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INTRODUCTIOM

ix I, "Numerical Guides for Design Objectives and Limiting Conditions for Operation
to Meet the Criterion 'As Low As Is Iauubl! Achievable' for Radioactive Material in Light-
Water-Cooled Nuclear Power Reactor Effluents,” to 10 CFR Part 50 provides numerical ?uidom 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 1ieu 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.

Portions of this guide supersede Regulatory Guide 1.42, Revision 1, “Interim Licensing
Policy on as Low as Practicable for Gaseous Radiofodine Releases from Light-Water-Cooled Nuclear
Power Reactors,” which has been withdrawn.

B. DISCUSSION

Appendix | to 10 CFR Part 50 provides guidance on the doses to members of the general
public resulting from effluent releases that may be considered to be as low as s reasonably
achievable. This guide describes basic features of the calculational models and assumptions in
use by the NRC staff for the estimation of doses.

( ‘ Appendix A of this guide describes suggested models and assumptions for calculating the
estimated doses to man from discharges to the hydrosphere. Appendix B of this guide describes
suggested models and assumptions for calculating doses from noble gases discharged to the atmos-
phere, and Appendix C gives modeis and assumptions for estimating doses from radioiodines and
other radionuclides released to the atmosphere. Appendix D describes the models and assumptions
for calculating population doses (man-rem and man-thyroid-rem) from radionuclide releases to the
atmosphere and hydrosphere. Appendix E presents tabular data nmmin, to two or more of the
other appendices. Appendix F provides a discussion of, and derivation for, the | function used
in computing gamma doses from elevated noble gas rrleases.

In providing guidance for implementing Section Il of Appendix [, the NRC staff has made use
of the maximum exposed individual approach. In this approach the numerical design objectives of
Section Il are compared to the calculated radiation exposures to maximum individuals in each of
four age groups.

The population is considered to be made up of infants (0 to | year), children (1 to 11 years),
teenagers (11 to 17 years), and adults (17 years and older). For the purpose of evaluating dose
commitment, the maximum infant is assumed to be newborn, the maximum child s taken to be 4 years
t'b;d. the .‘u- teenager is taken to be 14 years old, and the maximum adult 15 taken to be

years old.

Maximum individuals are characterized as “maximum” with regard to food consumption occupancy,
and other usage of the region in the vicinity of the plant site and as such represent individuals
witn habits representing reasonable deviations from the average for the populatfon in general.

In all physiological and metabolic respects the maximum exposed individuals are assumed to have
t ose characteristics that represent the averages for their corresponding age group in the general

ﬁ this guide, the term "dose.” when applied to individuals, is used instead of the more precise

term “dose equivalent,” as defined by Lhe International Commission on Radiological Units and

Measurements (ICRU). When applied to the evaluation of internal deposition of radicactivity,

the term “dose.” as used here, includes the prospective dose component arising from retention

in the body beyond the period of envirommental exposure, 1.e., the dose commitment. The dose
(‘ commitment is evaluated over a period of 50 years.

1.109-1



population. Although specific individuals will almost certainly display dietary, recreational, .
and other living habits considerably different from those wggnm here, and actual physiological

and metabolic parameters may vary considerably, the NRC staff considers the maximum exposed

individual to.be a well-defined reference for implementation of Section I1 of Appendix 1. The

characterization of maximum exposed individuals is subject to continuing review by the NRC staff,

and the applicant is encouraged to use information and data applicable to a specific region or

site when possible. Where site-specific information and data is used, its justification should

be documented for the NRC staff's review.

Since the radiation dose commitment per unit intake of a given radionuclide usually varies
as a function of age, four sets of internal dose conversion factors have been calculated. These
dose factors are appropriate for the four different age groups defined above. Specifically,
these dose factors are based on continuous intake over a one-year environmental exposure period
and an associated dose commitment extending over a 50-year period from initiation of intake.

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 considered in the models cdes-ribed in
this guide. assumptions and methods used should be fully described and documented.

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. Such conditions could include
actual values for agricultural productivity, dietary habits, residence times, dose attenuation
by structures, measured environmental transport factors (such as bioaccumulation factors), or
similar values actually determined for a specific site. The applicant should provide enough
information on the measurements or other methods used to derive these substitute values to
enable the NRC staff to evaluate their validity.

