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A. INTRODUCTION

Section 20.106, "Radioactivity in Effluents to Unrestricted Areas," of the Nuclear Requlatory
Commission's regulations in 10 CFR Part 20, "Standards for Protection Against Radiation," estab-

~ lishes -1imits on concentrations of radicactive material in effluents to unrestricted areas.

Paragraph {c) of 5 20.1, "Purpose," of 10 CFR Part 20 states that licensees should, in addition
to complying with the 1imits set forth in that part, make every reasconable effort to maintain
releases of radiocactive materials in effiuents to unrestricted areas as far below the limits
specified as is reasonably achievable.

Sections 50.34a, "Design Objectives for Equipment to Control Releases of Radioactive Material
in Effluents -- Nuclear Fower Reactors," and 50.36a, "Technical Specifications on Effluents from
Nuclear Power Reactors,” of 10 CFR Part 50, "Licensing of Production and Utilization Facilities,”
set forth design objectives and technical specifications to control releases of radioactive efflu-
ents from light-water-cooled nuclear power reactors, Section 50.36a of 10 CFR Fart 50 further
provides that, in order to keep power reactor effluent releases as low as is reasonably achiev-
able, each operating license will include technical specifications that (a) require compliance
with the provisions of 5 20.106 dealing with effluent discharge limits, (b) requirc that operating

- procedures for the control of effluents be established and followed and that eqi ipment installed

in the radiocactive waste system be maintained and used, and {c) establish rec¢ (ements for
reporting measured releases of radionuclides to the environment.

Appendix I, "Numerical Guides for Design Objectives and Limiting Conditions for Operation
to Meet the Criterion 'As Low As Is Reasonably Achievable' for Radicactive Material in Light-
Water-Cooled Nuclear Power Reactor Effluents,” to 10 CFR Part 50 provides numerical guidance
for radioactive effluent design objectives and technical specification requirements for limiting
conditions of operation for light-water-cooled nuclear power plants.

To implement Appendix I, the NRC staff has developed a series of guides that provide methods
acceptable to the staff for the calculation of preoperational estimates of effluent releases,
dispersion of the effluent in the atmosphere and different water bodies, and estimation of the
associated radiation doses* to man. This guide describes basic features of these calculational

models and suggests parameters for the estimation of radiation doses to man from effluent releases.

- The methods used herein are general approaches that the NRC staff has developed for application

in lieu of specific parameters for individual sites. The use of site-specific values by the
applicant is encouraged. However, the assumptions and methods used to obtain these parameters
should be fully described and documented.

The procedures and models provided in this guide will be subject to continuing review by
the-staff with the aim of providing greater flexibility to the applicant in meeting the require-
ments of Appendix I. As a result of such reviews, it is expected that alternative acceptable
methods for calculation will be made available to applicants and that calculational procedures
found to be unnecessary will be eliminated.

This guide supersedes portions of Regulatory Guide 1.42, Revision 1, "Interim Licensing
Policy on as Low as Practicable for Gaseous Radioiodine Releases from Light-Water-Cooled Nuclear
Power Reactors," which is being withdrawn. |

B. DISCUSSION

Appendix I to 10 CFR Part 50 provides guidance on the levels of exposure of the general
public resulting from effluent releases that may be considered to be as low as is reasonably
achievable. This guide describes basic features of the calculational models and assumptions in
use by the NRC staff for the estimation of doses. These estimates can be used to implement
Appendix I in lieu of site-specific phenomena actually affecting the estimation of radiation
exposure. _

*In this guide, the term "dose," when applied to individuals, is used instead of the more precise
term "dose equivalent,” as defined by the International Commission on Radiological Units and
Measurements (ICRU). '

1.109-7



Appendix A of this guide describes suggested methods for calculating the estimated doses to
man from discharges to the hydrosphere. Appendix B of this guide describes suggested models and
assumptions for calculatin~ submersion doses from radionuclides discharged to the atmosphere,
and Appendix C gives equations for estimating doses from radioiodines and other radionuclides
released to the atmosphere. Appendix D describes the models and assumptions for calculating
population dose (man-rem and man-thyroid-rem) from radionuclide releases to the atmosphere and

_hydrosphere,

The models and assumptions described in Appendices A, B, C, and D of this guide are accept-
able to the NRC staff for calculating doses to individuals and populations. If other models are
selected, they should include the same exposure pathways and physical mechanisms as are used in
the models described in this guide.

As discussed in Section I11.A.2 of Appendix I to 10 CFR Part 50, the applicant may take
into account any real phenomena or actual exposure conditions that affect or modify the estimate
of radiation exposure. Such conditions should include actual values for agricultural productiv-
Jity, residence times, dose attenuation by structures, measured environmental transport factors
(such.as biocaccumulation factors), or simjlar values actually determined at a specific site.

The applicant should provide e ough information on the measurements or other methods used to
derive these substitute value: to enable the NRC staff to evaluate their validity.

C. REGULATORY POSITION

1. Radiation Doses from Liguid Effluent Pathways

The NRC staff will calculate radiation doses from potable water, aquatic food, shoreline
deposits, and irrigated food pathways by using the following equations from Appendix A of this
guide.

a. Potable Water

M U n ,
- - a -
Rypg = 1100 EF"R g Q;0,4p58xpP(-2;t,) (1)

b. Aquatic Foods

u

M n , " .
a
R 5 = 1100 2E-E § Q;84,D,5ps (-2t (2)

apj

c. Shoreline Deposits

U.MWn ,
. d
Rypj = 110,000 _‘EFL§ Q730,105 [exP(=2;t )10V - exp(-1;t)] (3) |

d. Irrigated Foods

1
|
I
i

For all radionuclides excepf tritium:

[r[l - exp(-AEite)] . Biv[] - exp(-xitb)]

veg o
= . - 3 I3 t
Rapj Uap ; diexp( A1th)0aip3 L YorEq Pi; i
animal ¥ . rll - exp(-ag4t,)]
*Up L Sialaips {apdiexp(-2sty) l Vi
By [1 - exp(-a;t.)] z
iv i*b
* Py * °1AwQAw} (4)
For tritium: c
k
- pved animal W
Raps = Yap “Papj * Yap  Dapj * (W + Q) (5)
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where
Bi is the equilibrium bioaccumulation factor for nuclide i in pathway p, expressed .
p as the ratio of the concentratio~ in biota (in pCi/kg) to the radionuclide

concentration in water (in pCi/lier), in liters/kg;

is the concentration factor for uptake of radionuciide i from soil by edible

v parts of crops, in pCi/kg (wet weight) per pCi/kg dry soil;
CiAw ic the concentration of radionuclide i in water consumed by animals, a:sumed
to be equal to Ci {(pCi/liter);
C1w is the radionuclide concentration in water, in pCi/liter;
Dai j is the dose factor, specific to a qiven radionuclide i, pathway p, organ j,
P and individual's age a, which can be used to calculate the radiation dose
from an intake of a rad1onuc11de, in mrem/pCi, or from exposure to a given
confentrat1on of a radicnuclide in water, expressed as a ratio of the dose
rate {in mrem/hr) and the radionuclide concentrat1on in water (in pCi/liter);
di {s the deposition rate of nuclide i, in pCi/m per hr;
F =~ is the flow rate of the liquid effluent, in ft3/sec;

k is the reciprocal of the body water volume (0.0041 liter™! for beef cattle
and 0.0028 liter™! for dairy cattle);

M is the mixing ratio (reciprocal of the dilution factor) at the point of
P exposure (or the point of withdrawal of drinking water or point of harvest
of aquatic food) as described in Table A-1 (in Appendix A of this quide),
dimensionless;
n is the number of radionuclides that are to be considered;
P is the effective “surface density" for soil, in kg(dry soi])/mz. Assuming a

uniform mixing of all radionuclides in a plow layer of 15 c¢cm (6 in.) depth,
" P has a value of approximately 240’kg/m2;

QAw is the consumption rate of contaminated water by an animal, in liters/day;

QF is the consumption rate of contaminated feed or forage by an -animal, in
kg/day {net weight);

is the release rate of nuclide i, in Ci/yr;

r is the fraction of deposited activity retained on crops (which is 0.25 for
sprinkler irrigation, 0.2 for particulates, and 1.0 for airborne deposition
of radionuclides), dimensionless;

R . is the total annual dose to organ j of individuals of age a from all of the
apJ nuclides 1 in pathway p, in mrem/yr;

S, is the transfer coefficient for radionuciide i which relates the daily
intake rate by an animal to the concentration in an edible portion of
animal product, in pCi/liter (milk) per pCi/day or pCi/kg (anima] product)
per pCi/day;

t is the period of time for which sediment is exposed to the contaminated
water, nominally taken to be the mid-point of the operating lifetime of the
facility, in hours;

is the mid-point of the soil exposdre time (15 years for a typical power

%
reactor), in hours;
te is the time period that crops are exposed to contamination during the growing

season, in hours;

1.109-9
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110,000

is a holdup time that represents the time interval between harvest and
consumption of the food, in hours;

15 the radioactive half 1ife of nuclide 1, in days;

is the average transit time requxred for nuclides to reach the point of
exposure. Ffor internal dose, t_1is the total time elapsed between release

of the nuclides and ingestion of food or water, in hours;

is a usage factor that specifies the exposure time or intake rate for an
indivi?ual of age a associated with pathway p, in hr/yr or kg/yr (as appro-
priate)};

is the water intake rate via fresh forage (28 liters/day for beef cattle and
38 liters/day for dairy cattle);

is the shoreline width fac*or, dimensionless;
is the agricultural productivity (yield), in kg{wet weight)/mz;

is .the effective removal rate constant for radionuclide i from crops, in hr” -1
provided that Agg B At A where ) M js the radioactive decay constant, in

(hr) , and Ay is the removal rate constant for physical loss by weathering
(Aw = 0.0021 hr'], which corresponds to a removal half-life of 14 days);

is the radioact1ve decay constant of nuclide i, in hr’];

is the water elimination rate constant (0.32/day for beef cattle and 0.28/day
for dairy cattie};

is the factor to convert from (Ci/yr)/(ft3/sec) to pCi/liter; and

is the factor to convert from (Ci/yr)/(ft3/sec) to pCi/liter and to account
for the proportionality constant used in the sediment radioactivity model.

These equations yield the dose rate to various organs of an individual from the exposure
pathways mentioned above., Appendix I of 10 CFR Part 50 requires that tha annual doses or dose
comaitments to the total body or any organ of an individual from the sum of the exposure path-
ways from liquid effluents associated with each reactor should not exceed 3 mrem and 10 mrem,

respectively.

2. Gamma and Beta Doses from Gaseous Effluents

The NRC staff will calculate radiation doses from gaseous effluents using the following .
equations from Appendix B of this guide. The definitions of elevated and ground-level releases

are found in Regulatory Guide 1.111,

for Gaseous Effluents on Routine Releases from Light-Water-Cooled Reactors," and Appendix

this guide.

a. Gamsma Air Dose Rates for Elevated Releases

DY{r,0)

where
ki

0¥(r,0)

260 ¢ 1 ‘D
* 50T 'f‘ G, L fas E ua(E) E T(Hu,5,0,,E) § QniPys (6)

n

is the photon yield for gamma-ray photons‘in energy group k from the decay
of radionuclide i, in photons/disintegration;

s the annual total gamma air dose at a distance r in the sector at angle o,
in mrad/yr;

is the energy of the kth photon energy group, in MeV/photon;
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fns

I(H.u.s,az.Ek)

40

Ua(Ek)

is the fraction of the time that stability class s and wind speed n occur
for sector 0, dimensionless;

is the result of the numerical integration accounting for the distribution of
radioactivity according to meteorological conditions of wind speed (u) and.
atmospheric stability ?s) which in part determine the effective stack height
(H) and the vertical plume standard deviation (cz). In addition, I is a

function of the photon energy E, and is T-= T} + kTé as formulated in
Slade (see Reference 1 i1 Appendix B of this guide);

is the rejease rate of radionuclide 1, corrected for decay during transit to
the distance r under wind speed U, in Ci/yr;

is the distance from the release point to the receptor, in meters;
is the mein wind speed of wind speed class n, in m/sec;

1sdthe sector width over which atmospheric conditions are averaged, in radians;
an

{s the air energy absorption coefficient for the kth photon energy group, in

m .

b. Gamma Air Dose Rates from Ground-Level Releases; Beta Air Dose Rates from Elevated

and Ground-Level Releases

DY(r,0) or 08(r,0) = 3.17 x 10* § 0,[x/0 1%(r,0) (OFY or OF®) (7)
i
where

OFY, DF8 are the gauma and beta air dose factors for radionuclide 1, in mrad per yr/

i f c' 3.

pCi per md;

DY(r,0) or
DB(r.e) are the annual gamma and beta air doses at the distance r in the sector at
. angle o from the discharge point, in mrad/yr;
Q: is the release rate of the radionuclide i, in Ci/yr;

1

[x/Q 1°(r.0)

3.17 x 10°

is the annual average gaseous dispersion factor (corrected for radioactive
decay) at the distance r in the sector at angle © from the celease point, in

sec/m3 (see Regulatory Guide 1.111, "Methods for Estimating Atmospheric
Transport and Dispersion of Gaseous Effluents in Routine Releases from Light-
Water-Cooled Reactors," for methods to estimate x/Q'); and

is the number of pCi per Ci divided by the number of seconds per year.

¢. Total Body Dose Rates from Elevated Releases

p'(r,0) = 1.11 5 ! DY (r,0)expl-u] (E,)t] (8)

where

0T (r,0)

bY(r,0)

is the annual total body dose at the distance r in the sector at angle 0 from
the discharge point, in mrem/yr;

is the annual gamma air dose associated with the kth photon energy group at
the distance r in the sector at angle © from the discharge point, in mrad/yr;
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SF is the attenuation factor that accounts for the dose reduction due to
: shielding provided by residential structures (0.7), dimensionless;
't is the product of tissue density and depth used to determine a "whole-body"
~ exposure. This depth is 5 cm, which is equivalent to t = 5 g/cmz;
~I(Ek) is the tissue energy absorption coefficient, in cmzlg; and
1.7 is the average ratio of tissue to air energy absorption coefficients.

. d. Skin Dose Rate from Elevatnd Releases

where

05(r,0) = 1.115,0%(r,0) + 3.17 x 10%  0,[x/Q 1%(r,0)0Fs, (9)
]

DFS. is the beta skin dose factor for the rcidionuclide i which includes the
attenuation by the outer "dead" layer of the skin, in mrem-m3/pCi-yr. This
attenuation is for 70 micrometers or 7 mg/cm2 § tissue; and

'Ds(r.e) is the annual skin dose at the distance r in the sector at angle © from the
discharge point, in mrem/yr.

A1l other parameters are as defined 1n preceding sections.

where

e. Toia] Body Dose Rates from Ground-Level Releases

Dl(r.e) = 1.1 S¢ Z xi(r.G)DFBi (10)
1

DFB is the total body dose factor for the rad1onuc]1de i which 1nc1udes the
attenuation of 5 g/cm of tissue, 1n mrem-m /pC1-yr (see Table B-1 in
Appendix B of- this guide);

Dz(r,o) is the annual total body dose due to immersion in a semi-infinite cloud at
the distarce r in the sector at angle 0 from the discharge point, in
mrem/yr; and

xi(r.e) is the annual average ground-level concentration of nuclide i at the distance

r in the sector at angle © from the release point, in pCi/m3.

Al11 other parameters are as defined above.

where

f. Skin Dose Rates from Ground-Level Releases

Di(r,e) = 1.1 S¢ E xi(r,e)DF¥-+ ; xi(r,e)DFS1 (11)

D:(r,o) is the annual skin dose due to immersion in a semi-infinite cloud at the
distance r in the sector at angle © from the discharge point, in mrem/yr.

A1l other parameters are as defined above.

3.

Doses from Radioiodines and Other Radionuclides Released to the Atmosphere

The NRC staff will calculate radiation doses from radioiodines and other radionuclides

released to the atmosphere using the following equations from Appendix C of this guide.
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'a. External Irradiation from Activity Deposited onto the Ground Surface

G . G
Dj(r,e) = 8760 S ; Ci(r,o)DFGij (12)
where

C? is the ground plane concentration of radionuclide i, in pCf/mz;

DFGij is the open field ground plane dose conversion factor for organ J from radio-
nuclide i, in mrem-mzlpCi—hr;
Dg(r.o) is the annual dose to the organ j from the ground plane concentration of all
radionuclides at location (r,0), in mrem/yr;

SF is a shielding factor that accounts for the dose reduction afforded by the
shielding provided by residential structures and by occupancy, dimensionless;
and

8760 {s the number of hours in a year.

b. Inhalation

A _ .
Dja(r,o) = R, ; xi(r’o’DFAija (13)
where
Oaa(r,e) is the annual dose to organ j of an individual in the age group a at location
Jar - (r,0) due to inhalation of all radionuclides, in mrem/yr;
DFAi'a is the inhalation dose factor for radionuclide i, organ j, and age group a,
J in mrem/pCi; '
Ra is the annﬁa] air intake for individuals in the age group a, in m3/yr; and
xi(r,o) is the concentration of radionuclide i in air at location (r,0), in pCi/m3.

¢. Ingestion

D _ Ve oV mam FAF L. ~L
Dja(r.e) = § DFIija[Pafgci(r’O) + Uaci(r'e) + Uaci(”’o) + Uafici(r,o)] (14)

where
C‘{(r‘,o). CT(Y"G):

Cy(r,e), CE(r,o) are the concentrations of radionuclide i in produce (non-leafy-vegetables,
1 ! fruits, and grains), milk, leafy vegetables, and meat, respectively, at
location {r, ©), in pCi/kg. These variables are determined using Equation
(C-7) from Appendix C of this guide;

'Dq (r,0) is the annual dose to the organ j of an 1ndivjdua1 in age group a from inges-
Ja tion of all radionuclides at location (r,0), in mrem/yr;

DFI1 - is the ingestion dose factor for radionuclide i, organ j, and age group 3,
1Ja from Tables A-3 through A-6 of Appendix A of this guide, in mrem/pCi;

f f are the reépective fractions of the ingestion rates of produce (vegetables,
gL fruits, and grains) and leafy vegetables which are produced in the garden of
interest (Note: f_may be taken to be 0.76 in the absence of site-specific

data which would indicate that the quantity of grain produced in the garden
of interest would satisfy the intake values in Table A-2 of Appendix A of
this guide); and

uY, u™, UF. UL are the annual intake (usage) of vegetables, milk, meat, and leafy vegetables
a’ a’ e a respectively, for individuals in the age group a, in kg/yr.
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'. 4, Intégfated foses to the Population

The NRC staff will calculate integrated doses to the local population from all pathways
discussed in Sections C.1, 2, and 3, Because of the various conditions under which the equa-
tions in Appendix D are used, they are not presented in this section. It is recommended that
Appendix 0 be read for a detailed discussion of the staff's models.

5. Summary of Staff Position

: A brief summary of the staff position on methods of evaluating compliance with Appendix 1
is presented in Table 1.

D. IMPLEMENTATION

The purpose of this section is to provide information to applicants and licensees regarding
the NRC staff's plans for utilizing this regulatory guide.

This guide reflects current Nuclear Regulatory Commission practice. Therefore, except in
those cases in which the license applicant or licensee proposes an acceptable alternative method,
the method described herein for complying with specified portions of the Commission's regqulations
. is being and will continue to be used in the evaluation of submittals for operating license or
construction permit applications until the guide is revised as a result of suggestions from the
public or additional staff review.
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TABLE 1
SUMMARY OF STAFF POSITION -
METHODS OF EVALUATING COMPLIANCE WITH APPENDIX I

APPENDIX 1 POINT OF DOSE ' EQUATIONS
TYPE OF DOSE DESIGN OBJECTIVE EVALUATION T0 BE USED
Liquid Effluents
Dose to total 3 mrem/yr per unit Location of the highest 1,2, 3,4,85
body from all dose offsite*
pathways (see also Table A-1).
Dose ta any organ 10 mrem/yr per unit Same as above. 1,2, 3,4,85
from all pathways
Gaseous Effluents**
Gamma dose in air 10 mrad/yr per unit Location of the 6 or 7, as
highest dose offsite.*** appropriate
Beta dose in air .20 mrad/yr per unit Same as above. 7
Dose to total body 5 mrem/yr per unit Location of the B or 10, as
of an individual highest dose offsite.* apprapriate
Dose to skin of an ' 15 mrem/yr per unit Same as above. 9 or 11, as
individual appropriate

Radioiodines and Particu1atesf Released to the Atmosphere

Cose to any organ 15 mrem/yr per unit ~ Location of the ‘s 12, 13, & 14
from all pathways highest dose offsite.’’ ’

-
Evaluated at a location that is anticipated to be occupied during plant lifetime or evaluated
with respect to such potential land and water usage and food pathways as could actually exist
during the term of plant operation.

*
*Calculated only for noble gases.
skt : o
Evaluated at a location that could be occupied during the term of plant operation.

