of total 6542 stability
class F occurrences.

All columns and calm total 100 percent of net valid readings.

* Meteorological facility located 0.74 miles SW of'Sequoyah Nuclear Plant.
Temperature instruments 33 and 150 feet above ground.
Wind instruments 33 feet abov'e ground.

,
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Table 1.2 (7 of 7)
JOINT PERCENTAGE FREQUENCIES OF WIND DIRECTION AND WIND SPEED

FOR DIFFERENT STABILITY CLASSES * '

Sequoyah Nuclear Plant Meteorological Facility * j
'

Jan. 1, 72 - Dec. 31 75-

.t
Stability Class G -

,

Delta T > 4.0 deg. C/100m ,

Wind Speed (mph)
0.6- 1.5- 3.5- 5.5- 7.5- 12.5- 18.5-

Calm 1.4 3. 4 - 5.4 7.4 12.4 18.4 24.4 >24.5 Total
3n

N 0.003 0.06 0.33 0.09 0.0 0.0 0.0 0.0 0. 0 ~' O.48
NNE 0.005 0.10 1.03 0.20 '0.0 0.0 0.0 0.0 0.0 1.33

'NE' O.005 0.09 0.74 0.12 0.0 0.0 0.0 0.0 0.0 0.95,

ENE 0.007- 0.13 0.42 0.02 0.0- 0.0- 0.0 0.0 0.0 0.57
E 0.007 0.14 0.18 0.01 0.0 0.0 0.0 0.0 0.0 0.33'
ESE - 0.006 0.11 0.08 0.01 '0.0 0.0 0.0 0.0 0.0 0.20
SE 0.005 0.09 0.08 0.0 0.0 0.0 0.0 0.0 0.0 0.17 ,
SSE 0.008' .-0.16 0.21 0.0 0.01 0.0 0.0 0.0 0.0 0.37
S' O.006 0.11 0.39 0.04 0.02 0.0 0.0 0.0 0.0. 0.55-
SSW 0.003 0.06- -0.48 0.32 0.06 0.01 0.0 0.0 0.0 0.89-
SW 0.002 0.03 0.44 0.42 0.0 0.0 0.0 0.0 0.0 0.95 ,

WSW 0.001 .0.01 0.11' O.07 0.0 0.0 0.0 0.0 0.0 0.19 .c
W 0.002 0.03 0.08 0.02 0.0 0.0 0.0 0.0 0.0- 0.13
WNW- 0.001 0.01 0.03 0.01 0.0 0.01- 0.0 0.0 0.0 0.06-
NW 0.001 0.02 0.06 0.03 0.0 0.0 0.0 0.0 0.0 0.11
NNW 0.001 0.02 0.08- 0.03 0.0 0.0 0.0 0.0 0.0 0.13
SUB-
TOTAL 0.06 1.17 4.74 1.39 0.09 0.2 0.0 0.0 0.0 7.41

2379 stability class G occurrences out of total 32723 valid temperature-

difference readings.

2378' valid wind direction / wind speed readings out of' total 2379 stability.
class G occurrences.

All columns and calm total 100 percent of net valid readings.

* Meteorological facility located 0.74 Miles SW of Sequoyah Nuclear Plant.
Temperature' instruments 33 and 150 feet above ground.
-Wind' instruments 33 feet above ground.
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Table 1.3 '
t

SQN - OFFSITE RECEPTOR LOCATION DATA '

,

DISTANCE X/Q D/Q
'

POINT from plant (s/m*). (1/m*)
(m)

Site Boundary N 950 5.12E-06 1.29E-08 .

Site Boundary NNE 2260 1.93E-06 5.2SE-09
Site Boundary- NE , 1910 '2.32E-06- 6.33E-09
Site Boundary ENE 1680 1.12E-06 2.64E-09

' .
Site Boundary E 1570 7.10E-07 1.46E-09

. . .

|Site Boundary ESE 1460 7.91E-07 1.58E-09 *

Site Boundary SE 1460 9.14E-07 2.41E-09
Site Boundary SSE 1550 1.34E-06 -3.23E-09s

.

Site Boundary S 1570 2.37E-06 4.18E-09 ;

Site Boundary SSW 1840 4.51E-06 9.26E-09
Site Boundary- SW 2470 1.38E-06 2.63E-09 *

_ Site Boundary WSW 910 2.93E-06 3.86E-09-
Site Boundary W 670 3.63E-06 3.74E-09
Site Boundary WNW 660 2.49E-06 2.44E-09 '

Site Boundary NW 660 2.85E-06 3.67E-09
,

Site Boundary- NNW 730 3.95E-06 6.59E-09
Liquid Discharge S 870 N/A N/A

NOTE: For quarterly airborne dose calculations, doses will.also be calculated
for a11' locations identified in the most recent land use census..and for -

any additional points deemed necessary.

.
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Table 1.4
DOSE FACTORS FOR SUBMERSION IN NOBLE GASES

Submersion dose Air dose
mrem /yr per pCi/m' mrad /yr per pCi/m'

DFB i DFSi DFyi DFai
.

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

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

Ar-41 8.84E+03 2.69E+03 9.30E+03 3.28E+03

Reference:
Regulatory Guide 1.109, Table B-1.

..
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Table 1.5 (Page 1 of 2)
RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION

Minimum:
> Channels Applic- '

Instrument OPERABLE ab ili t_y - Action
1. WASTE GAS DISPOSAL SYSTEM .,

a. Noble Gas Activity Monit sr i * 40
b. Effluent System Flow Rate _ Measuring )

Device 1 * 41

2. CONDENSER VACUUM EXHAUST SYSTEM

a. Noble Gas Activity Monitor 1 * 42,

b. Flow Rate Monitor 1 * 41

3. SHIELD BUILDING EXHAUST SYSTEM

a. Noble Gas Activity-Monitor 1 *** 42
b. Iodine Sampler i *** 44

'

c. Particulate Sampler 1 *** 44
d. Flow Rate Monitor 1 *** 41
e. Sampler Flow Rate Monitor 1 *** 41

4. AUXILIARY BUILDING VENTILATION SYSTEM

a. Noble Gas Activity Monitor 1 * 42
b. Iodine Sampler 1 * 44
c. Particulate Sampler 1 * 44
d. Flov Rate Monitor 1 * 41
e. Sampler Flow Rate Monitor 1 * 41

6. SERVICE BUILDING VENTILATION SYSTEM

a. Noble Gas Activity Monitor i * 42
b. Flow Rate Monitor 1 * 41

,

?.

.
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Table 1.5 (Page 2 of 2)

RADI0 ACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
TABLE NOTATION R24

* At all times.

R24
During shield building exhaust system operation.***

ACTION 40 - With the number of channels OPERABLE _less than required by R24
the Minimum Channels OPERABLE requirement, the contents of- R24
the tank (s) may be released to the environment provided
that prior to initiating the release

a. At least two independent samples of the tank's contents
,

are analyzed, and
b. At least two technically qualified members of the

4

Facility Staff independently verify the release rate
calculations and discharge valve lineup;

i

Otherwise, suspend release of radioactive effluents via
this pathway. ;,

ACTION 41 - With the number of channels OPERABLE less than required by R24
,

the Minimum Channels OPERABLE requirement, effluent R24 '

releases via this pathway may continue provided the flow
|rate is estimated at least once per 4 hours. I

ACTION 42 - With the number of channels OPERABLE less than required by R24
the Minimum Channels OPERABLE requirement, effluent R24
releases via this pathway may continue provided grab

;samples are taken at least once per 12 hours and these '

samples are analyzed for noble gas gross activity within i
24 hours. !

.

ACTION 44 - With the number of channels OPERABLE less than required by R24 )the Minimum Channels OPERABLE requirement, effluent R24 |
releases via the affected pathway may continue provided I
that within 4 hours after the channel has been declared
inoperable samples are continuously collected with
auxiliary sampling equipment as required in Table 1.1.

3

|

|
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Table 1.6 (Page 1 of 2)-

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION; 1
SURVEILLANCE REQUIREMENTS

,

#
MODES-

CHANNEL in which
CHANNEL FUNC- surveil-

CHANNEL SOURCE CALIBRA-- TIONAL lance
Instrument CHECK CHECK TION TEST Required-

1. WASTE GAS DISPOSAL SYSTEM'
n

a. Poble-Gas Activity Monitor P P R(3) Q(1) *

b. Flow Rate Monitor D N.A. R Q ****

2. CONDENSER VACUUM EXHAUST SYSTEM

a. Noble Gas Activity Monitor D M R(3) Q(2) *

b. Flow Rate Monitor- ' D N.A. R Q *

L 3. SHIELD . BUILDING EXHAUST SYSTEM
,

a.' Noble Gas Activity Monitor D M R(3) Q(2). I*** '

b. Iodine Sampler W N.A. N.A. 1N.A. ***-

c. Particulate Sampler- . W N.A. N.A. N.A. ***
d. Flow Rate Monitor D N.A. R Q ***
e. Sampler Flow Rate Monitor D N.A. R Q ***

4. AUXILIARY BUILDING VENTILATION SYSTEM

a. Noble Gas Activity Monitor D- M. -R(3) Q(2) *

b. Iodine-Sampler W N.A. N.A. N.A. *t

c. Particulate Sampler W N.A. N.A. N.A. *

d. Flow. Rate Monitor D N.A. R Q *

e. Sampler Flow Rate Monitor D N.A. R Q' *
.

5. SERVICE. BUILDING VENTILATION SYSTEM

a. Noble Gas Activity Monitor D M R(3) Q(2) '*
,

b. Flow Rate Monitor. D N.A.. R Q *
-

.

>

'

.
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Table'1.6 (Page 2 of 2)

RADIOACTIVE GASEOUS EFFLUENT MONITORING INSTRUMENTATION
SURVEILLANCE REQUIREMENTS

TABLE NOTATION

P = Completed prior'to each release
R = At least once per 18 months
Q = At lease once per 92 days
D = At-least once.per 24 hours

-N.A. = Not Applicable
M = At least once per 31 days
* At all times..

R24
During shield building exhaust system operation.***

**** During waste gas releases.

(1) The CHANNEL. FUNCTIONAL TEST shall also demonstrate that automatic R24 tisolation of this pathway and control room alarm ar.nunciation.
occurs if any of the following conditions exists

.l. Instrument indicates measured levels above the alarm / trip )

setpoint..
'

2. Circuit failure.
3. Downscale failure.

(2) The CHANNEL FUNCTION TEST shall also demonstrate that control room R24
' alarm annunciation occurs if any of the following conditions
exists:

1. Instrument indicates measured levels atove the alarm
setpoint.-

2. Circuit failure.
3. Downscale failure.

For the auxiliary building ventilation system, at least once every
18 months, the CHANNEL FUNCTIONAL TEST shall also demonstrate ~ R24
automatic isolation of this pathway if the following condition
exists:

Instrument indicates measured levels above the alarm / trip
setpoint.

(3) The initial CHANNEL CALIBRATION shall be performed using one or R24
more.of the reference standards certified by the National Bureau
of Standards or using standards that have:been obtained from

,

suppliers that. participate in measurement assurance activitiesj

with NBS. These standards shall permit calibrating the system
over its intended range of er.ergy and measurement range. For

~

subsequent CHANNEL CALIBRATION, sources that have been related to R24
the initial calibration shall be used.

R24
R24
R24
R24.

L Reformatting / Repagination changes only 01461
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. Table'1.7 11, . .

SECTOR ELEMENTS: CONSIDERED FORtPOPtiLATION' DOSES-
. -

'!p
;,

I

ij; - ''
. ; Range of>

.

-Midpaint of! j.

< s

Sector Element: Sector-Element
e #4 - :-|.

1 --

~

. 3.| Site boundary =1 ~ mile .0.'8. mile. *
*r.

.;

. . . ..
. ). ('

l' 820-miles l'.5 miles 4
*

..
,

y . e-
.

, y,,
, ' -

'
F 2 3'' miles 2.5' miles

t

-

- (
.3 - 4 miles 3.5 miles n-

,
.

- e a
'

.
4 - 5 miles: 4.5 miles |

,

f '5 - 10 miles- 7.5. miles t
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Table 1.8

. POPULATION WITifIN EACil SECTOR ELEMENT
:.,

Sector Midpoint (miles)-

0.8 1.5 2.5 3.5 4.5 7.5 15 25 35 45

.

N 20 41 213 129 66 1784 5453 3470 2610 11145
f -

'
'

NNE O 30 123 182 62 600 10628 4910 8250 10625

NE 0 0 67 67 94 581 2884 6998 7047 18080

ENE O 11 24 222 300 773 4707 -5747 29477 18679

E- 0 70 11 191 137 918 17440 6808 5072 4129

ESE 0 118 113 194 137 1849 46521 5044 - 1896 13624

SE O 179 322 168 205 1507 6005 5461 15641 3417
'

SSE O 125 370 150 601 2347 13242 8596 34279 11648

S 0 67 143 229 811 3930 28008 26690 19642 11622

SSW 0 82 140 400 170 8927 96966 55597 21349 11978

SW 0 10 306 634 194 9787 94225 23455 11641 11109

WSW 20 190 642 1124 1669 19089 28405 4106 15081 9548

W 10 20 233 657 657 5225 1580 6350 5699- 7707

WNW 10 30 365 598 598 2622 6540 4920- 6699 2450

NW 50 80 292 569 336 2696 1410 1750 1217 15856

NNW 10 263 80 75 213 1610 471 3130 2835 5719

4
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Table 1.9 (1 of 8)
INGESTION DOSE FACTORS

(mrem /pCi ingested)

|ADULT
bone liver t body thyroid kidney lung gi-111 .;

1H-3 1.05E-07 1.05E-07 1.05E-07 1.05E-07 1.05E-07- 1.05E-07 1.05E-07 ;

C-14 2.84E-06 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-07 5.68E-0? ]

Na-24 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 1.70E-06 ~1.70E-06 !
P-32 1.93E-04 1.20E-05 7.46E-06 0.00E+00 0.00E+00 0.00E+00 2.17E-05 |

!Cr-51 0.00E+00 0.00E+00 2.66E-09 1.59E-09 5.86E-10 3.53E-09 6.69E-07
Mn-54 0.00E+00 4.57E-06 8.72E-07 0.00E+00 1.36E-06 0.00E+00 1.40E-05
Mn-56 0.00E+00 1.15E-07 2.04E-08 0.00E+00 1.46E-07 0.00E+00 3.67E-06
Fe-55 2.75E-06 1.90E-06 4.43E-07 0.00E+00 0.00E+00 1.06E-06 1.09E-06
Fe-59 4.34E-06 1.02E-05 3.91E-06 0.00E+00 0.00E+00. 2.85E-06 3.40E-05
Co-57 0.00E+00 1.75E-07 2.91E-07 0.00E+00 0.00E+00 0.00E+00 4.44E-06
Co-58 0.00E+00 7.45E-07 1.67E-06 0.00E+00 0.00E+00 0.00E+00 1.51E-05
Co-60 0.00E+00 2.14E-06 4.72E-06 0.00E+00 0.00E+00 0.00E+00 4.02E-05
Ni-63 1.30E-04 9.01E-06 4.36E-06 0.00E+00 0.00E+00 0.00E+00 1.88E-06
Ni-65 5.28E-07 6.86E-08 3.13E-08 0.00E+00 0.00E+00 0.00E+00 1.74E-06
Cu-64 0.00E+00 8.33E-08 3.91E-08 0.00E+00 2.10E-07 0.00E+00 7.10E-06
2n-65 4.84E-06 1. 54 E-05 6.96E-06 0.00E+00 1.03E-05 0.00E+00 9.70E-06
2n-69 1.03E-08 1.97E-08 1.37E-09 .0.00E+00 1.28E-08 0.00E+00 2.96E-09
2n-69m 1.70E-07 4.08E-07 3.73E-08 0.00E+00 2.47E-07 0.00E+00 2.49E-05
Br-82 0.00E+00 6.00E+00 2.26E-06 0.00E+00 0.00E+00 0.00E+00 2.59E-06
Br-83 0.00E+00 0.00E+00 4.02E-08 0.00E+00 0.00E+00 0.00E+00 5.79E-08
Br-84 0.00E+00 0.00E+00 5.21E-08 0.00E+00 0.00E+00 0.00E+00 4.09E-13
Br-85 0.00E+00 0.00E+00 2.14E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rb-86 0.00E+00 2.11E-05 9.83E-06 0.00E+00 0.00E+00 0.00E+00 4.16E-06
Rb-88 0.00E+00 6.05E-08 3.21E-08 0.00E+00 0.00E+00 0.00E+00 8.36E-19
Rb-89 0.00E+00 4.01E-08 2.82E-08 0.00E+00 0.00E+00 0.00E+00 2.33E-21

'Sr-89 3.08E-04 0.00E+00 8.84E-06 0.00E+00 0.00E+00 0.00E+00 4.94E-05
Sr-90 7.58E-03 0.00E+00 1.86E-03 0.00L+C0 0.00E+00 0.00E+00 2.19E-04
Sr-91 5.67E-06 0.00E+00 2.29E-07 0.00E+00 0.00E+00 0.00E+00 2.70E-05
Sr-92 2.15E-06 0.00E+00 9.30E-08 0.00E+00 0.00E+00 0.00E+00 4.26E-05
Y-90 9.62E-09 0.00E+00 2.58E-10 0.00E+00 0.00E+00 0.00E+00 1.02E-04
Y-91m 9.09E-11 0.00E+00 3.52E-12 0.00E+00 0.00E+00 0.00E+00 2.67E-10
Y-91 1.41E-07 0.00E+00 3.77E-09 0.00E+00 0.00E+00 0.00E+00 7.76E-05
Y-92 8.45E-10 0.00E+00 2.47E-11 0.00E+00 0.00E+00 0.00E+00 1.48E-05
Y-93 2.68E-09 0.00E+00 7.40E-11 0.00E+00 0.00E+00 0.00E+00 8.50E-05
2r-95 3.04E-08 9.75E-09 6.60E-09 0.00E+00 1.53E-08 0.00E+00 3.09E-05
2r-97 1.68E-09 3.39E-10 1.55E-10 0.00E+00 5.12E-10 0.00E+00 1.05E-04
Nb-95 6.22E-09 3.46E-09 1.86E-09 0.00E+00 3.42E-09 0.00E+00 2.10E-05
Nb-97 5.22E-11 1.32E-11 4.82E-12 0.00E+00 1.54E-11 0.00E+00 4.87E-08
Mo-99 0.00E+00 4.31E-06 8.20E-07 0.00E+00 9.76E-06 0.00E+00 9.99E-06
Tc-99m 2.47E-10 6.98E-10 8.89E-09 0.00E+00 1.06E-08 3.42E-10 4.13E-07
Tc-101 2.54E-10 3.66E-10 '3.59E-09 0.00E+00 6.59E-09 1.87E-10 1.10E-21
Ru-103 1.85E-07 0.00E+00 7.97E-08 0.00E+00 7.06E-07 0.00E+00 2.16E-05
Ru-105 1.54E-08 0.00E+00 6.08E-09 0.00E+00 1.99E-07 0.00E+00 9.42E-06
Ru-106 2.75E-06 0.00E+00 3.48E-07 0.00E+00 5.31E-06 0.00E+00 1.78E-04
Ag-110m 1.60E-07 1.48E-07 8.79E-08 0.00E+00 2.91E-07 0.00E+00 6.04E-05
Sb-124- 2.80E-06 5. 29 E-08 1.11E-06 6.79E-09 0.00E-00 2.18E-06 7.95E-05
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Table 1.9 (2 of 8)
INGESTION DOSE FACTORS

(mrem /pCi ingested)