C. REGULATORY POSITION

Equations are provided below by which the NRC staff will estimate radiation exposure for
maximum individuals and the population within 50 miles. These equations are appropriate for the
exposure pathways that the staff routinely considers in its evaluations. In addition, other
exposure pathways that may arise due to unique conditions at a specific site should be considered
1f they are )ikely to provide a significant contribution to the total dose. A pathway is con-
sidered siriﬂunt if a conservative evaluation yields an additional dose increment equal to or
more than 10 percent of the total from all pathways considered in this guide.

1. f iquid Effl Pa

The NRC staff wi'' calculate radfation doses from potable water, aquatic food, shoreline
deposits, and irrigate food pathways by using the following equations, which are described in
detail in Appendix A of this guide.

a. Potable Water

u_n
b. Aquatic Foods
]
Rypy = 1100 Jﬁl 7 0y8150a1ps™ ety (2)
¢. Shoreline Deposits
'] W
..’J . HO.W J#' { 01"0.'.1 [.“(“'t.)][‘ - .l'("it')] (l)
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d. Irrigated Foods
For all radionuclides except tritium:

") - ep(-agyt)] 1800 - m(q,zﬂ]

Reps * Vap' { dyexp(=2,t,)0, 05 > = ™,

r() - exp(-agit )]

+ u::bl ; 'M’ciu {Q,-l‘np(-x'th) [

'vl!t
.8, [1 - exp(-2,t)]
%1y %)
. gy . Cm°~} )
For tritium:
veg, aimal
Raps * Yap CvPaps * “:p Oups FA(C, 05 * Cpl0p,) (8)
where

O' is the equilibrium bicaccumulation factor for nuclide 1 in pathway p, expressed

P as the ratio of the concentration in biota (in pCi/kg) to the radionuc]ide
concentration in water (in pCi/liter), in liters/kg;

I“ is the concentration factor for uptake of radionuc!ide | from soil by edible
parts of crops, in pCi/kg (wet weight) per pCi/kg dry soil;

C‘~ is the concentration of radionuc.ide | in water consumed by animals, in
pCi/liter;

C“ is the concentration of radionuclide 1 in vegetation, in pCi/kg;

o“” is the dose factor, specific to a given age group a, radionuclide i, pathway p,

and organ j, which can be used to caiculate the radiation dose from an
intake of a radionuclide, in mrem/pCi, or from exposure to a given concentra-
tion of a radionuclide in sediment, expressed as a ratio of the dose rate
(in mrem/hr) and the areal radionucide concentration (in pCi/m?);

d’ is the deposition rate of nuclide {1, in pcmnz per hr;

F is the flow rate of the Tiquid effluent, in ft7/sec;

'I is the fraction of the year crops are irrigated, dimensionless;

'“ is the stable element transfer coefficient that relates the daily intake rate
by an animal to the concentration in an edible portion of animal product, in
pCi/11ter (milk) per pCi/day or pCi/kg (anima’ product) per pCi/day,

L] s 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), dimensionless,
P Is the effective “surface density” for soil, in kgldry soﬂ)/-z;

q~ s the consumption rate of contaminated water by an animal, in liters/day;

Q, is the consumption rate of contaminated feed or forage by an animal, in
kg/day (wet weight),

Q, is the release rate of nuclide 1, in Ci/yr;

r is the fraction of deposited activity retained on crops, dimensionless;
\ Reos s the total annua) dose to organ j of individuals of age group a from all
‘ » of the nuclides | In pathway o, in mrem/yr;

1.108-3




is the period of time for which sediment or soil is exposed to the contaminated ‘
water, in hours;

is the time period that crops are axposed to contaminstion during the growing
season, in hours;

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

is the radicactive half 1ife of nuclide 1, in days;

is the average transit time required for nuclides to reach the point of
exposure. For internal dose, t' 1s the total time elapsed between release
of the nuclider and ingestion of food or water, in hours;

is a usage factor that specifies the exposure time or intake rate for an
individual of age group a associated with pathway p, in hr/yr, t/yr, or

kg/yr;
- is the shoreline width factc:, dimensionless;
v' is the agricultural productivity (yield), in kg(wet night)llz;
‘i fs the effective removal rate constant for radionuclide | from crops, in nr".

where ‘H = + x.. N fs the radioactive decay constant, and x' is the

removal rate constant for physical 'nss by weathering (see Appendix E,
Table E-15);

A is the radicactive decay constant of nuclide i, in nr"'.
1100 is the factor to convert from (Ci/yr)/(ft3/sec) to pCi/1iter; and
110,000 is the factor to convert from (C1/yr)/(ft7/sec) to pCi/11%ter and to account

for the proportionality constant used in the sediment radiocactivity model.