+Doses due to carbon-14 and tritium intake from terrestrial food chains are included
in this category. '

M Evaluated at a location where an exposure pathway actually exists at time of licensing. How-
ever, if the applicant determines design objectives with respect to radicactive iodine on the
basis of existing conditions and if potential changes in land and water usage and food pathways
could result in exposures in excess of the guideline values given above, the applicant should
provide reasonable assurance that a monitoring and surveillance program will be performed to
determine: (1) the quantities of radioactive iodine actually released to the atmosphere and
deposited relative to those estimated in the determination of design objectives; (2? whether
changes in Tand and water usage and food pathways which would result in individual exposures
greater than originally estimated have occurred; and (3) the content of radiocactive iodine and
foods involved in the changes, if and when they occur.
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APPENDIX A

METHODS FOR CALCULATING DOSES TO MAN FROM RADIONUCLIDE
DISCHARGES TO THE AQUATIC ENVIRONMENT

The equations for estimating radiation exposure to man from four principal exposure path-
ways in the aquatic environment (potable water, aquatic foods, shoreline deposits, and irrigated
foods) are listed in Section C, "Regulatory Position," of this guide. The equations can be used
to zalculate the annual doses to various organs of a child. 0 - 11 years; a teen, 12 - 18 years;
and an adult, 18+ years, .

1. Equation for Calculoting Radiation Dose via Liquid Pathways

Equation (A-1) is the fundamental equation for calculating the radiation dose to man via
“liquid effluent pathways.

Ryipy * cipuapDaipj (A-3)
ﬁherg

Cip is the concentration of nuclide i in the media of pathway p, in pCi/kg;
Dai . is the dose factor which is specific to a given radionuclide. i, pathway p,
pJ organ j, and individual's 2ge a. It represents the annual dose due to the
intake of a radionuclide, in mrem/pCi, or from exposure to a given concen-

tration of a radionuciide in water, in mrem per hr/pCi per liter;

Raipj is the annual dose to organ j of an individual of age a from nuclide i via

pathway p, in mrem/yr; and

Ua is the exposure time or intake rate (usage) associated with pathway p for
P age group a, in hr/yr or kg/yr {as appropriate).

The three factors making up Equation (A-1) are discussed in the following sections, most of
which were taken directly from the {ASH-1258 report (Ref. 1). (An updated version of the portion
of the WASH-1258 report describing models and computer programs is contained in the BNWL-1754
veport (Ref. 2).)

a. Concentration in Environmental Hedia (cip)

The points at which concentrations in environmental media of interest should be evaluated
are shown in Table A-1. The concentrations can be estimated from the mixing ratio M_, the bio-

accuiulation factor Bip‘ the radionuclide release rate Qi’ and other terms presented in the path-
way equations that appear later in this discussion.

b. Usage (Uap)
The second term of Equation (A-1) is the usage term Uap' Usage is expressed as a

consumption rate in kg/yr or liters/yr or as an exposure time in hr/yr, as appropriate for the
pathway p and age group a under consideration.

The NRC staff encourages the use of site-specific data, whenever possible, for param-
eters such as those included in Table A-2. Such data should be documented. 1In the absence of
site-specific data, however, the usage values (consumption rates and exposure times) presented
in Table A-2 are recommended.*

®
In selecting usage values, not only the present land and water uses should be considered, but
also changes in land and water uses made possible by such activities as chemical pollution
abatement. Radicactive material released into waterways may include long-lived radionuclides
that have potential for accumulation in sediments and biota and may persist for many years --
perhaps beyond the lifetime of the nuclear power station.
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TABLE A-1

DEFINITION OF POINTS AT WHICH CONCENTRATIONS IN ENVIRONMENTAL MEDIA (C )

SHOULD BE CALCULATED

PATHWAY

SURFACE - LOW VELOCITY

SURFACE - HIGH VELOCITY

SUBMERGED (single or multi-
port) - HIGH VELOCITY

Fish (fresh and salt water)
Invertebrates
Shoreline

Drinking water

Irrigated crops

Discharge canal
Discharge canal

Discharge canal

Nearest anticipated
downstream supply***

Nearest ant1c1pated
point of wuupu:ana.
for irrigation

*Point where effluent has

**Point where effluent has
***Fresh water sites only.

over the plant lifetime,

*Fresh water sites only.
use projections over the
or could exist.

Edge of initial mixing zone*
Edge of initial mixing zone*

Point of contact of diluted
effluent with shoreline

Hearest anticipated downstream

Csupply***

Nearest anticipated point of
withdrawal for irrigation”

Edge of initial mixing zone**
Edge of initial mixing zone**

Paint of contact of diluted
effluent with skoreline

Nearest anticipated downstream
supp]y**'

Nearest anticipated point of
withdrawal for irrigation-

undergone prompt dilution near the surface (about 5:1 for Jarge receiving water bodies).

undergone prompt dilution (about 10:1 in deep water and about 5:1 in shallow water).

The "nearest anticipated downstream supply” is that location which, based on land use projections
is the closest point to the site where a drinking water supply exists or could exist.

The "nearest anticipated point of withdrawal for irrigation”

is that location which, based on land

plant lifetime, is the closest point to the site where withdrawal for irrigation purposes exists




_ TABLE A-2
RECOMMENDED VALUES FOR U, TO BE USED FOR THE MAXIMUM
EXPOSED INDIVIDUAL IN LIEU OF SITE-SPECIFIC DATA

PATHWAY CHILD TEEN ADULT UNITS
Fruits & vegetables & grain®’P 520.0 630.0 520 kg/yr
Leafy vegetables® 26.0 12.0 64 kg/yr
MiTk € 330.0 400.0 310 liters/yr
Meat & poultry? 41.0 65.0 110 ka/yr
Fish (fresh or salt)d 6.9 16.0 21 kg/yr
Seafood® 1.7 3.8 5 kg/yr
Drinking waterC @ | 510.0 510.0 730 Viters/yr
Shoreline recreation® 14,0 67.0 12 ~ hr/yr
Boating’ 29.0 52.0 52 hrlyr
Inhalation 2700.0° 5100.0° 73007 m3/yr

1907 0{infant)9

: aConsumption rate obtained from Reference 3 for average individual and age-prorated and
maximized using techniques contained in Reference 4.

bConsists of the following (on a mass basis): 22% fruit, 54% vegetables (including leafy
vagetables), and 24% grain.

“An additiona) category of maximum individual (1-yr o0ld) should be added for these pathways.
Consumption rates are the same as the child's,

dConsumption rate for adult obtained by averaging data from References 4, 6-9 and age-prorating
using techniques contained in Reference 4.

€Data obtained directly from Refererce 4.
fData obtained directly from Reference 15.
91nhalation rate for infant obtained by averaging data from References 10-14,
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aipj)

Equations for calculating internal dose factors are derived from those given by the
International Comnmission on Radiglogical Protection (1CRP-Ref. 15) for body burden and maximum .
permissible concentration (MPC), Effective absorbed energies for the radionuclides are calcu-
Tated from the ICRP model. Appendix D of Reference 16 was used as a basic source of age-dependent
dose factors for ingestion. Where data are lacking, metabolic parameters for the Standard Man
were used for other ages as well.

¢. Dose Factor (D

The dose factors for external exposure were based on the assumption that the con-
taminated medium is large enough to be considered an "infinite volume" relative Lo the range of
the emitted radiations. Under this assumption, the energy emitted per gram of medium is equiva-
lent to the energy absorbed per gram of medium corrected for the differences in energy absorption
between air or water and tissue and for the physical geometry of each specific exposure situation.

Material deposited from sedimentation in an aquatic system or from irrigation water
onto the ground represents a fairly large, nearly uniform thin sheet of contamination. The

factors for converting surface contamination given in pCi/m2 to the annual gamma dose at one .
meter above a uniformly contaminated plane have been described by Soldat and others {Refs. 4, 5,

and 17). Dose factors for exposure to sofil sediment have units of mren/hr per pCi/m2 surface.

A set of dose factors for 45 radionuclides was originally calculated for the year 2000
mode! (Ref. 4). These factors have since been recalculated using recent decay scheme informa-
tion (Ref. 18) and expanded to include additional radionuclides., The revised list is given in
Tables A-3 through A-7; it contains several radionuclides for which the daughter is not listed
separately {e.g., Ru-Rh-106, Cs-137-Ba-137m, and Ce-Pr-144}. In those instances, the daughter's
decay energy has been included in the factor.

2. Equations for Liquid Pathways

This section develops the set of equations required for the liquid pathway viodel. The
principal difference between pathways is the manner in which the radionuclide concentrations are }
calculated. The doses from the four pathways should be added to determine the total dose.

a. Potable Water

The annual dose from ingestion of water is calculated from Equation (A-2) below:

MU
- a ! A ’ )
Rapj = 100 -2.2P g Qiexp(-.‘.itp)Daipj {A-2)

Symbols for this equation were defined earlier, in Section C.1 of this guide.

The sunmation process adds the dose contribution from each nuclide to yield the total
dose for the pathway-organ combination selected. The Q%/F terms in Equation (A-2) define the

concentration of nuclide i in the effluent at the point of discharge. The expression
(Q%Hp/F)exp(fAitp) yields the concentration of nuclide i at the time the water is consumed.

This concentration is the term cip in Equation (A-1). As a minimum, the transit time tp may be

set equal to 12 hours to allow for radionuclide transport through the water purification plant
and the water distribution system. The transit time should be increased as appropriate to allow
for travel from the point of effluent release to the water purification plant intake. Credit
may be taken for radionuclide removel by water purification processes using tochniques such as
those outlined in Reference 4.

It should be noted that, depending on the hydrological dispersion model employed, the
mixing ratio, Mp, or dilution factor may not be explicitly defined. In those instances (e.q.,

buildup of activity in a cooling pond), the relative concentration in the mixed stream (compared

to the effluent concentration) may be supplied as a function of the radiological decay constant,
with any potential effluent recycling taken into account. Suggested hydrological dispersion models
will be contained in another regulatory guide now under preparation on the subject of methods for
estimating aquatic dispersion of liquid effluents from routine reactor releases for the purpose of
implementing Appendix I.

b. Aquatic Foods . ‘

The concentrations of radionuclides in aquatic foods are directly related to the
concentrations of the nuclides in water. Equilibrium ratios between the two concentrations,
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TABLE A-3

ADULT INGESTIOH DQSE FACTORS
{mrem/pCi ingested)

NUCLIDE BOME LIVER TNTAL BYYY  THYRI[D KTIONEY LUNG GT=LLT
1+ -3 0,0 1,3dE«N7 1, 34E=D7 1,34F=07 1, 34F=07 §,30E=-07 1,3UF=07
43 10 3.,18FE=06 4,91E=p7 7,96F=3R 0,0 3.71E=-07 0,0 2,6HF=N%

6C 14 2.BUE=0h S5,69E=07 S,.b69E=07 5,69F-07 S,69F=0N7 5,69E=07 5,69t=07
7N 13 8,376=09 8,37E~p9 B,37E=-09 AR.37E-09 A 37f-09 A,37F=-09 B, 7L-NQ
9F 19 6,25F=07 3,0 5,932-08 0.0 0.0 0.0 {,ASE=C0R
1INA 22 1, 7TUF=05 1, 7UFE=05 | ,74E~05 {,70E=05 {,74E~NS {,74E=05 1,7dF=05
1IN 24 P,2bF=0b 2,2bE=0b 2.26E=Nh 2.255=05 2.,°bF=0h6 2,26E=0h 2P,26F=04

{159 LY 1,94F=04 | ,21E=05 7,47E=n6 N,0 0,0 n,0 2,17€=08%
20Ca u| 1 ,B7€=04 3,0 2.01E-05 0,0 0,0 a,0 1. RUE =07
215C 4b6. S5,51F=09 1 NRF~AH 3I,11E=N0 0,0 1.00F=Nn& 1n,0 §.21F =08
2uCR 51 0,0 - 0.0 2.66E=99 1,59F=03 S, A7E=10 3,53F=N9 6, NQF=07
254N S4 n,o 4,57E=06 8,73E«07 0,0 1.366=06 0,0 1,0t =05
259N 58 n,0 1,15E«07 2.0SE«NR n,0 1,46E=07 0,0 1. hiE=06h
26FE 58S 6.20E=06 2,79F=~05 7,33E=04 0,0 a,0 3,23E=05 1,09t=05
26FF 59 U,3UE~06 1,03E=05 3,0P2E=06 0,0 0.0 2,A6E=06 3, 4QF =08
27¢n0 57 0,0 1,756=07 2.91E=07 0,0 0.0 0,0 U, dlUF =06
27C0 58 0,0 T UBE=DNT  1,67E=~086 0,0 0.0 D.0n 1,51F =05
27€0 &0 0,0 2,15B=06 4,72E=Nb6  (,D 0.0 n,o 4,02E=05
2BNT 59 9,77E=06 3,35E=06 1,63E=~06 0,0 n,n 0,0 6,90E=07
28NT 63 1.306E=04 9,02E=06 U,36E=~06 0,0 0,0 0,0 1 ,BBF =0k
2ANI b5 5,29€=07 &,87FE=NB 3.13E=08 0,0 0,0 ) 1, 74E=0h
29CU 64 0.0 3,30F~08 S,92E=~NDR N 0 P INE=DT 0.0 T 10E=06
I0ZN 65 U,ASE=06 1,54F=0% 6,97E«0h 0,0 1.33E=05 0,0 Q,70E=04
3ININ 694 |, 70F=07 4, 09FE=-07 3 .73E~NAR 0,0 P.UBE=~NT 0,0 2, U9F =05
30ZN b9 1.03E=08 1,9BE=~0B 1,37E=02 0,0 1.,28F=~NR 0,0 2.96E=09
.348F 79 0,0 2.63E=nb U UOE=QT7 N0 4,56F=06 0,0 5.38F=07
353R  R2 n,0 0.0 2.26E=06 0,0 n,0 0.0 2.59F =08
SEEEEEES 0,0 0,0 U.N2E=05 0.0 N, 0 n.0 S.79E=0h
3SAR A4 0.0 2,0 5,22E~08 0,0 0.0 Neh 4,09F=1%
353R B85 0,0 0.0 2.14E=09 0,0 0,0 n,0 0,0
17RA A6 0,0 2,11E=05 09, ,AdE=06 0,0 0.0 0.0 4, 16E=06
378 A7 0,0 1.,23€=05 U,2RE«N6 N0 n,o n.0 5, 76E=07
317R8 98 0.0 5,06F=DR  3,21E=08 0.0 0,0 N,0 B, 16F=19
I7RA 89 0,0 T.,01E=N8 P2.AZE~NR 0,0 n,0 De0 0.0
3185% B9 3.09F=-04 0,0 A ASFeNb 0,0 0.0 0.0 4,94E =05
38SR_ an 7,61E=03 0,0 1.836E=03 0,0 0.0 0.0 1,02E=04
TASR 91 5.B2E=06 0,0 P?.5hE=NT 0,0 0,0 0.0 2.93E=05
3a5R 92 2.16E=06 0,0 9.,31E=08 0.0 0.0 0,0 4,26F=05
319Y 90 9.63F=09 0,0 2,5RE=10 0,0 0,0 0,0 1,02E=04
19Y 91% 9,10E-11 0,0 1,53E=12 0.0 0.0 3.0 2.6TE=10
319y 91 t1,u1g=07 0,0 3,7RE=09 0,0 0.0 0,0 7.76E=05

Hote: Q.O means insufficient data or that the dose factor is <1.0£-20.
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TABLE A-3 (Continued)

NUCLIDE BONE LIVER TOTAL BODY THYROID KIDNEY Gl-LLL
35y 92 8,46F~10 0,0 2., 47E=11 0,0 0,0 1, URF =5
19Y 93 2.6RE=09 0,0 7 U0E=11 0,0 0.0 A,50f =05
40ZR 93 4,19F~08 2 ,34E«09 1,09E=03 0,0 8,48E=99 2.436=0ph
40ZR 95 T, 0UE=~08 9,76E=09 b6,61E«09 0,0 1.5dF=0AR T, 03F~05
G0ZR 97 1.68E~09 3,39F=10 1,56E=10 0.0 5,17E=10 1,05E=0u
giNB 934 2_,55E~08 B8,33F-09 2,0SE-N9 0,0 9,58FE=0Q 3, BUf=np
4INR 95 6,23FE~09 S UKE=09 1,36E=09 0,0 1, U43E=09 2. I0E-N%
GINB 97 S,23E~11 1,32E~11 4.82E=12 0.0 1.54E=11 4,B7F=08
u2%Q 93 0,0 7.5¢E=06 2,03E=07 0.9 .3 =06 1,22F=0p
u2Mp 99 0,0 U,31E=06 BA,20E=07 0,0 0,77E-96 9.99E =06
43TC 994 2 47F=10 6,.9BE=10 A8,90E=N3 0,0 1.06F=nR 4,13=n7
437C 99 1,26E=07 1,86E=n?7 5.0UE-08 0,0 2 3UE=0b b.0BF=Ngk
a3TCc 10} 2.5U4F~10 3,67E=10 3I 60E=N9 0,0 b b0E=NT a,n

4qRU 103 1,85%E=07 0,0 7.9RE=08 0,0 T 0TE=n7? 2.16F=05
qurRU 105 1.54E~08 0,0 6.08E=09 0,0 1,99F =97 Q upF =k
4dRU 106 2.75E=06 0,0 3,U4BE=07 0,0 5, 32E~06 1,78t =04
45RH 105 1,22E~07 B8,86E~0B 5,83E~08 0,0 L.76E=07 1,41E=09
46PD 107 0.0 1, U7€E=07 Q, U1E=09 0,0 1.32E=06 9.1 1E=07
46PD 109 0.0 1,77t=n7 4 ,00E=08 0.0 1.01E=06 1.906f =0Y
U746 §104 1,60F=07 1, 4RE=~D7 A _B0E=DB 0,0 2.91E=07 b.0LF =iy
4746 111 S.B2E~-08 2, UUE=0R {,21E=08 0,0 7.85FE=«NR 1 U, Lbk=NY
4aCto0 1139 0.0 3. 19F~06 1,02E=07 0.0 T.50F =Nk 2+56F NG
48CH 1154 0,0 1.84E=06 S,ARE=0R 0,0 1.46F=06 7.7dt =05
505N (23 3.11F=05 S.16F=07 7.60E=N7 4, 3BE=07 0,0 64,33E=05
SOSN 125 8,36E=06 [, 6RF=nT7 3,79E=07 1,39E=07 0.0 1,0u0k=0a
S0SN {26 B,UBE=05 1 ,6RE=06 2,41E=06 U92E~07 0,0 2 U3IE~DG
S1SB 124 2,8lE=06 S,30E=08 1,11E=06 K. 79E=09 0,0 7.95FE =08
5158 125 2.23F=06 2,40F=08 4, U8E~NT7 (.,98E=09 0,0 1,97F =05
S1SR 126 1,15E=06 2,3UF=NB U, 1SE=07  7.,05e~09 0,0 G UDF =08
5188 127 2,5RE=07 3,.6HE=09 9,92E=0H 3I,11E=09 0,0 §,90E=05
SeTE 1254 2,6BE=06 9,73E=07 3,59€«07 B,07E~07 1,09E«05 o0 1,07E=-05
S2TE (274 6,78E=06 2,37F«06 B8,26E=07 1.73E=06 2,7%E=05 .0 2.27F «05
52TE 127 1,106=07 3.95€«08 2 3RE=0R R,16E~08 U4, 4BE=n7 .0 A,6RF =04
S2TE 129M |,15€=05 4, 30E=Nb6 {.R2E=06 3.95F«0h U, B0F-05 N 5.79E=0%
S2TE 129 3,15E=08 1,19E«nB  7,.66E=09 2,431E-08 1,.32E=-n7 ) 2.37E =08
S2TE §31M 1,74E=06 S8 4TE=-07 71,06E=07 1,34F=06 B,58E=06 N R, U0t=05
S2TE 131 1.976~08 B3,24E=09 b,22E=09 {,62E-08 A.bUE-NB 0 ?.95t =09
S2TE 132 2.53E=05 1,64F=06 1,53E=06 1,BN0E-06 1,5BE-05 0 T.71F =05
52TE 1339 4,63F=08 2,80E=0B8 U, 04E=NDB 3,92F=08 2,57E~07 N 4, 7f =00
S2TE 134 3,2UF=08 2,13FE+08 1,30E=08 2,R3IE=08 2,05E=«n7 .0 u, UBE=0Q
s3I 129 3.27E=06 2,81E=086 9,22E=~0b6 7.23E~03 b,05E=06 .0 4, u4fF=07
531 130 7.51€E=07 2,20FE-06 B,B1F=07 P.ASE=04 3,0dH8E-06 o0 1 ,92E=0Ng
5§31 131 U, 16E=06 S5,96FE=06 3,81E=D4 1.,95F=N3 1,02E=~nNS 20 1,57F =06
531 132 2,036=07 S, 43E=07 1,93E=0T7 7,1{5E~05 A,bhE=DT o0 1.,02E=07
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TABLE A-3 (Continued)

84P0

1.109-23

NUCLIDE BONE LIVER TOTAL RODY  THYROID KIDNEY LUNG GI-LLI
531 133 1,436=06 2,uBF«06 7.57E=07 U,77E=0U4 4, 33E«N6 0.0 2,18E=06
S51 134 1,006«07 Q2,RBE=07 1.,03E«N7 3,74E=05 4,S9E«07 0,0 2,51FE=10
531 115 4, U3IE=07 1,17E=06 U, 29E=0T7 1,53E=04 {,86FE=06 0,0 1,31€=06
§8C8 1344 2, 13E=0R 4,U9E=08 2,3nf-08 0,0 2.4UE=-nB 3,83E~09 1,58E«08
SSCS 134 6.,27E=05 1,uBE=n4 1,21E«04 0.0 U,80E~NS {,59E=05 2,59E-06
55CS 135 1.,95F=05 |,80F=-05 B8,006=06 0.0 b.82En06  2,05E=06 4,21E=07
SSCS 136 5.51F=0b6 2,.57E=05 1,8S5E=05 0.0 1 U3E=nS 1.,96E=06 2,92E=06