ADULT
bone liver t body thyroid kidney lung g1-111

Sb-125 1.79E-06 2.00E-08 4.26E-07 1.82E-09 0.00E-00 1.38E-06 1.97E-05
Te-125m 2.68E-06 9.71E-07 3.59E-07 8.06E-07 1.09E-05 0.00E+00 1.07E-05-
Te-127m 6.77E-06 2.42E-06 8.25E-07 1.73E-06 2.75E-05 0.00E+00 2.27E-05
Te-127 1.10E-07 3.95E-08 2.38E-08 8.15E-08 4.48E-07 0.00E+00 8.68E-06
Te-129m 1.15E-05 4.29E-06 1.82E-06 3.95E-06 4.80E-05 0.00E+00 5.79E-05
Te-129 3.14E-08 1.18E-08 7.65E-09 2.41E-08 1.32E-07 0.00E+00 2.37E-08
Te-131m 1.73E-06 8.46E-07 7.05E-07 1.34E-06 8.57E-06 0.00E+00 8.40E-05
Te-131 1.97E-08 8.23E-09 6.22E-09 1.62E-08 8.63E-08 0.00E+00 2.79E-09
Te-132 2.52E-06 1.63E-06 1.53E-06 1.80E-06 1.57E-05 0.00E+00 7.71E-05
I-130 7.56E-07 2.23E-06 8.80E-07 1.89E-04 3.48E-06 0.00E+00 1.92E-06
I-131 4.16E-06 5.95E-06 3.41E-06 1.95E-03 1.02E-05 0.00E+00 1.57E-06
I-132 2.03E-07- 5.43E-07 1.90E-07 1.90E-05 8.65E-07 0.00E+00 1.02E-07
1-133 1.42E-06 2.47E-06 7.53E-07 3.63E-04 4.31E-06 0.00E+00 2.22E-06
I-134 1.06E-07 2.88E-07 1.03E-07 4.99E-06 4.58E-07 0.00E+00 2.51E-10
I-135 4.43E-07 1.16E-06 4.2SE-07 7.65E-05 1.86E-06 0.00E+00 1.31E-06
C&-134 6.22E-05 1.48E-04 1.21E-04 0.00E+00 4.79E-05 1.59E-05 2.59E-06
Cs-136 6.51E-06 2.57E-05 1.85E-05 0.00E+00 1.43E-05 1.96E-06 2.92E-06
Cs-137 7.97E-05 1.09E-04 7.14E-05 0.00E+00 3.70E-05 1.23E-05 2.11E-06
Cs-138 5.52E-08 1.09E-07 5.40E-08 0.00E+00 8.01E-08 7.91E-09 4.65E-13
Ba-139 9.70E-08 6.91E-11 2.84E-09 0.00E+00 6.46E-11 3.92E-11 1.72E-07
Ba-140 2.03E-05 2.55E-08 1.33E-06 0.00E+00 8.67E-09 1.46E-08 4.18E-05
Ba-141 4.71E-08 3.56E-11 1.59E-09 0.00E+00 3.31E-11 2.02E-11 2.22E-17
Ba-142 2.13E-08 2.19E-11 1.34E-09 0.00E+00 1.85E-11 1.24E-11 3.00E-26
La-140 2.50E-09 1.26E-09 3.33E-10 0.00E+00 0.00E+00 0.00E+00 9.25E-05
La-142 1.28E-10 5.82E-11 1.45E-11 0.00E+00 0.00E+00 0.00E+00 4.25E-07
Ce-141 9.36E-09 6.33E-09 7.18E-10 0.00E+00 2.94E-09 0.00E+00 2.42E-05
Ce-143 1.65E-09 1.22E-06 1.35E-10 0.00E+00 5.37E-10 0.00E+00 4.56E-05
Ce-144 4.88E-07 2.04E-07 2.62E-08 0.00E+00 1.21E-07 0.00E+00 1.65E-04
Pr-143 9.20E-09 3.69E-09 4.56E-10 0.00E+00 2.13E-09 0.00E+00 4.03E-05
Pr-144 3.01E-11 1.25E-11 1.53E-12 0.00E+00 7.05E-12 0.00E+00 4.33E-18
Nd-147 6.29E-09 7.27E-09 4.35E-10 0.00E+00 4.25E-09 0.00E+00 3.49E-05
W-187 1.03E-07 8.6tE-08 3.01E-08 0.00E+00 0.00E+00 0.00E+00 2.82E-05
Np-239 1.19E-09 1.17E-10 6.45E-11 0.00E+00 3.65E-10 0.00E+00 2.40E-05

w ,
_

,

a

References:- * *

Regulatory Guide 1.103. Table E-11.

Dose Factors ; f or Co-57, 2n-69m, Br-82. Nb-97 Sb-124 and Sb-125 are f rom.
NUREG-0172 Age Specific Radiation Dose Commitment Factors for a One Year '
Chronic Intaxe,, November, 1977 Table 4.

NOTBt The tritium dose factor for bone is assumed to be equal to the *

rtotal body dose fa' tor.c
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Table 1.9 (3 of 81
INGESTION DOSE FACTORS

(mrem /pci ingested)

TEEN

bone liver t body thyroid kidney lung gi-111

E-3 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07 1.06E-07
0-14 4.06E-06 8.12E-07 8.12E-07 8.12E-07 8.12E-07 S.12E-07 8.12E-07
Na-24 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 2.30E-06 -

P-32 2.76E-04 1.71E-05 1.07E-05 0.00E+00 0.00E+00 0.00E+00 2.32E-05 .

Cr-51 0.00E+00 0.00E+00 3.60E-09 2.00E-09 7.89E-10 5.14E-09 6.05E-07
Mn-54 0.00E+00 5.90E-06 1.17E-06 0.00E+00 1.76E-06 0.00E+00 1.21E-05
Mn-56 0.00E+00 1.58E-07 7.81E-08 0.00E+00 2.00E-07 0.00E+00 1.040-05 ,

Fe-55 3.78E-06 2.68E-06 6.25E-07 0.00E+00 0.00E+00 1.70E-06 1.16E-06 _

Fe-59 5.87E-06 1.37E-05 5.29E-06 0.00E+0C 0.00E+00 4.32E-06 3.2hE-05 3

Co-57 0.00E+00 2.38E-07 3.99E-07 0.00E+00 0.00E+00 0.00E+00 4.44E-06
co-58 0.00E+00 9.72E-07 2.24E-06 0.00E+00 0.03E+00 0.00E+00 1. 34 E-0.t ]
Co-60 0.00I+00 2.81E-06 6.33E-06 0.00E+00 0.00E+00 0.00E+00 3.o6E-05 4

Ni-63 1.77E-04 1.25E-05 6s00E-06 0.00E+00 0,00E+00 0.00E+00 1.9st-06 $
N!-65 7.4!E-07 9.57E-03 4.36E-J8 0.00 +00 0.00E+00 0.00E+00 5.19E-06 5

'
Cu-64 0.00E+0C 1.15E-07 5 41F-08 0.00E+00 2.91E-07 0.00F+00 8.92E-06

| 2n-65 5.76E-06 2.00E-05 9.33E-06 0.00E+00 1.28E-05 Oc00E+00 8.47E-04
2n-69 1.47E-08 2.50E-Od 1.96E-09 0.00E+00 ' 83E-08 0.00E+00 5.16E-08. ,

2n-69m 2.60E-07 5.66E-07 5.19E-OP 0.00E+00 3.44E.07 0.00E+00 3. '. l E-05 i

Br-82 0.00E+00 0.00E400 3.04E-06 0 00E+00 0.00E+00 0.00E+00 0.00E+00
'

Br-83 0.00E+00 0.00E+00 5.74E-05 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Br-84 0.00E+00 0.0CE+00 7.22E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Br-85 0.00E+00 0.00E+00 3.0$E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00

-

Rb-86 0.00E+00 2.98E-05 1.40E-05 0.00E+00 0.00E+00 0.00E+00 4.41E-06
Rb-88 0.00E+00 8.52E-08 4.54E-08 0.00E+00 0.00E+00 0.00E+00 7.30E-15

'

Rb-89 0.00E+00 5.50E-08 3.89E-08 0.00E+00 0.00E+00 0.00E+00 S.43E-17
Sr-89 4.40E-04 0.00E400 1.26E-05 0.00E+00 0.00E+00 0.00E+00 5.24E-05
Sr-90 8.30E-03 0.00E+00 2.05E-03 0.00E+00 0.00E+00 0.00E+0h 2.33E-04
Sr-91 8.07E-06 0.00E+00 3.21E-07 0.00E+00 0.00E+00 0.00E+00 3.66E-05
Sr-92 3.05E-06 0.00E+00 1.30E-07 0.00E+00 0.00E+00 0.00E400 7.77E-05
Y-90 1.37E-08 0.00E+00 3.69E-10 0.00E+00 0.00E+00 0.00E+00 1.13E-04
Y-91m 1.29E-10 0.00E+00 4.93E-12 0.00E+00 0.00E+00 0.00E+00 6.09E-09
Y-91 2.01E-07 0.00E+00 5.39E-09 0.00E+00 0.00E+00 0.00E+00 8.24E-05
Y-92 1.21E-09 0.00E+00 3.50E-11 0.00E+00 0.00E+00 0.00E+00 3.32E-05
Y-93 3.83E-09 0.00E+00 1.05E-10 0.00E+00 0.00E+00 0.00E+00 1.17E-04
Zr-95 4.12E-08 1.30E-08 8.94E-09 0.00E+00 1.91E-08 0.00E+00 3.00E-03
Zr-97 2.37E-09 4.69E-10 2.16E-10 0.00E+00 7.11E-10 0.00E+00 1.27E-04
Nb-95 8.22E-09 4.56E-09 2.51E-09 0.00E+00 4.42E-09 0.00E+00 1.95E-05
Nb-97 7.37E-11 1.83E-11 6.68E-12 0.00E+00 2.14E-11 0.00E+00 4.37E-07
Mo-99 0.00E+00 6.03E-06 1.15E-06 0.00E+00 1.38E-05 0.00E+00 1.08E-05
Tc-99m 3.32E-10 9.26E-10 1.20E-08 0.00E+00 1.38E-08 5.14E-10 6.08E-07
Tc-101 3. 60 E--10 5.12E-10 5.03E-09 0.00E+00 9.26E-00 3.12E-10 8.75E-17
Ra-103 2.55E-07 0.00E+00 1.09E-07 0.00E+00 8.99E-07 0.00E+00 2.13E-05
hu-105 2.18E-08 0.00E+00 8.46E-09 0.00E+00 2.75E-07 0.00E+00 1.76E-05
Ru-106 3.92E-06 0.00E+00 4.94E-07 0.00E+00 7.56E-06 0.00E+00 1.88E-04
Ag-110m 2.0$E-07 1.94E-07 1.18E-07 0.00E+00 3.70E-07 0.00E+00 5.45E-05
Sb-124 3.87E-06 7.13E-08 1.51E-06 8.78E-09 0.00E-00 3.38E-06 7.80E-05
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Table 1.9 (4 of 8) ;

INGESTION DOSE FACTORS
|(mrem /pci ingested) i

i
TEEN

'

bone liver t body thyroid kidney lung gi-111 !

Sb-125 2.4BE-06 2.71E-08 5.80E-07 2.37E-09 0.00E+00 2.18E-06 1.93E-05
Te-125m 3.83E-06 1.38E-06 5.12E-07 1.07E-06 0.00E+00 0.00E+00 1.13E-05 i
Te-127m 9.67E-06 3.43E-06 1.15E-06 2.30E-06 3.92E-05 0.00E+00 2.41E-05
Te-127 1.5BE-07 5.60E-08 3.40E-08 1.09E-07 6.40E-07 0.00E+00 1.22E-05 [Te-129m 1.63E-05 6.0$E-06 2.58E-06 5.26E-06 6.82E-05 0.00E+00 6.12E-05 '

Te-129 4.48E-08 1.67E-08 1.09E-08 3.20E-08 1.88E-07 0.00E+00 2.45E-07 :
Te-131m 2.44E-06 1.17E-06 9.76E-07 1.76E-06 1.22E-05 0.00E+00 9.39E-05 I
Te-131 2.79E-08 1.15E-08 8.72E-09 2.15E-08 1.22E-07 0.00E+00 2.29E-09 |j. Te-132 3.49E.06 2.21E 06 2.08E-06 2.33E-06 2.12E-05 0.00E+00 7.00E-05 ;
I-130 1.03E-06 2.9BE-06 1.19E-06 2.43E-04 4.59E-06 0.00E+00 2.29E-00

.I-131 5.35E-Oo 8.19E-06 4.40E-06 2.39E-03 1.41E-05 0.00E+00 1.c2E-06 Id

I- m 2.'9E-07 7.30E-07 2.625-07 2.46E-05 1,15E-06 0.00E+00 3.18E-07
I-133 2.01E-06 3. k1 E-06 1.04E-06 4.76E.04 5.98E-06 0.00E+00 2.58E-06
1-134 1.46E-07 3.87E-07 1.39E-07 6.45E-06 6.10E-07 0.00E+00 5.10E-dS
1-135 6.WE-07 1.57E-06 5.82E-07 1.01E-04 2.48E-06 0.00E+00 1.74E d6 *

C4-134 8.37E-05 1.97E-04 9.14E-05 0.00E+00 6.26E-05 2.39E-05 2.452-06
Co-136 8.59E-06 3.38E-05 2.27E-05 0.00E+00 1.84Ea05 2.60E-06 2.72x-00
Co-13/ 1.12E-04 1.49E-04 5.19E-05 0.00E+00 !.07E-05 1.97E-05 2.12E-06 i

Cs-133 7.76E-08 1.49E-07 7.45E-08 0.00E+00 1.10E-07 1.23E-08 6.76E 11 *

Ba-139 1 39E-07 9.78E-11 4.0$E-09 0.00E+00 9.22E-11 6.74E-11 1.24E-06 ;
Ba-140 2.84E-05 3.48E-08 1.83E-06 0.00E+00 1.18E-08 2.34E-08 4.38E-05 ;
Ba-141 6.71E-08 5.01E-11 -2.24E-09 0.00E+00 4.65E-11 3.43E-1.1 1.43E-13 ;

Ba-142 2.99E-08 2.99E-11 1.84E-09 0.00E+00 2.53E-11 1.99E-11 9.18E-20 i
-

1.a-140 3.48E-09 1.71E-09 4.55E-10 0.00E+00 0.00E+00 0.00E+00 9.82E-05 '

La-14 2 1.79E-10 7.95E-11 1.98E-11 0.00E+00 0.00E400 0.00E+00 2.42E-06
Ce-141 1.33E-08 8.88E-09 1.02E-09 0.00E+00 4.18E-09 0.00E+00 2.54E-05

-Ce-143 2.35E-09 1.71E-06 1.91E-10 0.00E+00 7.67E-10 0.00E+00 5.14E-05 !Ce-144 6.96E-07 2.88E-07- 3.74E-08 0.00E+00 1.72E-07 0.00E+00 1.75E-04
Pr-143 1.31E-08 5.23E 09 6.52E-10 0.00E+00 3.04E-09 0.00E+00 4.31E-05
Pr-144 4.30E-11 1.76E-11 2.18E-12 0.00E+00 1.01E-11 0.00E+00 4. 74 E -14
Nd-147 9.38E-09 1.02E-08 6.11E-10 0.00E+00 5.99E-09 0.00E+00 3.68E-05
W-187 1.46E-07 1.19E-07 4.17E-08 0.00E+00 0.00E+00 0.00E+00 3.22E-05
Np-239- 1.76E-09 1.66E-10 9.22E-11 0.00E+00 5.21E-10 0.00E+00 2.67E-05 '

,

References
Regulatory Guide 1.109 Table E-12.

Dose Factors for.co-57, 2n-69m, Br-82, Nb-97, Sb-124 and Sb-125 are from
.

* NUREG-0172 Age Specific Radiation Dose' Commitment Factors _ for a One Year' -

Chronic Intake., November, 1977. Table 4 "

NOTE: The tritium doce factor for bone is assumed to be equal to the
-totalbodydosefagtor.

r
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Table 1.9 (5 of 8) i
INGESTION DOSE FACTORS

(mrem /pci ingested)
j!

-CHILD !
bone liver t body thyroid kidney lung gi-111 1

H-3 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07 2.03E-07
C-14 1.21E-05 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06
Na-24 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06
P-32 8.25E-04 ?.86E-05 3.18E-05 0.00E+00 0.00E+00 0.00E+00 2.28E-05 '

cr-51 0.00E+00 0.00E+00 8.90E-09 4.94E-09 1.35E-09 9.02E-09 4.72E-07
Mn-54 0.00E+00 1.07E-05 2.85E-06 0.00E+00 3.00E-06 0.00E+00 S.98E-06
Mn-56 0.00E+00 3.34E-07 7.54E-08 0.00E+00 4.04E-07 0.00E+00 4.84E-05
Fe-55 1.15E-05 6.10E-06 1.89E-06 0.00E+00 0.00E+00 3.4 5 E-06 1.13E-06
Fe-59 1.65E-05 2.67E-05- 1.33E-05 0.00E+00 0.00E+00 7.74E 06 2.78E-05
Co-57 0.00E+00 4.93E-07 9.98E-07 0.00E+00 0.00E+00 0.00E+00 4.04E-06
Co-58 0.00E+00 1.80E-06 5.51Ev06 0.00E+00 0.00E+00 0.00E+00 t.05E-05 ;
Co-60 0.00E+00 5.29E-06 1.56E-oS 0.00E+00 0.00E+00 0.00E 00 2.93E-05
Ni-63 5.38E-04 2.88E-05 1.83E-05 0.00E+00 0.00E+00 0.00E+00 1.94E-Ob
Ni-65 2.22E-06 2.09E-07 1.12E-07 0.00E400 0.00E+00 0.00E+00 2.56E-0) :
Cu-64 0.00E+00 7.45E-07 1.48E-07 0.00E+00 5.12E-J7 0.00E+00 1,1fE-05
Zn-65 1.37E-05 3.55E-05 2.27E-05 0.00E+00 2.30E-05 0,00E+00 6.41E-06

'

Zn-69 4.38E-08 6.33E-08 5.85E-09 0.00E+00 3.8kE-08 0.00L+00 3.99E-06
Zn-69m 7.10E-07 1.21E-06 1.43E-07 0.00E+00 7.03E-07 0.00E+00 3.94E-05 '

Br-82 0.00E+00 0.00E+00 /.55E-06 0.00Z+00 0.00E+00 0.00E+00 0.00E+00 -

Br-83 0.00E+00 0.00E+00 L.71E-07 0.00E+00 0.00E+0C 0.00E+00 0.00E+00
Br-84 0.00E+00 0.00E+00 1.98E-07 0.00E+00 0.00E+00 0.0)E+00 0.00E+00 '

Br-85 0.00E+00 0.00E+00 9.12E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rb-86 0.00E+00 6.70E-05 4.12E-05 0.00E+00 0.00E+00 0.00E+00 4.31E-06
Rb-88 0.00E+00 1.90E-07 1.32E-07 0.00E+00 0.00E+00 0.00E+00 9.32E-09
Rb-89 0.00E+00 1.17E-07 1.04E-07 0.00E+00 0.00E+00 0.00E+00 1.02E-09
Sr-89 1.32E-03 0.00E+00 3.77E-05 0.00E+00 0.00E+00 0.00E+00 5.11E-05
Sr-90 1.70E-02 0.00E+00 4.31E-03 0.00E+00 0.00E+00 0.00E+00 2.29E-04 '

Sr-91 2.40E-05 0.00E+00 9.06E-07 0.00E+00 0.00E+00 0.00E+00 5.30E-05
Sr-92 9.03E-06 0.00E+00 3.62E-07 0.00E+00 0.00E+00 0.00E+00 1.71E-04
Y-90 4.11E-08 0.00E+00 1.10E-09 0.00E+00 0.00E+00 0.00E+00 1.17E-04 i
Y-91m 3.82E-10 0.00E+00 1.39E-11 0.00E+00 0.00E+00 0.00E+00 7.48E-07
Y-91 6.02E-07 0.00E+00 1.51E-08 0.00E+00 0.00E+00 0.00E+00 8.02E-05
Y-92 3.60E-09 0.00E+00- 1.03E-10 0.00E+00 0.00E+00 0.00E+00 1.04E-04
Y-93 1.14E-08 0.00E+00 3.13E-10 0.00E+00 0.00E+00 0.00E+00 1.70E-04
Zr-95 1.16E-07 2.55E-08 2.27E-08 0.00E+00 3.45E-08 0.00E+00 2.66E-05
Zr-97 6.99E-09 1.01E-09 5.96E-10 0.00E+00 1.45E-09 0.00E+00 1.53E-04
Nb-95 2.25E-08 8.76E-09 6.26E-09 0.00E+00 E.23E-09 0.00E+00 1.62E-05

- Nb-97 2.17E-10 3.92E-11 1.83E-11 0.00E+00 4.35E-11 0.00E+00 1.21E-05
Mo-99 0.00E+00 1.33E-05 3.29E-06 0.00E+00 2.84E-05 0.00E+00 1.10E-05
Tc-99m 9.23E-10 1.81E-09 3.00E-08 0.00E+00 2.63E-08 9.19E-10 1.03E-06
Tc-101 1.07E-09 1.12E-09 ~1.42E-08 0.00E+00 1.91E-08 5.92E-10 3.56E-09
Ru-103 7.31E-07 0.00E+00 2.81E-07 0.00E+00 1.84E-06 0.00E+00 1.89E-05
Ru-105 6.45E-08 0.00E+00 2.34E-08 0.00E+00 5.67E-07 0.00E+00 4.21E-05
Ru-106 1.17E-05 0.00E+00 1.46E-06 0.00E+00 1.58E-05 0.00E+00 1.82E-04
Ag-110m 5.39E-07 3.64E-07 2.91E-07 0.00E*00 6.78E-07 0.00E+00 4.33E-05 ~

Sb-124 1.11E-05 1.44E-07 3.89E-06 2.45E-08 0.00E+00 6.16E-06 6.94E-05

Reformatting / Repagination changes only 01461
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Table 1.9 (6 of 8) '

INCESTION DOSE FACTORS-
,

(mrem /pCi ingested) i
!