These equations yleld the dose rates to various organs of individuals from the exposure
pathways mentioned above. Appendix I of 10 CFR Part 50 requires that the annual doses or dose
commitments to the total body or any organ of any 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. and Oc f | 1
The NRC staff will calculate radiation doses from noble gases using the following equations
from Appendix B of this guide. Atmospheric dispersion models are found in Regulatory Guide 1.117,

“Methods for Estimating ic Transport and Dispersion for Gaseous Effluents on Routine
Releases from | fght-Nater-Cooled Reactors.”

.. Wmmmmmm

1
0'('0.) ® "'myz i"'z '" E U.(t.) ‘.l(nl'o.o".‘.) { Q'A.' (‘)
where

A“ fs the photon yleld 'Or gamma-ray photons in energy group k from the decay

of radionuclide 1, in photons/disintegration;
0"(r,0) s the annual gamma air dose at a distance r (meters) in the sector at angle o,
tn mrad/yr; >
t. is the energy of the kth photon energy group, in MeV/photon: '

1.109-4
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I1(M,u,s '°l"l)

is the joint frequency of occurrence of stability class s and wind speed
class n for sector &, dimensionless;

is the dimensionless numerical integration constant accounting for the
distribution of radioactivity ueon“n, to meteorological conditions of wind
speed (u) and atmospheric itability (s) which in part determine the effective
stack hefght (W) and the vertical plume standard deviation (o‘). In addition,

I 1s a function of the photon energy £, and ts T« T, + kT, as formulated in
Slade (Appendix B, Reference 1);

is the release rate of radionuclide |, corrected for decay during transit to
the distance r under wind speed u _, in Ci/yr;

{s the mean wind speed of wind speed class n, in m/sec;

is the sector width over which atmospheric conditions are averaged, in
radians;

s the air energy absorption coefficient for the kth photon energy group. in
o' and

is the conversion factor to obtain DY(r,8), in mrad/yr, and has the units
of mrad-radians-m -disintegration/sec-Mev-Ci.

Alr f All le Gas Releases; Annual Beta Air Dose from AN
Rel

0"(r.0) or 0%(r,0) = 3.17 x 16 ] 0,w/al(r.0)(0F] or OF() ()

‘@ -
OF), DF}

are the gamma and beta air dose factors for a uniform semi-infinite cloud of
radionuc)ide 1, in -'ol-.,/’ﬂ-yr-.

p"(r,8) or
o'(r.e) are the annual gamma and beta air doses at the distance r in the sector at
angle @ from the discharge point, in mrad/yr;
Q’ is the release rate of the radionuclide i, in Ci/yr;
(,/qln(r.o) s the annual average gasecus dispersion factor (corrected for radioactive
decay) at the distance ¢ in sector 8 in sec/m’ (see Regulatory Guide 1.111,
“Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from Light-Nater-Cooled Reactors,” for methods
to estimate x/0Q); and
3.17 x 10* (s the number of pCi per C! divided by the number of seconds per year.
€. Mmlo Gas Releases from Free-Standing Stacks More Than
80 Meters Wigh
o'(r,0) =+ 1.1 Y(r,0)anp(-v (£,)¢,) (8)
’ AN S E Olrs Yatfik'te
where
o'(r.o) s the annual total body dose at the distance r in sector 8, in mrem/y. ;
0y(r.0) {5 the annual gasma air dose associated with the kth photon energy group at

(
@

the distance r in sector 6, in mrad/yr;

1.109-5



S, is the attenuation factor that accounts for the dose reduction due to
shi-1ding provided by residential structures, dimensionless;

ty is the product of tissue density and depth used to determine a total body
dose, in g/a’;
"I“k) {s the tissue energy absorption coefficient, in c-z/g; and
. is the average ratio of tissue to air energy ebsorption coefficients.
d. 1 Skin f 1 1 from Free-S ing Stacks n 80 Meters Hi
0%(r,0) = 1.118,0v(r,0) + 3.17 x 10° ! 0,w/20(r ,0)0FS, (9)
where
OFS‘ s the beta skin dose factor for a semi-infinite cloud of radionuclide 1,
wnicn includes the attenvation by the outer “dead” layer of the skin, in
mren-a’/pCi-yr; and
0%(r.0) s the annual skin dose at the distance r in sector 6, in mrem/yr.