" 55CS5 137 7.98€«05 {,09E=04 7,15€«05 0,0 3.T1E»NS 1,23E=05 2,10E=08
56CS 138 5,52E=08 {,09FE=07 &5,4{FE=0N8 0,0 B,02E=nR 7,926=09 4,b65E=13
S5CS 139 J,U1F=08 S5,0BF«0B8 1,.85E«08 0N,0 U, 076=08 3,70E=09 0,0
5684 139 9,71F=08 5,92E=11 2,BUE=09 0,0 b,d47E=11 3.,92E«1t 1 ,72E=07
$684 140 2,036=05 2,55E~08 {,34E=04 0.0 R.H58E~09 {,46F=08 4, 18E~05
568A 14} 0.0 3.56E=11 1.59E=09 0.0 1,31E=11 2,02E=11 2,22E-17
5684 142 2. 13E=08 2,19E=1} 1,3UE«09 0,0 1.95E«11 {,24E~t1 0,0
STLA (4D 2,50F=09 1,26E~-09 3,34f~10 0,0 0.0 0,0 q,25€=05
57LA 141} 3,19€=10 9,91E~11 1.62E=11 0,0 0.0 0.0 1.18E=05
S7LA 142 1.28E=10 5,82E~1t 1,45E=11 0,0 0.0 0.0 4,2SE=07
SBCE fui 9,37E=09 6,3UL=09 7,18€E=10 0,0 2,34E-09 0,0 2,U2E=~05
SRCE 143 1.62E=09 1,228«06 {,35E~10 0,0 5.386=10 0,0 u,56E=08
SBCE 144 4, B9E=07 2,0uE=07 2,62E=0R 0,0 {.21E=NT7T 0,0 {1.,65E=04
S9PR (43 9,21€=09 3,70F=09 4,S57€=10 0,0 2,13E=09 0,0 4,03E=05
S9PR {ud 3.02E=11 l.25E=11 1.S53E~12 0.0 7.06E=12 0,0 4,33E~18
60ND 147 6,30FE=09 7,2BE=09 4,3SE~10 0,0 4,25E=09 0,0 3 UYE=05
41PM 147 7,55E=08 7,10E=09 2,B7E=09 0.0 1,34E=08 0,0 B8,93E=04
&1PM {uBM 3 07E=0B 7,96E=09 b,0R8E=09 0,0 1,21E=08 0,0 b.74E=0S
61PM 148 7,18F=09 1,19E=09 §,00E=10 0.0 2.25F=9%9 9,0 9,34F =05
61PHM 149 1.,52E=09 2,1SE~10 B8,79F=11 0,0 U,07F=10 0,0 . 4,036=05
51PM 15 5,97F=10 1,17E=10 &§,92E=11 0,0 2.09F~10 0,0 3,22E~05
62SM {51 5,91E~08 1,19E=08 2.,BbE=D9 0,0 1.336=08 0,0 S,25E=06
5254 153 8,58F=10 7,16E=10 5,23FE=11 0.0 2.37E=~10 0,0 2,55E=05
53EU 152 1.956-07 4, ud4E=0B 3,91E«08 0,0 2.75€=07 1,0 2.5hE=05
QSEU 155 R, 61E~08 | ,22F=08 7.8RE=09 0,0 S.HUE-08 0,0 9,6Q0E=06
b3EU 156 1,37¢=-08 1,06E=0R {,71E=NQ 0,0 7.09E=09 0.0 7.26E=0S
6578 160 4,70g-08 0.0 S.BAE=N9 0.0 1.94E=-08 0,0 4,33C=05
5740 1664 2,70E«N7 8 UUF=DR  p,U1E=NAR 0,0 1,26E=07 0,0 0,0
Tun 181 3,9PE=09 3,24E=-09 I, UBE~-10 0,0 0.0 0,40 35,b8E=07
7us {85 4,06E=07 1,3SE~Q7 1,42E=08 0,0 0.0 0.0 1.56E=05
Jud 187 1.036=07 8,.62E=08 3,02E=NB 0,0 0,0 n,0 2,82E«05
82P8 210 1,53F=02 U4, 3BE=03 S, 4UuE=00 0,0 1,23E~-N2 0,0 S,U2E=05
8381 210 4,62E=07 3,19F=-06 3,97E=08 0,0 3,94E-05 0,0 4,756 =05

210 3,57F=04 7 ,57E«0U A, HOE=NS 0,0 2.52E=03% 0,0 b.36E=08



TABLE A-3 (Continued)

NUCLIDE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-1LLI
8ARA 223 4,98E-03 7,66E=06 9,95E-04 0,0 2.17E=0u4 0,0 3,21E=04
88RA 224 {,62E«-03 3,90E=06 3.,23E~04 0,0 f11E=n4 0,0 3, U0E=04
88RA 225 b,57€=03 7,79E=0h 1 ,31F=03% 0.0 2.21FE=04 0,0 3.,0btedu
88RA 226 5,05F=01 5,75E=-06 2,21E=-01 0.0 1.63£=-04 2,0 3,37E-04
BBRA 228 1.12F~014 3.12E=96 1 ,21E~0t 0.0 B,BUuf-05 0.0 5.64E~05
B9AC 225 U, U1f=06 6,07F=06 2,94E=07 0,0 5.,90F=07 0,0 4,07E=0u
BQAC 227 1,88E=03 2_4BEe0Ud {,11E=04 0,0 A, 03E=«05 0,0 7.9uF =05
90TH 227 1,37E=05 2,48F=07 3,96E=07 0.0 lsUH1E=Db 0.0 S.d0E=0u
90TH 228 4,96F«0u 3 ,41€~-n6 1,6BE=05 N0 4, 67F=05 0,0 S.nlE=04
90TH 229 B.OBE=03 1.,21E~04 3,9SE«04 0,0 S5.80E«04 0,0 5.12E«04a
90TH 230 2.,0BE=03 1_,1RE=04 &5,76E=35 0.0 5.69F=04 0,0 6,028 =05
90TH 232 1,B0E=D3 |, 01E=0d 4, 92E~N5 0,0 U bE=0U0 0,0 | ,2HE=D4
90TH 23u R.,02F=08 U4, ,72E~09 2,32E=99 0.0 2.b7F=0R 46,0 1.13E=04
91PA 231} 4,14F=03 1,56E=04 1,61E=04 0.0 5.0 0.0 b.7E=0u
91PA 233 5,26F=09 1,06E=N9 9 _2RE«iN 0,0 1,39F=09 0,0 1,64 =05
92U 232 4,14E~-03 0,0 2.95E=0u0 n,0 4,47E=-nuy 0,0 b, 72E =08
92U 233 8,77E=04 0,0 5.,29E=05 0.0 2.0UE=Qu 0,0 b, 2TE=05
92U 234 8.37F~=04 0,0 S,1RE=05 0.0 {,99E~n0u0 0,0 b, lUE=NS
92U 235 A,02E~04 0,0 4,B6E=05 0.0 l.87E«04 n,0 7.81E=08
92U 236 B.,02E=04 0,0 4,97€E=-05 0,0 1.31E«n4 0,0 S.76E=05
92U 237 S,53E~08 0.0 1, U47E=-D8 (0,0 2.27E=07 2,0 { QUE=CG
924 238 7.67F=04 0,0 4,55€«0% 0,0 1.75E=n4 0,0 1.06E=04
GINP 237 1,38E=-03 1,20E=04 GS,59E=05 0,0 U,16E=04 0,0 7.94E =09
93INP 238 1,37E=08 3.69E=90 2,1%3E«10 0.0 1.26E=0N9 0,0 3,43E-08
93INP 239 1.,20E=09 1,18E=10 6.4AE=11 0.0 3.5%E=10 0.0 2L U0E=08
94PU 238 6,73F=04  93,31E=~05 1,67E=N5 0,0 7.12E=05 0,0 7.308=0%
9uPu 239 7,60E=04 1,04E=04 1,88E=-05 0,0 T.IbE=0S 0,0 fhabbF =05
9uPU 2u0 7.5RE=04 1,0U4E=nd 1 ,B8E~05 0.0 TeIRE=0S 0,0 b, 78 =05
9uUPU 241 1,56E=05 8,47E~07 3,33E=07 0,0 1.53E=ns 0,0 1,40k =04
QUPU 242 7.226=04 9,90FE~05 1,79E=05 0,0 7.5RE=n5 0,0 6.,53F =08
QuPU 244 R.60E=04 |, 1BE=04 2,13E=05 0,0 9,03E=-05 2.0 9,73E=0%
95AM 24} B,10E=-04 2,7RE=-04 S5,26E=05 0,0 3.9bE=n4 0,0 T.42F =05
95AM 2429 8,32E«04 2,78F=04 S, U7€E=05 0,0 0,08Eend n,0 9, 3uE=08
95“" 2“3 8.126"0" 2.73E-0a 5.2“5-05 0.0 Boqu"ou Ocn 9073E'0.;
O6CMH 242 1,58E=05 {,6UE=05 1,04E=06 0,0 4,87E=06 0.0 7.32E=05
Q6CM 2473 6,43E=04 2,.01E=04 3,77E=05 0.0 1,76E=04 0,0 T.81E=09
96CM 244y 4,85E=04 2,07E«04 2,8BRE=05 D.0 1.34E=04 9,0 7.55E=05
96CM 245 . 1 ,03F~03 2,8BE=-04 5,81E~05 0.0 2.7T1E=04 9.0 7,04F =05
96CM 24b 1.,02F~03 2,BBE=04 S _BOE=0S 0,0 2,11E=0d 0,0 6,91t =08
Q6CM 247 9,9%E~04 2.,B3%E=04 5,.72E=«05 0.0 2.67E-04 0,0 9,09E-0S
96CM 248 B,27E~03 2,33E«03 4,71E~04 0,0 2.20E-03 0,0 l 4TE=%3
98CF 252 1.98E=04 0,0 4,95E=06 0.0 0.0 0.0 2.88E=04
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TABLE A-4

TEENAGER INGESTION DOSE FACTORS
{mrem/pCy Tngested)}

NUCLIDE RIINE LIVER TNTAL RIDY  THYRDIID XTONFY LUNG GI~LLI
tH - 3 0,0 1,06E«07 1,06F=07 {,NAE=07 1.06E«07 1.04F=07
6C 14 7.55E=07 7,55E=07 7.55F=07 7.55E£~07 7.55E«07 7.55F=n7

11NA 22 2.35E=05 2,35F=95 2,35E~0% 2,35Fe05 2,35F=05 2,BRE=0h
27C0 58 n,0 9,92F =07 e2.2hE=0b 0,0 . 1.34F=05
27C0 b0 0.0 2.,76E=n6 bH,30E=Dh N,D 3,.31E=05%
" 385R B9  U4.60F=04 0,0 1.32E«95 0,0 (USE 4,.99F =05
I85R G0  1,04Ee0¢ 0,0 2.57E=03 0,0 2.c00t=04
319Y 90 3.30F=08 0,0 RA_RTE=1N 0,0 ADULT SE=NS 1 ,09F =04
39Y 91 1,95E=07 0,0 55,2359 0.0 7.53E=0%
4nZR 95 3,72E=08 1,24E=08 A _6KE=N9 0,0 2.6BE=05
4i1NB 85 7.2U4E=09 4,36E=09 2,458=09 0,0 - }.78E =05
4uRU 103 2,376=07 0.0 1,0RhE=N7 0.0 DOSE 1 HSE=05
4urU 106 u,00E=06 0.0 S,03E=07 0,0 1.AlE=0u
5SOSN 123 u,38F=05 7,22E~07 1,0BE=0b6 5.78E=07 FACTOR) 6.31E=05
SPTE 1254 3,R3E=06 1,37Em=0h S, 0RE=07 {.0RFE=0h {f,07F=0%
S2TE 127 1,51E=07 S,32E=0R 3,23F=N08 | ,N3E=07 1.22E=05%
S2TE {294 1,6hF=05 5,1SF=06 2.61FE«Np 5,306=05 5, RNE=0S
SeTE 132 3,55F =06 2. 22E=06 2 10E~np 2,35F=05 8,00F=05
331 129 U,66F=06 3,92F«0b6 1,31F=05 0,53£~03 4,31E=07
s3I 131 5.,57TE=06 7,87E=0A8 U,69E=0hn 2.275=03 1,U9E=06
531 133 2.03FE=0b 3, UUE=0h 1,0hE=0h b,P2S5F=04 2.50E=-06

DO DD DOIO D OID DOV VDO DD DD 20D D DIDWDIIDOO
DO O D[P O OO DOIDO OW L WO D000 OO DODDODODNDoo o

s fo o o Jo o o b 2 o jo o s je o o la s e B s o j» s o je e ar o ale o

S5CS 134 R,05E«0S 1,94E=QU 9,04KE=05 0,0 >, 35E=«05 2,24E~0h
55CS 137 1,07F=04 |, 4uE=04 S, 0SE«NS5 0,0 1F=05 |,.92F=064
S68A 1u4n 2.83E=05 3 4BE=nR | RPE=DH N,N TE=NR U,1UE=0h
STLA 140. 3,4RF«09 1,728=«0n9 4,55E«10 0,0 9,48F =05
SHCE 141} 1.,26E=~08 8 _4abE=D9 Q_ 70E=10 0,0 2,29k =08
SRLE {44 7.226=07 2,96E=07 3,A3E«08 0,0 1,70E=04
63EU 154 1.15E«06 1,0NE~=N7 R_79E=-N8 0,n 5. 12E=0%
32U 232 6,05E=-03 0,0 #,2tE=04 0,0 6.72E=~05
92U 234 {1,22F=03 0,0 7. UNE=058 0,0 b, JUE=0S
quPU 238 4, 40F=04 {,{8Eenuy 2, 0RE«DS5 0,0 7.30E~05
9uPly 233 9,26E=04 1,29E~-n4 2,29E~05 0,0 b.bb6E=08
QuPU 240 9,25F=04 1,30F=nu 2 31FenNS 9.0 b.b6E=05
QUPL 24} 4,03E=07 S, RS5E«08 1|,02€«08 o0,N 1.28F =07
954M 24} 9,93E=04 U, 17E~N8 5H,6KE=05 0,0 7.17E=0%
96CH 242 2,26E=05 2 33E=05 1. S50Ff-0H N.O 7.80F=0%
96CM 2uu 5,6UF=08 3 33F=0Nu 4, 03F=05 0,0 7.42E=0%

Hote: 0.0 means insufficient data or that the dose factor is <1.0E-20.
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TABLE A-5

CHILD INGESTION DOSE FACTORS
(mrem/pCi ingested)

NUCLIDE AQONE LIVER TOTAL BJAOY THYRDID XIINEY LUNG Gl-LbL]
1H 3 0.0 2,036=07 2,03E=07 2,03E=07 2,03E=07 2,03E-07
6C 14 2,26E=06 2,26E=06 2,26E=06 2.26E=06 3.26E-0h 2.20hF=06

1INA 22  5,B89E=05 5,89F=05 5,B9E=05 5,R3E=05 5,RQE=05 2,57k=06
27C0O0 S8 0,0 1.BS5E=ns 5,5BE=Nnb D0 0,0 1, 10F=0%
27C0 60 0.0 S.17E=06 1,55E=05 0,0 2,86€-05
38SR 89 1,38FE=03 0,0 3,95€=05 0,0 (USE S,15F=05
385R 90  1,72e=02 0.0 G,36E=03 0.0 3.20E=04
39Y 90  4,21E-08 0,0 1.13E=09 0,0 ADULT 1,20t =0u
39Y 9t 5.85%E~07 0,0 1.56E=0R 0,0 T.77E=0%
G0IR 95  1.04F-07 2.42E~-0B 2.P0F~0R 0.0 2.50F=05
4INB 95  1,95E=0B B8,32E~09 b6.11E=09 0.0 DOSE 1L UUE =05
44RU 103  &,7BE=07 0,0 2,7UE=07 0,0 1,7RF =05
GURU 106 1,19E=05 0.0 1 URE=05 0,0 WHETT
SOSN 123 1.,31E=04 1,64E=06 3,22E=06 1,73E~0¢ 6.50F =05
S2TE 125M 1,14F=05 3. 09E=06 |,5PE-06 3,20F=06 _ FACTOR) 1, 10F =05
S2TE 127  4.S0F=07 1.20E~07 9.65€6=08 3.10E=07 1.026=05
S52TE 1294 4,95F=05 1.3BE=05 7T.65E=06 1,58E=05 S,96E=05
S2TE 132 1.02F=05 4,50E=06 5,42E=06 b.62E=05 7.R9F =05
5T 159  1.39€-05 B.54F=06 3.B1E=05 2.79E=02 0. 29607
S31 131  1,63E=05 1.67E=05 1.26E=05 5,u43E=03 1.43E-06
531 133 5,9BE=06 7,38E«06 2,90E=0h 1.78E=~03 2.,99E=0h

QOIDO OO0 D VDO DD DO WELIDOLDD OO0 2OO0 D I2M00 IO O

e s o o jo ¢ o fe & 2 jo o 2 je o als 4 s e 3 s v & o v o (v & s s e

DD DD DO DD O DD DOIMNNO O DD DO[O D DD O OO D|DO

SSCS 13u¢ 2,24E=04 3 ,77E=N& B.02E~0S 0.0 9F =05 2,04E=08
55C8 137 3.12E=04 3,02E~04 4,.50FE=05 0.0 YE~0S 1.84F-06
S6BA 140 B,26E=05 7,25€«08 4, B5E~06 0.0 2E=08 u,21E=06
S7TLA 140 1,01E~-08 3,52E-09 1,19E~09 0,0 1.00E=-04
SBCE 14} 3,76E~0R {,8RE~0R 2,80E=-09 0,0 2.36E=05
SACE 44 2,1U4E=06 6,70FE«07 1 JUE=0T 0,0 1, 74F =04
63EU 154 2.58E-06 2,08FE=07 2,03E=07 0.0 4,/4k =08
92U 232 1,77€=-02 0,0 {1.26E=03 0.0 6.91E-05
92U 234 3,576=03 ¢,0 2,21E=04 0.0 6.328-0%
QUPU 23R8 1,20¢=03 1,52E=04 3,09E=0S 0,0 7.50E=05
94PU 239 1,32E~03 1,62E=04 3,27E-05 0.0 6, RSF =05
94PU 240 1,32F=03 {,63F=-04 3 .30£«05 0.0 6. A5L =08
94PU 241t 7.12E=07 B _,50F-08 {,B81€E=08 0.0 1.326~07
954AM 241 1,42E=03 6,2UE~N8 9,96E=~05 0.0 T37F =05
96LM 242 6,74E=0S S,2B8FE=0S a,4khE=~06 0.0 B.O3E=DN%
96CM o044 1,12E=03 S5,40E=p4 b,99E=95 0,0 7.64E=DS

Note: 0.0 means insufficient data or that the dose factor is <1.0E-20.
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TABLE A-6

INFANT INGESTION DOSE FACTORS
(mrem/pCi ingested)

NUCLIDE QUE LIVER TOTAL BOYY  THYRIID KIDNEY LUNG GI=LLI
1N 3 0,0 3,07F=07 3,07E«07 3,07E=07 3.07F=07 3.07E=07
6C 14 4,B1F=086 4,Bi1F=~2b 4, ,B1E=06 U, RIE=ND U4 ,R1E=06 U4,H1E=06

1INA 22 1.00F=04 | ,00E«ny 1, ,00E=04 1,00F=0U 1.00F=04 2,45E=0h
27c0 58 0,0 T,7T8E«nh O9,26F=06 0,0 n,0 9,79k =04
27C0 &0 0.0 1.07E=0S 2,56E=05 0.0 2 bUE =05
‘38SR 89 2,95F=03 9,0 A URE=0S n,0 (USE 5S.UBE=05
38SR 90 2.91E=02 0,0 6.40F«03 0,0 2.43F=0u0
39Y 30 8a,87E=08 0,0 2., UlE=N3 0,n ADULT 1.29¢ =04
39Y 91 1.25F=06 0,0 3,33E~08 0,0 8.27€=05
G0ZR . 95 P, 11F=07 S5,32E~nR 3, T7TRE=«08 0,0 P .SBE=0S
Q’Nq QS 'S.RQE-OB 1.7SE‘QB l.O}E-OH n.O DOSE 1.“05"'0‘:
quRly 103 1,41€=06 0,0 4, R5F=07 0,0 1. 76E=0S
uury 106 2.5UE=0S 0,0 3.12E=96 0,0 .97t =04
SOSN 123 2., 79E=04 U4, 3%F=0h H RHE=)5 U,33E=00 FACTOR) b.91E=08
. S2TE 125M 2, UlF-Ny B _19E=~Nb 3 2uF=Nh AR, 0NE=0h 1.17E=05
S2TE 127 9,58F=07 3,19E=-07 2,0KRE=07 7,75E=07 2. 1E=05
S2TE 1294 1,05F=0u 3 ,61F=05 1,60Ff«N5 3,95E=05 be33E =08
5S21E 132 2,13F~05 1 NSE=05 O 7KE=0& 1,55E=05 R,O0H”E =05
531 129 P.I9S5F=05 2,16E=~05 7.76E=05 hAh.79F=02 d 4bE=07
531 131 3,U2E=05 4,.07F~05 2,3RE=-05 1.31E=n2 1.538=06
531 133 1 ,26F=05 | BuE-p5 S SAF=04" 0,35E=03 3, 27E=06