CHILD
bone liver t body thyroid kidney lung gi-111

Sb-125 7.16E-06 5.52E-08 1.50E-06 6.63E-09 0.00E+00 3.99E-06 1.71E-05
Te-125m 1.14E-05 3.09E-06 1.52E-06 3.20E-06 0.00E+00 0.00E+00 1.10E-05. |
Te-127m 2.89E-05 7.78E-06 3.43E-06 6.91E-06 8.24E-05 0.00E+0) 2.34E-05 i
Te-127 4.71E-07 1.27E-07 1.01E-07 3.26E-07 1.34E-06 0.00E+00 1.S4E-05 j
Te-129m 4.87E-05 1.36E-05 7.56E-06 1.57E-05 1.43E-04 0.00E+40 5.94E-05 i
Te-129 1.34E-07 3.74E-08 3.18E-08 9.56E-08 3.92E-07 0.00E400 8.34E-06- {
Te-131m 7.20E-06 2.49E-06 2.65E-06 5.12E-06 2.41E-05 0.00E+00 1.01E-04

'

Te-131 8.30E-08 2.53E-08 2.47E-08 6.35E-08 2.51E-07 0.00E*00 4.36E-07 i

Te-132 1.01E-05 4.47E-06 5.40E-06 5.51E-06 4.15E-05 0.00t+00 4.50E-05 .

1-130 2.92E-06 5.90E-06 3.04E-06 6.50E-04 8.82E-06 0.000+00 2.7.6E-06
I-131 1.72E-05 1.73E-05 9.5JE-06 5.72E-03 2.94E 05 0.00E+00 1.54E-06- '

1-132 B.00E-07 1.47E-06 b.76E-07 6.82E<05 2.25E-05 0.00E+C0 1.73E-06 '

I-133 5.92E 06 7.32E-06 2.77E-06 1.36E-03 1.22E-05 0.03E+00 2.95E-06
I-134 4.19E-07 7.7SE-07 3.58E-07 1.,7 9E-05 1.19E-26 0.00E+00 5.16E-01-

,

2-135 1.750-06 3.155-06 1.49E-06 2.79E-04 4.83E-06 0.00E+00 2.40E-06 '

Cs-134 2.34E.04 3.04E-04 8.10E-05 0.00E+0b 1.19E-04 4.27E-05 2.07E-06 [
C4-136 2.35E-03 6.4fE-05 4.'9E+05 C.00E+00 3.44E-05 5.1]E-66 2.27E-06 j
Cs-137 3.27E-04 3.13E-04 4.62E-05 0.00E400 1.02E-04 7.67E-05 1.96E-06 i

Cs.138 1.28E-07 3.17E-07 2.01E-0) 0.00E+00 2.73E-07 1.40E-08 1.46E-07 '

Ba-139 4.14E-07 2.21E-10 1.20E-08 0.00E+00 1.93E-10 1.30E-10 2.39E-05
Ba-140 8.31E-05 7.28E-08 4.85E-04 0.00E+00 2.37E-08 4.34E-08 4.21E-05 ,

Ba-141 2.00E-07 1.12E-10 6.51E-09 0.00E+00 9.69E-11 6.58E-10 1.14E-07
Ba-142 8.74E-08 6.29E-11 4.68E-09 0.00E+00 5.09E-11 3.70E-11 1.14E-09
La-140 1.01E-08 3.53E-09 1.19E-09 0.00E+00 0.00E+00 0.00E+00 9.84E-05
La-142 5.24E-10 1.6?E-10 5.23E-11 0.00E+00 0.00E+04 0.00E+00 3.31E-05
ce-141 3.97E-08 1.98E-08 2.94E-09 0.00E+00 8.68E-09 0.00E+00 2.47E-05 i
Ce-143 6.99E-09 3.79E-06 5.49E-10 0.00E+00 1.59E-49 0.00E+00 5.55E-05 *

Ce-144 2.08E-06 6.52E-07 1.11E-07 0.00E+00 3.61E-07 0.00E+00 1.70E-04
Pr-143 3.93E-08 1.18E-08 1.95E-09 0.00E+00 6.39E-09 0.00E+00 4.24E-05
Pr-144 1.29E-10 3.99E-11 6.49E-12 0.00E+00 2.11E-11 0.00E+00 8.59E-08 i

Nd-147 2.79E-08 2.26E-08 1.75E-09 0.00E+00 1.24E-08 0.00E+00 3.58E-05
W-187 4.29E-07 2.54E-07 1.14E-07 0.00E+00 0.00E+00 0.00E+00 3.57E-05
Np-239 5.25E-09 3.77E-10 2.65E-10 0.00E+00 1.09E-09 0.00E+00 2.79E-05

.~

References: *

Regulatory Ouide 1.109 Table E-13.

Dose Factors for Co-57, 2n-69m, Br-82,- Nb-9/, Sb-124 and Sb-125 are f rom
, NURE0-0172 Age Specific Radiation Dose Commi.tment Factors for a One Year
Chronic Intake.,-November, 1977. Table 4.

NOTE: The tritium dose factor for bone is assur/.ed to be equal to the
total body-dose fa* tor.c*-

Reformatting / Repagination changes only 01461
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Table 1.9 (7 of 8) |

INGESTION DOSE FACTORS |

(mrem /pCi ingested) i
!

INFANT !

bone liver t body thyroid kidney lung gi-111

H-3 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07 3.08E-07
C-14 2.37E-05 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06 5.06E-06
Na-24 1.01L-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05 1.01E-05
P-32 1.70E-03 1.00E-04 6.59E-05 0.00E+00 0.00E+00 0.00E+00 2.30E-05 )
Cr-51 0.00E+00 0.00E+00 1.41E-08 9.20E-09 2.01E-09 1.79E-08 4.11E-07
Mn-54 0.00E+00 1.99E-05 4.51E-06 0.00E+00 4.41E-06 0.00E+00 7.31E-06 i

Mn-56 0.00E+00 8.18E-07 1.41E-07 0.00E+00 7.03E-07 0.00E+00 7.43E-05 |
Fe-55 1.39E-05 8.9BE-06 2.40E-06 0.00E+00 0.00E+00 4.39E-06 1.14E-06 1

Fe-59 3.08E-05 5.38E-05 2.12E-05 0.00E+00 0.00E+00 1.59E-05 2.57E-05
Co-57 0.00E+00 1.15E-06 1.87E-06 0.00E+00 0.00E+00 0.00E+00 3.92E-06
Co-58 0.00E+00 3.60E-06 8.98E-06 0.00E+00 0.00E+00 0.00E+00 8.97E-06
Co-60 0.00E+00 1.08E-05 2.55E-05 0.00E+00 0.00E+00 0.00E+00 2.57E-05
Ni-63 6.34E-04 3.92E-05 2.20E-05 0.00E+00 0.00E+00 0.00E+00 1.95E-06
Ni-65 4.70E-06 5.32E-07 2.42E-07 0.00E+00 0.00E+00 0.00E+00 4.05E-05
Ca-6L 0.00E+00 6.09E-07 2.82E-07 0.00E+00 1.03E-06 0.00E+00 1.25E-05
2n-65 1.04E-05 6.31E-05 2.91E-05 0.00E+00 3.06E-05 0.00E+00 5. 33 E.05
Zn-69 9.33E-08 1.6SE-07 1.25E-08 0.00E+00 6.98E-08 0.00E400 1.37E-05
Zn-69m 1.50E-06 3.05E-06 2.79E-07 0.00E+00 1.24E.06 0.00%+00 4.24E-05
br-82 0.00E+00 0.00E+00 1.27E-05 0.00E+00 0.00E+00 0.00E+C0 0.05E+00

'

Br-83 0.00E+00 0.00E+00 3.63E~07 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Br-84 0.00E400 0,00E+00 3.82E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Br-85 0.00E+00 0.00E400 1.94E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rb-86 0.00E+00 1.70E-04 8.40E-05 0.00E+00 0.00E+00 0.00E+00 4.35E-C6
Rb-88 0.00E+00 4.98E-07 2.73E-07 0.00E+00 0.00E+00 0.00E+00 4.85E-07
Rb-89 0.00E+00 2.86E-07 1.97E-07 0.00E+00 0.00E+00 0.00E+00 9.74E-08
Sr-89 2.51E-03 0.00E+00 7.20E-05 0.00E+00 0.00E+00 0.00E+00 5.16E-05
Sr-90 1.85E-02 0.00E+00 4.71E-03 0.00E+00 0.00E+00 0.00E+00 2.31E-04
Sr-91 5.00E-05 0.00E+00 1.81E-06 0.00E 00 0.00E+00 0.00E+00 5.92E-05t
Sr-92 1.92E-05 0.00E+00 7.13E-07 0.00E+00 0.00E+00 0.00E+00 2.07E-04
Y-90 8.69E-08 0.00E+00 2.33E-09 0.00E+00 0.00E+00 0.00E+00 1.20E-04
Y-91m 8.10E-10 0.00E+00 2.76E-11 0.00E+00 0.00E+00 0.00E+00 2.70E-06
Y-91 1.13E-06 0.00E+00 3.01E-08 0.00E+00 0.00E+00 0.00E+00 8.10E-05
Y-92 7.65E-09 0.00E+00 2.15E-10 0.00E+00 0.00E+00 0.00E+00 1.46E-04
Y-93 2.43E-08 0.00E+00 6.62E-10 0.00E+00 0.00E+00 0.00E+00 1.92E-04
Zr-95 2.06E-07 5.02E-08 3.56E-08 0.00E+00 5.41E-08 0.00E+00 2.50E-05

I Zr-97 1.48E-08 2.54E-09 1.16E-09 0.00E+00 2.56E-09 0.00E+00 1.62E-04
Nb-95 4.20E-08 1.73E-08 1.00E-08 0.00E+00 1.24E-08 0.00E+00 1.46E-05
Nb-97 4.59E-10 9.79E-11 3.53E-11 0.00E+00 7.65E-11 0.00E+00 3.09E-05
Mo-99 0.00E+00 3.40E-05 6.63E-06 0.00E+00 5.08E-05 0.00E+00 1.12E-05
Tc-99m 1.92E-09 3.96E-09 5.10E-08 0.00E+00 4.26E-08 2.07E-09 1.15E-06
Tc-101 2.27E-09 2.86E-09 -2.83E-08 0.00E+00 3.40E-08 1.56E-09 4.86E-07
Ru-103 1.48E-06 0.00E+00 4.95E-07 0.00E+00 3.08E-06 0.00E+00 1.80E-05
Ru-105 1.36E-07 0.00E+00 4.58E-08 0.00E+00 1.00E-06 0.00E+00 5.41E-05
Ru-106 2.41E-05 0.00E+00 3.01E-06 0.00E+00 2.85E-05 0.00E+00 1.83E-04i

| Ag-110m 9.96E-07 7.27E-07 4.81E-07 0.00E+00 1.04E-06 0.00E+00 3.77E-05
| Sb-124 2.14E-05 3.15E-07 6.63E-06 5.68E-08 0.00E+00 1.34E-05 6.60E-05
|

| Reformatting / Repagination changes only 01461
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Table 1.9 (8 of 8)
INCESTION DOSE FACTORS

(mrem /pC1 ingested)

INFANT !

bone liver t body thyroid kidney lung gi-111

Sb-125 1.23E-05 1.19E-07 2.53E-06 1.54E-08 0.00E+00 7.72E-36 1.64E-05 i
Te-125m 2.33E-05 7.79E-06 3.15E-06 7.84E-06 0.00E+00 0.00E+00 1.11E-05
Te-127m 5.85E-05 1.94E-05 7.08E-06 1.69E-05 1.44E-04 0.00E+00 2.36E-05
Te-127 1.00E-06 3.35E-07 2.15E-07 8.14E-07 2.44E-06 0.00E+00 2.10E-05
Te-129m 1.00E-04 3.43E-05 1.54E-05 3.84E-05 2.50E-04 0.00E+00 5.97E-05 !

Te-129 2.84E-07 9.79E-08 6.63E-08 2.38E-07 7.07E-07 0.00E+00 2.27E-05 1

"
Te-131m 1.52E-05 6.12E-06 5.0$E-06 1.24E-05 4.21E-05 0.00E+00 1.03E-04
Te-131 1.76E-07 6.50E-08 4.94E-08 1.57E-07 4.50E-07 0.00E+00 7.11E-06- :

I
L Te-132 2.08E-05 1.03E-05 9.61E-06 1.52E-05 6.44E-05 0.00E+00 3.81E-05

I-130 6.00E-05 1.32E-05 5.30E-06 1.48E-03 1.45E-05 0.00E+00 2.83E-06 l

I-131 3.59E-05 4.23E-05 1.86E-05 1.39E-02 4.94E-05 0.00E+00 1.51E-06 |

I-132 1.66E-06 3.37E-06 1.20E-06 1.58E-04 3.76E-06 0.00E+00 2.73E-06 )
1-133 1.255-05 1.82E-05 5.33E-06 3.31E-03 2.14E-05 0.00E+00 3.08E-06 |
T-134 8.69E-07 1.78E-06 6.33E-07 4.15E-05 1.99E-06 0.00E+00 1.84E-06 r

I-135 3.64E-06 7.242-06 2.64E-06 0.495-04 8.07E-06 0.00E+00 2.62E-06
Cs-134 3.77E-04 7.03E-04 7.10E-05 0.00E+00 1.81E-04 7.42E-05 1.91E-06
Cs-136 4.59E 05 1.35E-04 5.04E-05 0.00E+00 5.38E-05 1.10E-05 2.05E-06
Cs-137 5.22E-04 6.11E-04 4.33E-05 0.00E+00 1.645-04 6.64E-05 1.91E-06

'

Cs-13E 4.SIE-07 7.82E-07 3.79E-07 0.00E*00 3.90E-07 6.09E 08 1.2SE-06
*

Ba-139 8.81E-07 5.6aE-10 2.55E-08 0.00E+00 3.51E-10 3.54E-10 5.58E-05
Ba-140 1.71E-04 1.71E-07 8. 81 E-06 0.00E+00 4.06E-C8 1.J5E-07 4.20E-05
Ba-141 4.25E-07 2.91E-10 1.34E-08 0.00E+00 1.75E-10 1. 77 E- 10 5.19E-06
Ba-142 1,84E-07 '. 53E-10 9.06E-09 0.00E+00 8.81E-11 9.26E-11 7.59E-07
La-140 2.11E-08 8.32E-09 2.14E-09 0.00E+00 0.00E+00 0.00E+00 9.77E-05
La-142 1.10E-09 4.04E-10 9.67E-11 0.00E+00 0.00E+00 0.00E+00 6.86E-05
Ce-141 -7.87E-08 4.800-08 5.65E-09 0.00E+00 1.48E-08 0.00E+00 2.48E-05
Ce-143 1.48E-08 9.82E-06 1.12E-09 0.00E+00 2.86E-09 0.00E+00 5.73E-05
Ce-144 2.98E-06 1.22E-06 1.67E-07 0.00E+00 4.93E-07 0.00E+00 1.71E-04 ,

^

Pr-143 8.13E-08 3.04E-08 4.03E-09 0.00E+00 1.13E-98 0.00E+00 4.29E-05
Pr-144 2.74E-10 1.06E-10 1.38E-11 0.00E+00 3.S4E-11 0.00E+00 4.93E-06
Nd-147 5.53E-08 5.68E-08 3.48E-09 0.00E+00 2.19E-08 0.00E+00 3.60E-05
W-187 9.03E-07 6.28E-07 2.17E-07 0.00E+00 0.00E+00 0.00E+00 3.69E-05
Np-239 1.11E-08 9.93E-10 5.61E-10 0.00E+00 1.98E-09 0.00E+00 2.87E-05

t

References:
Regulatory Guide 1.109. Table E-14.

P

Dose Factors for Co-57, 2n-69m, Br-82, Nb-97, Sb-124 and Sb-125 are from
NUREG-0172 Age' Specific Radiation Dose Commitment Factors for a One Year
Chronic Intake,, November, 1977, Table 4.