A1) other parameters are as defined in prr eding paragraphs.

.. 1 Total f Al lea
0L(r.6) = S [ xy(r.0l0Fe, (10)
where
D'I' s the tota) body dose factor for a semi-infinite cloud of the radionuclide 1,

which includes the attenuation of § uaz of tissue, in m’/’ﬂ-yr;

oI(r.e) is the annua) tota! body dose due to fmmersion in a semi-infinite cloud at
the distance r in sector 6, in mrem/yr; and

,‘(r.o) s the annual average ground-level concentration of radfonuclide |1 at the
distance » in sector 8, in pt!/n’.

A1l other parameters are as defined above.

f. 1 from A
oi(r.0) = 111 S, ! xy(rs0)0F] + F xy(ri0)0FS, (m
where
0i(r.0) is the annual skin dose due to fmmersion in a semi-infinite cloud at the

distance r in sector @, in mrem/yr.
A1) other parameters are as defined above.

3. Doses from Radioiodines and Other Radionuc)ides* Released to the Atmosprere

The NRC staff will calculate radiation doses from radioiodines and other radionucides
released to the atmosphere uiing the following equations from Appendix C of this guide.

r——’-—‘
Mot including noble gases.




@

a. w‘g from External Irradiation from Radionuc)ides Deposited onto the
6
o%(r.e) = 8760 5, J cltr.orore, (12)
where
c?(r.o) is the ground plane concentration of radionuciide i at distance r in
sector 8, in pc1l-z;
OFG” is the open field ground plane dose conversion factor for organ j from radio-
nuclide i, in mrem-m”/pCi-hr;
o?(r.e) is the annual dose to the organ j at locatien (r,0), in mrem/yr;
SF is a shielding factor that accounts for the dose reduction due to shielding
provided by residential structures during occuparcy, dimensionless; and
8760 is the number of hours in a year,

b. Annual Organ Dose from Inhalation of Radionuclides in Air

Dja(rio) = B, T xy(ri0)0fA;, (13)
where
D:‘(r.e) is the annual dose to organ j of an individual in the age group a at location
(r,0) due to inhalation, in mrem/yr;
l)FA1 - is the inhalation dose factor for radionuclide i, organ j, and age group a,
J in mrem/pCi;
R. is the annual air intake for individuals in the age group a, in nJ/yr; and
x,(r.e) is the annual average concentration of radionuciide i in air at location

¢. Annua) Organ Dose from Ingestion of Atmos herically Relea

(r,0), in pCi/m.

Radionuclides in Fo

ai

03,(r0) * ! OFLy g, [usgcitrio) « fiefrio) » ofchire) » thrchtra]  O0)

where
ci(r,0), Ci(r.0),

ct(r.0), Cf(ri0)

og.(roe) :
DFlU.
f'.f'
v F
U‘. U:' uo' ula.

are the concentrations of radionuclide i in produce (non-leafy-vegetables,
fruits, and grains), milk, leafy vegetables, and meat, respectively, ut
location (r, @), in pCi/kg or pCi/i;

is the annual dose to the organ j of an individual in age group 3 from
ingestion of produce, milk, leafy vegetables, and meat at ocation (r,0), in
mrem/yr;

is the ingestion dose factor for radionuclide i, orgen j, and age group a,
in mrem/pCi;

are the respective fractions of the ingestion rates of produce and leafy
vegetables that are produced in the garden of interesc; and

-
are the annual intake (usage) of produce, milk, meat, and teafy vegetables,

respectively, for individuals in the age group a, in kg/yr or t/yr (equivalent
to U, ).
ap
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4. Integrated Doses 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. ause of the various conditions under which the equa-
tions in Appendix D are used, they are not presented in this section. It {s recommended that
Appendix D be read for a detailed discussion of the staff's models.

§. Summary of Staff Position

A brief summary of the staff position on methods of evaluating compliance with the numerical
guides for design objectives of Appendix I s presented in Table 1. Methods of evaluating
compliance with the cost-benefit provisions of Appendix I are addressed in Regulatory Guide 1.110,
“Cost-Benefit Analysis for Radwaste Systems for Light-Water-Cooled Nuclear Power Reactors."”