5505 134 4,5RE=-OU4  R,24E~pd  6,97E=NS 0,0 2E=09 1,9hF=0b6

afs » e e = o« o o s jo e o Jo o o o o o o afe s o e o oo o s je e

DO O DO O OO D DO DOO D EIO DT[ODODDOID O OO DD O DD

SSCS 137 6,53E=04 7,31E=~04 4, 20E=08 0.0 1E=-05 1.,89b=06
S68A {u4n 1,74E=04 1,7SE~n7 B8,99F=06 0,0 7€-07 4,U43F=08
S7TLA 140 2.,12E=08 3 ,37E~N9 2,16E=09 0,0 1.04F =04
S8CE 141 4,00E=-08 4,91F=08 5,75E~2% 9,0 2.3AE=05
SBCE {d4 4, U9E=06 1,77E~06 2.4PE=07 0.0 1.85E=04
63EU 154 4,30F=06 4 RUE=NT 3,29E-07 0.0 4,76E~05
32U 232 5,66F=02 0,0 2.68E=33 0,0 7.3UE =05
92U 234 7,40F=03 0.0 4,71E=-0u4 N.0O 6.72F =05
4Py 238 1,71F=03 2,18BE«04 4,25€E=nS5 0.0 7.98¢ =05
9uPyU 239 1,70E-03 2,26F=Nd 4, 01E=NS 0,0 7.28E=05
qu4Py 240 1,786=03 2,28F«0u U,USFE=05 0,0 7.28E«05
4Py 201 1,06E=06 1,37F«07 2.,70E=0R 0,0 1,40F=07
954aM 241 1,936-03 1,03F«n3 1, 3Af=-0d 0,0 7.84E=0S
96CH 242 1, U3FE=0U | UQE=nU 9§, UQF=Np N,.0 B,534=05
9604 244 1,6UE=03 3I,67E~0u |, ,04E=04 0,0 A,12E=05

Hote: 0.0 means insufficient data or that the dose factor is <1.0E-20.
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TABLE A-7

EXTERNAL DOSE FAGTORS FOR STANDING ON CONTAMINATED GROUND*
[mrém/Rr per pLi/m~)

TOTAL BODY  SKIN TOTAL BODY SN

iH 30,0 0,0 40ZR 33 0.0 3.0
4gg 10 0.0 0,0 40ZR 35 5.00F=08 S5 _G80f~09
6C {4 0,0 0,0 40ZR 97 5,506=08 4 dff=nq

A 13 7,60e-09 8,80E=09 4iNg 93v 0,0 .0
9F 18 H.,BNE~09 A _DNE=N9 gINB 95 5, 10F~N9  5_0nE=~ng
1INA 22 1,hNE~08 | ROE=0A 4iNg 97 4,6VE~09 S,40E=nQ
1INA 2d 2.,50E~08 ¢2,90E~08 4Ny 9% 2,P9E=11 3,32E=10
15P 32 0,0 5.0 4240 99 1,90F~09 2 _20F=09
20CA 4} 3,41E=09 4_Q1E~ng 43TC 994 9, 66E=10 | ,10k=00Q

218C ue }.30E~08 1,50E~-n8 4sTC 89 0,0 2.0
2UCR 519 2.,20E=10 2,60E=-10 437c 10t 2.70F=0Q 1 _(00F~-09
2SMN 54 5,B0E~N9 & ABO0F=09 H4RY {03 5.60E~00 4 _20F=0Q
29MN 5% 1,106=08 1,30C=08 4uky 105 4,50E=09 S,10E-09
26FE 55 0,0 0.0 4URY 106 1.50F=09 | ,ROF=09
26FE 59 A _NDUF=09 9,ubE=D9 4SRH 10S B,6O0E=10 7,70E=10

27¢0 57 9,10E~10 {,00E=09 usPD 107 0,0 .0
27C0 S8 7.00FE=09 8, 20E~09 usPp 1009 3.50E=11 4,00k=y1
27C0O 60 1,70F«08 2,00F=0A8 U7AG 110M 1, ROF=-08 2, 10€-08
28N 59 n,o 0.0 4746 111 1.80e=10 2,10E=-10
28NT 63 n,0 0.0 4ACD 113 2,30F=12 2,.60F=12

28NT 65 3,70€=09 4 _,30F~n9 gACH 11s% 0,0 0.0
29CU b4 1 .50E=09 1,70E=09 SGSN 123 0.0 5,UbE~0R
30IN 65 U,00F=09 4,60E=0Q9 50SN 125 S,70F=10 6,60F=10
30ZN 694 2,90E-09 3,40E=09 S0SN 126 9,0NF=09 1, ,NNE=nNK
3UZN 69 0,0 5,0 ; : 5158 {24 1,30F-08 1,50F=0R
348SE 79 0,0 0,0 5188 125 3,106=09 3 _,SNE=-0DQ
35BR 82 1, 90E«0R 2 _20F~-N8 S51SR 126 8,90F=09 1 D0E~0R
IS8R 83 6,40E~11 9,30E~11 5138 127 S.70fE=09 &.L0Feno
3158R A4 1,20E=08 1,40F=08 S2TE {254 3,50F~11 4,80E-11
358R B85 0,0 0,0 S2TE 127¥ 1, 10F=12 1,30F=~12
37RB 86 6,30E=10 7,20F-10 S2TE 127 1,00F=11 1.,10F=11
37R8 87 0,0 0,0 SPTE 129 7,70F=10 3,00FE=10
37R8 88 3,50E=09 4,Q0E=N9 S52TE 129 7.10E~=106 8, ,u0F=10
3I7R8 A9 1.S0E=08 1,80E=08 S2TE 1314 B U0F=09 3I,90E~00
38SR 89 5.60F=13 6,50F=13 S2TE 131 2.20F=09 2.60E=-0b
38SR 90 0.0 0.0 : S2TE 132 1,70F=08 2, ,00F=0Q
EL:EL IR T410E=09 B8,30E=09 S2TE 1334 1{,S50E=08 1,70F=0R
38SR 92 9,00E=09 {,00E=D8 S2TE 134 1,00F=09 1,20E~09
319Y 90 2, 20E=12 2.60E=12 531 129 4,50E-10 7.,50F=10
39Y 914  3,80E=09 4, U40E=N9 537 130 1,40E=08 1.70E-08
39Y 91 2, U0F=11 2. TO0E=11 531 131 2,B0F=09 3, 4a0F=n9
39Y 92 1,60F=09 1 _90F«n9 531 132 1,7NE=08 2,00E=08
39Y 93 5,70€=10 7,80E=10 531 133 3,7UE-0Q 4, S0E=QQ

*The same factors apply for adult, teen, child.

Note: 0.0 means insufficient data or that the dose factor is <1.0E-20.
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TABLE A-7 (Continued)

TOTAL BODY SKIN
531 t34 {1 . 60F«08 {,90E«0H
S31 135 1 20E=0R | UDE=DS
S5CS 1344 5,20E=10 7,.30FE=t0
§55CS 134 1,29F=08 {,UQE=0R
55CS 135 0.0 0,0
55CS 136 | ,S50FE="4 P IVE-QR
565CS 137 d,20f~ua" §_QOE=pg
55€CS8 13R 2,10E=33 2, U0F«nB
55CS 139 6,30E=0Q 7 20F=nQ
5634 139 P ulE=09 2, 70E~=09
S6BA 140 2.10E=09 2, U4NnE-nQ
" Sh8A ful 4,30F=09 4,90F-00Q
S634 142 7.90E=09 9 _00E=00Q
S7LA 140 1.599F=0R {,70E=08R
S7LA {ul 2,5VE=10 2,80E~10
STLA U2 1,50E=0R 1,RNE«DE
SBCE jul 5.50E=10 5,20FE~10
SACE 143 2.20E=09 2,.,50E~NQ
S8CE 1da 3,20E=10 T . 70E~10
S9PR 143 0,0 2,0
SQPR juu 2.00FE=10 2,30F~10
60ND 147 1.00E=09 1,20E~09
61PM 147 0,0 0.0
61PM {UBM  },UlF=0R 8 _18le08"
61PY {uB 4,pNF=N9 5,3°canq
61PMY tu9 2.50E=11 2,90E=11
61PM 151 2,2UF=09 2, 30E=09
6254 151 4,80E=~11 2,10F«10
625M 153 2, 70F«1D 3 N0F=)10
b3IEU 152 71,37E=09 3 ,S3E~0Q
63EU 154 7.B0E=09 3,00F«n9
63EU 155 31.8lE=10 4,33E~{0
b3EU 156 7.60FE=09 3 _70FE=nQ
6578 160 R, 60E=09 1_,00E«nNA
A7H0 166M 9, 90F=00 |,00E~n8
744 181 2,10F=12 2 ANE=12
7um {85 a,o J,0
74m 187 3,10E=0Q 3 _60E=-09
82PH 210 1,30E=11 1 70F~1}
A3BI 213 0,0 0,0
BUPO 210 S,U40E=td  6,20E=14
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TOTAL BODY SKIN
BARA 2¢3 1.50F=09 | ROF=09Q
ARRA 224 3,90£~-09 {,00L=08
gARa 225 A,UNF=11 1 ,20F=(D
RARA 226 b, uNF=09 7,40t e0Q
RRRA 22R 1,206=0R |, 40F=ng
ROAC 225 | ,60E=00 | A0F=nQ
RQAC 227 2,00E=09 2, 40F =99
0TH 227 5.106=10  65,30F=10
90TH 228 A QNF=N8 1 _D0E=DA
90TH 229 2.20F=09 2 70E=n9
90TH 230 4,50E=-NG 7 _.SQ0E=09
Q0TH 232 3 ONF=09 4 0QE=-09
90TH 234 1.10E=«10 1,30F=10
91PA 231} 2.20F=09 2 _70E~09
91PA 233 1.30E=09 {,50F=p9
CFIVFS Y] 2.,59F=12 2,69E«i]
92U 2313 2.30E=09 2, A0NF=09
92y 234 b,32F=13 |, ,S59F«10
92U 235 1.20F=09 4,00E=n9
92J 235 2. 10F=10 1,.B0F=11
92U 237 1.00F=09 1 30F«09
92Y 218 1.10F=10 1§ ,50E=-10
23INP 237 1,40F=09 1,60E«n9
9INP 238 2.80F=09 3 20E=Q0Q
93INP 239 9,50F=10 1,10F=09
QuPl 238 1.30E=12 1,B0F=11
4Py 230 7.90F=13 7 _70F={?
quPy 240 1.30E-12 1,80F=~1}
QUPU 24\ U, bDF=12 b, BOE=t2
QuPy 24 1.106~12 1,60F=11
9uPy 244 R,95E=10 3I,62E«10
954M 241 1,80E=10 2,60F=10
95AM 2u2M 2 A0F=1} 1,80E=10
9hAM 2u} 1 30E=09 1 ,S50F=09
96CM 242 S.50FE=12 2,30E-y1
96CM 243 2,30F=09 2 .90F«09
96CM 244 2.9N0F=12 1,80FE=t}
96CM 245 9.,50E~10 1,20FE=009
96CM 246 t,00E=-12 1,50E=41
96CH 247 2,20E=09 2 50E=09
96LM 248 6,81E=09 5,23E-09
98CF 252 b,60F=NR 7,20E=08




called bioaccumulation factors in this guide, can be found in the literature (Pnf, 19). The
addition of the bicaccumulation factor Bip to Equation (A-2) yields fquation (A-3), which is

suitable for calculating the internal dose for consumption of aquatic foods.

U. M :
- a ' .
R, = 1100 —-‘F’—EZ Q!B exp(-3;t)) (A-3)

p3 i%ip%aip;
Values of Bip are given in Table A-8; the other parameters have been previously defined.

The transit time t_may be set equal to 24 hours to allow for radionuclide decay during
transit through the food chain, as well as during food preparation.

c. Dose from Shoreline Deposits

The calculation of individual dose from shoreline deposits is complex since it involves
estimation of sediment load, transport, and concentrations of radionuclides associated with
suspended and deposited materials., One method of approaching this problem was presented in the
Year 2000 Study (Refs. 4, 17, 20, and 21). Based on these references, an estimate of the radio-
nuclide concentration in shoreline sediments can be obtained from the following expressions:

N Ciw[] - exp(—Ait)]

is ~ ¢ ) (A-3)

i

where

Cis is the concentration of nuclide i in sediment, in pCi/kg;

C{w is the concentration of nuclide i in water adjacent to the sediment, in
pCi/liter;

Ke is an assumed transfer constant from water to sediment, in liters/kg per day;

is the length of time the sediment is exposed to the contaminated water,
nominally 15 years {approximate midpoint of facility operating life}, in
hours; and

A is the decay constant* of nuclide i, in hours™'. 1In the original evaluation
of the equation, Ay was chosen to be the radiological decay constant, but

the true value should include an “environmental” removal constant.

The value of Kc was derived for several radionuclides by using data from water and

sediment samples collected over a period of several years in the Columbia River between Richland,
Washington, and the river mouth and in Tillamook Bay, Oregon, 75 km south of the river mouth
(Refs. 22 and 23}, Since the primary vse of the equation is to facilitate estimates of the
exposure rate from gamma emitters nnc meter above the sediment, an effective surface contamina-
tion was estimated. This surface contamination was assumed to be contained within the top 2.5
cm {1 in.) of sediment.** The dose contribution from the radionuclides at depths below 2.5 cnm
was ignored. The resulting equation is .

x
Si = TOOTiCiww[l - exp(-Ait)] {A-5)
where
Sf is the "effective" surface contamination, in pCi/mz, that is used in

subsequent calculations;

* . :
If the presence of a radionuclide in water and sediment is controlled primarily by radioactive
equilibrium with its parent nuclide, the water concentration and decay constant of the parent

should be used in Equations (A-4) and (A-5).
**with a mass of 40 kg/m2 of surface.
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TABLE A-8

BIQACCUMULATION FACTORS
(pCi/kg per pCi/liter)

FRESHWATER SALTWATER
- ELEMENT FISH INVERTFARATE PLANT F1S4 TMVERTESRATE PLANT
H 9,0E=01 9.0E=01 9,0E=01 9,.0E=01 3.3F=01 9,3F=01
HE 1.0 00 t.0nE 00 1,0E 00 1.0E 00 1.0E 00 1.0 0O
Ll S,0E=01 4.0E 01 1.0E 00 S.0E=N1 S.0E=01 3,06 00
8E 2.0E 00  {.nt 01 2.0 01 2.0 82 2.0 02 .08 03
8 2.2E=01 5,0E 01 2.2 00 2.2E=01 U, UE=01 2.2 0o
¢ 4,68 03 9.1E 03 4,68 N3 1.86 03 1.4E 03 1.8F 03
N 1,56 09 1.8t 05 1.3€ 04 6,0F 04 T TE0a T.0F &
o - 9,2£=01 9,2E=01 9.2E=~01 9,5E=01 I, bE=DY 9,5E=01
F 1.0 01 t.0f 02 2,0 00 3.5% 00 3,6 00 {.UE 00
NE 1.0E 00 1.nE 00 1.0E 00 1,0E 00 1.,0E 00 1.0FE 00
NA 1,0 02 2.0E 02 S,0E 02 6,76=-02 1,96=01 9,56-01
MG 5,06 01 1,nE 02 1,0E 02 7.T76E=01 7.7€=01 7.78=01
AL 1,06 01 6.1F 01 u,2t 02 1.0F ni 5.0E 01 B6.GE N2
S 2.5€ 00 2.5E 01 1.3E 02 1,0F 01 3.3€ 01 6.7 01
F 1.0E 05 2.0E- 04U 5,0E 05 2.9 od 3.,0E 04 3.0 03
) 7,5 0¢ {.0t 02 1,0E 02 1,7E 00 4, UE=D] T, 4€E=01
cL S.0E 01 1.0E 02 $,06 Ot 1,3E~02 1,96=02 7.6E=02
AR 1.0E 00 1,0E 00 1,0 00 1.0E 00 1.0E 00 1.06 00
X 1.0t 03 B8,3F 02 6. 7€ 02 1.1E o1l 5.bE 00 2.6E 01
cA 4,0€ 01 3,3E 02 1.3 02 S,0E=~01 1,38 01 .5,0F 00
SC 2,08 00 1.0E° 03 1,6 04 2.0€ 00 1,0E 0u 1,08 0%
T1 1.0E 03 1,0t 03 S.0F 02 1,0E 03 1.0E 03 2.0 03
v 1.0 01 3.0E 03 1.0E 02 1.0 01 5.0 01 1.0 02
LR 2,0F 02 2.0E 03 4,0 03 4,0 02 2,06 03 2,08 03
M 4,0t o2 9,0E 04 1.0E ou S,SE 02 . 4.0E pe S.5E 03
FE 1.0E 02 3.7 03 1,0E 03 3,0€ 03 2.0€6 ou 7.3 02
co 5,0E 01 2.nE 02 2,0E 02 1,0E n2 1.0E 03 1.0E 03
N1 1.0 02 1,0E 02 5,0F 01 1,08 02 2.,5€ 02 2.5 02
cu S,0E 01 4,0t 02 2.0E 03 6.7 02 1.7€ 03 1.0 03
IN 2,05 03 1.0E 04 2,06 04 2.0E 03 5.,0E 0u 1.0F 03
GA 3,38 02 6,7 02 {,7E 03 1,3 02 6,7E 02 1.7E 03
GE 3,3 03 3,38 01 3.3E 01 3,38 03 1.7 04 3.3 02
AS 1.0 02 4,nE 0 3.0E 03 3,36 02 3,3E 02 1.7€ 03
SE T1.7¢ 02 1.7E 02 1.0E 03 4,0E 03 1.0 03 1.0€ 03
BR 4,28 02 3,38 02 5,06 N1 1,56=02 3.1 00 1.5¢ 00
KR {.0E 00 1,0E 00 1,06 00 1,06 00 1,06 00 1,0 00
RB 2.0E 03 1.nE 03 1,06 03 a,3€ 00 1.7 01 1.7 01
SR 3.0E 01 1.0E 02 5,0 02 2.0E 00 2,0F 01 1.0 01
Y 2,56 01 1.0E 03 5,06 03 2.5€ 01 1,0E 03 S.0FE 03
ZR 3,3 oD 6,7 00 1.0 03 2,08 02 B.0E ni 1.0F 03
NB 3,0E 04 1.0E v 8,0€ 02 3.,0E 04 1,0 02 5,0 02
MD 1.0E 01 1.,0E 01 1,0E 03 1,0E 01 1,06 01 1,0E 0}
TC 1.5 01 5.0E 00 u,0E 01 1,0E 01 5,0E 01 4,0 03
RU 1,0E 01 3.0E 02 2.0E 03 3,0 00 1,0E 03 2,08 03
RH 1,06 01 3,05 02 2,0F 02 1,0E 01 2.0 03 2.0E 03
PD 1.0E 01 3.0E 02 2,06 02 1.0E 01 2.0E 03 2.0E 0%
AG 2.3E 00 7.75 02 2,0 02 3.3E 03 3,3E 63 2.0E 02
cD 2.0E Q2 2.0nE 03 1,0 03 3,0 03 2,5E 0S 1.0 03
IN T.,0E 05  1.nE 05 1.0E 05 1.0 05 1. 0E 05 1.0 05
" 8N 3.0E 03 1.0E 03 t,0E 02 3,06 03 1.06E 03 1.0€ 02
38 t,0E 00 1,06 01 1,56 03 4,0E 01 5,0E 00 {.5€ 03
TE 4,08 02*% 1,0E. 0S 1,0 02%] 1,0E 01** | ,0E 0S 1.0 03%*
1 1.5 01 S.0E 00 4,0 01 1.0€ 01 S.0F 01 1.0 03
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TABLE A-8 (Continued)
FRESHWATER SALTHAATER