NOTER The tritium dose factor for bone ir assumed to be equal to the$

total body doce factor.'
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Table 1.10 (1 of 3)
RADIONUCLIDE DECAY AND STABLE ELEMENT TRANSFER DATA

Half-Life A Bv Tmi Tmi Frii

(minutes) (1/s) (cow) (goat) (beef)
H-3- 6.46E+06 1.79E-09 4.SOE+00 1.00E-02 1.70E-01 1.20E-02
C-14 3.01E+09 3.84E-12 5.50E+00 1.20E-02 1.00E-01 3.10E-02
Na-24 9.00E+02 1.28E-05 5.20E-02 4.00E-02 4.00E-02 3.00E-02
P-32 2.06E+04 5.61E-07 1.10E+00 2.50E-02 2.50E-01 4.60E-02
Cr-51 3.99E+04 2.90E-07 2.50E-04 2.20E-03 2.20E-03 2.40E-03
Mn-54 4.50E+05 2.57E-08 2.90E-02 2.50E-04 2.50E-04 8.00E-04
Mn-56 1.55E+02 7.45E-05 2.90E-02 2.50E-04 2.50E-04 8.00E-04

/ Fe-55 1.42E+06 8.13E-09 6.60E-04 1.20E-03 1.30E-04 1.20E-02
Fe-59 6.43E+04 1.80E-07 6.60E-04 1.20E-03 1.30E-04 1.20E-02
Co-57 3.90E+05 2.96E-08 9.40E-03 1.00E-03 1.00E-03 1.30E-02
Co-58 1.02E+05 1.13E-07 9.40E-03 1.00E-03 1.00E-03 1.30E-02
Co-60 2.77E+06 4.17E-09 9.40E-03 1.00E-03 1.00E-03 1.30E-02

.Ni-63 5.27E+07 2.19E-10 1.90E-02 6.70E-03 6.70E-03 5.30E-02
Ni-65 1.51E+02 7.65E-05 1.90E-02 6.70E-03 6.70E-03 5.30E-02
Cu-64 7.62E+02 1.52E-05 1.20E-01 1.40E-02 1.30E-02 9.70E-04
Zn-65 3.52E+05 3.28E-08 4.00E-01 3. 90E-02 3.90E-02 3.00E-02 ,

Zn-69m 8.26E+02 1.40E-05 4.00E-01 3.90E-02 3.90E-02 3.00E-02
Zn-69 5.56E+01 2.08E-04 4.00E-01 3.90E-02 3.90E-32 3.00E-02
Br-82 2.12E+03 5.45 E-06 7.60E-01 5.00E-02 5.00E-02 2.60E-02
Br-83 1.43E+02 8.08E-05 7.60E-01 5.00E-02 Ss00E-02 2.60E-02 |

Er-84 3.18E+01 3.63E-04 7.e0E-01 5,OJE-02 5.00%-02 2.60E-02
Br-85 2.87E+00 4.02E-03 7.60E-01 5.00E-02 5.00E-02 2.60E-02
Rb-86 2.69E+04 4.29E-07 1.30E-01 3.00E-02 3,00E-02 3.10E-02
Rb-88 1.78E+01 S.49E-04 1.305-01 3.00E-02 3.00E-02 3.1CE-02
Rb-89 1.54E+01 7.50E-04 1.30E-01 3.00E-02 3.0CE-02 3.10E-02
Sr-S9 7.28E+04 1.59E-07 1.70E-02 1.40E-03 1.40E-02 6.00E-04
Sr-90 1.50E+07 7.70E-10 1.70E-02 1.40E-03 1.40E-02 6.00E-04
Sr-91 5.70E+02 2.03E-05 1.70E-02 1.40E-03 1.40E-02 6.00E-04
Sr-92 1.63E+02 7.09E-05 1.70E-02 1.40E-03 1.40E-02 6.00E-04
Y-90 3.85E+03 3.00E-06 2.60E-03 1.00E-05 1.00E-05 4.60E-03
Y-91m 4.97E+01 2.32E-04 2.60E-03 1.00E-05 1.00E-05 4.60E-03
Y-91 8.43E+04 1.37E-07 2.60E-03 1.00E-05 1.00E-05 4.60E-03
Y-92 2.12E+02 5.45E-05 2.60E-03 1.00E-05 1.00E-05 4.60E-03
Y-93 6.06E+02 1.91E-05 2.60E-03 1.00E-05 1.00E-05 4.60E-03
Zr-95 9.22E+04 1.25E-07 1.70E-04 5.00E-06 5.00E-06 3.40E-02
2r-97 1.01E+03 1.14E-05 1.70E-04 5.00E-06 5.00E-06 3.40E-02
Nb-95 5.05E+04 2.29E-07 9.40E-03 2.50E-03 2.50E-03 2.80E-01
Nb-97 7.21E+01 1.60E-04 9.40E-03 2.50E-03 2.50E-03 2.80E-01
Mo-99 3.96E+03 2.92E-06 1.20E-01 7.50E-03 7.50E-03 1.10E-03
Tc-99m 3.61E+02 3.20E-05 2.50E-01 2.50E-02 2.50E-02 4.00E-01
Tc-101 1.42E+01 8.13E-04 2.50E-01 2.50E-02 2.50E-02 4.00E-01
Ru-103 5.67E+04 2.04E-07 5.00E-02 1.00E-06 1.00E-06 4.00E-01
Ru-105 2.66E+02 4.34E-05 5.00E-02 1.00E-06 1.00E-06 4.00E-01
Ru-106 5.30E+05 2.18E-08 5.00E-02 1.00E-06 1.00E-06 4.00E-01
Ag-110m 3.60E+05 3.21E-08 1.50E-01 5.00E-02 5.00E-02 1.70E-02
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Table 1.10 (2 of 3)
RADIONUCLIDE DECAY AND STABLE ELEMENT TRANSFER DATA )

:

Half-Life A Bi, Fmi Fmi Fri :

(minutes) (1/s) (cow) (goat) (beef)
Sb-124 8.67E+04 1.33E-07 N/A 1.50E-03 1.50E-03 N/A

*

Sb-125 1.46E+06 7.91E-09 N/A 1.50E-03 1.50E-03 N/A .i

Te-125m 8.35E+04 1.38E-07 1.30E+00 1.0vE-03 1.00E-03 7.70E-02
Te-127m 1.57E+05 7.36E-08 1.30E+00 1.00E-03 1.00E-03 7.70E-02
Te-127 5.61E+02 2.06E-05 1.30E+00 1.00E-03 1.00E-03 7.70E-02
Te-129m 4.84E+04 2.39E-07 1.30E+00 1.00E-03 1.00E-03 7.70E-02
Te-129 6.96E+01 1.66E-04 1.30E+00 1.00E-03 1.00E-03 7.70E-02
Te-131m 1.80E+03 6.42E-06 1.30E+00 1.00E-03 1.00E-03 7.70E-02
Te-131 2.50E+01 4.62E-04 1.30E+00 1.00E-03 1.00E-03 7.70E-02
Te-132 4.69E+03 2.46E-06 1.30E+00 1.00E-03 1.00E-03 7.70E-02
1-130 7.42E+02 1.56E-05 2.00E-02 1.20E-02 4.30E-01 2.90E-03
1-131 1.16E+04 9.96E-07 2.00E-02 1.20E-02 4.30E-01 2.90E-03
I-132 1.38E+02 8.37E-05 2.00E-02 1.20E-02 4.30E-01 2.90E-03
1-133 1.25E+03 9.24E-06 2.00E-02 1.20E-02 4.30E-01 2.90E-03
1-134 5.26E+01 2.20E-04 2.00E-02 1.20E-02 4.30E-01 2.90E-03
I-135 3.97E+02 2.91E-05 2.00E-02 1.20E-02 4.30E-01 2.90E-03 .
Cs-134 1.08E+06 1.06E-08 1.00E-02 8.00E-03 3.00E-01 1.50E-02
Cs-136 1.90E+04 6.08E-07 1.00E-02 8.00E-03 3.00E-01 1.50E-02
Cs-137 1.59E+07 7.26L-10 1.00E-02 8.00E-03 3.00E-01 1.50E-02
Cs 135 3.22E+01 3.59E-Oi 1.00E-02 8.00E-03 3.00E-01 1.50E-02
Ba-139 S.31E+01 1.39L-04 5.00E-03 4.00E-04 4.00E-04 3.20E-03
Ba-140 1.8cE+04 6.28E-07 5.00E-03 4.00E-04 4.00E-04 3.20E-03
Ba-141 1.83E+01 6.21E-04 5.00E-03 4.00E-04 4.00E-04 3.20E-03
Ba-142 1.07E+01 1.06E-03 5.00E-03 4.00E-04 4.00E-04 3.20E*03
La 140 2.41E+03 4.79E-06 2.50E-03 5.00E-06 5.00E-06 2.00E-04
La-142 9.54E+01 1.E1E-04 2.50E-03 5.00E-06 5.00E-06 2.00E-04

'

Ce-141 4.68E+04 2.47E-07 2.50E-03 1.00E-04 1.00E-04 1.20E-03
Ce-143 1.98E+03 5.83E-06 2.50E-03 1.00E-04 1.00E-04 1.20E-03
Ce-144 4.09E+05 2.82E-08 2.50E-03 1.00E-04 1.00E-04 1.20E-03
Pr-143 1.95E+04 5.92E-07 2.50E-03 5.00E-06 5.00E-06 4.70E-03
Pr-144 1.73E+01 6.68E-04 2.50E-03 5.00E-06 5.00E-06 4.70E-03
Nd-147 1.58E+04 7.31E-07 2.40E-03 5.00E-06 5.00E-06 3.30E-03
W-187 1.43E+03 8.08E-06 1.80E-02 5.00E-04 5.00E-04 1.30E-03
Np-239 3.39E+03 3.41E-06 2.50E-03 5.00E-06 5.00E-06 2.00E-04
Ar-41 1.10E+02 1.05E-04 N/A N/A N/A N/A
Kr-83m 1.10E+02 1.05E-04 N/A N/A N/A N/A-
Kr-85m 2.69E+02 4.29E-05 N/A N/A N/A N/A<

Kr-85 5.64E+06 2.05E-09 N/A- N/A .N/A N/A
Kr-87 7.63E+01 1.51E-04 N/A N/A- N/A N/A

.Kr-88 1.70E+02 6.79E-05 N/A N/A N/A N/A
Kr-89 3.16E+00 3.66E-03 'N/A N/A N/A N/A
Kr-90 5.39E-01 2.14E-02 N/A N/A N/A N/A'
Xe-131m 1.70E+04 6.79E-07 N/A N/A N/A N/A
Xe-133m 3.15E+03 3.67E-06 N/A N/A N/A N/A

.
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Table 1.10 (3 of 3) '

f RADIONUCLIDE DECAY AND STABLE liLEMENT TRANSFER DATA
|

I Half-Life K Biv Fmi Fmi Fri
(minutes) (1/s) (cow) (goat) (beef) *

-

Xe-133 7.55E+03 1.53E-06 N/A N/A N/A N/A |.

Xe-135m 1.54E+01 7.50E-0- N/A N/A N/A N/A '

Xe-135 5.47E+02 2.11E-05 N/A N/A N/A N/A
Xe-137 3.83E+00 3.02E-03 N/A N/A N/A N/A 1

Xe-138 1.41E+01 8.19E-04 N/A N/A N/A N/A !

!' References:
;

Half lives for all nuclides: DOE-TIC-11026 " Radioactive Decay Data *

Tables - A handbook of Decay Data for Application to Radiation '

Dosimetry and Radiological Assessment," D. C. Kocher, 1981. !

Transfer factors for Sb- isotopes are from ORNL 4992, " Methodology ;

for Calculating Radiation Dosos from Radioactivity Released to the !
Environment," March 1976. Table 2-7.

,

i
Cow-milk transfer factors for Iodine, Strontium, and Cesium nuclides ;

are from NUREG/CR-1004. Table 3.17. i

Goat-milk transfer factors for Iodine nuclides are from
FUREG/CR-1004, Table 3.17.

Beef transfer factors for Iron, Copper, Molybdenura, and Cesium ,

nuclides are from NUREG/CR-1004, Tabir 3.18.
?

All other nuclides' transfer factors are from Regulatory Guide 1.LO9, !

Tables E-1 and E-2.
,

t

t

,

.

T

|
|

|
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Table 1.11 (1 of 2) |

DOSE CALCULATION FACTORS
|
!Factor Value Units Reference i

;; 1 BR. (infant) 1400 m*/ year ICRP 23
L- BR,,(child) 5500 m*/ year ICRP 23
; BR. (teen) 8000 m*/ year ICRP 23

BR. (adult) 8100 m'/ year- ICRP 23
if 1 TVA Assumption ;, ,I f( 1 R. G. 1.109 (Table E-15) i

f, 1 TVA Assumption ;

f. O TVA Assumption *

H 9 g/m' TVA Value
Ke 0.072 L/kg-hr R. G. 1.109 (Section 2.C.) ;,

[ M- 40 kg/m' R. G. 1.109 (Section 2.C.)
P 240 kg/m' R. G. 1.109 (Table E-15)
Qt (cow) 64 kg/ day NUREG/CR-1004 (Sect. 3.4)
Qr (goat) 08 kg/ day NUREG/CR-1004 (Sect. 3.4)
r 0.47 NUREG/CR-1004 (Sect. 3.2) ,

t. 4.73E+08 seconds R. G. 1.109 (Table E-15) .

(15 years)
te. 7.78E+06 seconds SQN FSAR Section 11.3.9.1

(90 days) '

tear 1.56E+07 seconds SQN FSAR Section 11.3.9.1
(180 days)

t. 5.18E+06 seconds R. G. 1.109 (Table E-15)
(60 days)

t.,. 2.59E+06 seconds R. G.1.109 (Taisle E-15)- '

4

(30 days)
t..r 7.78E+06 seconds R. G. 1.109 (Table E-15)

(90 days)
'

tr. 8.64E+04 seconds SQN FSAR Section 11.3.9.1-
-

-(1 day) :
'

tne 8.64E+04 seconds NUREG/CR-1004, Table 3.40
(1 day) +

t. 1.12E+06 seconds NUREG/CR-1004. Table 3.40 i

(13 days)
t, 2.38E+07 seconds SQN FSAR Section 11.3.9.1 ?

(275 days)
U.. (infant) 0 kg/ year R. G. 1.109 (Table E-5).:

U.. (child) 41 kg/ year R. G. 1.109 (Table 2-5)
U..-(teen) 65 kg/ year R. G. 1.109 (Table E-5)-
U.. (adult) 110 kg/ year R. G. 1.109 (Table E-5)
U.,(Infant) 330 L/ year R. G. 1.109 (Table E-5)
U., (child) 330 L/ year R. C. 1.109 (Table E-5)
U.,(teen) 400 L/ year R. G. 1.109 (Table E-5)
U.,(adult) 310 L/ year R. G. 1.109 (Table E-5) ,

s ,

j

-
,
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Table 1.11 (2 of 2) [
DOSE CALCULATION FACTORS >

Factor- Value Units Reference- !

Ur.(infant) 0 kg/ year R. G. 1.109 (Table E-5) !
Ur.(child) 6.9 kg/ year R. G. 1.109 (Table E-5) :Ur.(teen)- 16 kg/ year R. G. 1.109 (Table E-5) :
Ur.(adult) 21- kg/ year R. G. 1.109 (Table E-5)
Urt. (infant) 0 kg/ year R. G. 1.109 (Table E-5)
Urt. (child) 26 kg/ year R. G.1.109 (Table E-5)-
Urt. (teen) 42 kg/ year R. G. 1.109 (Table E-5)

,

'

Urt. (adult) 64 kg/ year ~ R. G. 1.109 (Table E-5)
Us. (infant) 0 kg/ year R. G. 1.109 (Table E-5) ,

Us. (child) 520 kg/ year R. G.1.109 (Table E-5)
Us.-(teen) 630 kg/ year R. G. 1.109 (Table E-$)
Us. (adult) 520 kg/ year R..G. 1.109 (Table E-5) "

U..(infant) 330 L/ year R. G. 1.109 (Table E-5)
U..(child) 510 L/ year R. G. 1.109 (Table E-5)
U..(teen) 510 L/ year R. G. 1.109 (Table E-5)
U..(adult) 730 L/ year R. G. 1.109 (Table E-5) ,

W 0.3 none R. G. 1.109 (Table A-2)
,.

Yr. 1.35 kg/m' NUREG/CR-1004 (Table 3.4)
Y, 1.18 kg/m' NUREG/CR-1004 (Table 3.3) ;
Y,r 0.64 kg/m' NUREG/CR-1004 (Table 3.3) !

8Y., 0.57 kg/m NUREC/CR-1004 (Table 3.4)
(value selected is for ,

non-leaf y .ve ge tables ) -

K. (iodines) 7.71E-07 sec'' NUREG/CR-1004 (Table.3.10)
(10.4 d half-life) R24

1. (particulates) 5.21F-07 sec ' NUREG/CR-1004 (Table 3.10) 1
~

(15.4 d half-life) R24

;

'

.

N

+
,
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Table 1.12 (1 of 8)
INHALATION DOSE FACTORS

(mrem /pCi inhaled)

ADULT
bone liver t body thyroid kidney lung gi-111

H-3 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07 1.58E-07
C-14 2.27E-06 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07 4.26E-07-
Na-24 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06 1.28E-06
P-32 1.65E-04 9.64E-06 6.26E-06 0.00E+00 0.00E+00 0.00E+00 1.08E-05
Cr-51 0.00E+00 0.00E+00 1.25E-08 7.44E-09 2.85E-09 1.80E-06 4.15E-07
Mn-54 0.00E+00 4.95E-06 7.87E-07 0.00E+00 1.23E-06 1.75E-04 9.67E-06
Mn-56 0.00E+00 1.55E-10 2.29E-11 0.00E+00 1.63E-10 1.18E-06 2.53E-06
Fe-55 3.07E-06 2.12E-06 4.93E-07 0.00E+00 0.0DE+00 9.01E-06 7.54E-07
Fe-59 1.47E-06 3.47E-06 1.32E-06 0.00E+00 0.00E+00 1.27E-04 2.35E-05
Co-57 0.00E400 8.65E-08 8.39E-08 0.00E+00 0.00E+00 4.62E-05 3.93E-06
Co-58 0.00E+00 1.98E-07 2.59E-07 0.00E+00 0.00E+00 1.16E-04 1.33E-05
Co-60 0.00E+00 1.44E-06 1.85E-06 0.00E+00 0.00E+00 7.46E-04 3.56E-05
N1-63 5.40E-05 3.93E-06 1.81E-06 0.00E+00 0.00E+00 2.23E-05 1.67E-06
Ni-65 1.92E-10 2.62E-11 1.14E-11 0.00E+00 0.00E+00 7.00E-07 1.54E-06
Cu-64 0.00E+00 1.83E-10 7. 6 9E-I l 0.00E+00 5.78E-10 8.48E-07 6.12E-06
Zn-65 4.0$E-06 1.29E-05 5.82E-06 0.00E+00 8.62E-06 1.08E-04 6.68E-06
Zn-69 4.23E-12 8.14E-12 5.65E-13 0.00E+00 5.27E-12 1.15E-07 2.04E-09
Zn-69m 1.02E-09 2.45E-09 2.24E-10 0.00E+00 1.48E-09 2.38E-06 1.71E-05
Br-82 0.00E+00 0.00E+00 1.69E-06 0.00E+00 0.00E+00 0.00E+00 1.30E-06
Br-83 0.00E+00 0.00E+00 3.01E-08 0.00E+00 0.00E+00 0.00E+00 2.90E-08
Br-84 0.00E+00 0.00E+00 3.91E-08 0.00E+00 0.00E+00 0.00E+00 2.05E-13
Br-85 0.00E+00 0.00E+00 1.60E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rb-66 0.00E+00 1.69E-05 7.37E-06 0.00E+00 0.00E+00 0.00E+00 2. 08E-06
Rb-88 0.00E+00 4.84E-08 2.41E-08 0.00E+00 0.00E+00 0.00E+00 4.18E-19
Rb-89 0.00E+00 3.20E-08 2.12E-08 0.00E+00 0.00Ft00 0.00E+00 1.16E-21
Sr-89 3.80E-05 0.00E+00 1.09E-06 0.00E+00 0.00E+00 1.752-04 4.37E-05
Sr-90 1.24E-02 0.00E+00 7.62E-04 0.00E+00 0.00E+00 1.20E-03 9.02E-05
Sr-91 7.74E-09 0.00E+00 3.13E-10 0.00E+00 0.00E+00 4.56E-06 2.39E-05
Sr-92 8.43E-10 0.00E+00 3.64E-11 0.00E+00 0.00E+00 2.06E-06 5.38E-06 '

Y-90 2.61E-07 0.00E+00 7.01E-09 0.00E+00 0.00E+00 2.12E-05 6.32E-05
Y-91m 3.26E-11 0.00E+00 1.27E-12 0.00E+00 0.00E+00 2.40E-07 1.66E-10
Y-91 5.78E-05 0.00E+00 1.55E-06 0.00E+00 0.00E+00 2.13E-04 4.81E-05
Y-92 1.29E-09 0.00E+00 3.77E-11 0.00E+00 0.00E+00 1.96E-06 9.19E-06
Y-93 1.18E-08 0.00E+00 3.26E-10 0.00E+00 0.00E+00 6.06E-06 5.27E-05
Zr-95 1.34E-05 4.30E-06 2.91E-06 0.00E+00 6.77E-06 2.21E-04 1.88E-05
Zr-97 1.21E-08 2.45E-09 1.13E-09 0.00E+00 3.71E-09 9.84E-06 6.54E-05
Nb-95 1.76E-06 9.77E-07 5.26E-07 0.00E+00 9.67E-07 6.31E-05 1.30E-05
Nb-97 2.78E-11 7.03E-12 2.56E-12 0.00E+00 8.18E-12 3.00E-07 3.02E-08
Mo-99 0.00E+00 1.51E-08 2.87E-09 0.00E+00 3.64E-08 1.14E-05 3.10E-05
Tc-99m 1.29E-13 3.64E-13 4.63E-12 0.00E+00 5.52E-12 9.55E-08 5.20E-07
Tc-101 5.22E-15 7.52E-15 '7.38E-14 0.00E+00 1.35E-13 4.99E-08 1.36E-21
Ru-103 1.91E-07 0.00E+00 8.23E-08 0.00E+00 7.29E-07 6.31E-05 1.38E-05
Ru-105 9.88E-11 0.00E+00 3.89E-11 0.00E+00 1.27E-10 1.37E-06 6.02E-06 .

Ru-106 8.64E-06 0.00E+00 1.09E-06 0.00E+00 1.67E 05 1.17E-03 1.14E-04
Ag-110m 1.35E-06 1.25E-06 7.43E-07 0.00E+00 2.46E- 6 5.79E-04 3.78E-05

| Sb-124 3.90E-06 7.36E-08 1.55E-06 9.44E-09 0.00E+00 3.10E-04 5.08E-05
1

Reformatting / Repagination changes only 01461

.



_. _- . - _ ..