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 regulations
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 1

APPENDIX I* RM-50-2 POINT OF DOSE EQUATIONS
TYPE OF DOSE DESIGN OBJECTIVES DESIGN OBJECTIVES* EVALUATION 10 _BE USED

Liquid Effluents

Dose to total body
from all pathways

3 mrem/yr per unit 5 mrem/yr per site Location of the

highest dose offsite #+

102'30‘..5

@

6-601°1

Dose to any organ
from all pathways

Non-tritium releases

Gaseous Effiuents™™

Gamma dose in air

10 mrem/yr per unit

5 mrem/yr per site

S Ci/yr per unit

Same as above.

1,2, 3, 4,058

10 mrad/yr per unit 10 mrad/yr per site Location of the ¥ 6or7, as
highest dose offsite. appropriate
Beta dose in air 20 mrad/yr per unit 20 mrad/yr per site Same as above. 7
Dose to total body S mrem/yr per unit 5 mrem/yr per site Location of the 8 or 10, as
of an individual highest dose appropriate
offsite.**
Dose to skin of an 15 mrem/yr per unit 15 mrem/yr per site Same as above. 9orll, as
individual appropriate

See footnotes at end of table, on following page.



TABLE 1 (Continued)

SUMMARY OF STAFF POSITION -
METHODS OF EVALUATING COMPLIANCE WITH APPENDIX I

APPENDIX I* RM-50-2 POINT OF DOSE EQUAT IONS
TYPE OF DOSE DESIGN OBJECTIVES DESIGN OBJECTIVES* EVALUAT ION T0 BE USED
Radiotodines and Particulates'’ Released to the Atmosphere
Dose to any organ 15 mrem/yr per unit 15 mrem/yr per site Location of the 12, 13, 4 14
from all pathways highest dose
offsite.”"”
1-131 releases - == 1 Ci/yr per unit - - - - .-

s
Evaluated for & maximum Individual, as described in Section B of this guide.

“Enl.m at a location that 1s anticipated to be occupied during plant lifetime or evaluated with respect to such potential
lan? and water usage and food pathways as could actually exist during the term of plant operation

"'cncumu only for noble gases.
Yevaluated 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.

Tt evaluated at a locztion where an exposure pathway and dose receptor actually exist at the time of licensing. However, if the
applicant determines design objectives with respect to radioactive fodine oi the basis of existing conditions and if potential
chnrs 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 radfoactive fodine actually released to the atmosphere and deposited relative to those estimated in the
determination of design objectives; (2) whether changes in land and water usage and food pathways which would result in
individual exposures greater than originally estimated have occurred; and (3) the content of radicactive fodine in foods
involved in the changes, 1f and when they occur.

oL=60L" L




APPENDIX A
METHODS FOR CALCULATING DOSES TO MAN FROM LIQUID EFFLUENT PATHWAYS

The equations for estimating radiation exposure to man from four principal exposure path-
ways in the aquatic environment (potable water, aquatic fo.ds, shoreline deposits, and irrigated
foods) are listed in Section C, “Regulatory Position," of this guide.

% fi iation via Liquid P

Equation (A-1) is the generalized equation for calculating the radiation dose to man via
1iquid effluent pathways.

U

.lfbj -C" (A-1)

ap’aip]
where

is the concentration of nuclide 1 in the media of pathway p, in pCi/¢t,
pCi/kg, or pCi/m?;

0.,” is the dose factor, specific to age group a, radionuciide 1, pathway p,

and organ j. It represents the dose due to the intake of a radionuc!ide,
in mrem/pCi, or from exposure to a given concentration of a radionuclide in

sediment, in mrem per hr/pCi per -2'.

C‘p

a1pj is the annual dose to organ j of an individual of age group a from nuclide 1
P via pathway p, in mrem/yr; and

Vap is the exposure time or intake rate (usage) associated with pathway p for
age group a, in hr/yr, t/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 WASH-1258 report (Ref. 1). (An updatet version of the portion
of the (H.SO:-lg.';a)rmrt describing mocels and computer programs is contained in the BNWL-1754
report (Ref. 2).

a. Radionuclide Concentration in Envirommental Media (c,,)

The concentrations in environmental media of interest can be estimated from the mixing
ratio Hp. the discharge flow F, the radionuc)lide release rate Q;, and other terms presented in

the pathway equations that appear later in this discussion.

b. Usage (uw)

The second term of Equation (A-1) is the usage term uw. Usage is expresseo as a
consumption rate in kg/yr or liters/yr or as an exposure time in hr/yr, as appropriate for the
pathway and age group under consideration.