ELEMENT FISH INVERTF3RATE PLANT F184 INVERTEARATE PLANT
XE 1.0E 00 1.0E 00 i1,0E 00 1.0 00 1.06 00 t.0F GO
cs 2,0t 03 1.0E 02 S.0E 02 4,0 01 2.5€ 01 S.%E 0%
BA 4,0 00 2,0E 02 S,NE 02 1,08 01 1.0€ 02 S.0¢F 02
LA 2.5E 01 l.n€ 03 5.0E 03 2.5€ n} 1,06 03 5.0 03
CE 1.0E 00 1.0 03 4,0 0% 1.0 01 6,08 02 5.0 0¢
PR 2.5t 01 1,06 03 S.06 03 2,5€ 04 1.0 03 5.0 03
ND 2.5€ 01 1.0E- 03 S,0E 0% 2.5 01 1,0E n3 5.0 Q3%
PM 2.5E 01 1.0 03 S,0E 03 2.5 01 1.0 03 S.0F8 €03
M .5 0t 1.0 03 5,0E 03 2.5E 01 1.06 03 S.06 03
EU 2,5E 01 1.0E 03 5,06 03 2.5E 01 1,06 03 5,06 03
GD 2.5E 01 1.0 03 5.0 03 2.5E 01t 1.0 03 5.0 03
18 2.5t 01 1.0E 03 5S.0E 03 2.5€ 01 1,0 03 S.0F 03
DY 2,58 01 1.0 03 S,0E 03 2,5€ 01 1,06 03 5.0 03
HO 2.5E 01 1.0 03 5.0€ 03 2.5 M 1.0 03 5,0F 03
ER 2.5E 01! 1.0 03 S.0E n3 2.5 01 1.0 03 S.0F 03
™ 2.5 0! 1.0E 03 5.nE 03 2.5 01} 1,06 03 S.0£ 03
Y8 2.5€ 01 1.08-03 5,0E 03 2.5 01 1,08 03 5.0 03
Ly 2.5E 0% 1.0E 03 5.0E 03 2.5€ 01 i.0€ 03 5.0 03
HF 3.3F 00 6,7E 00 1,06 03 2.0€ 02 2 0E 0f 2.0 03
TA Y,0¢e 04 6.7E- 02 B,0€E 02 3,06 0d 1.7€ 04 1.0 03
] 1.2 03 1.0E 04 1.2E 03 3,0E 01 3.0E 01 1,08 Ot
RE . 1.2E 02 6.n€E 01 2L UE 02 4,8€ 00 b.0F 01t 2. UE 02
0s . 1,06 01} 3.0t 02 2,0F 02 1.0 01 2,0E 03 2.0 03
IR 1,06 01 3.0€ 02 2.,0E 02 1,0 Of 2,0E 03 2.0% 03
PT 1.0 02 3.0E 02 2,0E 02 1,06 02 2,0 03 2.0 03
AU ] 3.3E 01 SeoE 01 3,3E 0% 1,3F 0t 3,38 0t 3,3 01
HG 1.0 03 1.0E 05 1,06 03 1,78 03 3,3 o4 1.0 03
TL 1,0E 04 1.55 04 1,0E 05 1, 0E 04 1,5E 04 1.0E 05
PB 1.0E 02 1.0 02 2. 0E 02 3,0 N2 1.0E 03 S.08 03
81 1.5 01 2,0E Q1*** 2 4E 01*** 1,5 0} 2 UE Q1% 2, U or***
PD 5.0E 02 2.nE 0u 2,0E 03 3,0F 02 S,0F 03 2.0 03}
AT 1,5£ 01 SenE' 00 4,0 01 1.0€ 01 5.0E 0t 4.0 03
RN 1.0 00 1.0E 00 1,0 00 1,0E 00 1,08 00 1.0 00
FR 4,0E 02 1,0 02 8,0E 0% 1,06 01 2,0E 01 2.0 01
RA 5.0E 01 2.5 02 2,58 03 S.0€ 01 1,0 0¢ 1.0 ne
AC. 2.5E 01} 1.0FE 03 S.pE 03 2.5 01 1.0E 03 5.0 0%
_lﬂ 3.0E O1f S.nE 02 1,5€ 03 1.0 04 2,0 03 3,0E 03
PA 1,1E 01t t.1E 02 1,1E 03 1.0 01 1,08 01 6,0 00O
U 2,0E 00 b,0E: 01 S.0E~01 1.0E 01 1.0F 01 5.7€ 01
NP 1.0E 01 d,nE 02 3.0E 02 1.0E 0L 1.0 01 be0E 00
Py 3,5E 00 1.0F 02 3.5F 02 1.0E 0D 2.0 02 1.0 03
AM 2.5 01 1.05 03 5,06 03 2,5€ 01 1.06 03 S.0¢6 03
CM 2.58 01 1.05. 03 S,0E 03 2.5 01 1.0E 03 5.0 01}
8K 2.5 01t 1.0E 03 5.0 03 ?.SE 01 1.0E 03 5.0 03
CF 2.5E ot 1.0 03 S,0€E 03 2.,5€ 0t 1,068 03 S.0E 03
ES 1.0 01 1.,90€: 02 1 _0F 03 1,0F 01 1.0 01} 6.0 01
FM 1.0E 01 1«0E 02  1,0E 03 1.0E 01 1.0E 01} b.0E 01

*ORNL ~ Private Communication

**Freke, A.M., "A Model for the Approximate Calculation of Safe Rates of Discharge into
Marine Environments," Health Physics, Vol. 13, p. 749, 1967.
***Derived from data in Bowen, H.J.M., Trace Elements in Biochemistry, New York, Academic
Press (1966).
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T. is the radiological half-life of nuclide i, in days; and

W is a shore-width factor that describes the geometry of the exposure.

Shore-width factors were derived from experimental data (Ref. 24) and are sumnmarized
in Table A-9, They represent the fraction of the dose from an infinite plane saurce that is
estimated for these shoreline situations.

The combination of Equations (A-4) and (A-5) into the general Equation (A-1) leads to
fguation (A-6) below for calculation of radiation dose from exposure to shoreline sediments,

T "' = - -
Rapj = Yap ! SiDaipj = 100 Uy W S‘ chloaU[l - exp(--,;t)] (A-6)
o ¢
= 110,000 - 2B % Qi7, mpJ[exp \itp)][l - exp(-2,t)] (A-7)

d. Dose from Foods Grown on Land Irrigated by Contaminated MWater

The equations in the following paragraphs can be used to calculate doses from radio-
nuclides in irrigated crops. Separate expressions are presented for tritium because of its
unique environmental behavior, :

{1} Vegetation

The concentration of radicactive material in vegetation results from deposition
onto the plant foliage and from uptake from the soil of activity deposited on the ground. The
rmodel used for estimating the transfer of radionuclides from irrigation water to crops thirough
water deposited on leaves and uptake from scil was derived for a study of the potential doses to
people from a nuclear power complex in the year 2000 (Ref. 4).

The equation for the model {for radionuclides except tritium) is presented below
in slightly modified form. The first term in brackets relates to the concentration derived from
direct foliar deposition during the growing season. The second term relates to uptake from
soil and reflects the long-term deposition during operation of the nuclear facility. Thus for
a uniform release rate, the concentration Civ of radionuclide i in the edible portion of crop

species v, in units of pCi/kg, is given by:

. d-[f[‘ - expl-iggta)] By L1 - exploigty )]}exp(-:-.ith) (A-€)
iv 1 (VaE1 Pﬂi
The deposition rate, di’ from irrigated water is defined by the relation
d; = Ciwl (water deposition) {A-9)
where
Ciw is the concentration of radionuclide i in water used for 1rr1gatwon, in

pCi/liter, and

1 is the irrigation rate, in liters/mthr; i.e., volume of water (liters)
sprinkled on unit area of field in 1 hour.

For tritium, the equation for estimating Civ is (see Ref, 25):
¢, = C, (A-10)

For a cow grazing on fresh forage, te in Equation {A-8) is set equal to 720 hours
(30 days), the typical time for a cow to return to a particular portion of the grazing site.
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SHORE-WILTH FACTORS FOR USE IN EQUATIONS (A-5) and (A-6)

TABLE A-9

EXPOSURE SITUATION

SHORE-WIDTH FACTOR, W

Discharge canal bank 0.1
River shoreline 0.2
Lake shore 0.3
Hominal ocean site 0.5
Tidal basin 1.0
TABLE A-10
ANIMAL CONSUMPTION RATES'
QF QAw
FEED OR FORAGE WATER
ANIMAL (kg/day [wet weight]) (5/day)
Milk cow 50 (pasture.grass) 60
Beef cattle 50 (stored feed grain) 50

*From Reference 4, Tables

1I1-8 and -10.

1.109-34




{2) Animal Products

The radionuclide concentration in an animal product such as meat or milk is
dependent on the amount of contaminated feed or forage eaten by the animal and its intake of
contaminated water. The radionuclide concentration in animal products CiA in terms of pLi/liter

or pCi/kg (Ref. 4) is proportional to the animal's intake of the radionuclide in feed or forage
{subscript F) and in water (subscript w):

Cia ® FialCipQe + Cialay? (A-11)

. The second set of terms in the brackets in Equation (A-11) can bLe omitted if the
animal does not drink contaminated water. Values for QF and QAw are presented in-Table A-10.

Values for B;, and FiA are given in Table C-5 {see Appendix C).*

The total dose R, j from irrigated foods (excluding tritium) is given by:

P

R 2 yv¥e9 v ¢c. 0 s panimal 5 ¢ g

apj ap % iviaipj ap H iAN“aipj (A-12)

If values for Civ from Equation (A-8) and CiA from Equation (A-11) are substituted
in Equation (A-12):

R < UY80 5 g explor £ )0 r{t - exp(-igit,)] L Byl - expl-ayty)]
apJ ap i 1Th' 7 aipd leEi PAi

r[1 - exp(-AEite)]

animal -

* Uap % FiADaipj {QFdiexp('lith)[ leEi

. B"v[] - EXD(-."\‘»tb)] . Q } (A‘]3)
Pki iAw AW

It should be noted that the two components of Equation (A-12) imply that contribu-
tions from the individual vegetable and animal products have already been summed. In actual use,
it will be necessary to compute separately the milk and meat portions of the dose due to animal
products (also applicable to Equation (A-17)).

For tritium, the concentration in animal products is given by the following
equation (adapted from Reference 25):

T (A-14)
A Am n

»

Since by Equation (A-10) Cv = Cw, and since for all practical purposes CAw = C
Equation (A-14) can be rearranged as follows:

w

ka :
CA = -\-;1-- (w + QAN) (A']S)

Similarly, the above equations for tritium concentration can be combined with the
genzral Equation (A-1):

. nyveg animaj i
Rap Yap CvDapj *Uap  CaPap; (R-16)
; kC
= 1Veg animal v )
Yap C\Papj * Yap  Dapj Am(w * Qa) (A-17)

*
Values for FiA appear as Fm and Ff in Table C-5.
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APPENDIX B

MODELS FOR CALCULATING DOSES FROM
NOBLE GASES DISCHARGED TO THE ATMOSPHERE

The following analytical models are used for calculating doses from exposure to gaseous
effluents. Separate models are given for air and tissue doses due to gamma and beta rays.
Except for the case of noble gas doses resulting from elevated releases, all models assume
submersion in an infinite cloud at the exposure point.

1. Annual Gamma Air Dose* from Elevated'* Releases of MNoble Gases

Slade (Ref. 1) describes the derivation of the equations for estimating annual air doses
from photon emitters dispersed in the atmosphere. The following expression can be used for
calculating annual doses:

Y . 260 ] D
07(r,0) = r{&6) E u, g Fas Z uy (E)EI(H S0, ,E ) g Qifki (8-1)

Symbols for this equation were defined earlier, in Regulatory Position C.2.a of this guide.

The photons were combined into energy groups, and each photon intensity within a group was
weighted by its energy and energy absorption covefficient. Thus, the effective fraction of
disintegrations of the nuclide i yielding photons corresponding to the photon energy group
K, Aki’ was determined to be

Agi = % [ApEmma (E) 1/0E 1, (EL)] (8-2)
where
Am is the fraction of the disintegrations of nuclide i yielding photons
of energy £ ;
m®
Em is the energy of the mth photon within the kth energy group, in MeV; and
“a(Em) is the energy absorption coefficient in air associated with the photon

energy E_, in m

A11 other parameters are as previously defined. The summation is carried out over all
photons within energy group k. Data for the photon energies and abundances for most of the
noble gas nuclides were taken from Reference 2. For radionuclides not contained in Reference 2,
data were obtained from Reference 3.

Decay during travel from the point of release to the receptor is

Q,;? = Qi exp(-ar/up) (B-3)

*The term "gamma air dose" refers to the components of the air dose associated with photons
emitted during nuclear and atomic transformations, {.e., ganma and x-rays. Annihilation and
bremsstrahlung photon radiations are possible contributors to this compunent of the air dose.

**E1evated release conditions are assumed to occur when the point of release is higher than twice
the height of adjacent solid structures. (See Regulatory Guide 1.111, "Methods for Estimating
Atmospheric Transport and Dispersion for Gaseous Effluents in Routine Releases from Light-
Water-Cooled Reactors.")
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where

Q; i35 the initial release rate of nuclide §, in Ci/yr, and

A4 is the decay constant of nuclide §, in sec”!

A1l other parameters are as previously defined,

Annual Gamma Air Dose from Ground-LeveI* Releases of Noble Gases and Annual
EZ 2 "
Beta Air Dose

N

Plumes of gaseous effluents are considered semi-infinite in the case of noble gases
released from vents. The concentration of the radionuciides in air at the receptor location
may be determined from atmospheric dispersion model described in Regulatory Guide 1.111,

The annual average ground-level cencentration of gaseous effluent species i at location (r,s)
from the release point is determined from

xi(rs8) = 3.17 x 10%Q30x/0 1%%r,0) (8-4)

where

xi(r,e) is the annual average ground-level concentration of nuclide { at the
distance r in the sector at angle o6 from the release point, in pCi/m3. and

[x/Q']D(r,e) is the annual average gaseous dispersion factor {corrected for radioactive
decay) in the sector at angle 8 at the distance r from the release point,

in sec/m3.

The constant 3.17 x 104 represents the number of pCi per Ci divided by the number of
seconds per year. All other parameters are as previously defined.

The annual gamma or beta air dose associated with the airborne concentration of the
effluent species is then

DY(r,8) or 0B(r,0) = ; xi(r,e)(DF¥ or DF?) (8-2)

where the terms are as defined in Regulatory Position C.2.b.

Table B-1 presents a tabulation of the dose vactors for the noble gases and daughters
of interest.

3. Annual Dose to Tissue from Noble Gas Effluents

It is also necessary to determine annual doses to real individuals in unrestricted
areas. The staff computes the total body dose from external radiation at a depth of 5 cm into

the body and the skin dose at a depth of 7 mg/cm2 of tissue.

a. Elevated Releases

‘The annual total body dose 1s computed as follows:

D' (r,0) = 1.11 x S E n;(r.e)exp[-uz(sk)t] (B-6)

*Ground-Ievel release conditions are assumed to exist when the release point is less than or
equal to twice the height of adjacent solid structures and the vertical exit velocity is less
than five times the horizontal wind speed. (See Regulatory Guide 1.111.)

%k
The term "beta air dose” refers to the component of the air dose associated with particle
emissions during nuclear and atomic transformations, i.e., R+, 8-, and conversion electrons.
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TABLE B-1
DOSE FACTORS FOR NOBLE GASES AND DAUGHTERS

' * ok . % . *h
Nuclide p-air (OFF) B-Skin  (DFS,) y-Air (DFBI) 1-Body _(DFB,)

LR 22

Kr-83m 2.8BE-04 .- 1.93t-05 7.56E-08
Kr-85m 1.97€-03 1.46E-03 1.23-03 1.17€-03
Kr-85 1.95E-03 1.34E-03 1.72E-05 1.61€-05
Kr-87 1.03E-02 9.73E-03 6.17€-03 6.92€-03
Kr-88 2.93€-03 2.376-03 1.52€-02 1.47€-02
Kr-89 1.06E-02 1.01E-02 1.73€-02 1.66E-02
Kr-90 7.83E-03 7.29€-03 - 1.63E-02 1.56€-02
Xe-131m 1.11€-03 4.76E-04 1.56E-04 9.15E-05
Xe-133m 1.48E-03 9.94E-04 3.27E-04 2.51E-04
Xe-133 1.05£-03 3.06E-04 3.53E-04 2.94E-04
Xe-135m 7.39E-04 7.11€-06 3.36€-03 3.12E-03
Xe-135 2.46E-03 1.86€-03 1.92E-03 1.81£-03
Xe-137 1.27E-02 1.22E-02 1.51E-03 1.42E-03
Xe-138 4.75E-03 4.13E-03 9.21E-03 8.83E-03
Ar-41 3.28£-03 '2.69E-03 9.30£-03 8.84E-03
'mrad-m3
pCi-yr
**[;EET;':3

*hk -4
2.88E-04 = 2.88 x 10
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Symbols for this equation were defined earlier in Regulatory Position C.2.c
of this guide. The constant 1.11 represents the ratio of the energy absorption coefficient
for tissue to that for air.

, The skin dose has two components, the gamma and beta contributions. The skin
dose rate is computed by

D%(r,0) = 1.10 x S;0"(r,0) + 3.17 x 10* | Qj(x/Q'3°(r,0)0Fs, - (8-7)
i

Symbals for this equation were defined earlier in Regulatory Position C.2.d of
this guide.

The skin beta dose factors DFS were determined using the decay scheme source docu-
ments cited above and the methods used in References 4, 5, and 6.

b. Ground-Level Releases

The annual total body dose is computed as follows:
01(r,0) = 110 x S Jxy{r,0)0F8, (8-8)
1‘ .

Symbols for this equation were defined earlier in Regulatory Position C.2.e of
this gquide.

The annual skin dose is computed as follows:
D2(r.0) = 1.11 x Sg Lx;(r,0)0F; + | x,(r,0)DFS, (8-9)
@ i 1 i 1

where

D:(r,e) is the annual skin dose due to immersion in a semi-infinite cioud in
the sector at angle e, at the distance r from the rejease point, in
mrem/yr, and .

xi(r.ﬁ) is the airborne concentration of radionuclide i at point (r,c)}, in pCi/m3.
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APPENDIX C

MODELS FOR CALCULATING DOSES VIA ADDITIGNAL PATHWAYS
*
- FROM RADIOIODINES AND OTHER RADIONUCLIDES
DISCHARGEL TO THE ATMOSPHERE

1.  Annual! External Dose from Direct Exposure to Activity Deposited on the Giround Plane

The ground plane concentration of radionuclide i at the location {r,i) with respect to the
release point may be determined by

8 .

1.1 x 107 - &,(r,s) Q!

C?(",C‘) = : ? 1 [] - exp(-.‘.‘-t)] (C'])
» .
where
c?(r,e) is the ground plane concentration of the radionuclide i in the sector at
angle ¢ at the distance r from the release point, in pCi/mz;
Q; is the annual release rate of nuclide i to the atmosphere, tn Iifyr;

t is the time period over which the accumulation is evaluated, which is 15
years (mid-point of plant operating 1ife). This is a simplified method of
approximating the average deposition over the operating lifetime of the
facility;

éi(r.e) is the annual average relative deposition of effluent species i at location
(r,5), considering depletion of the plume during transport, in m'z; and
' is the radiological decay constant for nuclide i, in yr’].

The annual dose from nuclide i resulting from direct exposure to the contaminated ground
plant is then

G Ay - G, . )
Dyj(r,2) = 8760 S CI(r,%)0FG, (C-2)
vihere
D?j(r'ﬁ). is the annual dose to organ j from the ground plane concentration of nuclide

i at the location (r,5), in mrem/yr;
and other terms are as defined previously in Regulatory Position C.3.a of this guide.
The annual dose to organ j is therefore

G

Y = « G )
Dj r,s) = 8760 SF % Ci(r‘b)DFGij ‘ (c-3)

Values for the open field ground plane dose conversion factors for the skin and total body
are given in Tables A-3 to A-7. The annual dose to all other organs is taken to be equivalent to
the total body dose.

'Does not include noble gases or their short-lived daughters; see Appendix B.
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2. Annual Dose from Inhalation of Radionuclides in Air

The annual average airborne concentration of radionuclide i at the location (r,%) with res-
pect to the release point may be determined as

£;(ra0) = 37 x 10%030/Q" 1 (r 0) (C-4)
where
Q% is the release rate of nuclide i to the atmosphere, in Ci/yr;

xi(r,o) . is the annual average ground-level concentration of nuclide i in air in the

sector at angle & at distance r from the release point, in pCi/m3;
[x/Q']D(r.o) is the annual average atmosphere dispersion factor, in sec/m> (see Regulatory
Guide 1.111). This includes depletion (far radiolodines and particulates)
and radicactive decay of the plume; and
217 x 104 is the product of the number of pCi/Ci and sec/yr.

The annual dose associated with inhalation of nuclide i at the airborne concentration
xi(r,o) is then , :

A

Dija(r’e) =.xi(r’G)RaDFAija (C-5)

Values for DFAija are given in Tables C-1 to C-4, and aT? other symbols are as defined

earlier in Regulatory Pasition C.3.b.

The annual dose to organ j in age group & from all nuclides in the effluent is:

A .
Dja(rie) = Ra gxi(r.e)DFAija {C-6)

3. Concentrations of Airborne Radionuclides in Foods

The concentration of radioactive material in vegetation results from deposition onto the
plant foliage and from uptake of activity initially deposited on the ground. The model used for
estimating the transfer of radionuclides from the atmosphere to food products is siwilar to the
model developed for estimating the transfer of radionuclides from irrigation water given in
Appendix A of this guide.

For all radioiodines and particulate radionuclides, except tritium and carbon-14, the con-
centration of nuclide i in and on vegetation at the location (r,0) is estimated using

r[1 - exp(-AEite)] . Biv[] - exp(-kitb)]

¢Y(r,8) = d!(r,s)
i 1 AvaEi ?Ai

exp{-2;t,)

(c-7

See Regulatory Position C.1 of tnis guide for definitions of terms.

Carbon-14 is assumed to be in oxide form (CO and COZ)' The concentration of carbon-14 in

vegetation is calculated by'assuming that its ratio to the natural carbon in the vegetation is the
same as the ratio of carbon-14 to natural carbon in the atmosphere surrounding the vegetation (see

Refs. 1 and 2).