' '

SQN ODCM
R visi n 24
Page 111 of 156

Table 1.12 (2 of 8)
INHALATION DOSE FACTORS

(mrem /pci inhaled)

ADULT
bone liver t body thyroid kidney lung gi-111 |

.;

Sb-125 6.67E-06 7.44E-08 1.58E-06 6.75E-09 0.00E+00 2.1BE-04 1.26E-05
'

Te-125m 4.27E-07 1.98E-07 5.84E-08 1.31E-07 1.55E-06 3.92E-05 8.83E-06
Te-127m 1.58E-06 7.21E-07 1.96E-07 4.11E-07 5.72E-06 1.20E-04 1.87E-05
Te-127 1.75E-10 8.03E-11 3.87E-11 1.32E-10 6.37E-10 8.14E-07 7.17E-06
Te-129m 1.22E-06 5.84E-07 1.98E-07 4.30E-07 4.57E-06 1.45E-04 4.79E-05
Te-129 6.22E-12 2.99E-12 1.55E-12 4.97E-12 2.34E-11 2.42E-07 1.96E-08 *

Te-131m 8.74E-09 5.45E-09 3.63E-09 6.88E-09 3.86E-08 1.82E-05 6.95E-05
Te-131 1.39E-12 7.44E-13 4.49E-13 1.17E-12 5.46E-12 1.74E-07 2.30E-09
Te-132 3.25E-08 2.69E-08 2.02E-08 2.37E-08 1.82E-07 3.60E-05 6.37E-05
I-130 5.72E-07 1.68E-06 6.60E-07 1.42E-04 2.61E-06 0.00E+00 9.61E-07
I-131 3.15E-06 4.47E-06 2.56E-06 1.49E-03 7.66E-06 0.00E+00 7.85E-07
I-132 1.45E-07 4.07E-07 1.45E-07 1.43E-05 6.48E-07 0.00E+00 5.08E-08
1-133 1.08E-06 1.85E-06 5.65E-07 2.69E-04 3.23E-06 0.00E+00 1.11E-06
I-134 8.0$E-08 2.16E-07 7.69E-08 3.73E-06 3.44E-07 0.00E+00 1.26E-lQ
1-135 3.35E-07 8.73E-07 3.21E-07 5.60E-05 1.39E-06 0.00E+00 6.56E-07
Cs-134 4.66E-05 1.06E-04 9.10E-05 0.00Es00 3.59E-05 1.22E-05 1.30E-06
Cs-136 4.88E-06 1.83E-05 1.38E-05 0.00E+00 1.07E-05 1.50E-06 1.46E-06
Cs-137 5.98E-05 7.76E-05 5.35E-05 0.00E+00 2.78E-05 9.40E-06 1.05E-06 ,

Cs-138 4.14E-08 7.76E-08 4.05E-08 0.00E+00 6.00E-08 6.07E-09 2.33E-13
Ba-139 1.17E-10 8.32E-14 3.42E-12 0.00E+00 7.78E-14 4.70E-07 1.12E-07
Ba-140 4.88E-06 6.13E-09 3.21E-07 0.00E+00 2.09E-09 1.59E-04 2.73E-05
Ba-141 1.25E-11 9.41E-1$ 4.20E-13 0.00E+00 8.75E-15 2.42E-07 1.45E-17
Ba-142 3.29E-12 3.38E-15 2.07E-13 0.00E+00 2.86E-15 1.49E-07 1.96E-26
La-140 4.30E-08 2.17E-08 5.73E-09 0.00E+00 0.00E+00 1.70E-05 5.73E-05 ,

La-142 8.54E-11 3.88E-11 9.65E-12 0.00E+00 0.00E+00 7.91E-07 2.64E-07
Ce-141 2.49E-06 1.69E-06 1.91E-07 0.00E+00 7.83E-07 4.52E-05 1.50E-05
Ce-143 3 33E-08 1.72E-08 1.91E-09 0.00E+00 7.60E-09 9.97E-06 2.83E-05
Ce-144 4.29E-04 1.79E-04 2.30E-05 0.00E+00 1.06E-04 9.72E-04 1.02E-04
Pr-143 1.17E-06 4.69E-07 5.80E-08 0.00E+00 2.70E-07 3.51E-05 2.50E-05
Pr-144 3.76E-12 1.56E-12 1.91E-13 0.00E+00 8.81E-13 1.27E-07 2.69E-18
Nd-147 6.59E-07 7.62E-07 4.56E-08 0.00E+00 4.45E-07 2.76E-05 2.16E-05
W-187 1.06E-09 8.85E-10 3.10E-10 0.00E+00 0.00E+00 3.63E-06 1.94E-05
Np-239 2.87E-08 2.82E-09 1.55E-09 0.00E+00 8.75E-09 4.70E-06 1.49E-05

Reference
Regulatory Ouide 1.109, Table E-7.

Dose Factors for Co-57, 2n-69m. Br-82. Nb-97, Sb-124 and Sb-125 are from
NUREO-0172 Age Specific Radiation Dose Commitment Factors for a One Year

,

Chronic Intake. November 1977, Table 8. *

NOTE: The tritium dose f. actor for bone is assumed to be equal to the
,

total body dose factor.
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Table 1.12 (3 of 8) '

1NilALAT10N DOSE FACTORS '

(mrem /pCi inhaled)
,

TEEN '

bone liver t body thyroid kidney lung gi-111

11 - 3 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07 1.59E-07
C-14 3.25E-06 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07
Na-24 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06 1.72E-06
P-32 2.36E-04 1.37E-05 8.95E-06 0.00E+00 0.00E+00 0.00E+00 1.16E-05
Cr-51 0.00E400 0.00E+00 1.69E-08 9.37E-09 3.84E-09 2.62E-06 3.75E-07
Mn-54 0.00E+00 6.39E-06 1.0$E-06 0.00E+00 1.59E-06 2.48E-04 8.35E-06 >

Mn-56 0.00E+00 2.12E-10 3.15E-11 0.00E+00 2.24E-10 1.90E-06 7.18E-06
Fe-55 4.18E-06 2.98E-06 6.93E-07 0.00E+00 0.00E+00 1.55E-05 7.99E-07
Fe-59 1.99E-06 4.62E-06 1.79E-06 0.00E+00 0.00E+00 1.91E-04 2.23E-05
Co-57 0.00E+00 1.18E-07 1.15E-07 0.00E+00 0.00E+00 7.33E-05 3.93E-06
Co-58 0.00E+00 2.59E-07 3.47E-07 0.00E+00 0.00E+00 1.68E-04 1.19E~05
Co-60 0.00E+00 1.89E-06 2.48E-06 0.00E+00 0.00E+00 1.09E-03 3.24E-05
Ni-63 7.25E-05 5.43E-06 2.47E-06 0.00E+00 0.00E+00 3.84E-05 1.77E-06
Ni-65 2.73E-10 3.66E-11 1.59E-11 0.00E+00 0.00E+00 1.17E-05 4.59E-Og
Cu-64 0.00E+00 2.54E-10 1.06E-10 0.00E+00 8.01E-10 1.39E-06 7.6BE-06
Zn-65 4.82E-06 1.67E-05 7.80E-06 0.00E+00 1.08E-05 1.55E-04 5.83E-06
Zn-69 6.04E-12 1.15E-11 8.07E-13 0.00E+00 7.53E-12 1.98E-07 3.56E-08
2n-69m 1.44E-09 3.39E-09 3.11E-10 0.00E+00 2.06E-09 3.92E-06 2.14E-05
Br-82 0.00E+00 0.00E+00 2.28E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Br-83 0.00E+00 0.00E+00 4.30E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Br-84 0.00E+00 0.00E+00 5.41E-08 0.00E+00 0.00E+00 0.00E+00 0.00E400
Br-85 0.00E+00 0.00E+00 2.29E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rb-86 0.00E+00 2.38E-05 1.05E-05 0.00E+00 0.00E+00 0.00E+00 2.21E-06
Rb-88 0.00E+00 6.82E-08 3.40E-08 0.00E+00 0.00E+00 0.00E+00 3.65E-15
Rb-89 0.00E+00 4.40E-08 2.91E-08 0.00E+00 0.00E+00 0.00E+00 4.22E-17
Sr-89 5.43E-05 0.00E+00 1.56E-06 0.00E+00 0.00E+00 3.02E-04 4.64E-05-
St-99 1.35E-02 0.00E+C0 8.35E-04 0.00E+00 0.00E+00 2.06E-03 1.56E-05
Sr-91 1.10E-08 0.00E+00 4.39E-10 0.00E+00 0.00E+00 7.59E-06 3.24E-05
Sr-92 1.19E-09 0.00E+00 5.08E-11 0.00E+00 0.00E+00 3.43E-06 1.49E-05
Y-90 3.73E-07 0.00E+00 1.00E-08 0.00E+00 0.00E+00 3.66E-05 6.99E-05
Y-91m 4.63E-11 0.00E+00 1.77E-12 0.00E+00 0.00E+00 4.00E-07 3.77E-09
Y-91 8.26E-05 0.00E+00 2.21E-06 0.00E+00 0.00E+00 3.67E-04 5.11E-05
Y-92 1.84E-09 0.00E+00 5.36E-11 0.00E+00 0.00E+00 3.35E-06 2.06E-05
Y-93 1.69E-08 0.00E+00 4.65E-10 0.00E+00 0.00E+00 1.04E-05 7.24E-05
2r-95 1.82E-05 5.73E-06 3.94E-06 0.00E+00 8.42E-06 3.36E-04 1.86E-05
Zr-77 1.72E-08 3.40E-09 1.57E-09 0.00E+00 5.15E-09 1.62E-05 7.88E-05
Nb-95 2.32E-06 1.29E-06 7.08E-07 0.00E+00 1.25E-06 9.39E-05 1.21E-05
Nb-97 3.92E-11 9.72E-12 3.55E-12 0.00E+00 1.14E-11 4.91E-07 2.71E-07
Mo-99 0.00E+00 2.11E-08 4.03E-09 0.00E+00 5.14E-08 1.92E-05 3.36E-05
Tc-99m 1.73E-13 4.83E-13 6.24E-12- 0.00E+00' 7.20E-12 l' . 44 E-0 7 7.66E-07
Tc-101 7.40E-15 1.05E-14 1.03E-13 0.00E+00 1.90E-13 8.34E-08 1.09E-16
Ru-103 2.63E-07 0.00E+00 1.12E-07 0.00E+00 9.29E-07 9.79E-05 1.36E-05
Ru-105 1.40E-10 0.00E+00 5.42E-11 0.00E+00 1.76E-10 2.27E-06 1.13E-05
Ru-106 1.23E-05 0.00E+00. 1.55E-06 0.00E+00 2.38E-05 2.01E-03 1.20E-04
Ag-110m 1.73E-06 1.64t-06 9.99F-07 0.00E+00 3.13E-06 8.44E-04 3.41E-05
Sb-124 5.38E-06 9.92E-08 2.10E-06 1.22E-08 0.00E+00 4.81E-04 4.98E-05
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Table 1.12 (4 of 8)
INHALATION DOSE FACTORS

(mrem /pCi inhaled) .

TEEN
bone liver t body thyroid kidney lung gi-111

Sb-125 9.23E-06 1.01E-07 2.15E-06 8.80E-09 0.00E+00 3.42E-04 1.24E-05
Te-125m 6.10E-07 2.80E-07 8.34E-08 1.75E-07 0.00E+00 6.70E-05 9.38E-06 !

Te-127m 2.25E-06 1.02E-06 2.73E-07 5.48E-07 8.17E-06 2.07E-04 1.99E-05
Te-127 2.51E-10 1.14E-10' 5.52E-11 1.77E-10 9.10E-10 1.40E-06 1.01E-05
Te-129m 1.74E-06 8.23E-07 2.81E-07 5.72E-07 6.49E-06 2.47E-04 5.06E-05 '

Te-129 8.87E-12 4.22E-12 2.20E-12 6.48E-12 3.32E-11 4.12E-07 2.02E-07 -

Te-131m 1.23E-08 7.51E-09 5.03E-09 9.06E-09 5.49E-08 2.97E-05 7.76E-05
Te-131 1.97E-12 1.04E-12 6.30E-13 1.55E-12 7.72E-12 2.92E-07 1.89E-09 :r

Te-132 4.50E-08 3.63E-08 2.74E-08 3.07E-08 2.44E-07 5.61E-05 5.79E-05 '

I-130 7.80E-07 2.24E-06 8.96E-07 1.86E-04 3.44E-06 0.00E+00 1.14E-06
I-131 4.43E-06 6.14E-06 3.30E-06 1.83E-03 1.05E-05 0.00E400 8.11E-07
I-132 1.99E-07 5.47E-07 1.97E-07 1.89E-05 8.65E-07 0.00E+00 1.59E-07
I-133 1.52E-06 2.56E-06 7.78E-07 3.65E-04 4.49E-06 0.00E+00 1.29E-06
1-134 1.11E-07 2.90E-07 1.05E-07 4.94E-06 4.58E-07 0.00E+00 2.55E-09
1-135 4.62E-07 1.18E-06 4.36E-07 7.76E-05 1.86E-06 0.00E+00 8.69E-07
Cs-134 6.28E-05 1.41E-04 6.86E-05 0.00E+00 4.69E-05 1.83E-05 1.22E-06 '

Cs-136 6.44E-06 2.42E-05 1.71E-05 0.00E+00 1.38E-05 2.22E-06 1.36E-06
Cs-137 8.38E-05 1.06E-04 3.89E-05 0.00E+00 3.80E-05 1.51E-05 1.06E-06 '

Cs-138 5.82E-08 1.07E-07 5.58E-08 0.00E+00 8.28E-08 9.84E-09 3.38E-11
Ba-139 1.67E-10 1.18E-13 4.87E-12 0.00E+00 1.11E-13 8.08E-07 8.06E-07
Ba-140 6.84E-06 8.38E-09 4.40E-07 0.00E+00 2.85E-09 2.54E-04 2.86E-05
Ba-141 1.78E-11 1.32E-14 5.93E-13 0.00E+00 1.23E-14 4.11E-07 9.33E-14
Ba-142 4.62E-12 4.63E-15 2.84E-13 0.00E+00 3.92E-15 2.39E-07 5,99E-20
La-140 5.99E-08 2.95E-08 7.82E-09 0.00E+00 0.00E+00 2.68E-05 6.09E-05 '

La-142 1.20E-10 5.31E-11 1.32E-11 0.00E+00 0.00E+00 1.27E-06 1.50E-06
Ce-141 3.55E-06 2.37E-06 2.71E-07 0.00E+00 1.11E-06 7.67E-05 1.58E-05
Ce-143 3.32E-08 2.42E-08 2.70E-09 0.00E+00 1.08E-08 1.63E-05 3.19E-05
Ce-144 6.11E-04 2.53E-04 3.28E-05 0.00E+00 1.51E-04 1.67E-03 1.08E-04
Pr-143 1.67E-06 6.64E-07 8.28E-08 0.00E+00 3.86E-07 6.04E-05 -2.67E-05
Pr-144 5.37E-12 2.20E-12 2.72E-13 0.00E+00 1.26E-12 2 19E-07 2.94E-14
Nd-147 9.83E-07 1.07E-06 6.41E-08 0.00E+00 6.28E-07 4.65E-05 2.28E-05
W-187 1.50E-09 1.22E-09 4.29E-10 0.00E+00 0.00E+00 5.92E-06 2.21E-05
Np-239 4.23E-08 3.99E-09 2.21E-09 0.00E+00 1.25E-08 8.11E-06 1.65E-05

,

Reference:
Regulatory Guide 1.109, Table E-8.

Dose Factors for Co-57. 2n-69m. Br-82. Nb-97. Sb-124 and Sb-125 are from
NUREG-0172 Age Specific Radiation Dose Commitment Factors for a One Year

Chronic Intake. November 1977. Tabic 8.

NOTE: The tritium dose factor for bone is assumed to be equal to the
total body dose fa'ctor.
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Table 1.12 (5 of 8)
INHALATION DOSE FACTORS

(mrem /pCi inhaled)

CHILD
bone liver t body thyroid kidney lung gi-111

,

H-3 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07 3.04E-07
C-14 9.70E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06 1.82E-06
Na-24 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06 4.35E-06
P-32 7.04E-04 3.09E-05 2.67E-05 0.00E+00 0.00E+00 0.00E+00 1.14E-05
Cr-51 0.00E+00 0.00E+00 4.17E-08 2.31E-08 6.57E-09 4.59E-06 2.93E-07
Mn-54 0.00E+00 1.16E-05 2.57E-06 0.00E+00 2.71E-06 4.26E-04 6.19E-06
Mn-56 0.00E+00 4.48E-10 8.43E-11 0.00E+00 4.52E-10 3.55E-06 3.33E-05
Fe-55 1.28E-05 6.80E-06 2.10E-06 0.00E+00 0.00E+00 3.00E-05 7.75E-07
Fe-59 5.59E-06 9.04E-06 4.51E-06 0.00E+00 0.00E+00 3.43E-04 1.91E-05
Co-57 0.00E+00 2.44E-07 2.88E-07 0.00E+00 0.00E+00 1.37E-04 3.58E-06
Co-58 0.00E+00 4.79E-07 8.55E-07 0.00E+00 0.00E+00 2.99E-04 9.29E-06
Co-60 0.00E+00 3.55E-06 6.12E-06 0.00E+00 0.00E+00 1.91E-03 2.60E-05
Ni-63 2.22E-04 1.25E-05 7.56E-06 0.00E+00 0.00E+00 7.43E-05 1.71E-06
Ni-65 8.08E-10 7.99E-11 4.44E-11 0.00E+00 0.00E+00 2.21E-06 2.27E-0}Cu-64 0.00E+00 5.39E-10 2.90E-10 0.00E+00 1.63E-09 2.59E-06 9.92E-05
Zn-65 1.15E-05 3.06E-05 1.90E-05 0.00E+00 1.93E-05 2.69E-04 4.41E-06
Zn-69 1.81E-11 2.61E-11 2.41E-12 0.00E+00 1.58E-11 3.84E-07 2.75E-06
Zn-69m 4.26E-09 7.28E-09 8.59E-10 0.00E+00 4.22E-09 7.36E-06 2.71E-05
Br-82 0.00E+00 0.00E+00 5.66E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Br-83 0.00E+00 0.00E+00 1.28E-07 0.00E+00 0.00E+00 0.00E+09 0.00E+00
Br-84 0.00E+00 0.00E+00 1.48E-07 0.00E+00 0.00E+00 0.00E+00 0.00E+00 f
Bt-85 0.00E+00 0.00E+00 6.84E-09 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Rb-86 0.00E+00 5.36E-05 3.09E-05 0.00E+00 0.00E+00 0.00E+00 2.15E-06
Rb-88 0.002+00 1.52E-07 9.90E-08 0.00E+00 0.00E+00 0.00E+00 4.66E-09
Rb-89 0.00E+00 9.33E-08 7.83E-08 0.00E+00 0.00E+00 0.00E+00 5.11E-10
Sr-89 1.62E-04 0.00E+00 4.66E-06 0.00E+00 0.00E300 5.83E-04 4.52E-05
Sr-90 2.73E-02 0.00E+00 1.74E-03 0.00E+00 0.00E+00 3.t9E403 9.28E-05
Sr-91 3.28E-08 0.00E+00 1.24E-09 0.00E400 0.00E+00 1.44E-05 4.70E-05
Sr-92 3.54E-09 0.00E+00 1.42E-10 0.00E+00 0.00E+00 6.49E-06 6.55E-05
Y-90 1.11E-06 0.00E+00 2.99E-08 0.00E+00 0.00E+00 7.07E-05 7.24E-05
Y-91m 1.37E-10 0.00E+00 4.98E-12 0.00E+00 0.00E+00 7.60E-07 4.64E-07
Y-91 2.47E-04 0.00E+00 6.59E-06 0.00E+00 0.00E400 7.10E-04 4.97E-05 I
Y-92 5.50E-09 0.00E+00 1.57E-10 0.00E+00 0.00E+00 6.46E-06 6.46E-05 1

Y-93 5.04E-08 0.00E+00 1.38E-09 0.00E+00 0.00E+00 2.01E-05 1.05E-04
'

Zr-95 5.13E-05 1.13E-05 1.00E-05 0.00E+00 1.61E-05 6.03E-04 1.65E-05
Zr-97 5.07E-08 7.34E-09 4.32E-09 0.00E+00 1.05E-08 3.06E-05 9.49E-05
Nb-95 6.35E-06 2.48E-06 1.77E-06 0.00E+00 2.33E-06 1.66E-04 1.00E-05
Nb-97 1.16E-10 2.08E-11 9.74E-12 0.00E+00 2.31E-11 9.23E-07 7.52E-06
Mo-99 0.00E+00 4.66E-08 1.15E-08 0.00E+00 1.06E-07 3.66E-05 3.42E-05
Tc-99m 4.81E-13 .9.41E-13 1.56E-11 0.00E+00 1.37E-11 2.57E-07 1.30E-06
Tc-101 2.19E-14 2.30E-14 e2.91E-13 0.00E+00 3.92E-13 1.58E-07 4.41E-09
Ru-103 7.55E-07 0.00E+00 2.90E-07 0.00E+00 1.90E-06 1.79E-04 1.21E-05 !