The NRC staff encourages the use of site-specific data, whenever possible. Such data
should be documented. In the absence of site-specific data, however, the usage values (consumption
rates and exposure times) presented in Appendix E, Table E-5, are recommended.

c. w (0.1’3)

Dose factors for internal exposure via ingestion are provided in Appendix E, Tabies E-11,
12, 13, and 14, Appendix E also provides further discussion of the data, models, and assumptions
used.

Material deposited from sedimentation in an aquatic system represents a fairly large,
nearly uniform thin sheet of contamination. The factors for converting surface contamination

given in pct/-' to the dose rate at one meter above a uniformly contaminated plane have been
described by Soldat and others (Refs. 3 and 4). Dose factors for exposure to 5011 sediment have

units of mrem/hr per pCi/m° and are presented in Appendix £, Table E-6.
1.109-11



2. Equations for Liquid Pa

This section develops the equations required for the liquid pathway models. The principal
difference between pathways is the manner in which the radionuc) ide 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
Ryps = 1100 -2,.9- ; o,n.,”m(-x,t,) (A-2)

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

The summation process adds the dose contribution from each nuclide to yield the total
dose for the pathway-organ combination selected. The expression (1100 o,np/r)up(-x‘c’) yields

the concentration of nuclide 1 at the time the water {s consumed, in pCi/2. This concentrztion
is the term C‘. in Equation (A-1). As a minimum, the transit time tp may be set equal to 12

hours to allow for radionuc)ide transport through the water purification plant and the water
distribution system (Ref. 5). The transit time should be increased as appropriate to allow for
trave! from the point of effluent release to the water purification plant intake. Credit may
be taken for radionuclide removal by water purification processes using techniques such as those
outlined in Reference 3.

It should be noted that, depending on the hydrological dispersion model employed, the
mixing ratio, lp. or dilution factor may not be explicitly defined. In those instances (e.g.,
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 are presented in Regula Guide 1.113, "Estimating Aquatic Dispersion of Effluents from
Accidental and Routine Reactor Releases for the Purpose of Implementing Appendix 1.”

b. Aquatic Foods

The concentrations of radionuclides in aquatic foods are assuwed to be directly related
to the concentrations of the nuclides in water. Equilibrium ratios between the two concentrations,
called bioaccumulation factors in thi. quide, can be found in the literature (Ref. 6). The
inclusion of the bicaccumulation factor I in Equation (A-2) ylelds Equation (A-3), which is

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

UM
Rypy = 1100 -!P- ; o,n,’o“”m(-x,c’) (A-3)

Values of l" are given in Table A-1; the other parameters have been previously defined. The

methodology presented in Reference 7 for the development of site-specific freshwater bioaccumula-
tion factors 1s considered to be acceptable by the NRC staff.

The transit time tp may be set equal to 24 hours® *o allow for radionuciide decay
during transit through the food chain, as well as during food preparation.

¢. Dose from Shoreline Deposits

The calculation of individual dose from shore!ine deposits s complex since 1t involves
estimation of sediment load, transport, amt concentrations of radionuc]ides associated with

——

Her~, and in a number of other {nstances, the NRC staff has found it necessary to set forth

guidance as to a parameter velue in the absence of empirical data. In such instances judgments
have been made after considering values assumed by others and mode! sensitivity to the parameter
value in question. In this particular instance, the total body dose from fish ingestion, for a
typical situation, was found to vary by less than a factor of two for a range of environmental
transit times of from one to seven days.
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TABLE A-)
v IN THE ABSENCE OF SITE-SPECIFI TA