1.108-46




TABLE C-)

ADULT IHHALATION DOSE FACTORS
{mrem/pCi inhaled)

CNUCLIDE RONE LTVER TOYAL 300y  THAYRAID X IJDNEY LUNG  GleLLl
1A 3 0,0 1,34E=07 {,34E=07 1 34E=07 1,34E=-07 {,34E=07 1,3UE=07
4BE 10 1,98E=04 3,06E=05 4, 96E=0K N,0 6,0 2,23E=0u  1,67€E=05

6 14 2.28E~06 4,27E=07 4. 27E=07 U4, ,27E=07 U4,27E=07 U4 ,27FE=07 U4,27E=07
N 13 6,276=09 5, 27E=09 H,27E=03 H,27E<09 5,27F=~09 4,27E~09 6,27F«09
9F 18 4,71E=07 3,0 S.20E~028 0,0 0,0 n,0 9,24k =09
11v8 22 1.30F=0% 1,30E=05 1,30£=05 1,30E«05 1,30£=-05 §, 30E=05 1,30E-05
tiNva 24 1.,69E=06 1 ,59E+0b6 1,60E=0b 1,63E=05 1.,59E~06 1,69E-06 1.6%E~06

159 32 1.65E=04 3,65E-06 6,27E=34 0,0 0.0 0.0 1,0B8E=05
20CAa 4t 3.83E~-05 0,0 4,13E=06 0,0 0,0 0,0 2,86E«07
215C do 5,5%1E=05 {,07E=-04 3,11E=05 0,0 1.00E=-0u 0,0 3,23E=05
24CR 51 0,0 0.0 1.25E=N08 T,ulE=09 2,85E=090 {,B80E=06 4,15E«07
254N  Su 0,0 4,95E~06 7,87E=07 0.0 1.23F=06 1,75E~04 9,b7E=06
254N 5» 0.0 1.,55E~10 2,29€E~11 0,0 1.53E=10 1,18E=06 2.53k=06
26FE 5SS T.62E=06" 3,u3E~05 9,01E=06 0.0 0,0 3L,9RE=05 7,5uf=08
P6FE  S9 1, 47E=06 3, 47E~03 1,32FE=0h 0,0 0.0 1.27E=04  2,35E-~08
27t 57 0,0 9.65E~08 B, 39E-08 0.0 0,0 4,62F=05  3,93E=06
27C0 58 n,0 1,98E=07 2.59E-07 0.0 NN 1,16F=04 1,33E=~05
27C0 b0 0.0 1, 44E=nb {1, ASFE=06 0.0 8,0 7,07F=04 3,46E=06
2BN] 59 4,00E=06 1,d6E«06 6,77F=07 0.0 0.0 R,21E=06 b,11t=07
28N1 b3 S5,40E=05 3,92E=nb 1 ,B1E=N6 0,0 0.0 2.23E=05 1,67F=06
28NI 65 1,926=10 2,62E=41 1,14E=11 0.0 0,0 7.01E=-07 1,54E=06
29CU b4 0.0 1.,83F~-10 7.69E~1{ 0.0 S.,78E=-10 8,49E~07 6,12E=06
I0IN 55 4,05E=~06 1,29E«05 5,8PE=0A 0.0 A, 62E=-06 1,09E=04 b,6BF=06
30ZN 694 1,02F=09 2,u45E=p09 2, 2uFE~if 0,0 1.48€-09 ?2,39€E=0b 1,71E=05
10IN 59 4,25F-12 8,13E=12 5,65E=13 N.0 S5.27E=12 1.,15€E=07 2,04E~09
3aSE 79 o.¢0 3.83E=07 6.09E=0R 0,0 S.69E«07 4,4BE=-0S5 3,33E-06
IS8R A2 0.0 2,0 1,hQFE=06 0,0 0,90 n,0 1.30E=06
358R 83 0.0 9,0 3.01E=N8 0,0 0.0 0.0 2.90E=08
353R 84 n,0 0.9 3.91E=08 0.N 0,90 n,0 2,05E~13
3153R 85 0.0 0,0 1 ,hNE=09 0,1 N.0 Na0 0.0

3788 8s 0,0 1,63E=n35  7,3RE=06 0.0 040 2.0 2.08E=06
378 87 0.0 3,87E=06 3,21E«086 N.N 0,0 0.0 2.8BE=07
37R8 88 0.0 4,85F=0B P,41E-08 0.0 0,0 n,0 4,1RE=19
37AR 849 6.0 3,21F=nB  2,12E=-08 0.0 0,0 0.0 0,0 .
3BSR B9 5.,80E=-05 0,0 1.09E=06 0.0 0.0 175E=04 4 ,57E=CS
38SR 90 {.,2UE=02 0,0 1,6PE-24 0,0 n,o0 1.,20E=03 9,02E=08
3aSR 91 7.9ugE=~09 0,0 3.49E~10 0.0 0.0 4,92F=06 2,59E=05
38SR Q2 8.4%=-10 0,0 3.6UE=11 0.0 0.0 2.06E~0b S5,3RE«06
39Y 90 2.,61E=07 0,0 T,N1E=09 0,0 0.0 2.12E=05 6,3PE=05
319Y Q1% 3,26E-11 0.0 1.27€=12 0,0 0.0 P.UIE=07 1,66E=]0
39Y 91 S.7RE=05 0,0 1.55E=086 0.0 0.0 ?.13E=04 d4,B81E=05%

Hote: 0.0 means insufficient data or that the dose factor is <1.0£-20.
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TABLE C-1 (Continued)

TOTAL BODY

NUCLIDE BONE LIVER THYROLD KIDNEY LusG G1-LL1
I9Y 92 1,29E=09 R 3,77E=11 0,0 5,0 1.96FE=0h 9,19E=06
319Y 93 1,1RE=08 0,0 3,26E=1D 0,0 0.0 5.,N7E=0kh 5,P7t =05
4aZrR 93 S,22E=05 2,92F-nb §1,37E~06 0,0 1.,11F=05 2 13E=05 1,51F =06
40ZR 95 1,3UF=05 4,30E-06 2,.91E«06 0,0 b.TTE=Nl 2,22F=04 |, RHEL=09
402ZR 97 1,21E=0B  2,45E=09 1,13E=09 0,0 3.71E=09 3,85E~0b6 b,5uF=05%
4i1NB 934 31,10E-05 1,01F=nS 2.49E«0p 0,0 1,15E=05 3, 11F=~N% 2 ,3REanp
uiNg 95 1,7hE=0h 23 77E=07 S.28E=DT7 0,0 A, 57E«n7 &,32F=05 1.80E=05
4iNB 97 2,7RE=11 7,03E=12 ?2,54E~=1P 0,0 R,IBE=12 1,00F=07 3,02f«0H
ua4n 93 0,0 1,17F=n6  3_17E=038 1,0 3,55F=07 §,)11£~05 3.79F=~04
uggmMn 99 0,0 1.51€=-0R 2_.R7€-09 0,0 3,64F=NA |, 1dE~05 3,iNF=05
437¢ 994 0,0 3,6UF=13 U, 63E=12 0,0 5.52€=12 95,56E~NR §,20E=07
437C_ 99 0,0 U,64F=08 |,37E=04 0,0 S.A5E=n7 | ,01FE=04 7,54E~0b
a3TCc 101 0,0 7.5¢E=15 7,3BE=14 0,0 1.316f={8 14,99E=0R 10,0

44RrRU 03 1.91E=07 3,0 R.23E=-N8% 0,0 7429E«07 6©,32E=05 1,3Rf«08
44RU 105 9, RBE=11 0,0 3,R9E=11 0,0 1.27E=10 {1, 3AE=086 6,02E~06
4GRU 106 8,64E~06 0,0 1.09E=06 0.0 1.57E£=05 1,1BE=03% {,1dE=td
4SRH §05 9,24F=10 5,73F={0h 4, 43E=10 0,0 2.8hF«NTG 2, UiE=N& | ,09t-05
46PD 107 0,0 8,27F=08 S5,87E=09 0,0 5,57E=07  3,uBE=06 T7,06E~07
46PD 109 0,0 _ 4,63F=10 1.16E=10 0,0 2.35F=N9 | .85E=N6 1.50Lang
GTAG 110% {,3%E=06 1{,25€=06 7.43E=07 0,0 2.46E=06 S,R0E=04 3, 78F-0%
474G §11 4,25E=-08 |, 7BE=0R A _R7E=09 0,0 S.TUE=PH  2,.34E=05 P, 79«0
ufch 1134 0,0 1.50E=-04 4,97E=06 0,0 1.71E=00 2,0BF=04 ].50E=N%
48CO 1154 0,0 2,46F=05 7.95E=~07 0,0 1.98E=05 1,76t=0u 4, 80E=05
505N 123 3,02E=05 4,66E~07 9. 82€E~07 S.66F=07 0,9 2.A8E«00 3,92E=0%
S05SN 125 1,16E=06 3,13E=08 7,03E~DR 2,59E~08 0,0 7.U2E~05 &,RIE=0S
SOSN 126 1,58E=04 4,1BE=06 &,00E=Nb 1,P3E«06 0,0 1, 17E=N3 1,50k =0Y
51{SB 124 3,90F=06 7,36E~n8 {,55E«06 9,44E=03 0.0 31,10E=0U  §,08F =05
5158 125 8,26E~06 8,91F=0R §,b4E=Db T7.34F=09 1,0 2.75F=0u |, 2bE=05
S1SR 26 4,50E«07 I,13E=09 {,62E=07 2,75E=03 0,0 3,58f=N5  H,N1E=0S
5158 127 3,30€=-08 7,22E=10 1,P7E=08 3.97E=-10 0,0 2,N5E=0S 3,77F=0%
§2TE 1259 4,27€E=07 1.,98E=n7 S.BUE=0R 1,31E=07 {,55F=nb6 3,92F=05 B8,H3F-06
S2TE 1274 | ,58F=06 T,02E=07 1,96E=07 4.11E=07 S,72E«nb 1,20F=04 1,R7t=0%
S2TE 127 1 79E=10 S8 03FE=il 3, B7E=11 1,32FE=10 AKh,37F=10 AR {SE=N7 7,17E~08
S2TE 1294 {,22F=06 S,BUE=07 1,9RE=N7 U, 30E=07 ,S57F=0b |, NSE=0& G,7Q9L=05
S2TE 129 6,22F=12 2,99E~12 {,55E=12 U, B7E=12 2,34E=11 2,u2f=07 1{,96F-08
S2TE {314 B,74E=09 S5_405E=09 3.63E=09 b6,88F=09 3,86€-08 1,82F«05 b,95F=05
SP2TE (31 1,39E=12 7,44F=13 4,U9E=13 {,17F=12 S,ubf=12 {,74FE=07 2.,dUE=0Y
52TE 132 3,25F=07 2,69E=~0f 2,02E«NB P2.37E«08 1,82FE=n7 3,h0E~05 6,87E-05
G2TE §133M 7,24E=12 S5,60Ee1? 7 1UE=12 b,27E=12 3,74F~1! §,51E=07 3,45F=~0NQ
S2TE 134 31,84E=12 3,22E=12 1.57E=12 3.4auE=12 2.1BE-1] 4,3UE~07 3,69E=09
531 129 2, UBRE=06 2,11E«06 6,91E=0h S.55F=03 u,S54E=06 0,0 2.°2E=-07
531 130 5,73€=07 1,68E=06 &H,b1F=07 2,18F=04 2,5iE=06 0,0 9,61F=07
53T 131 3.15E=06 G, U7E=06 2,.56FE=06 1,49E=~03 7,67F-0h 0,0 T.B5F=07
531 132 1.45E=07 U4.07E=N7 { . USE=NT7 S,UBE=0S K,u9F=07 0,n 5,.0RF=NR
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TABLE C-1 {Continued)

NUCLIDE BONE LIVER TOTAL BODY THYROID KIDNEY LUNG GI-LLT
S3T 133 1.0RE=06 1,8bF=06 S5,67E=07 3,h0E=04 3,25E<«06 0,0 1,09E=06
S3I 134 R,00E=08 2,16E=07 7.70E=03 P2.,87E=05 3,U4FE=07 n,0 1.26E=10
S3I 135 3.36E=07 B, 74E=07 3 P2P2F«07 {,176=0U4 | ,30F-06 0,0 bhe56F =07
55CS 134M |, 00E~08 3,20E~0R {.72E=-08 0,9 {.83E=0R 2,9u4F=~09 7,.,32E~009
55CS 134 U,6b7E=05 1,06E=04 9, 11E=35 0,0 L.H0E=08  1,22E~05 1 ,30E=0N6k
55CS 135 1 UbF=05 1 ,29F«n§ &, ,00E8=0h 0,0 S 11F=0b 1,57€=06 2,11F=0N7
5505 136 4,B9€E=06 1,83F«nS 1,39F=05 0.0 1.07E=09 1,50E~0b6 {,46b=0h
55CS8 137 S.OBF=0S5 7,77F=05 5S5_.3KE=05 0.0 2.18F=05 9,41E=06 1,05F«06h
55CS 138 4,10E=08 7,77E=98 4, 06E=9R 0,0 6,01F=NR 5 0D7F=00 2 ,583F=1}
55CS 139 2,50t =08 3,.453F =08 {.59E=0R 0,0 3.05F =08 ?.RUE=09 0,0
5634 139 1,17F=10 3,32F=148 3, upE=12 0,0 7.18E=14 4, T70E=07 1.12E=07
S63A 140 4,8HF=06 bH,13F=09 3 21F=07 0,0 2.09E~03 | ,,5QFE~n4  2,73E=05
5634 {ul 1.256~1] J.d41E=15 4,20E=13% 0,0 B,75€~15 P, U2E=07 1. 05F=17
S684 tu2 1.,29E=12 3,3RF~15 2,07E=13 0,0 2.%6E=15 1,49F=07 0,0
S7LA td0 4,30E=08 2,17E-08 GS,73E=-0Q 0,0 n,0 1,70E=05 5,73E=08%
57L4 141 S.3dE=10  1,bhE=1N 2,71E=11 0,0 n,o 1,358=06 7,31tk «0p
57L4 (42 A,SufF=11 3,88E~11 3,688=12 0,0 0,0 7.,92F=07 2.6UE=07
SBCLE {4y CLU9E=06 1,59E=06 {|,91E=07 0,0 7.33F-n7 4,52F=05 1,50E«05
S8CE 14} 2.35F =08 1,72E=-n8 1,91f=09 0,0 T.50E«02 3, 9RF=06 2,83E~05
SBCE 144 4,29E=0u  {,79€=04 2,30F-NS 0,0 1.06E=Nu 3,73F=04 | ,02F-04
5Q0PR 143 1 17€=06 4,69E=-07 S.79E=08 0,0 P.70F=07 3,51F=3S 2,50f=05
59°R 144 3.76FE=12 1.56E=12 1,91E-13 0,0 2,91F=13 1.27F=n7 2,69t ~18
50N0 147 6.89E=07 7,62E=07 4,.5hE«2R 4,0 4,456=-07 P,76E=0S 2,16E=05
619M (a7 B, 37E=0S 7, ATE=0p I _1RF=0h 0,0 1,49€~05  H,61E=N5 S5,54E~06
b1PM 143 9 ,82FE«06 2,%UE=06 1,90E=06 0,0 3,85F =06 2,1uF=0u 4,1BE=08
51PM (us 3,RU4E=07 &5,37E=-Q8 3.20Ff=nR  0,N 1,20E=07 3,91E£«05 S,80E=08
bi”M 149 J,U4F~0B U4, R7E=09 1.9QF«09 0,0 9,19F-09 7,22E-06 2,50E-05
5194 {51 8,50F=02 |, d2F-09 7,21£~10 0,0 2.55F=n9 3,0uE=06 2.00E=0S5
625M 151 A,59F =05 | ,uRE=-05 3,.55E=-06 0,0 1.56E=05 a,ubE~-DS 3,25k=06
£25M 153 1,70E=08 1,42E=0R  1,04E=09 0,0 4,539E=09 u,16E=0b 1,58F=05
b3EU |52 2.3RF=04 3,40F=0S 4,7KF=«05 0,0 3.39E=04 3, u43E~04 1,59k =05
63EU 154 7,U0E=~04 I3,10F=05 bH,.URE=NS N0 U,36E=-0u4 S,R%E=04 3, 00E~05
53EU 155 1.01F=00 | u3FenS 9 _21E=0s 0,0 5,59E=05 2.,47F=05 5,95F«0s
b3EU 154 1.9%5E=06 1,48E=np 2, U0E=07 0,0 9.95F=07 8,57€-05 4,S50E=-0S
6578 160 2.21E=05 2.0 2.75€=06 0,0 Q,10E=-06 1,92€=00 2,6BE~05
6740 1hbM 3.37€=04 {.,05E=04 R,00E=05 N,0 1.37E=0U .94 =04 1.59F=05%
7u4n 18] 6,25E=09 2,03E=-n9 2,17E=t0 0,0 n,o 1.726=06 2.53F~07
Ju~ 185 1.95F=07 4, 47E=-08 §,B1E=09 n,N 6.0 5.57€E=05 1,07F=0%
Tuws 187 1,00E=09 8 ASE=10 3 inE«10 0,0 0,0 3,63E=06 |,9UE=D%
82PR 210 2,6UE=02 5,72E=03 A, 37E=04 0,0 2.12E=02 2,63E-02 3,65E~08
A38I 210 0.0 1.58F=06 1,32E~07 0,0 1.92F=05 1,11F=03 2,95E~05
84PO 210 3,97F=0u4 B,b0E-nU 9,58E=05 0.0 2.95€=03 3I,14F=Nn2 U, ,19E~0S
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TABLE C-] (Continued)

1.109-50

NUCLIDE BONE LIVER TOTAL BODY  THYROID KIDNEY LUSC Gi-LL1
BBRA 223 1,80F=04 2,77E=-07 3,60E=05 0N,0 7.85E=n6 2.55E~02 2.B84E-0u¢
BBRA 224 1,98F=05 4,7BF«0B 3,96E«06 0.0 1.35F£-06 8,7BE=03 3,01E-04
88RA 225 3,00E~-04 3,56E=-07 S,99E=05 0,0 1.01E=n5 2,92E~02 2,71E~04
BBRA 226 1,25E=01 2,39E=06 9,13E=02 0.0 6,77E=05 1,17E=01 2.94E-04d
g8RA 22A 4,41E-02 1.,23E-06 U, T7RE=-07 0.0 3.U4BE=~05 1.61E~01 S,006-05
B9AC 225 4,23E=04 S_BPE~-04 2, BUE=NS 0,0 6,53E=-95 2,21E-02 2,52E-04
B9AC 227 2,30F 00 3,05E~0t 1,36E=01 0.0 9,82E~02 2,41F«01 4,92E=-0%
90TH 227 2.17F=04 3,92E=06 6,25E=06 0,0 Cecd2E~0S 3,78BE=-02 3.34E-04
90TH 228 2,00f=01 3,39FE~03 &6,77E=03 0.0 1.089E-n2 1,01E 00 3,493E=-04
90TH 2729 8,88 00 1,33E-01 4,3KE=D1 0.0 6.,52E=n1 3,50FE 00 3,17€-04
90TH 230 2,29€ 00 1,31€«01 6,36E=02 0.0 bUOE~NE 6,22F=01 3.73t~0S
90TH 232 1.,99€ 00 1,12E=01 S,43E=02 0,0 S.U7E~01 S5,31E~01 7,94F«05
90TH 234 1,63E~06 9,56E~08 4, 70E~GB8 0.0 SUIE~07 | ,89E=04 T7,03F=05
91PA 231 5,n8€ 00 1,91E=01 1,9BE=~D) 0,0 0.0 S,75E~07 3.89t«04
91PA 233 1,21F=06 2,42E=07 2,09E=07 0,0 9.15E~07 3,52E~05 1.U2E~0%
92U 232 5,1UE=02 0,0 3, 66E-03 0,0 5,5%6E=03  2,23E~-01 4,16E=05
92U 233 1,09F=-02 0,0 6.59E=0u 0,0 2,54E-03 5,33E=02 3. HBYE-NS
92U 234 1,00E=02 0,0 b U6E=04 0.0 PoA9F~n3 S5,P2E-02 3,B1E=-05
92U 235 1,006=02 0,0 6,07E«04 D0 2.3UE=-N3  N,90FE=02 4,RdE=0F
92U  23b 1,00e~02 0,0 6.,20E=04 0,0 2.39FE=03 S5,NM1E=02 5,57E-05
92U 237 3,67E=08 0,0 9,77E=D9 0,0 1,51E«07 1,02F=0S 1,20E=05%
92U 238 9.58E=-03 0,0 5.67E=0u 0,0 2.1RE=03 4, SHFE=02 1.03E<04
93INP 237 1,69€ 00 1,47E=-01 b6,87E=02 0,0 5.10E=01 S,22F=02 4,92E-05
9INP 218 2,96E~07 7,99E~09 4,61E=09 0.0 2.1P7E-08 {,072E-05 2.13E«05
93INP 239 2,87E=08 2,82E-09 1,55E=09 0.0 B,79E=09 4,71fF=06 (,49€=06
94PU 238 2.69F 00 3,73E=-01 6,66E~07 0.0 2.85FE~01 1,76FE~01 4,52F<05
94PU 239 3,05E 00 4,19E~n) 7,53E=~02 0,0 3.20F=01 1.67E=01 u,]3E=~05
Q4PU 240 J3,04E 00 U4,19E=0] 7,S3E=NP? N.0 3.20F=01 1,hp7F-N1 4,20F=08
QuPy 2uy 6,006=02 3,28E-03 1,29E~03 0,0 5,93E-93 {,52F~04 B.6SE=07
9uPy 242 2.089€ 00 3,99E~0)1 7,17€=-02 0.0 3,056=01 1,59f=01 4,05E=«05
94PU 2u4 3,45E 00 4,76E~n1 B,S50E-02 0,0 J.6UE-DY 1 ,89F=01 6,03E-05
"9SAM 241 9,936=01 3.46F=01 6,47E~02 0.0 4,87E=01 S.BbF=-02 u,60E«05
95AM 2424 1,02f DO 3,46E=01 6,73E«02 0,0 5,01E=01 2,45€=~02 5,79t=05%
954M 243 9,94E=01 3,40E=01 K, USE«N2 0,0 4,.86E~01 S5,.65€=02 b6.,03-05
96CM Pu2 1,14F=02 1,18F=02 7,S50E~0d 0,0 3.,50E~03 3.74E~02 4.QlE=NS
Q6CHM 243 7,85E=01 2,97E=01 4,61E~02 0,0 . 2.15E=01 6,32F=02 u,RUE=DY
- 96LM 244 5.90E=01 2,54t-01 3.,51E«02 0.0 1.b4E=01 £,07F=02 4,68L-05
96CH 245 1,26E 00 3,S5%9E=0f 7.34E=02 0.0 3.33E=n1  S,BHE~02 4,36F=0%
96CM 246 1,25 00 3,59E=01 7,13E=0p 0.0 3.33E-01 S5,97E=02 4.29k=0%
96CH 2u7 1,226 00 3,53E=~01 7,03E=07 0.0 3.28E=01 S5,86E=02 5.63k~-05
96CM 248 1,001€ 0t 2,91F 00 5.79E=01 0,0 2,70E n0  4,B3E~01 Q.09E-04
98CF 252 7.33€=01 0.0 1.83E~02 0,0 0.0 1.56E-01 1.78F=04