Ru-105 4.13E-10 0.00E+00 1.50E-10 0.00E+00 3.63E-10 4.30E-06 2.69E-05
Ru-106: 3.68E-05 0.00Er00 4.57E-06 0.00E+00 4.97E-05 3.87E-03 1.16E-04
Ag-110m 4.56E-06 3.08E-06 2.47E-06 0.00E+00 5.74E-06 1.48E-03 2.71E-05
Sb-124 1.55E-05 2.00E-07 5.41E-06 3.41E-08 0.00E+00 8.76E-04 4.43E-05
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Table 1.12 (6 of 8)
INHALATION DOSE FACTORS

(mrem /pCi inhaled)

CHILD
bone liver t body thyroid kidney lung gi-111

.

Sb-125 2.66E-05 2.05E-07 5.59E-06 2.46E-08 0.00E+00 6.27E-04 1.09E-05
Te-125m 1.82E-06 6.29E-07 2.47E-07 5.20E-07 0.00E+00 1.29E-04 9.13E-06.
Te-127m 6.72E-06 2.31E-06 8,16E-07 1.64E-06 1.72E-05 4.00E-04 1.93E-05
Te-127 7.49E-10 2.57E-10 1.65E-10 5.30E-10 1.91E-09 2.71E-06 1.52E-05
Te-129m 5.19E-06 1.85E-06 8.22E-07 1.71E-06 1.36E-05 4.76E-04 4.91E-05
Te-129 2.64E-11 9.45E-12 6.44E-12 1.93E-11 6.94E-11 7.93E-07 6.89E-06
Te-131m 3.63E-08 1.60E-08 1.37E-08 2.64E-08 1.08E-07 5.56E-05 8.32E-05
Te-131 5.87E-12 2.28E-12 1.78E-12 4.59E-12 1.59E-11 5.55E-07 3.60E-07
Te-132 1.30E-07 7.36E-08 7.12E-08 8.58E-08 4.79E-07 1.02E-04 3.72E-05
I-130 2.21E-06 4.43E-06 2.28E-06 4.99E-04 6.61E-06 0.00E+00 1.38E-06
I-131 1.30E-05 1.30E-05 7.37E-06 4.39E-03 2.13E-05 0.00E+00 7.68E-07
I-132 5.72E-07 1.10E-06 5.07E-07 5.23E-05 1.69E-06 0.00E+00 8.65E-07
I-133 4.48E-06 5.49E-06 2.08E-06 1.04E-03 9.13E-06 0.00E+00 1.48E-06
I-134 3.17E-07 5.84E-07 2.69E-07 1.37E-05 8.92E-07 0.00E+00 2.58E-0JI-135 1.33E-06 2.36E-06 1.12E-06 2.14E-04 3.62E-06 0.00E+00 1.20E-06
Cs-134 1.76E-04 2.74E-04 6.07E-05 0.00E+00 8.93E-05 3.27E-05 1.04E-06
Cs-136 1.76E-05 4.62E-05 3.14E-05 0.00E+00 2.58E-05 3.93E-06 1.13E-06
Cs-137 2.45E-04 2.23E-04 3.47E-05 0.00E+00 7.63E-05 2.81E-05 9.78E-07
Cs-138 1.71E-07 2.27E-07 1.50E-07 0.00E+00 1.68E-07 1.84E-08 7.29E-08
Ba-139 4.98E-10 2.66E-13 1.45E-11 0.00E+00 2.33E-13 1.56E-06 1.56E-05
Ba-140 2.00E-05 1.75E-08 1.17E-06 0.00E+00 5.71E-09 4.71E-04 2.75E-05.

.ba-141 5.29E-11 2.95E-14 1.72E-12 0.00E+00 2.56E-14 7.89E-07 7.44E-08
ta-142 1.35E-11 9.73E-15 7.54E-13 0.00E+00 7.87E-15 4.44E-07 7.41E-10
La-140 1.74E-07 6.08E-08 2.04E-08 0.00E+00 0.00E+03 4.94L-OS 6.10E-05
La-142 3.50E-10 1.11E-10 3.49E-11 0.00E+00 0.00E+00 2.35E-05 2.055-05
Ce-141 1.16E-05 5.28E-06 7.83E-07 0.00E+00 2.31E-06 1.47E-04 1.53E-05
Ce-143 9.u9E-08 5.37E-08 7.77E-09 0.00E+00 2.26E-08 3.12E-05 3.44E-05
Ce-144 1.83E-03 5.72E-04 9.77E-05 0.00E+00 3.17E-04 3.23E-03 1.05E-04
Pr-143 4.99E-06. 1.50E-06 2.47E-07 0.00E+00 8.11E-07 1.17E-04 2.63E-05
Pr-144 1.61E-11 4.99E-12 8.10E-13 0.00E+00 2.64E-12 4.23E-07 5.32E-08 9

Nd-147 2.92E-06 2.36E-06 1.84E-07 0.00E+00 1.30E-06 8.87E-05 2.22E-05
W-187 4.41E-09 2.61E-09 1.1?E-09 .0.00E+00 0.00E+00 1.11E-05 2.46E-05
Np-239 1.26E-07 9.04E-09 6.35E-09 0.00E+00 2.63E-08 1.57E-05 1.73E-05

Reference:
Regulatory Guide 1.109, Table E-9.

Dose Factors for Co-57, 2n-69m, Br-82. Nb-97. Sb-124 and Sb-125 are from
NUREG-0172 Age Specific Radiation Dose Commitment Factors for a One Year
Chronic Intake. November 1977 Table 8.

NOTE: The tritium dose factor for bone is assumed to be equal to the
total body dose fa'ctor.
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Table 1.12 (7 of 8)
INHALATION DOSE FACTORS

(mrem /pci' inhaled)

INFANT
bone liver t body thyroid kidney lung gi-111

H-3 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07 4.62E-07
C-14 1.89E-05 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06
Na-24 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06 7.54E-06
P-32 1.45E-03 8.03E+05 5.53E-05 0.00E+00 0.00E+00 0.00E+00 1.15E-05
Cr-51 0.00E+00 0.00E+00 6.39E-08 4.11E-08 9.45E-09 9.17E-06 2.55E-07
Mn-54 0.00E+00 1.81E-05 3.56E-06 0.00E+00 3.56E-06 7.14E-04 5.04E-06
Mn-56 0.00E+00 1.10E-09 1.58E-10 0.00E+00 7.86E-10 8.95E-06 5.12E-05
Fe-55 1.41E-05 8.39E-06 2.38E-06 0.00E+00 0.00E+00 6.21E-05 7.82E-07
Fe-59 9.69E-06 1.68E-05 6.77E-06 0.00E+00 0.00E+00 7.25E-04 1.77E-05
Co-57 0.00E+00 4.65E-07 4.58E-07 0.00E+00 0.00E+00 2.71E-04 3.47E-06
Co-58 0.00E+00 8.71E-07 1.30E-06 0.00E+00 0.00E+00 5.55E-04 7.95E-06
Co-60 0.00E+00 5.73E-06 8.41E-06 0.00E+00 0.00E+00 3.22E-03 2.28E-05
N1-63 2.42E-04 1.46E-05 8.29E-06 0.00E+00 0.00E+00 1.49E-04 1. 73 E-0.6
Ni-65 1.71E-09 2.03E-10 8.79E-11 0.00E+00 0.00E+00 5.80E-06 3.58E-Q$
Cu-64 0.00E+00 1.34E-09 5.53E-10 0.00E+00 2.84E-09 6.64E-06 1.07E-05
Zn-65 1.38E-05 4.47E-05 2.22E-05 0.00E+00 2.32E-05 4.62E-04 3.67E-05
Zn-69 3.85E-11 6.91E-11 5.13E-12 0.00E+00 2.87E-11 1.05E-06 9.44E-06
Zn-69m 8.98E-09 1.84E-08 1.67E-09 0.00E+00 7.45E-09 1.91E-05 2.92E-05
Br-82 0.00E+00 0.00E+00 9.49E-06 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Br-83 0.00E+00 0.00E+00 2.72E-07 0.00E+00 0.00E+C0 0.00E+00 0.00E+00
Br-84 0.00E&00 0.00E+00 2.86E-07 0.00E+00 0 00E+00 0.00E+00 0.00E+00
Br-65 0.00E+03 0 00E+00 1.46E-08 0.00E+00 0.00E+00 0.00E+00 0.00E+00
FA-84 0.00E+00 1.36E-Oh 6.30E-05 0.00E+00 0.00E+00 0.00E+00 2.17E-06
Rb-88 0.00E4JO 3.982-07 2.05E-07 0.00E+00 0.00E+00 0.00E+00 2.42E-07
Rb-89 0.00E+00 2. 39E-07 1.47E-07 0.00E+00 0.00E+00 0.00E+00 4.87E-08 sSr-89 2.84E-04 0.00E+00 8.15E-06 0.00E+00 0.00E+00 1.45E-03 4.57E-05 i

Sr-90 2.92E-02 0.00E+00 1.85E-03 0.00E+00 0.00E+00 8.03E-03 9.36E-05
i Sr-91 6.83E-08 0.00E+00 2.47E-09 0.00E+00 0.00E+00 3. 76 E-05 5.24E-05

Sr-92 7.50E-09 0.00E+00 2.79E-10 0.00E+00 0.00E+00 1.70E-05 1.00E-04
Y-90 2.35E-06 0.00E+00 6.30E-08 0.00E+00 0.00E+00 1. 92 E -04 7.43E-05
Y-91m 2.91E-10 0.00E+00 9.90E-12 0.00E+00 0.00E+00 1.99E-06 1.68E-06
Y-91 4.20E-04 0.00E+00 1.12E-05 0.00E+00 0.00E+00 1.75E-03 5.02E-05
Y-92 1.17E-08 0.00E+00 3.29E-10 0.00E+00 0.00E+00 1.75E-05 9.04E-05
Y-93 1.07E-07 0.00E+00 2.91E-09 0.00E+00 0.00E+00 5.46E-05 1.19E-04
Zr-95 8.24E-05 1.99E-05 1.45E-05 0.00E+00 2.22E-05 1.25E-03 1.55E-05
Zr-97 1.07E-07 1.83E-08 8.36E-09 0.00E+00 1.85E-08 7.88E-05 1.00E-04
Nb-95 -1.12E-05 4.59E-06 2.70E-06 0.00E+00 3.37E-06 3.42E-04 9.05E-06
Nb-97 2.44E-10- 5.21E-11 1.88E-11 0.00E+00 4.07E-11 2!37E-06 1.92E-05
Mo-99 0.00E+00 1.18E-07 2.31E-08 0.00E+00 1.89E-07 9.63E-05 3.48E-05
Tc-99m 9.98E-13 2.06E-12 2.66E-11' O.00E+00 2.22E-11 5.79E-07 1.45E-06'

Tc-101' 4.65E-14 5.88E-04 ~5.80E-13 0.00E+00 6.99E-13 4.17E-07 6.03E-07
Ru-103 1.44E-06 0.00E+00 4.85E-07 0.00E+00 3.03E-06 3.94E-04 1.15E-05
Ru-105 8.74E-10 0.00E+0,0 2.93E-10 0.00E+00 6.42E-10 1.12E-05 3.46E-05'
Ru-106- 6.20E-05- 0.00E+00 7.77E-06 0.00E+00' 7.51E-05 8.26E-03 1.17E-04
Ag-110m 7.13E-06 5.16'E-06 3.57E-06 0.00E+00 7'.80E-06 2.62E-03 2.36E-05 '

Sb-124 2.71E-05 3.97E-07 8.56E-06 7.18E-08 0.00E+00 1.89E-03 4.22E-05

| Reformatti.g/ Repagination changes only 01461
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Table 1.12 (8 of 8) t

INHALATION DOSE FACTORS ;

(mrem /pci inhaled) '

INFANT
bone liver t body thyroid kidney lung gi-111

'

Sb-125 3.69E-05 3.41E-07 7.78E-06 4.45E-08 0.00E+00 1.17E-03 1.05E-05
Te-125m 3.40E-06 1.42E-06 4.70E-07 1.16E-06 0.00E+00 3.19E-04 9.22E-06 ;

. Te-127m 1.19E-05 4.93E-06 1.48E-06 3.48E-06 2.68E-05 9.37E-04 1.95E-05
'Te-127 1.59E-09 6.81E-10 3.49E-10 1.32E-09 3.47E-09 7.39E-06 1.74E-05

Te-129m 1.01E-05 4.35E-06 1.59E-06 3.91E-06 2.27E-05 1.20E-03 4.93E-05
Te-129 5.63E-11 2.48E-11 1.34E-11 4.82E-11 1.25E-10 2.14E-06 1.88E-05 ;

Te-131m 7.62E-08 3.93E-08 2.59E-08 6.38E-08 1.89E-07 1.42E-04 8.51E-05
'

Te-131 1.24E-11 5.87E-12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 -5.87E-06
Te-132 2.66E-07 1.69E-07 1.26E-07 1.99E-07 7.39E-07 2.43E-04 3.15E-05 3

1-130 4.54E-06 9.91E-06 3.98E-06 1.14E-03 1.09E-05 0.00E+00 1.42E-06
I-131 2.71E-05 3.17E-05 1.40E-05 1.06E-02 3.70E-05 0.00E+00 7.56E-07
I-132 1.21E-06 2.53E-06 8.99E-07 1.21E-04 2.82E-06 0.00E+00 1.36E-06
1-133 9.46E-06 1.37E-05 4.00E-06 2.54E-03 1.60E-05 0.00E+00 1.54E-06
1-134 6.58E-07 1.34E-06 4.75E-07 3.18E-05 1.49E-06 0.00E+00 9.21E-07
I-135 2.76E-06 5.43E-06 1.98E-06 4.97E-04 6.0$E-06 0.00E+00 1.31E-06
Cs-134 2.83E-04 5.02E-04 5.32E-05 0.00E+00 1.36E-04 5.69E-05 9.53E-07
Cs-136 3.45E-05 9.61E-05 3.78E-05 0.00E+00 4.03E-05 8.40E-06 1.02E-06
Cs-137 3.92E-04 4.37E-04 3.25E-05 0.00E+00 1.23E-04 5.09E-05 9.53E-07 ;

Cs-138 3.61E-07 5.58E-07 2.84E-07 0.00E+00 2.93E-07 4.67E-08 6.26E-07 ;

Ba-139 1.06E-09 7.03E-13 3.07E-11 0.00E+00 4.23E-13 4.25E-06 3.64E-05
Ba-140 4.00E-05 4.00E-08 2.07E-06 0.00E+00 9.59E-09 1.14E-03 2.74E-05 5

Ba-141 1.12E-10 7.70E-14 3.55E-12 0.00E+00 4.64E-14 2.12E-06 3.39E-06 .

Ba-142 2.84E-11 2.36E-14 1.40E-12 0.00E+00 1.36E-14 1.11E-06 4.95E-07
La-140 3.61E-07 1.43Ee07 3.68E-08 0.00Et00 0.00E+C0 1.20E-04 6.06E-05
14-142 7.36E-10 2.69E-10 6.46E-11 0.00E,00 0.00E+00 5.87E-06 4.2bE-05 .

Co-141 1.98E-05 1.19E-05 1.42E-06 0.00E+00 3.75E-06 3.695-04 1.54E<05
,

Cc-143 2.09E-V7 1.35E-07 1.5BE-08 0.00E-00 * 03E-08 S.30E-05 3.55E-05 g

Ce-144 1.28E-03 8.65E-04 1.260-04 0.00E+VJ 3.84E-04 7.03E-03 1.06E-04 :'
Pr-143 1.00E-05 3.74E-06 4.99E-07 0.000+00 1.41E-06 3.09E-04 2.66E-05
Pr-144 3.42E-11 1.32E-11 1.72E-12 0.00E+00 4.80E-12 1.15E-06 3.06E-06
Nd-147 5.67E-06 5.81E-06 3.570-07 0.00E+00 2.15E-06 2.30E-0A 2.23E-05

L W-187 9.25E-09 6.44E-09 2.23E-09 0.00E+00 0.00E+00 2.83E-05 2. 54 E- 05
Np-239 2.65E-07 2. 37E-(1 1.34E-08 0.000+00 4.73E-08 4.25E-05 1.78E 05

1

Reference: -

Regulatory Guide 1.109, Table E-10.
,

Dose Factors for Co-57, 2n-69m, Br-82, Nb-97, Sb-124 and Sb-125 are from
NUREG-0172 Age Specific Radiation Dose Commitment Factors for a One Year
Chronic Intake. November 1977, Tabic 8.

NOTE: The tritium dose factor for bone is assumed to be equal to the
total body dose fa~ctor.

Reformatting / Repagination changes only 01461
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Table 1.13 (1 of 2) !
EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED GROUND t

(mrem /h per pCi/m') !

!
) Nuclide Total Body Skin e

H-3 0.0 0.0 .

C-14 0.0 0.0
Na-24 2.50E-08 2.90E-08 '[
P-32 0.0 0.0
Cr-51 2.20E-10 2.60E-10
Mn-54 5.80E-09 6.80E-09 l
Mn-56 1.10E-03 1.30E-08 'I
Fe-55 0.0 0.0
Fe-59 8.00E-09 9.40E-09
Co-57 1.77E-09- 2.21E-09 (Co-58 7.00E-09 8.20E-09 !

Co-60 1.70E-08 2.00E-08
- Ni-63- 0.0 0.0 |Ni-65 3.70E-09 4.30E-09 '

Cu-64 1.50E-09 1.70E-09 '}Zn-65 4.00E-09 4.60E-09 3

Zn-69 0.0 0.0
Zn-69m 5.50E-09 6.59E-09
Br-82 3.18E-08- 3.90E-08-
Br-83 6.40E-11 9.30E-11'
Br-84 1.20E-08 1.40E-08
Br-85 0.0- 0.0 I
kb-86 6.30E-lb 7. 20E-10 "
Rb-88 3.50E-09 4 00r-09 '

Rb-89 L.50E-08 -1.80t-08
S1-39 5.6CE-13 6.50E-13

"

S t- y1 7.iOE-09 8.3UE-09.~
'

'

Sr-92 9.00E-09 1.00E-08
Y-90 2.20E-12 2.40E-12 i
Y-91m 3 SOE-09 4.A0E-09
Y-91 2.4]E-11 2.70E-11
Y-92 7. 60E-09- 1.90E-09 5

Y-93 5.70E-10 7.80E-10 ;
Zr-95 5.00E-09 5.30E-09 .

Zr-97 5.50E-09 6.40E-09 I

Nb-95 5.10E-09 6.00E-09
Nb-97 8.11E-09 1.00E-08 *

Mo-99 1.90E-09 '2.20E-09<r

Jc-99m 9.60E-10 1.10E-09
Tc-101 2.70E-09- 3.00E-09 .,

Ru-103 3.60E-09 4.20E-09
Ru-105 ' 4.50E-09 5.10E-09
Ru-106 -1.50E-09 1.80E-09 !-

As-110m 1.80E-02 2.10E-08
Sb-124 2.17E-08 2.57E-08
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Table 1.13 (2 of 2) :

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATED GROUND i
(mrem /h per pCi/m')

Nuclide Total Body Skin !
:

Sb-125 5.48E-09 6.80E-09 .,

Te-125m 3.50E-11 4.80E-11 i

Te-127m 1.10E-12 1.30E-12 '

Te-127 1.00E-11 1.10E-11 I
Te-129m 7.70E-10 9.00E-10
Te-129 7.10E-10 8.40E-10 *

Te-131m 8.40E-09 9.90E-09
Te-131 2.20E-09 2.60E-06
Te-132 1.70E-09 2.00E-09

|I-130 1.40E-08 1.70E-08 ,
I-131 2.80E-09 3.40E-09 !