8l TION F
9 per
FRESHWATER
ELEMENT FISH  INVERTEBRATE
“ 9.0€-0 9.0€-01
c 4.6€ 03 9.1€ 03
NA 1.06 02 2.0¢ 02
P 1.06 05 2.0€ 04
CR 2.0€ 02 2.0€ 03
LS 4.06 02 9.0¢ 04
FE 1.0€ 02 3.2 03
co 5.0¢ 01 2.0€ 02
NI 1.0 02 1.0 02
cu 5,06 01 4.0¢ 02
™ 2.06 03 1.0E 04
8R 4.2 02 3.3€ 02
RE 2.0€ 03 1.0€ 03
SR 3.06 0V 1,06 02
Y 2.5¢ 00 1.0 03
® 1.3 00 6. 7€ 00
N8B 3.06 04 1,06 02
» 1.06 0 1.06 01
T 1.5€ 01 5.0€ 00
RU 1.06 01 3.0€ 02
RM 1.0¢ 01 3.0€ 02
TE** 4.06 02 6.1€ 03
I 1.5€ 01 5.06 00
cs 2.0€ 03 1.06 03%**
BA 4.0€ 00 2.06 02
LA 2.5 01 1.0¢ 03
ce 1.06 00 1.0¢€ 03
PR 2.5 01 1.0€ 03
D 2.5 0 1.0 03
- 1.26 03 1.0¢ O
L3 1.0€ 01 4.06 02

—_——
Va'ues in Table A-) are taken from Reference 6 unless

"lhn taken from Reference 8.
La 2l
Data taken from Reference 7.
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SALTWATER

FISH INVERTEBRATE
9.0£-01 9.3-1:
1.8E 03 1.4 03
6.7€-02 1 %-00
2.9 04 3.0¢ 04
4.0 02 2.0E 03
5.5€ 02 4.0E 02
3.0€ 03 2.0E O«
1.0€ 02 1.0€ 03
1.0 02 2.5¢ 02
6.7 02 1.7¢ 03
2.0E 03 5.0 01
1.5€-02 3.1€ 00
8.3E 00 1.7 oI
2.0 00 2.0E 01
2.5¢ 0 1.0 03
2.0€ 02 8.0E O
.06 04 1.0€ 02
1.0e 01 1.06 M
1.06 O 5.0€ 01
3.0¢ 00 1.0€ 03
1.06 Q) 2.0€ 03
1.06 00 1.0 02
1.06 00 5.06 00
4.0E O 2.5 01
1.0€ 01 1.0€ 02
2.5 01 1.0€ 03
1.0 0V 6.0 02
2.5 01 1.0€ 03
2.56 01 1.0 03
J.OEO J3.0E 00
1.06 O 1.0 O

otherwise indicated.



suspended and deposited materials. One method of approaching this problem was presented in the
Year 2000 Study (Ref. 3). Based on this model, an estimate of the radionuc!ide concentration in
shore] ine sediments can be obtained from the following expression:

Cig ® X Epd! 'l:”("“l)] (A-4)
where
(:1s is the concentration of nuclide | in sediment, in pCi/kg;
c,' s the concentration of nuclide i in water adjacent to the sediment, in
pCi/liter;
‘c is an assumed transfer constant from water to sediment, in liters/kg per hr;
] is the length of time the sediment is exposed to the contaminated water,

nominally 15 years (approximate midpoint of facility operating 1ife), in
hours; and

§ is the decay constant* of nuclide i, in nours™'. In the original evaluation
of the equation, A, was chosen to be the radiological decay constant. The

true value should include an as yet unknown “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. 9 and 10). Since the primary use of the equaticn 15 to “acilitate estimates of the
exposure rate from gamma emitters one meter above the sediment, an effective surface contamina-
tion was estimated. This surface contamination was assumed to be contained within the top 2.5

em (1 in.) of sediment (with a mass of 40 kg/nz of surface). The dose contribution from the
radionuc] ides at depths below 2.5 cm was ignored. The resulting equation fs

$; * 1007.C, W(1 - elp(-x1tb)] (A-5)
where
S‘ is the “effective” surface contamination, in pct/uz. that is used in
subsequent calculations;
T is the radiological half-l1ife of nuclide 1, in days;

W {s a shore-width factor that describes the geometry of the exposure; and
100 1is equal to [(c(t/tg-hr)‘lo(lglnz)' 24(hr/day)/0.693], in t/m’-day.

Shore-width factors were derived from experimental data (Ref. 11) and are summarized in
Table A-2. They represent the fraction of the dose from an infinite plane source that is
estimated for these shoreline situations.