TABLE C-2

TEENAGER INHALATION DOSE FACTORS

{mrem/pCi Tnhaled)

1.109-51

NUCLIDE RONE LIVER TNTAL 8N3Y THYRJID XKIONEY LUNG Gl=LL1Y
1M 3 0,0 1,06E=07 1,06E=07 1,06F=07 1.06=07 1,06E=07
6C 14 S.,6bE=07 S,66E=07 S,b6E=07 S.66E«07 S.b6E=07 S,06E=07

1iNa 22 1, 76E=0S 1,76E=05 1,76f=05 1,76F=05 176F=05 |, 44E=0h
27C0 %3 0.0 2,20E=08 2,93E=0R 0,0 1.71E~04 {,19€=-05
27C0  s0 0,0 1,55€=97 2.08E=07 0.0 1,07F=03 2,94F =04
185" 89 U,BuE=06 2,0 1,39E=07 0.0 (USE 3,136=0U 4,u2E=~05
3RSR 90 1 ,48E=03 0.0 9,04E-05 0,0 2.07F=03 9,05E=~05
39Y 30 1 4IE=0B8 0,0 3.79E«10 0,0 0.0 6,79E=05
39Y a8 5,72E=06 0,0 1 ,B0E=07 0,0 ADULT 3.57E=04  U,b67E=05
4oZrR 95 1.36E=06 4,S5UE«07 3,17E-07 N.0 1,20E=0d 1,b66E=05
4iNB 95 1,70E=07 1 ,03E«07 S,7RE=N8 0,0 R,96E=05 1|,10€=05
YuRyU 103 2,0UE=08 0,0 Q,15F=09 0,0 DOSE 3.%9€=05 1,1Bf=05
auary 106 1,056=06 0,0 1.37E=07 0.0 2.,05E=03  {,16L=04
SO0SN 123 3,49€=06 7,6RE=0B 1,15E=N7 6,.15E=08 U,R9E=04 3.91E=05
S2TE 12SY S,09f=08 2,32F=0B £,915«N3 {,UbE«08 FACTOR) 5.70E=05 Q,A5E=06
S52TE 127 1.,6R2E~1t T7,30E=12 4,02E=12 1,34F-11 {.33E=06 1,01E=05
S2TE 1294 1,49E~07 7,05€f~08 2,U0FfeDB 4,B8F=08 2.,9UF=04 4,80E=08
S2TE 132 3.756=09 3.00E~«09 2,29E~09 2.58F=093 5.67E=05 6.61E«05
531 129 3,53E=06 2,9UEw0b6 9,81E=06 7.32E«03 0.0 2.16F=07
S3I 131t 4,21E~06 5,90E~06 3,52E=04 1.7UE=03 0,0 7.4S5F=07
S31I 133 1,546~06 2,.58FE=nb 7,9%E=N7 U 79E-0% 0.0 1.,256=00
55CS 134 6,04E«05 1,3BF-04 &.80E=0S 0.0 1.80E=0S 1,12E~06
§5CS 137 8.02E~05 1,03Ff~04 3I,79E=N5 0,0 1.47€-05 9,60£=07
S&BA {UD 6,b2E=07 b6,06E«40 u,P27E=NDR 0,0 2,53F=04_  2,65F =06
" S7TLA 1UO 1,79E=09 4, 72€E«10 1.67€=10 0,0 2.70E=0S S5,B81E~05
SACE {4} 2,84E=07 1,90E=07 2,1RE=DAR 0.0 7.29E=0S5 | ,42E=~0S
SACE yuu S,2u4F=05 2 17E=05 2. .80F«N6 0,0 1.72E=03 1.05E=«04
b3EY 1Su 3,95E~05 1,02E~05 R,07E=~06 0,0 9.29E~Nd  3,4iE«05
92U 232 b,14E=03 0,0 U, 37E=«N4 0.0 3.84E=01 U,16E=08
92U 2134 1,25F=03 0,0 1.72E=08 n,n 9,00E~02 3,R1E=«05
QuPyU 238 3,228=01 4,U3E=02 7.,9RE=03 0,0 3,14FE=01 4,52E-05
9uPuU 239 3,67E=01 5,00F=02 9,06E=03 0,0 2.98E=01 4,13€=05
9uPy 240 3,h6E=01 S 0UF=02 9 _13F=03 0,0 3,01E=01 U4,13£-~05
QuPy pui 1,29E-04 | ,BUE=NS 3 . 26E=0h 0.0 1.92E6=04 7,94k =08
95AM 241 1,206=01 ¢ _1{1fe02 7,79E=03 0,0 1.,01E~0Y 4, 44E~05
96CM 242 1,35€~-03 |, U0E=03 B8,97E=05 0,0 4, UTE=~02 4,B3E=05
96CM 244 5,99E=02 ¢,99F«02 U, 16E=03 0,0 1.05€=01 4,60E=05
Hote: 0.0 means insufficient data or that the dose factor is <1.0£-20.




TABLE C-3

CHILD INHALATION DOSE FACTORS
(mrem/pCi inhajed)

NUCLIDE ARONE LIVER TOTAL 800Y THYRIID KIINFY LJNG GI-LLI
iH 3 0.0 2,03E~07 2,03E~-N7 2,03£=-07 2.01E=07 2.03E-07
6C 14 1.69E=06 1,69E=06 1,69E=06 1.,69E=06 1.69E=06 1,69E=06

fINA 22 4 U2E=05 U4, U2F~=05 U4, U2E=05 UL U2E=~05 4, U2E=05 1,2RE=06
27C0 SA  G,0 4. 11F=08 7.P3E~08 0.0 3.04E~04 9, 7BE=0b
27C0 60 0,0 2.90F=07 5,07E=n7 0,0 (USE 1.,87E=03 2,53FE=09%
3ASR A9 1.45€=05 0,0 G, 16E=07 0,0 5,08E00 4,56F =05
IASR 90  4,43F=03 0,0 2.70E=94 0,0 4, 00E=N3 9,31F=0%
39Y 90  9,87E=08 0,0 2.65E~00 0,0 7.26E~05 7.u43F=0%
39Y 91  2,01€=05 9,0 5,36E=07 0,0 ADULT b,90E=04 4 HRE=05
u0ZR 95  3,81F=0b6 B,B6E=N7 B,05E=07 0,0 5.72E~06 1,55F=05
GINR 95  U4,60E=07 1,96E=07 1.4UE~07 0,0 DOSE 1.,5RFE=04 A,.96f =0n
GuRU 103 S5.RUE=~0DB 0,0 2.36E=NB 0,0 1.71E=04 1,14k =06
YuRU 106 3.12F=06 0.0 J.BRE=07 0.0 3,93F =03 1.18E=04

S08N 123 1,00F=05 1,74€E=07 3 _U43E=NT7 1,BUE~O0T  pACTOR) J.u6E=0U8 4,03F=05%

S2TFE 1254 1,52E«07 5,25E=08 2,06E=NB U,35E=04 1.305-04  9,13E=06
§2TE 127 4,B83E~11 1,65F=11 1,20E=11 d,01E=11 2.5RE=06 J.5RE=05
S2TE 129M U4, UUF=07 1,58E«07 7.03E=0R 1.46E=07 : 4,87F=-04 4,93F=05
S2TE 3132 1,08E-0B 6,08E=D9 6. 91E=09 7.2UF=03 1.03E=04 6,52t =05%
§31 129  1,06E=05 5,40E«06 2.B6E=~NS5 2.14E=02 n,0 2.16E=07
531 13} 1,23E=05 1,25E=NS OQ_ UTE=0h U,14E~03 0.0 7,17t =07
531 133 U4,53E=06 S5,53E~06 2,17E=06 1.36E=03 0.0 " 1,S5NE=06
SSCS 134 1,6BE=~00 2,60FE=00 6,02E=05 0,0 1,21E~05 1,00f=006
S5CS 137  2.34E=04 2,16E=04 3,3BE=05 2.71F=05 9,22F~07
SeBA 100 1,93E=06 1,26E=N9 1, 14«07 4, b69F=0u 2,68E=06
STLA 140 S5.,20F =09 9,63E=10 Uu.3QE=10 U,92f=05 b6.14E=05
SBCE 14t B, U7E=07 4, 24E=07 6.30E=08 1.39E=04 1,47E«05
SBCE quy 1,57E=04 u,91E=05 B,37E=06 3.32F=-03  ],08E=-04
63EU 154  2.BTE=04 2,1P7E=D5 2,0QE=05 1,67F=03 3.51t=0%
92U 232 1.B3F=02 0.0 1.31€=03 7.43E-01 4,2BF=05
92U 234 3,73E=03 0,0 2,31E=04 1.70F=01 3,92f=0%

5,R7E=Q1 d.65E~D%
5.56F=01 u,24E=05
5.61E=01 4,24E=05
T.b1E~04 B.16E=OR
1,95F=01 4,57F=DS
1,25E=0) 4,9BE-05
2.02E=01 4,73F=05

q4Py 238 9,626=01 (,00E-01 2,3BE~-02
94PU 239 1,106 00 1,13E~01 2,71E=02
94PU 240 1,096 00 1,14E=0t 2,73E=0°
9uPU 241 3,84E-04 4,16E~-0S5 9,73E~Dh
95AM 241 3.57€E=01 9,31E~p2 2.33E-0°
96CH 242 4,05F=03 3,17E«03 2,6RE=04
R6CM 244 2.,09E=01 &,77E=02 1.2UE~02

DO O OO DO O DO Do D
o fo o s le o ¢ le o o je o oo o
(=3 b= R Jieeq R R S § B = IR o 3 {0 W « I = ] §o KX =)

Note: 0.0 means insufficient data or that the dose factor is «1.0E-20.
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TABLE C-~4

INFANT INHALATION DOSE FACTORS
(mrem/pCi inhaled)

NUCLIDE ROMF L1VER TOTAL 32)Y THYR)IID XKIDNEY LUNG GI=LLI
14 3 0,0 3,07E=07 3,07E=07 3,07E=07 3,07E~07 3,07E=07
6C 14 3,60E=06 3,60E=06 3,.60E=06 3,60F=06 3.60E=06 3.60F=04

11NA 22 7,53FE=05 7,53E=05 7,53E~05 7,53E=05 7.53E=05 1,22t=06
57C0 56 0.0 8. 39E-08 1,20E=07 0.0 5. 2B8F=04 B.67F=06
27C0 60 0.0 5,00E=07 B8,38E=07 0,0 3,9RE=03 2, 3UE=C%
3RS® 89 3, 0RE=05 0,0 8,BSE=07 0,0 (USE 1 6SE=03 4.86F=
IASR 90 9,UdE=03 0.0 5. 7hE-004 0.0 1.09E=02 9.B9F=
39Y 90  2.10F=07 0.0 §.65E~09 0,0 i 1 9BE=04 B,02F=t,
39Y 91 u,27E=05 0,0 1, 1UE=06 0,0 ADULT 1,88E=03 5,12F=05
G0ZR 95 T.TUE=06 1,95E=06 1.30E=06 0.0 1.29€=03 1.01E=05
GINB 95 9. 16E=07 4,11E«07 2.41E~07 0.0 . 3,41F=04 B,b7E=06
G4RU 103  1,21E=07 0.0 4 TRE=NB 0,0 DOSE 4, 0UE=0d  1,13E=05
G4RU 106  b.65E~06 10,0 B 16E=07 040 1.07E=02  1.26E=04
SOSN 123  2,22E=05 4,.61E=N7 7.30E~07 4,61E<07 2.58F=N3 u,28F=05
S2TE 125% 3,24E~07 1,39E=07 4,40f=08 1.09€=07 FACTOR) 3,54E=00 9,71€E-04
S3TE 127  1,036<10 4,3BE=11 2.56E=13 1.00£<10 7.03£=06 1.B7E=05
S2TE 1294 ©O,UuF=07 4, 1UE=07 1,47E=07 3,63£-07 1.31£=03 5,23F=05
S2TE 132  2,25E=08 1, U2E=0B | 0OAE=N8 |,70E=08 2.UBE=04 6,6BE=05
53T 129  2.23E=05 1.,62E05 S.R2E=05 5.,21E=02 0.0 3.23E=07
. S31 131 2,59F=05 3,05E=05 1.79€6=35 {,01E=02 0.0 7.66E=07
S31 133  9,5mE=06 1,38F=05 4, 19E=0k 3,33£403 0.0 1.636=06
56CS 134  3,43E=00 S,B9E<04 5,23E=05 0.0 7.226-05 G,.80E=07
SSCS 137  4,90E=04 5,22E=0U 3,15E=05 0,0 5,75E=05 9,.45E=07
S684 {40 U, 07E~06 3,05E=09 2,11E=07 0,0 1.17E=03 2,77E=06
§TLA 140  1,00E=0R 2,29E=39 7.91E=10 0.0 1 21E~00  6,43E=05
SBCE (41 1,80E=06 1,11E=06 1,29E=27 0,0 3.7UE=0U4 | 4T7F=05
S5ACE 144 3.3UF=04 1,30E=04 3 7RE=DS 0.0 9,06E=03 1,15E=04
63EU 154 5,99€=00 4,95E=nS 3,72€=05 0.0 3,99E=03 3,73E=05
92U 232  3,91E=02 0.0 2.7RE=03 0.0 2.02E 00 4,.55E=06
92U 234 7,94E=03 0,0 4,91E=24 0,0 4 TUE=01 U,16E=06
J4PU 238 2.05E 00 2.66E~01 G.0BE=N2 0.0 1.51E 00 4.95E-05
9uPy 239  2,33E 00 3,00E-~01 S5.77E=02 0,0 1,436 00 4,51E=05
quPy 240 2,33 00 3,02E=01 S,B1E=02 0,0 1,456 00 4,51E=0S
36PU 241 8,1BE-04 1,10E=04 2,07E=05 0.0 9,u0E~Nd  B,bAE=0R
95aM 241  7,61E=01 2,u47E=01 U, 96E=02 0,0 5,326-01 4.B6E=05
9hCM 242  B,62E=03 B UQE=03 S, 71F=)4 0.0 3,U1F=01 5.29E=05
anCY 200 U, USE~01 1.70FE=01 2.65E=02 0.0 5.51€=01 5.,036=0%

Hote: 0.0 means insufficient data or that the dose factor is <1.0E-20.
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This yields

C¥4(r,a) = 3.17 x 107 Qid[x/Q'](r,o) 0.11/70.16

= 2.2 x 107 Q},4[x/Q'I(r,0) (c-8)
where
C¥4(r,o) is the concentration of carbon-14 in vegetation grown at location (r,e), in
pCi/kg;
Qi4 {s the annual release rate of carbon-14, in Ci/yr;

0.1 is the fraction of total plant mass that is natural carbon, dimensionless;

0.16 is equal to the concentration of natural carbon in the atmosphere, in g/m3;
and

1

3.17 x 107 is equal to (1.0 x 10'% pCi/Ci)(1.0 x 10% g/kg)/(3.15 x 107 sec/yr). .

The concentration of tritium in vegetation is calculated from its concentration in the air
surrounding the vegetation. Using the method described in Reference 3, the NRC staff derived the
following eguation: ‘

c¥(r,8) = 3.17 x 10" Q3[x/Q' I(r,8)(0.75)(0.5/H)

= 1.2 x 107 Q[x/Q')(r,e)/H (c-9)
where

C¥(r,0) is the concentration of tritium in vegetation grown at location (r,e¢), pCi/kg;

H is the absolute humidity of the atmosphere at location (r,e) in g/m3;

Q+ is the annual release rate of tritium, Ci/yr;

0.5 is the ratio of tritium concentration in atmospheric water to tritium con-
centration in plant water, dimensionless; and

0.75 {s the fraction of total plant mass that is water, dimensionless.
The deposition rate from the plume is defined by:
di(r,0) = 1.1 x 10%(r,0)Q} (c-10)

where

ai(r,a) is the relative deposition of nuclide 1, considering depletion and
decay in transit to location (r,e), in m2 {see Regulatory Guide 1.111) and

1.1 x 108 is th§ number of pCi per (i (1012) divided by the number of hours per year
{8760).

For radioiodines the model considers only the elemental fraction of the effluent. The
deposition should be computed only for that fraction of the effluent that is estimated to be
elemental jodine. Measurements at operating facilities indicate that about half the radioiodine
emissions may be considered nonelemental (Reference 4). With this consideration included,
Equation (C-10) for radioiodine becemes:
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. d;(r.2) = 5.5 x 107 5 (r,6)Q (c-11)

and Q% is the total (elementa) and nonelemental) radioiodine emission rate. The retention .:ictor

r for elemental radioiodine on vegetation should be taken as unity, since the experimental mea-
surement (References 5, 6, and 7) techniques used to evaluate this transfer mechanism consisted
of direct comparison of the gross radioiodine concentration on vegetation and the concentration
in air (References 8, 9, and 10). '

For radioiodines, the deposition model is based only on the dry deposition process. Vet
deposition, including "washout” of the organic and non-organic iodine fractions, shauld be con-
sidered at some sites depending on the meteorological conditions (see Regulatory Guide 1.111).