I-132 1.70E-08 2.00E-08 ;
I-133 3.70E-09 4.50E-09
I-134 1.60E-08 1.90E-08

,

I-135 1.20E-08 1.40E-08 i.
Cs-134 1.20E-08 1.40E-08 r

Cs-136 1.50E-08 1.70E-08
.Cs-137 4.20E-09 4.90E-09
Cs-138 2.10E-08 2.40E-08
Ba-139 2.40E-09 2.70E-09

. ;
Ba-140 2.10E-09 2.40E-09
Ba-141 4.30E-09 4.90E-09 ,

Ba-142 7.90E-09 9.00E-09 '

La-140 1.50E-08 1.70E-08 -

La-147 1.50E-08 1.605-08 *

Co-141 5.50E-10 6.20E-10 ;

Cc-143 2.20E-09 2.50E-09
Co-144 3.20E-10 3.70E-10
Pr-143 0.0 0.0 i

Pr-144 2.00E-10 2.30E-10 |
NdA.47 1.00E-09 1.20E-09
W-187 3.10E-09 3.60E-09
Np-739 9.50E-10 1.10E-09 ;

s

References
,

Regulatory Guide 1.109. Table E-6.

Dose Factors for Co-57, Zn-69m. Br-82, Nb-97 Sb-124 and Sb-125 are from
Dose-Rate Conversion Factors for External Exposure to Photon and Electron
Radiation from Radionuclides Occurring in Routine Releases from Nuclear Fuel

- Cycle Facilities. D. C. Kocher, Health Physics Volume 38, April 1980.
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Table 2.1 (Page 1 of 4)
RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM 5

,

i

' Liquid Minimum Type of Lower Limit of
'

Release Sampling Analysis Activity Detection (LLD)
Type , Frequency Frequency Analysis (pCi/ml)*

A. Batch Waste P P

Release Each Batch Each Batch Principal 5x10''
Tanks * Gamma

'

Emitters' !
1. Waste Con-

densate 1-131 1X10''
,

Tanks (3)

2. Cask Decon- P M Dissolved / 1x10"
tamination One Batch /M Entrained

'

Tank Gases (Gamma
Emitters)

3. Laundry
Tanks (2) P M 11 - 3 1x10-*

Each Batch Composite"
.

4. Chemical Gross 1x10-'
Drain Tank Alpha

,

5. Monitor Tank

6. Distillate
Tanks (2) i, , _ , , , _ ,_

P Q .

7. Condensate Each Batch Composite * Sr-89, 5x10"' [
' Demineralir.e r 3r-90

,

Waste
Evsrutator Te 45 lx10* F
Bitwoevo

,

..- Ta,nh.,jil,,,,,,,
. _,,_ _ , __ , _ , _ .

B. Cr.ntinuous D W Ptincipal 5x10", "

Releaset' Grab 3ampic Composite * Ganuun r

Emitters' ;
.

~

1.: Steam
; Generator" I-131 1x10**

Blowdown
M Dissolved / 1x10''M >

2. Turbine Grab Sample Entrained-
. _ - Cases (Gamma.

Building" Emitters)*
*

Sump- D M H-3 1x10-'-

Grab Sample Composite *
Gross Alpha 1x10-'

- .:,,

D Q Sr-89 5x10-'
Grab Sample Composite *

~ Fe-55 1x10''
Sr-90

*

,
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Table 2.1 (Page 2 of 4)
,

RADIDACTIVE' LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM !

i,

. Liquid Minimum Type of Lower Limit of '
,

: Release Sampling Analysis Activity Detection (LLD)- .,

Type Frequency Frequency Analysis (pC1/ml)* '

;

C. Periodic W Principal 5x10-' s

Continuous Continuous 8 Composite * Camma -

Releases''" Emitters'

I-131 1x10'',

1. Non-Reclaim-
,

able Waste M8 M Dissolved 1x10?' ;
Tank Crab Sample and

{Entrained
,

Gases i2. High Crud (Camma .;Tanks (2) Emitters) ;

;-

M H-3 1x10-* '

3. Neutralizer Continuous 8 Composite * !

Tank Gross 1x10-' *

Alpha
<

Q Sr-89, 5x10** !

Continuous 8 Composite * Sr-90,

'

t

L __
~ ~ ~ '

Fe-55 1x10"
j__ . _ _ ___ _= ___ - __

;

i

.

.

.

e

!

.,
,

s

i

:

,
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Table 2.1 (Page 3 of 4) :

RADIOACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM '
'

TABLE NOTATION

'P = Completed prior to each release
p Q,= At least once per 92 days
L D = At least once per 24 hours .'

N.A. = Not Applicable I

M = At least once per 31 days i

[ a'The LLD is defined for the purpose of these specifications as the [-smallest concentration of radioactive material in a sample that will '

L yield a net count above system background.that will be detected with
! 95% probability with only a 5% probability of falsely concluding

that a blank observation represents a "real" signal.

For a particular measurement system (which may include radiochemical R24
separation):

i

4.66s.
LLD = ,

E V 2.22x10' Y exp (-Mt)
; :
'

Wheres !

LLD is the "a priori" lower limit of detection as defined above
in microcurie per unit mass or volume,
s is the standt.rd deviation of the background counting rate

,or of the counting rate of a blank sample as appropriate (as t

counts per |.tiinute).
E is the eoitr. ting ef ficiency as counts per disintegratinn,
V !,s the ea.nple sies in und ts o! tesa or volume,
2.?2<10' is the. number of diale,tegrations per minute Fer.

'

microcurie,

Y is the fractional radischemical yield (when applicable),
A is the radict.ctive decay cont, tant for che particutar
radionuclide, and
At f ro.n plant effluents, is the elapsed time betmon midpoint -!
of t,reple collectiou and time of counting (midpoint).

It should be recognized Unac the LLD is defined as an a priori
(before the-fact) limit representing the capability of a
measurement system and not.an a posteriori (after the fact)
. limit for a particulate measurement. '

b A composite sample is one in'which the quantity of liquid sampled
is proportional to the quantity of liquid waste discharged and in
which the method of sampling employed results in a specimen which ,

is representative of the liquids released.
.

.
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Table 2.1 (Page 4 of 4)!

,

RADI0 ACTIVE LIQUID WASTE SAMPLING AND ANALYSIS PROGRAM i

TABLE NOTATION

c Prior to analyses, all samples taken for the composite shall be
throughly mixed in order for the composite sample to be
representative of the effluent release.

d A batch release is the discharge of liquid wastes of a discrete !

volume. Prior to sampling for analyses, each batch shall be
,

isolated, and then thoroughly mixed, by the method described in *

Section 2.3.2, to assure representative sampling.
' e A continuous release is the discharEe of liquid wastes of a i

nondiscrete volumet e.g., from a volume of system that has an input |
flow during the continuous release. r

f The principal gamma emitters for which the LLD specification applice
exclusively are the following radionuclides Mn-54, Fe-59, Co-58, 1

Co-60, 2n-65, Mo-99, Cs-134, Cs-137, Ce-141. Ce-144 shall also be
measured with an LLD of 5x10''. This list does not mean that

'

I only these nuclides are to be detected and reported. Other peaks
which are measurable and identifiable, together with the above
nuclides, shall also be identified and reported. i

g Releases from these tanks are continuously composited during
releases. With the composite sampler or the sampler flow monitor
inoperable, the sampling frequency shc11 be changed to require
reprerentative batch samples from such tank to be released to be- *

takan [.rior to releace and manually coaposite for these analyses. .

h Applicable only during periods of primary tc secondary leakage ar ,

the release of radioactivity as detected by the effluetit reJiecion ,

monitor providect the radiation monitor setpoint is at a LLD cf
11x10'' pC1/ml and allowing for backgenund radiation during !

periode when primary to sect ndar/ leakage is not occureit.g. [
>

t

i

r
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Table 2.2 (Page 1 of 3) i

RADI0 ACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION ;

I

Minimum *

'Channels
Instrument- OPERABLE Action

1. GROSS RADIOACTIVITY MONITORS PROVIDING AUTOMATIC
'

'TERMINATION OF RELEASE
:

a. Liquid Radwaste Effluent Line 1 30 !
b. Steam Generator Blowdown Effluent Line 1 31
c. Condensate Demineralizer Effluent Line 1 30 ;

!
2. CROSS RADIOACTIVITY MONITORS NOT PROVIDING AUTOMATIC *

TERMINATION OF RELEASE
.i
'

a. Essential Raw Cooling Water Effluent Header ** 1 32
b. Turbine Building Sump Effluent Line- 1 32

,

t

3. FLOW RATE MEASUREMENT DEVICES
. .

a. Liquid Radwaste Effluent Line 1 33
b. Condensate Demineralizer Effluent Line 1 33 .

c. Steam Ge.terator Blowdown Effluent Line 1 33 I

d. Cooling Tower Blowdown Effluent Line 1 33 {
!

L 4. TANK LEVEL INDICATINC DEVICES ,

'

a. Con''essar,e Storage Tank 1 34 :
b. Steam Generator Layup Yank * 1 34 i

>

'

5. CONTINUOUS COMrJSITE SAMPLER AND SAMPLE FLOW MONITOR
,

a. Condensate Domineralizer Regenerant Effluent Line 1 35 ;
,

'^
,

.

.

i

#
5

!

* Required when connected to the secondary system
** Requires minimum of 1 Channel / Header to be OPERABLE.

> t

.

.

t
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Table 2.2 (Page 2 of 3)
RADIOACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

TABLE NOTATION

ACTION 30 With the number of channels OPERABLE less than required-

by the Minimum Channels OPERABLE requirement, effluent
releasec may continue provided that prior to initiating a ,

release

| a. At least two independent samples are analyzed in
i accordance with Section 2.3.2, and

b. At least two technically qualified membert of the
Facility Staff independently verify the release rate
calculations and discharge line valving;

i Otherwise, suspend release of radioactive effluents via
this pathway.

.

ACTION 31 With the number of channels OPERABLE less than required-

by the Minimum Channels OPERABLE requirement, effluent
,

releases via this pathway may continue provided grab
samples are analyzed for gross radioactivity gamma at a
limit of detection of at least 10'' microcuries/ gram:

a. At least once per 12 hours when the specific activity;

of the secondary coolant is greater than or equal to
0.01 microcuries/ gram DOSE EQUIVALENT 1-131.

b. At lesst once per 24 hours wren the specific activitv
af tbc secondary coolant is~less than or equal to
0.01 microcuries/gran. DOSE 2QUIVALENT I-131.

ACTION 37 With the number of channels OPikABLE less than required->-

by the Minimum Channels OPERABLE requirement. effluent
,

releases via this pethway may continue provided that, at i.

leaet.ouce per 12 hourt, grrh samples are collected and !
anai> zen for gross ocdienctivity_ gamma at a limit et
detection of at least 10'' microcuries/ml.

ACTION 33 With the number of channels OPERABLE less than required-
,

by the Minimum Channels OPERABLE requirement, effluent
releases via this pathway may continued provided the flow
rato is estima*.ed at least once per 4 hours during actual
releases. Pump curves may be used to estimate flow.
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Table 2.2 (Page 3 of 3)
RADI0 ACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

TABLE NOTATION
:

ACTION 34 With the number of channels OPERABLE less than required-

by the Minimum Channels OPERABLE requirement, liquid
additions to this tank may continued provided the tank
liquid level is estimated during all liquid additions to
the tank.

ACTION 35 With the number of channels OPERABLE less than required-

by the Minimum Channels OPERABLE requirement, effluent
releases via this pathway may continue provided
representative batch samples of each tank to be released
are taken prior to release and composited for analysis
according to Table 2.1, footnote g.

.

|

1

- ... .

, ,

*i
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Table 2.3 (Page 1 of.2)

RADI0 ACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION*

'

SURVEILLANCE REQUIREMENTS ,

!!' CHANNEL
CHANNEL SOURCE CHANNEL FUNCTIONALe

Instrument CHECK CHECK CALIBRATION TEST

1, CROSS BETA OR GAMMA RADI0 ACTIVITY
MON 7. TORS PROVIDING ALARM AND
AUTOMATIC TERMINATION OF RELEASE

a. Liquid Radwaste Effluents Line D P R(3) Q(1)
b. Steam Generator Blowdown

Effluent Line D M R(3) Q(5)
c. Condensate Demineralizer

Effluent Line D M R(3) Q(5)

2. GROSS BETA OR GAMMA RADI0 ACTIVITY
MONITORS PROVIDING ALARM BUT NOT
PROVIDING AUTOMATIC TERMINATION
OF RELEASE i

*

,

a. Essential Raw Cooling Water
g

Effluent Line D M R(3) Q(2),

b. Turbine Building Sump r
Effluent Line i D M R(3) Q(2)

:
3. FLOW RATE MEASUREMENT DEVICES !

a. Liquid Radwaste Effluent Line D(4) N.A. R Q
b. Steam Generator Blowdown

Effluent Line D(4) N.A. R Q
c. Condensate Demineralizer .,

Effluent Line D(4) N.A. R Q
d. Cooling Tower Blowdown

Effluent Line D(4) N.A. R Q

4. TANK LEVEL INDICATING DEVICES

a. Condensate Storage Tank D* N.A. R Q
b. Steam Generator Layup Tank D* N.A. R N. A. -

5. CONTINUOUS COMPOSITE SAMPLER
AND SAMPLE FLOW MONITOR

a. Condensate Demineralizer
Regenerant Effluent Line P N.A. R N.A.

Reformatting / Repagination changes only 01461
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Table 2.3 (Page 2 of 2)
RADI0 ACTIVE LIQUID EFFLUENT MONITORING INSTRUMENTATION

SURVEILLANCE REQUIREMENTS -

TABLE NOTATION

P = Completed prior to each release' R = At least once per 18 months '

Q = At least once per 92 days D = At least once per 24 hours
N.A. = Not Applicable

'

M = At least once per 31 days
During liquid additions to the tank.*

(1) The CHANNEL FUNCTIONAL TEST shall alt,o lemon),trate that automatic6

isolation of this pathway and control r>om alarm annunciation
occurs if any of the following conditio a exists:

1. Instrwnent indicates measured levi is above the alarm / trip
setpoint.

2. Circuit failure.
3. Downscale failure.

(2) The CHANNEL FUNCTIONAL TEST shall also demonstrate that control
room alarm annunciation occurs if any of the following conditions
exists:

,

1. Instrument indicates measured levels above the alarm
setpoint.

2. Circuit failure.
3. Downscale failure.

(3) The initial CHANNEL CALIBRATION snall be performed using one or
more of the reference standards certifiet! by the National Bureau
of Standards or using standards that have been obtained from
suppliers that participate in measurement assurance activities
with NBS. These standards shall permit qalibrating the system
over its intended range of enetcy and measurement range. For
subsequent CHANNEL CALIBRATION, s 3urces hhat have been related to
the initial calibration shall be used.c

(4). CHANNEL CHECK shall consist of verifying indication of flow during
periods of release. CHANNEL CHECK shall be made at least once per
24 hours on days on which continuous periodic, or batch releases
are made.

(S) The CHANNEL FUNCTIONAL TEST shall also demonstrate that automatic
isolation of this pathway-and' control room alarm annunciation
occurs if any of the following conditions occur:

"l.* Instrument indicates measured levels above the alarm / trip _
setpoint.

2. Circuit failure.

The CHANNEL FUNCTIONAL TEST shall also demonstrate that control
room annunciation occurs if the following condition occurs:

1. Downscale failure.
,

! .
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I - Table 2.4_ .

RECEPTORS FOL LIQUID DOSE CALCULATIONS
-

.

Tennessee River _ Reaches.Within 's0 Mile Redius Downstream of SQN -<

Name Beginning- Ending Size . Recreation
, _ TRM TRM (acres)' visits / year ,

"1

(d, . , Chickamauga Lake- 484.0' 471.0 9939 5,216,700
. '

^ '

-below SQN-

b- -Nickajack Lake- 471.0 435.0 '5604 240,700
!it (PartL1)

4 Nickajack Lake -435.0 425.0 5326 607,600
-(Part 2).

?

Guntersville Lake ~ 425.0 400.0- 6766- 104,000.

'

..

1

i: 'Public Water Supplies Within 50 Mile Radius Downstream of SQN

*
1

;Name TRM Population
'

E.LI. DuPont 469.9 1.400

Chattanooga, TI) 465.3 224,000

South Pit tsbur..g ,- TN ' 418.0 4,898
f

Bridgeport , ' Al,! 413.6' 4,650
e-
), -

f

! =-

_]
IL

i

i

,

| j
'

L

L '
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Tabie 2.5

BI0 ACCUMULATION FACTORS FOR FRESHWATER FISH

H-3 9.0E-01 Tc-99m 1.5E+01
C-14 4.6E+03 Tc-101 1.5E+01
Na-24 1.0E+02 Ru-103 1.0E+01
P-32- 1.0E+05 Ru-105 1.0E+01
Cr-51 2.0E+02 Ru-106 1.0E+01
Mn-54 4.0E+02 Ag-110m 0.0E+00
Mn-56 4.0E+02 Sb-124 1.0E+00
Fe-55- 1.0E+02 Sb-125 1.0E+00
Fe-59 1.0E+02 Te-125m 4.0E+02
Co-57 5.0E+01 Te-127m 4.0E+02
Co-58 5.0E+01 Te-127 4.0E+02
Co-60 5.0E+01 Te-129m 4.0E+02 i

Ni-63 1.0E+02 Te-129 4.0E+02
Ni-65 1.0E+02 Te-131m 4.0E+02
Cu-64 5.0E+01 Te-131 4.0E+02
Zn-65 2.0E+03 Te-132 4.0E+02
Zn-69 2.0E+03 I-130 4.0E+01
2n-69m 2.0E+03 I-131 4.0E+01

'

Br-82 4.2E+02 I-132 4.0E+01-
Br-83 4.2E+02 I-133 4.0E+01
Br-84 4.2E+02 I-134 4.0E+01
Br-85 4.2E+02 I-135 4.0E+01
Rb-86 2.0E+03 Cs-134 1.9E+03
Rb-88 2.0E+03 Cs-136 1.9E+03

'Rb-89 2.0E+03 Cs-137 1.9E+03
Sr-89 5.6E+01 Cs-138 ~1.9E+03
Sr-90 5.6E+01 Ba-139 4.0E+00
Sr-91 5.6E+01 Ba-140 4.0E+00
Sr-92 5.6E+01 Ba-141 4.0E+00
Y-90 2.5E+0; Ba-142 4.0E+00
Y-91m= 2.5E+0- La-140 2.5E+01
Y-91 2.5E+0. La-142 2.5E+01
Y-92 2.5E+Cl Ce-141 1.0E+00
Y-93 2.5E+(1 Ce-143 1.0E+00
Zr-95 3.3E+( 0 Ce-144 1.0E+0C
Zr-97 3.3E+' O Pr-143 2.5E+0'.
Nb-95 3.0E+ i4 Pr-144 2.5E+0i.
Nb-97 3.0E+14 Nd-147 2.5E+0|t

-Mo-99 1.0E4p1 W-187 1.2E+43
Np-239

1.0E+Cf1-References:
Bioaccumulation factors for Sb- nuclides are from ORNL-4992, "A Methodology
for Calculating Radiation Doses from Radioactivity Released-to the
Environment, March 1976, Table 4.12A.

Bioaccumulation factors for Iodine,. Cesium, and Strontium nuclides are from
NUREG/CR,-1004 Table 3.2.4.

All other nuclides' bica'ccumulation factors are from Regulatory Guide 1.109,
Table A-1.
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Table 3.1 (Page 1 of 3)

MINIMUM REQUIRED RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAN
.

Exposure
Pathway Number of Samples
and/or and Sampling and Type and Frequency-;

' Sample Sample Locations ** Collection Frequency of Analys#.s

1. AIRBORNE

Radiciodine and minimum of 5 Continuous operation Radioio.iine canister: .