For particulates, the deposition model considers both wet and dry deposition. There is also
a retention factor {r of Equation (C-7)) that accounts for the interception and capture of the
deposited activity by the vegetative cover. A value of 0.2 is taken for this factor (References
11 and 12). A1) nuclides except noble gases, tritium, carbon-14, and the iodines are treated
as particulates.

a. Parameters for Calculating Muclides Concentrations in Vegetation Consumed by Man

When the radionuclide concentration in vegetation directly ingested by man is estimated
using Equation (C-7), the following parameters are used:

Parameter Value
Y, (vegetation yield) 2.0 kg/m2
te {exposure time to plume) 60 days
th (holdup after harvest) 1 day for garden-fresh leafy
vegetables
60 days for stored vegetables
tb' {soil exposure time) 15 years (midpoint of reactor operating

lifetime)

A1l other parameters in this equation are given in Regulatory Position C of this quide.

b. Parameters for Calculating Huclide Concentrations in Milk

The radionuclide concentration in milk is dependent on the amount and contamination
level of the feed consumed by the animal. The radionuclide concentration in milk is estimated

as
m - v
Ci(r,D) = FmCi(r,e)QF exp(-lit) (c-12)
where
C?(r,a) is the concentration in milk of nuclide i, in pCi/liter;
C?(r.e) is the concentration of radionuclide i in the animal's feed, in pCi/kg;
Fm is the average fraction of the animal's daily intake of radionuclide 1 which

appears in each liter of milk, in days/liter (see Tables C-5 and C-6 for
cow and goat dJata, respectively; for nuclides not listed in Table (-6, use
the values in Table C-5);
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STABLE ELEMENT TRANSFER DATA
Biv Fn(Cow) Fe v
ELEM VEG/S0IL MILK(D/L) MEAT(N/KG) ELEM VES/8IIL
H 4,8E 00 1,0E=Q02*%% { 2E=n02 $8 1,1E=02
HE 5,0E=02 2,0E=02 2.0E=02 TE 1,3€ 00
L1 8.3E=00 S,0E=02 1.0E=02 1 2,0E=02
8F 4,2E=04 1,0E=~04 1.,0E=03 XE 1.3€ 01
B {2E=n} C.7E=07% 8.nE=nNU cs 1,3E=02
¢ 5.5€ 00 1,2E=02 3,1F=n2 BA 5,E=03
N 7.5€ 00 2,2E=02 7T.1E=02 LA 2,5€«03
0 1.6E 00 2,0E=D)D 1.6F=n2 LE 2,5E=03
F 6.5Em0U 1, 4E=02 1.5E=01 PR 2,5E=013
Ng fJUE=n1 2. 0E»0D 2.NE=n2 yD 2,4E=03
Na Se2E=02 U, 0E=02+x+« 3, 0E=p2 pM 24SE=D3
M5 1.3E=01 1,0E=02 S.0E=03 §4 €45E=D}
Ay {BE=0d S.0E=~04 1.5E=03 EV 2,5E«03
91 1.5E=04 1.0E=04 4, 0f=05 GO 245E=D3
8. S.9E=01 1,8E=«Q2 t.0F=01t DY 2,5E=03
L 5,06 00 S,0E=02 B.0E=02 ! 2.5E=03
AR 6,0E=0} R2,0E=02 2. 0E=p2 ER 2.5E=03
K 3,7E=01 1,0E=Dp 1.2E=02 ™ 2.5€=03
Ca sebE=02 840E=Q3*%** (,0Fe03 ] 2,5E=23
3¢ 1:1Em03 5.0E=0¢ 1.6E=02 LJ 2.5Em=03
T1 S.HE=0S S,0E=0p 1.,1E=n2 =F 1 ,7€=0y
v {eJEmp3 1,0E=03 2.3Em03 TA 6,3E«03
CR 2.5E‘0“ 2.25.03 2.“5’03 W 1.55‘02
MN 2.9E=02 2.5E=04 8,0E=nd RE 2.5E=01
FE 6 bEmnU 1,2E=03 4,0E=n2 0S8 5.%Em=02
co 9,UE=03 1,0E=073 1.,3E=02 1R 1,3 01
N1 1.9E=02 6,TE=03 5.3E=03 Pl S,JE=DY
Cy {,2E=01 { UE=0?2 B.0FE=(3 Al 2,5E=0%
N U 0E=0] 3,9E=02 3,0E=n2 HG 3.3E«01
Ga 2.55-0“ SQOE.OS . lQSE 00 TL 2,5€=01
GE 1,0E=01 S.0E=04 2.0 01 g 6,9Em02
AS {1.0E=02 6,0E=03 2.0F=03 B! 1.5EnDY
S 1.3 00 4,56=02 {.5€m02 Jo] 1,5E=01
BR 7.6E=03 S,0E=02 2.6E=02 AT 2,5E=01
KR 3,0E 00 2,0E=02 2.0E=02 RN 3,5 00
Rg 143E=01 3,0E=02 3,1E=02 FR 1,0E=02
SR 1.7E=02 8,0E=0uy*** ¢ 0E=ndQ RA 3.1E=04
Y 2.6E=03 {1,0E=D5 U 4E=D3 AC 2,5E=03
ZR {.7E=04 S.0E=08 3 tE=02 T™ U,2E=03
Ng Q. UE=D3 2,5E~03 2.8E=01 PA 2,5E~D3
M0 1.2E=01 T.SE=03 8, 0E=03 u 2,SE=03
Tt 2.5E=01 C.5E=D2 Uﬁﬂf-ﬁ! NP 2¢5E«03
RU 5.02'02 1.05.06 G, 0F=01 PU 2lSE"°a
R 1.3 ot 1,0E=02 1.56+03 A 2,5E=04
Po 5,0E 00 1,0E=02 0 0E=03 cH 2,5E=03
AG f.5E=0¢ S.0E=02 1,7E=02 qK 2,5Em03
Cn 3,0E=D1 1.2E=04 3e3Eeny cF 2,5Ew=03
IN 2.55.01 l.OE-OB 8.05'03 Es ZOSEGOS
SN 245E=03 2,5E=03% 8. 0E=02 FM 2.5E=03
*Ref. 1. thefs. 7, 8, 9, 10, 14, 15, 16, 17.
Tk
Ref. 3. **Ref. 18.
£ 1 4]
Ref. 13.

TABLE C-5
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Fm(Cow)

MILK (/L)

1.55-03
1,003
b.0E=N3"
ZOOE.OZ
142E=D2"**
“.oe.ou e i
S.0E=06
b.OE-LJ**‘
SQOE'Ob
S.OE-Ob
S«0E=06
Se0E=0b
SQDE'Ob
SloE-Ob
S,0E=08
SOOE.Ob
S«.0E«06
S¢0E=06
S.OE-Ob
S.OE-Ob
S5,0F=086
5.0€=06
2.5E=02
S.0E=04
205E‘°2
5.05‘03
5105‘03
5105‘03
S.OE-OS
3.8E=02
2ePE=02
b.ZE-OU
S.OE'OH
3.0E-00
S.,0E«02
2.,0E=~02
S'OE‘OZ
B,0F=03***
5.0E-06
S.OE-Ob
5.0E~Ob
S,0E=04
5.0[‘06
2,0g=06
S.0e=06
S.OE-Ob
5.06.06
5.05.06
S.OEOOb
SQOE-Ob

Fe

MIAT(D/KG)

4,0E=03
T.7E=02
2.9E~03
2,0E=02
U,0E=~0Q3
3,2E«03
2,0E=04
102E.05
“.7E-°3
1.,3E~03
4,8E=03
5. 0E'°3
4,BE~03
3.&5-03
4,HE=03
SQSE'OS
U UE=03
4,0€6=03
4,U4E=~03
4,0E=03
J.“E-OS
U, NE=0!
1.6E 00
‘036”03
8,0E«03
ucOE'Ol
1,SE~03
U,0E=03
3.0E'03
ZIbE.Ol
4,06=02
2.9E-00
1,3E=02
1.2E=02°"
8,0E 00
2,0E~02
2.0E=02 "
3, 4E=02
5.05‘025?
2 0E~Qu-
8,0E 02
3,UE=04 4=
E.OE'DU?*
l.uE’OS*T
E.OE-OOff
2,0E=04 ++
ZQOE"O“‘:"L
Z'OE.OuLf
Z.OE'O“**
2.0E=04 =+




TABLE C-6

NUCLIDE TRANSFER PARAMETERS FOR GOAT'S MILK

Fm (days/liter)

ELEMENT F
*
H 0.17
-
B 0.012
*
¢ 0.10
Mg 0.042"
*
P 0.25
*
¢ 0.5
*
K 0.057
*
Ca 0.47
w
Fe 1.3E-04
’ *
Cu 0.013
*9
Sr 0.014
ok
1 06
*k
Cs 0.30
i
Po 0.0018

*Computed from the data of Refs. 1 and 19.
o
Ref. 13.
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QF is the amount of feed consumed by the animal per day, in kg/day;

t is the average transport time of the activity from the feed into the milk
and to the receptor (a value of 2 days is assumed); and

A; {s the radiological decay constant of nuclide i, in days’].

Milk-producing animals are assumed to be on open pasture for the following graziny

periods:
Region Pasture Period
Southern U.S. Whole year (fp = 1)
Northern U.S. May - Sept. (fp = 1/2)
where
f is the fraction of the year that animals graze on pasture.

P

These data may be supplemented by information on site-specific dairy practices. The
concentration of radionuclide i in the animal's feed is then

ci(r.o) = fpfsc;’(r,e) + (1 - fp)C?(r,a) AU £)C3(r, ) (€-13)
where
C?(r,e) . is the concentration of radionuclide i on pasture grass, in pli/kg;
C?(r,e) is the concentration of radionuclide i in stored feeds, in pCi/kg; and
fS is the fraction of daily feed that is pasture grass when the animal grazes

on pasture.

The following parameters will be employed in evaluating the milk pathway, unless
site-specific data is supplied.

Parameter Value
0F (animal’s daily feed) 50 kg/day (wet weight) for cattle

6 kg/day (wet weight) for goats

t, (storage time of animal's
food) 0 for pasture

90 days for stored feed

t (crop exposure time) 30 days

Y (crop yield) 0.75 kg/m2 (wet weight) for pasture
2.0 kg/m2 (wet weight) for stored feed
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- ¢. Parameters for Calculating Nuclide Concentration in Meat

As in the milk pathway, the radionuclide concentration in meat is dependent on the
amount and contamination level of the feed consumed by the animal. The radionuclide concentra-
tion in meat is estimated as

chirie) = Fee¥(r.o)Qp exp(-i;t) (c-14)
where
'Cg(r.e) is the concentration of nuclide i in animal flesh, in pCi/kg:
Ff is the fractioﬁ of the animal's daily intake of nuclide i which appears in
each kilogram of flesh, in days/kg (see Table C-5 for values); and
t is the average time from slaughter to consumption, which is assumed to be

20 days.

A1l the other symbols are as previously defined.

Beef cattle will be assumed to be on open pasture for the grazing periods outlined
for milk cattle.

4. Annual Dose from Atmospherically Released Radionuclides in Foods

The annual dose resulting from ingestion of radionuclide i in the diet is given by

02, (r.2) = OF L, [U3FCYirae) + ugehir e) + vick(re) ¢ et (C1s)

ija agi
. where

Dp. (r,2) is the annual decse to organ j of an individual in age group a for
1Ja nuclide i, in mrem/yr;
DFIi‘a is the dose conversion factor for the ingestiorn of nuclide i, organ j, and
J age group a, in mrem/pCi (from Tables A-3 through A-6 of Appendix A of this
guide); and

T U:, Ug, U: are the ingestion rates of produce (ron-leafy vegetables, fruit, and grains),
milk, meat, and leafy vegetables, respectively, for individuals in age
group a (from Table A-2 of Appendix A of this quide).

A11 the other symbols are as oreviously defined.
The annual dose to organ j of an individual in age group a from consumption of vegetables,
milk, and meat is therefore

03, - JOFjq LUfgi(rae) + Uictrae) + ufck(ri0) + Ui chr,00 (C-16)
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APPENDIX D

MODELS FOR CALCULATING POPULATION DOSES FROM
NUCLEAR POWER PLANT EFFLUENTS

*

Calculation of the annual population-integrated total body and thyroid doses should be
performed for the three effluent types identified in this guide. These doses should be evaluated
. for the population within a 50-mile radius of the site, as specified in paragraph D, Section II

of Appendix I to 10 CFR Part 50.

For the purpose of calculating the annual population-integrated dose, the 50-mile region
should be divided into a number of subregions consistent with the nature of the region. These
subregions may represent, for example, the reaches of a river or land areas over which the appro-
priate dispersion factor is averaged. Dispersion factors, population data, and other information
describing existing or planned uses of the subregions should be developed.

1. General Expressions for Population Dose

For pathways in which the permanent and transient population of the subregion can be con-
sidered to be exposed to the average radionuclide concentrations estimated for the subregion,
the annual population-integrated dose is calculated as follows:

P

Dj = 0.001 g Pd y Djdafda (D-1)
a
where
D.da is the annual dose to organ j (total body or thyroid) of an average
J individual of age group a in subregion d, in mrem/yr;
Dg is the annual population-integrated dose to organ j (total body or thyroid},
in man-rems or thyroid man-rems;
fda is the fraction of the population in subregion d that is in age group a;
Pd is the population associated with subregion d; and
0.001 is the conversion factor from millirems to rems.

The annual dose to the total body or thyroid of an average individual should be evaluated
with the usage factors of Table D-1. Models and equations for the detailed dose calculations
are presented in Appendices A, B, and C of this guide. The annual population-integrated doses
from ingestion of potable water, inhalation of airborne effluents, and external exposure to
airborne or deposited radionuclides should be evaluated.

For pathways that involve food products produced in the subregion, the food products may
be distributed to other areas for consumption. For all the food that is produced within the
50-mile radius, the radicactivity concentrations are averaged over the entire area by weighting
the concentrations in each subregion by the amount produced in each subregion. This average
concentration is used in calculating the population doses. The 50-mile average concentration
of nuclide i in food p 1s computed as

Eip = (I/Vp) exp(-xitp) g Cdip"dp (0-2)

*
The population-integrated dose is the summation of the dose received by all individuals and
has units of man-rem when applied to the total body dose and units of man-thyroid-rem when
applied to the summation of thyroid dose.
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TABLE D1

RECOMMENDED VALUES T0O BE USED FOR THE AVERAGE INDIVIDUAL
IN LIEU OF SITE-SPECIFIC DATA

PER CAPITA USAGE FACTORS (Uap)

PATHWAY CHILD EEN ADULT  UNITS
Fruits & Vegetables
& grain 200.00 240.00 190.0 kg/yr
Milk™ 170.00 200.00 110.0 1/yr
Meat & Poultry 37.00 59. 00 95.0  kg/yr
Fish® 2.20 5.20 6.9  ka/yr
Seafood” 0.33 0.75 1.0 kg/yr
Drinking water 260.00 260.00 370.0 1/yr
Shoreline recreation** 9.50 47.00 8.3 he/yr

: ) *k * ki 3

Inhalation 2700.00°"  5100.00 7300.0""" md/yr

External Exposure from
Deposited Airborne Radio-
active Materials 8760.00 8760.00 8760.0 hr/yr

*Consumption rate obtained from Reference 3 of Appendix A and age-prorated using techniques
in Reference 4 of Appendix A.

**Data obtained directly from Reference 4 of Appendix A.
ik
. Data obtained directly from Reference 15 of Appendix A.
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where

dip

)

ip

The population

*

P

where

)

{s the average concentration over subregion d of the nuclide 1 in pathway p,
in pCi/kg or pCi/liter (see Appendices A and C of this guide for models
and equations for calculation of pathway concentrations};

is the 50-mile average concentration of nuclide i in pathway p, in
pCi/kg or pCi/liter;

is the transport time of the food medium p through the distribution system,
in days (Tahle D-2 presents estimates of the transport times that may be
used in lizu of site-specific data);

is the annual mass or volume of food medium p produced in subregion d,
in kg or liters;

is the mass or volume of the food medium p produced annually with the
50-mile radius about the site, in kg or liters; and

is the radiological decay constant for nuclide i, in days'].
served by all the food produced within 50 miles of the site is estimated as

Uapfa (D-3)

is the fraction of the population within the age group a;

is the estimated population that can be served by the quantity of food p
likely to be produced within 50 miles of the site;

is the use or consumption factor of food medium p for the average
individual in age group a, in kg/yr or liters/yr (taken from Table D-1);
and

is the annual mass or volume of food medium p likely to be produced within
a 50-mile radius about the site, in kg or liters.

The annual) population-integrated dose is then calculated as

P .

0
where

P =

p
and

DFai

if P

if P

0.001yp Y} fC,U DF (D-4)
P ja @

ip ap ai
b p-ap

< Pgg

> Pgg

T * T *

is the dose factor for age group a and nuclide i, in mrem/pCi (taken from
Tables A-3 to A-7 and C-1 to C-4);:
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TABLE D-2

RECOMMENDED VALUES FOR THE TRANSPORT TIMES IN THE FOOD
*
DISTRIBUTION SYSTEM

'FOOD MEDIUM DISTRIBUTION TRANSPORT TIME (in days)
Fruits, grains, and vegetables 14
Milk 4
Meat and poultry ' 20
Sport fish ' 7
Commercial fish 10
Drinking water 1

T .
To be used in lieu of site-specific data on food distribution.
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Dj is the annual population~-integrated dose to organ j (total body or thyroid),
in man-rem/yr or thyro:d man-rem/yr;
Pp is the population consuming food medium p; and

P50 is the total population within 50 miles.

A11 other factors are as defined above.

Note that the above formulation limits the evaluation of the exposed population evaluation
to the population residing within 50 miles as specified in paragraph D, Section Il of Appendix I
to 10 CFR Part 50. In calculating the annual population-integrated total body and thyroid doses,
the current age distribution of the population within 50 miles may be assumed to be the same as
the current age distribution of the U.S. population (see Reference for Appendix D). Models and
equations for the detailed dose calculations are presented in Appendices A, B, and C.

2. Use of the Models

a. Population-Integrated Doses from Liquid Effluents

The annual total body and thyroid population-integrated doses due to exposure to lig-
uid effluents should be evaluated for the following principal pathways: potable water, aquatic
food products, external irradiation from shoreline deposits, and terrestrial food products irri-
gated with water that has received the liquid effluent. In addition to these pathways, other
exposure pathways that arise from unique conditions at a specific site should be evaluated if
they provide a significant* contribution to the annual dose received by an exposed population
group.

(1) Doses from Potable Hater

The annual population-integrated total body and thyroid doses from water consump-
tion are evaluated for all subregions that have water intakes existing or designated at the time
of the license application. The products of the individual doses and the population exposed in
each such subregion within 50 miles from the site are summed to obtain the total dose. The
formulation expressed in Equation (D-1) may be used.

The total body and thyroid dose of the individuals should be evaluated using
Ecuation (A-2) in Appendix A of this guide, together with the age-dependent usage factors
Uap obtained from Table D-1. The dilution from the discharge point to the usage point should

be evaluated using appropriate hydrological models for the various subregions.

If the population served by a particular water supply system is not known, it
can be estimated by the following:

Py = v/c | {D-5)
where
c is the average daily usage of individuals on the system, in gal/day
per person;
Pw is the estimated population served by the water system; and

is the average daily intake of the water supply system, in gal/day.

If the industrial usage from the water supply system is known, it can be sub-
tracted from the average daily intake of the system before this vajue is entered into Equation

(D-5).

;?or the purpose of this guide, any additional pathway is deemed to be significant if a
conservative evaluation of the pathway yields an additional dose contribution equal to or
greater than 10% of the total from all the pathways described here. Any pathway so
identified should then be evaluated by a model similar to that used above.
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' The population served by a water supply system whose intake is within the 50-mile
“radius may include individuals who reside outside the circle. This population may be pra-rated
" to include only the population within the 50-mile radius. Conversely, a water supply system
with an intake beyond the 50-mile radius may serve the population within the 50-mile radius.

~ Such exposed population should be included in the 50-mile population dose evaluation,

"(2) Doses from Food Products

The annual population-integrated total body and thyroid doses from consump4ion
of aquatic food products are evaluated using the production of sport and commercial harvests
in the various subregions. The mixing ratio (or dilution) should be evaluated for each sub-
region using an appropriate hydrological model. For sport harvests, the entire edible harvest
is assumed to be ingested by the population within 50 miles. The formulation expressed by
Equation (D-4) should be used with the population Pp given by the results of Equation (D-3).

The age-specific ingestion factors of Table D-1 may be used in lieu of siie~specific data.
For commercial harvests, the production within 50 miles from the site is con-

sidered as part of the total U.S. harvest. Equation (D-2) should be used to compute the average
concentration, with V_ as the total estimated U.S. commercial harvest of the aquatic food

medium p. The annual population-integrated dose is then computed using Equation (D-4) with
Pp = PSO' The age-specific factors of Table D-1 may be used in lieu of site-specific data.

(3)  Doses from Shoreline Deposits

The annual population-integrated total body and thyroid doses from recreational
activities on the shoreline of the receiving water body are evaluated by summing the product
of the individual doses in each subregion and the population exposed therein. A1l subregions
within the 50-mile radius should be considered where existing or designated recreational facili-
ties exist. If available, actual recreational usage in the vicinity of each facility should be
used. The formulation of Equation (D-1) is appropriate.

{4) Doses from Consumption of Terrestrial Food Products Irrigated by Waters
Receiving the Liquid £ffluent

The annual population-integrated total body and thyroid doses from consumption of
" food irrigated with water from the body receiving the 1iquid effluent are evaluatad following
- the procedures outlined in the development of Equation (0-4). Note that the tern Vp of Equations

(D-2) and (D-3) denotes the total production of food medium p within 50 miles, not just the total
production of irrigated food medium p. The consumption rate data of Table D-1 may be used {n
lieu of site-specific data in the evaluation of Equation (D-4).

b. Population-Inteqgrated Doses from Airborne Effluents

The annual total body and thyroid population-integrated doses should be evaluated for
the following principal exposure pathways: noble gas submersion, inhalation of airborne efflu-
ents, ingestion of contaminated terrestrial foods %mi]k, meat, and vegetation), and external
irradiation from activity deposited on the ground. In addition to these pathways, other exposure
pathways that arise from unique conditions at a specific site should be evaluated if they provide
a significant contribution to the annual dose received by an exposed population group. (See
Regulatory Position C.1 of this guide.)

For the evaluation of exposures from atmospheric releases, the 50-mile region should be
divided into 160 subregions formed by sectors centered on the 16 compass points (N, NNE, NE, etc.)
and annuli at distances of 1, 2, 3, 4, 5, 10, 20, 30, 40, and 50 miles from the center of the
facility. The atmospheric dispersion factors (x/Q') or similar factors should be evaluated at
the radial midpoint for each of the subregions using appropriate atmospheric dispersion models
such as those described in Regulatory Guide 1.111.

(1) Doses due to Exposure to Noble Gases

The annual population-integrated total body dose due to noble gas effluents

~ should be evaluated by summing the products of the individual doses in each subregion and the
population in each subregion. Equation (D-1) may be used. For external exposure, the model does
not differentiate between age groups. A structural shielding factor of 0.5-should be applied in
conjunction with the dose factor data of Table B-1.
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(2) Doses due to Inhalation of Radioiodines and Particulates

The annual population-integrated total body and thyroid doses from inhalation
of airborne effluents should be evaluated by summing the products of the individual doses
received in each subregion and the population in each subregion. Equation (D-1) may be used.
The age-specific inhalation rates of Table D-1 may be used with the data of Tables C-1 to (-4.

(3) Doses due to Ingestion of Terrestrial Food Products

The annual population-integrated total bedy and thyroid doses from ingestion
of terrestrial food products should be evaluated using the production data for each subregion.
For mitk, meat, and commercial vegetables, the formulation of Equation (D-2) should be used
to calculate the average concentrations in the foods. These concentrations are then used in
Equation (D-4), along with the data of Tables D-1, D-2, and A-1 to calculate population doses.

(4) Doses due to External Irradiation from Activity Deposited or the Ground

The annual population-integrated total body and thyroid doses from external
exposure to surface deposition of the effluent should be evaluated using Equation (D-1). A
household shielding and occupancy factor of 0.5 should be applied in conjunction with the dose
factors of Tables A-3 to A-7.
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