Particulates locations- of sampler with Analyzes at least once !

sample collection as per 7 days for I-131.
required by dust
loading but at least Particulate sampler:
once per 7 days. Analyze for gross

bett. radioactivity 1
24 nours fallowing-
fi'.ter change.

Perform gamma
isotopic analysis on
c.ach sample when
gross beta activity
is > 10 times the
yearly mean of
control samples.
Perform gamma
isotopic analysis on
composite (by

,

location)-sample at
least once per 92
days.

2. DIRECT 35 to 40 At least once per Gamma Dose. At least
RADIATION locations with 92 days. once per 92 days,

1 2 dosimeters
for continuously
measuring and

,

recording dose rate
at each location. ;

e

** Sample locations are given in Table 3.4. j

i

i *
,
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Table 3.l~(Page 2 of 3)~
MINIMUM REQUIRED RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

-

,; Exposure
Pathway Number of Samples '~

and/or and Sampling and Type and Frequency
Sample- Sample Locations ** Collecticn Frequency of Analysis

3. WATERBORNE

a. Surface 3 locations- Composite * sample Gamma isotopic
collected over a analysis of each-*

period of 1 31 days. composite' sample.
Tritium analysis of

~'

composite sample at
least once per 92
days.

b. Ground 2 locations At least once per Gamma isotopic and
92 days. tritium analyses of

each sample. Q
1

c. Drinking Minimum of 1 Composite * sample Gross beta and gamma-
location collected over a isotopic' analysis of

period of 1 31 days. each composite sample.

2 locations Monthly single Tritium analysis of
sample. composite sample at

least once per 92
days.

d. Sediment Minimum of 2 At least once per Gamma isotopic
from locations. 184 days analysis
Shoreline. of each sample.
locations

*' Composite samples shall be collected by collecting an aliquot at intervals
not exceeding 2 hours.
** Sample. locations are given In Table 3.4.

i

'

.

,
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Table 3.1 (Page 3 of 3)
MINIMUM REQUIRED RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure
Pathway Number of Samples
and/or and Sampling and Type and Frequency
Sample Sample Locations ** Collection Frequency of Analysis

4. INGESTION

a. Milk 3 locations At least once-per 15 Gamma isotopic and
Samples of broad days when animals I-131 analysis
leaf vegetation are on pasture; of each sample.
at offsite. at least once per
location of 31 days at other
highest D/Q if times.
milk sample is
not available.

.-
.

b. Fish and 3 locations One sample in Gamma isotopic
;Invertebrates season, or at least analysis on edible
'

,

once per 184 days portions.,

' if not seasonal.
One sample of each of~
the following species:
1. Channel Catfish
2. White Crappie {
3. Smallmouth Buffalo

c. Food Producte Minimum of 2 At time of harvest. Gamma isotopic j
locations One sample of each analysis on edible 1

of the following portion. -

classes of food !
products.

,

1. Lettuce and/or cabbage j
2. Corn !

'3. Beans
4. Tomatoes

1

!
5** Sample locations are given in Table 2.4. j
l

!

i.

r , ,

1.

j d
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Table 3.2 (Page 1 of 2)

MAXIMUM VALUES FOR THE~ LOWER LIMITS OF DETECTION (LLD)*''

Airborne
,

Particulate '
Water or Cases Fish Milk Food Products Sediment

Analysis .(pCi/L) (pCi/m*L'(pCi/Kg, wet) (pCi/L) (pCi/Kg, wet)'(pCi/Kg dry) -

gross' beta 4 1x10'* N.A. N.A N.A. N.A.

H-3 2000*- N.A N.A -N.A N.A. N.A.

Mn-54 15 N.A. 130 N.A. N.A. N.A.

Fe-59 30 N.A. 260' N.A. N.A. N.A.

Co-58,60 15 N.A. 130 N.A. N.A. N.A.

2n-65 30 N.A. 260 N.A. N.A. N.A.

Zr-95 30 N.A. N.A. N.A. N.A. N.A..

Nb-95 15 N.A. N.A. N.A. N.A. N. A. .
I

I-131 1** 7x10'* N.A. 1 60 N.A. j

Cs-134 15 5x10'' 130 15 60 150-

- Cs-137 18 6x10'* 150 18 80 180

Ba -140 60 N.A. N.A.- 60 'N.A. N.A.

La-140 15 N.A. N.A. 15 N.A. N.A. '

- )
i

* If no drinking water pathway exists, a value of 3000 pCi/L may be used. {** If no drinking water pathway exists, a value of 15 pCi/L may be used. I

y . 4 .

I
y

1

!
'

'

>-
;
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Table 3.2 (Page 2 of 2)

MAXIMUM VALUES FOR IHE LOWER LIMITS OF DETECTION (LLD)"'' R

TABLE NOTATION
u

a The LLD is defined, for the purpose of these specifications, as the
smallest concentration of radioactive material in a sample that will
yield a net count above system background that will be detected with .,

95% probability with only a 5% probability of falsely concluding '

that a blank observation represents a "real" signal.

For a particular measurement system (which may include radiochemical
separation):

4.66s.
LLD =

E V 2.22 Y exp(-lat)E

Where:

LLD is the "a priori" lower limit of detection as defined above ,

in picoeurie per unit mass or volume,
so is the standard deviation of the background counting rate or
of the counting rate of a blank sample as appropriate (as counts
per minute),
E is the counting efficiency as counts per disintegration,
V is the sample size in units of mass or volume,
2.22 is the number of disintegrations per minute per picocurie,
Y is the fractional radiochemical yield (when applicable),
X is the radioactive decay constant for the particular

,

L radionuclide, and
at for environmental samples is the elapsed time between sample
collection (or end of the sample collection period) and time of
counting.

It should be recognized that the LLD is defined as an a priori
(before the fact) limit representing the capability of a measurement
system and not an a posteriori (after the fact) limit for a
particular measurement. Analysis will be performed in such a manner
that the stated LLDs will be achieved under routine conditions.

b Other peaks which are measurable and identifiable, together with the
radionuclides in Table 3.2, shall be identified and reported.

Reformatting / Repagination changes only 01461-
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Table 3.3
REPORTING-LEVELS FOR-RADIOACTIVITY CONCENTRATIONS-IN ENVIRONMENTAL SAMPLES ,

.

Airborne
'Particulate.-

. Water or gases Fish Milk Food Products
' Analysis (pCi/L) (pCi/m* L (pCi/Kg. wet) (pCi/L) (pCi/Kg. wet) . . ,

H-3 2 x 10'''' N.A N.A N.A. 'N.A.

Mn-54 .1 x 10' N.A. 3 x 10' N.A. N.A.

Fe-59 4 x 10' N.A. 1 x 10' N.A. N.A.

Co-58 1 x 10* N.A. 3 x 10' N.A. N.A.

Co-60 3 x 10' N.A. 1 x 10' N . A '. N.A.

22n-65 3 x 10 N.A. 2 x 10' N.A. N.A.
'

Zr-Nb-95 4 x,10" -N.A. N.A. N.A. N.A.

I 131- 2''' O.9 N.A. 3 1 x 10*

Cs-134 30 10 1 x 10' 60 1 x 10 8

Cs-137 50 20 2 x.10' 70- 2 x 10'

Ba-La-140 2'x 10' N.A. N.A. 3 x 10' N.A.

(a) For drinking water samples. This is 40 CFR Part 141 value. If no
drinking water pathway exists, a value of 30,000 pCi/L may be used.-

(b) ~ If no drinking water pathway exists, a value of-20 pCi/L may be used.

,>
,

4

$

.').
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Table 3.4 (Sheet 1 of 4)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway Sampling.and Type and Frequency ,

and/or Sample Sample Locations * Collection Frequency of Analysis
AIRBORNE

Particulates 4 samples from loca- Continuous sampler Analyze for gross
tions (in different operation with beta radioactivity
sectors) at or near sample collection 1 24 hours follow-
the site boundary once per 7 days ing filter change.
(LM-2,3,4 and 5) (more frequently Perform gamma iso-'

if required by dust topic analysis on
4 samples from com- loading) each sample if
munities approx- gross beta >-10
.imately 6-10 miles times yearly mean
distance from the of control sample.
plant. (PM-2,3,8,and 9) Composite-at least

once per 31 days
(by location for
gamma scan).

4 samples from control
,

locations greater than
10 miles from the plant
(RM-1,2,3,and 4)

Radioiodine Samples from same Continuous sampler I-131 at least
location as air. operation with fil- once per 7 days
particulates. ter collection once

per 7 days

Soil Samples from same Once per year Gaana. scan, Sr-89,
locations as air Sr-90 once per
particulates _ year

DIRECT 2 or more dosimeters Once per 92 days Gamma dose at
RADIATION placed at locations least once per

(in different sectors 92 days
at or near the site
boundary in each of
the 16 sectors.

2 or more dosimeters
| placed at stations

located >5 miles from the

! plant in each of the 16
sectors

* Sample locations are listed in Tables 3.5 and 3.6 and sho'n on Figures 3.1,w
3.2 and 3.3 |

1
*
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Table 3.4 (Sheet. 2 of 4)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway Sampling and Type and Frequency
and/or Sample Sample Locations * Collection Frequency of Analysis

LIRECT 2 or more dosimeters
RADIATION in at least 8 additional

(continued) locations of special
interest.

WATERBORNE
Surface TRM 497.0 Collected by auto- Gamma scan of each

TRM 483.4 matic sequential- composite sample.
,

'lTRM 473.2 type sampler ** with Composite for H-3
composite samples analysisfat least
collected at least once per 92 days

-

once per 31 days
i

Ground 1 sample adjacent to At least once per Gross beta and l
plant (location W-6) 92 days gamma scan, Sr-89

Sr-90 and H-3 aq-
L sample from ground analysis at least

- |-
water source up - once per 92 days |
gradient I

i

Drinking i sample at the first Collected by auto- . Gross beta and
'

potable surface water matic sequential gamma scan of each
supply downstream type sampler ** with composite sample. )
from the plant composite sample -Composite for H-3
(TRM 473.0) collected at least Sr-89, Sr-90 at

once per 31 days least once per
92 days.

I sample.at the next Grab sample once |
2 downstream potable per 31 days i

surface water sup- i
pliers (greater than i

10 miles downstream)
(TRM 470.5 and 465.3)

'

2 samples at control Samples collected by j

locations (TRM 497.0 automatic sequential
and 503.8)***- type sampler with com- .i

posite sample collected
at least once per 31 days.- ""

* Sample locations are listed in Tables 3.5 and 3.6 and shown on Figures 3.1,
3.2 and 3.3 s

-F ** Samples shall be collected by collecting an aliquot at Intervals not
exceeding 2 hours.

*** The surface water sa'ple collected at TRM 497.0 is considered a controlm
,

for the raw drinking water sample.

|
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Table 3.4 (Sheet 3 of 4)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway Sampling and Type and Frequency
and/or Sample Sample Locations * Collection Frequency of Analysis

WATERBORNE
(continued)
Sediment' TRM 496.5, TRM 483.4 At least once per Gamma scan of each

TRM 480.8, TRM 472.8 184 days sample.

Shoreline TRM 485, TRM 478 At least once per Gamma scan of each
TRM 477 184' days sample.

INGESTION
Milk 1 sample from milk At least once per Gamma isotopic and

producing animals in 15 days I-131 analysis of
each of 1-3 areas in- each sample. Sr-89
dicated by the cow Sr-90 once per
census where doses are quarter
calculated to be highest.
If samples are not avail-

,

able from a milk animal
location, doses to that
area will be estimated by
projecting the doses from )

concentrations detected in
milk from other sectors or
samples of vegetation will
be taken monthly where |
milk is not available
(Table 3.1, 4d)

At least 1 sample from
a control location

Fish I sample each from- At least once per Gamma scan on.
Nickajack, Chicka- 184 days. One sam- edible portion
mauga, and Watts ple of each of the
Bar Reservoirs following species:

Channel Catfish
Crappie
Smallmouth Buffalo

* Sample locations are listed in Tables 3.5 and 3.6 and shown on Figures 3.1,
3.2 and 3.3

>
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Table 3.4 (Sheet 4 of 4)
RADIOLOGICAL ENVIRONMENTAL MONITORING PROGRAM

Exposure Pathway Sampling and Type and Frequency
!, and/or Sample Sample Locations * Collection Frequency of Analysis

INGESTION
(continued) .,

Invertebrates 2 samples downstream At least once per Gamma scan on !

(Asiatic Clams) from plant discharge ** 184 days edible portion

1 sample upstream
from the plant ** j

i

Food 1 sample each of At least once per Gamma scan on j
Products principal food 365 days at time of edible portion f

products grown at harvest. The types ;

private gardens of foods available for ;

p and/or farms in the sampling will vary. I

immediate vicinity Following is a list of
,

of the plant typical foods which may I

be available:
'

Cabbage and/or Lettuce
Corn
Green Beans
Potatoes |
Tomatoes

'

Vegetation Samples from farms At least once per I-131 and gamma |

producing milk 31 days scan at least once
but not providing per 31 days.
a milk sample Sr-89, Sr-90 anal- |
(Farm Em) ysis at least once

'

per 92 days.

* Sample locations are listed in Tables 3.5 and 3.6 and shown on Figures 3.1,
3.2 and 3.3

** No permanent stations established. Locations depend on availability of
clams.

,

,
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Table 3.5 (1 of 2)
ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM SAMPLING LOCATIONS

Map Approximate Indicator (I)
Location Distance or Samples
Number * Station Sector (Miles) Control (C) Collected *

2 LM-2 N 0.8 I AP, CF, S
3 LM-3 SSW 1.2 I AP, CF, S
4 LM-4 NE 1.5 I AP, CF, S
5 LM-5 NNE 1.8 I AP , CF, S
7 PM-2 SW 3.8 I AP, CF, S
8 PM-3 W 5.6 I AP, CF, S
9 PM-8 SSW 8.7 I AP, CF, S-

10 PM-9 WSW 2.6 I AP, CF, S
11 RM-1 SW 16.7 C AP, CF, S
12 RM-2 NNE 17.8 C AP, CF, S
13 RM-3 ESE 11.3 C AP, CF, S
14 RM-4 WNW 18.9 C AP, CF, S
15 Farm B NE 43.0 C M |,

16 Farm C NE 16.0 C M
17 Farm S NNE 12.0 C M
18 Farm J WNW l.1 I M
19 Farm HW NW 1.2 I M, W*
20 Farm EM N 2.6 I V
24 Well No. 6 NNE 0.15 I W
31 TRM' 473.0 11.5* I PW--

(C. F. Industries)
14.0" I PW32 TRM 470.5 ---

(E. I. DuPont)
33 TRM 465.3 19.2* I PW--

(Chattanooga)
34 TRM 497.0 12.5' C' SW <--

35' TRM 503.8 -- 19.3' C PW
(Dayton)

36 TRM 496.5 -- 12.0* C SD.
37 TRM 485.0 -- 0.5* C SS

1.1' I SD, SW38 TRM 483.4 --

3.7* I SD39 TRM 480.8 --

7.5' I SS'40 TRM 477.0 --

11.3' I SW41 TRM 473.2 --

11.7* I .SD42 TRM 472.8 --

6.5* I SS44 TRM 478.8 --

.

|
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Table 3.5 (2 of 2)
ENVIRONMENTAL RADIOLOGICAL MONITORING PROGRAM SAMPLING LOCATIONS

Map Approximate Indicator (I)
Location Distance or Samples
Number * Station Sector (Miles) Control (C) Collected"'

45 TRM 425-471 -- -- I F
(Nickajack)
Reservoir),

46 TRM 471-530 -- -- I F. CL
(Chickamauga
Reservoir)

47 TRM 530-602 -- -- C F
(Watts Bar

,

Reservoir)
48 Farm H NE 4.2 .I M

L * See figures 3.1, 3.2, and 3.3
1.

L * Sample Codes '

AP = Air particulate filter
CF = Charcoal filter

.CL = Clams
F = Fish
M = Milk
PW = Public water.
R = Rainwater
S = Soil
SD = Sediment
SS = Shoreline sediment
SW = Surface water
V = Vegetation
W = Well water

*
A control for well water,

d
TRM = Tenn.essee River Mile.

Distance from plant discharge (TRM 48'.5)*
4

' Surface water sample also used as a control for public water.

..

t-.
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Table 3.6 (1 of 2)
THERM 0 LUMINESCENT DOSIMETRY LOCATIONS

't

Map Approximate Onsite (On)*Location Distance or
Number Station Sector (Miles) Offsite (Off)-

3 SSW-1A SSW 1.2 On
4 NE-1A- NE 1.5 On

|.?. 5 NNE-1 NNE 1.8 On"
7 SW-2 .SW 3.8 off
8 W-3 W 5.6 Off
9 SSW-3 SSW 8.7 off

10 WSW-2A WSW 2.6 Off
11 SW-3 SW 16.7 off
12 NNE-4 NNE 17.8 Off
13 ESE-3 ESE 11.3 Off
14 WNW-3 WNW 18.9 Off
49 N-1 N 0.6 On
50 N-2 N 2.1 Off . .
51 N-3 N 5.2 Off
52 N-4 N 10.0 Off
53: NNE-2. NNE 4.5 Off
54 NNE-3 NNE 12.1 Off
55 NE-1 NE 2.4 Off
56- NE-2 NE 4.1 Off
57 ENE-1 ENE 0.4 On !
58 ENE-2 ENE 5.1 off d
59- E-1 E 1.2 On !
60- E-2 E 5.2 off '!

: 61 ESE-A ESE 0.4 On
62 ESE-1 ESE l.2 On
63 ESE-2 ESE 4.9 Off
64- SE-A SE 0.4 On
65- 'SE-B SE 0.4 On
66 .SE-1 SE 1.4 On ;
67 SE-2- SE 1.9 On ;

68 SE-4 SE 5.2 Off -|
69 SSE-1 SSE 1.6 On

j!70 SSE-2 SSE 4.6 Off
71 S-1 S 1.5 on !

72 S-2 S 4.7 Off
73 SSW-1 SSW 0.6 On
74 SSW-2 SSW 4.0 off
75 SW-1 SW 0.9 On
76 WSW-1 WSW 0.9 On i

4

|

Reformatting / Repagination changes only 01461

*
.

_ _ _ . ____ --



[E ~
.

SQN ODCM-
R$visicn 24
Page 144 of 156

Table 3.6 (2 of 2)
THERM 0 LUMINESCENT DOSIMETRY LOCATIONS

.

Map Approximate Onsite (On)"
Location Distance or

Number Station Sector (Miles) Offsite (Off) .

77 WSW-2 WSW 2.5 Off
78 WSW-3 WSW 5.7 Off-
79 WSW-4 WSW 7.8 Off
80 WSW-5 WSW 10.1 Off
81 W-1 W 0.8 On'
82 W-2 W 4.3 Off
83 WNW-1 WNW 0.4 Ons
84 WNW-2 WNW 5.3 Off.

85 NW-1 NW 0.4 On
86 NW-2 NW 5.2 off
87 NNW-1 NNW 0.6 On
88 NNW-2 NNW l.7 On
89 NNW-3 NNW 5.3 Off .

1
i

!

!

'!

!

i

!

!
-;

|

,
.

4 '

dA

E

TLDs designated.onsite are those located two miles or less from the plant.a.
TLDs designated offsite are those located more than two miles from the
plant.

|,

|
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Figure 1.1
|
iGASEOUS EFFLUENT RELEASE POINTS
|
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Figure.l.2

AUXILIARY AND SHIELD BUILDING VENTS (DETAIL)
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Figure 1.3
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Figo - 1.4
GASEOUS RADWASTE TREATMENT SYSTEM
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Figure 1.6
VERTICAL STANDARD DEVIATION OF MATERIAL IN A PLUME
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Figure 1.7

RELATIVE DEPOSITION FOR GROUND LEVEL RELEASES
(All Stability Classes)
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Figure 2.2 l
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Figure 3.1

Environmental Radiological Sampi.ing Locations

Within 1 Mlle of Plant
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Figure 3.2

Environmental Radiological Sampling Locahons

From 1 to 5 Miles From The Plant
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Figure 3.3

Environmental Radiological Campling Locations

Greater Than 5 Miles From The Plant
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