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

Reps * Yap z $(0y4pg * 100 Up¥ ; CoT Ogipgl! = @XP(-24ty)] (A-6)

As in the development of Equation (A-2), the expression (1100 Q, np/r)ua(-x,t') may be substituted
for c". This results in the following relationship:

U, MW
Rypy = 110,000 25 ! Q470 4pslexp-2 ) 101 - exp(-rity)] (A-7)

—_—
1f the presence of a radionuclide in water and sediment is controlled primarily by radiocactive
equilibrium with 1ts parent nuclide, the water concentration and decay constant of the parent

should be used in Equations (A-4) and (A-5).
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TABLE A-2
N 18 - A-7
EXPOSURE SITUATION SHORE-WIOTH_FACTOR, ¥
Discharge canal bank 0.1
River shoreline 0.2
Lake shore 0.3
Nominal ocean site 0.5
Tidal basin 1.0
d. f F ith i

The equations in the following paragraphs can be used to calculate doses from radin-
nuclides released in 1iquid effluents but appearing in crops or animal products. Separate
expressions are presented for tritium because of its unique environmental behavior.

(1) VYegetation

The concentration of radiocactive material in vegetation results froM deposition
onto the plant foliage and from uptake from the soil of activity deposited on the ground. The
mode] used for estimating the transfer of radionuclides from irrigation water to crops through
water deposited on leaves and uptake from soil was derived for a study of the potential doses to
people from a nuclear power complex in the year 2000 (Ref. 3).

The equation for the mode! (for radionuc)ides 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 sofil
and reflects the long-term deposition during operation of the nuclear facility. Thus, for a
uniform release rate, the concentration c“ of radionuclide i in the edible portion of crop

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

P[‘ " 'l’(-xi’t’)] L fx.wtl - ‘.p(.x“b)]}‘p(-l’th) (‘-8)

Ciy * 9

v
V'x" Px‘

where the terms are defined in Section C, “Regulatory Position.” Appendix E, Table E-15, presents
suggested values for the parameters r, v'. t.. P, and ty. Values for l" are in Table E-).

The deposition rate, l‘. from irrigated water is defined by the relation

d‘ - c"l (water deposition) (A-9)

where

c,_ is the concentration of radionuclide | in water used for irrigation, in
pCi/1iter, and

1 is the average irrigation rate, in Hton/nzlhr. during the growing season.

For & cow grazing on fresh forage, t. 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
Refs. 3 and 12).

For tritium, the equation for estimating C . is (see Ref. 13):
¢, * ¢, (A-10)
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(2) Anima) Products

The radionuc)ide concentration in an animal product such as meat or milk is
dependent on the amount of contaminated feed or f eaten by the animal and its intake of
contaminated water. The radionuclide concentration in animal products CM in terms of pCi/liter

or pCi/kg is proportional to the animal's intake of the radionuclide in feed or forage (sub-
script F) and in water (subscript w):

Con * FialCyeQs * Cia00] (A-11)

The second set of terms in the brackets in Eguation (A-11) can be omitted if the
anima) does not drink contaminated water. Values for Q, and Q~ are presented in Appendix E,

Table E-3. Values for l" and F“ are given in Appendix E, Table E-1.*

(3) Total Dose from Food Grown on Land

The total dose I.” from irrigated foods and animal products (excluding tricium)
is given by:

- uves imal
'opj uu { ctvoupj » ":: { cmoowj (A-12)

If valyes for c“ from Equation (A-8) and Cu from Equation (A-11) are substituted
in Equation (A-12):

« yve9 *
R U.p ;d‘up( A‘t")o

ap)

r(1 - ""("‘Utﬂ fll"[l - np(-xitb))
aipj Yoer . o,

ima) r(1 - exp(-ig t.)]
» U:: t ; FMDM” of‘i"'(di‘h)[_'TT__J_‘_

v Ef

£.8. [1 - exp(-a,t.)] (A-13)
174 i
» Al 7, Lk :]’ ctlnoli;}

where the terms are defined in Section C, "Regulatory Position.”

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-16)).

for tritium, the concentration in animal products (milk or meat) is given by the
following equation:

Cp * r‘(c‘o, + C,.OA_) (A-14)

where the terms are defined in Section C, "Regulatory Position.”

Since by Equation (A-10) C"- c.. and since for all practical purposes . * Cyr
tquation (A-14) can be restated as follows:

CA a F‘C'(O, i 0..) (A-15)

s
Values for ru appear as F. and F, in Table E-1.
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Similarly, the above equations for tritium concentration can be combined with the
general Equation (A-1):

velc 0

nimal
.CﬂJ . ulo v ap) » u:p Ca0 (A-16)

ap)
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MODELS FOR CALCULATING DOSES FROM
NOBLE GASES DISCHARGED TO THE ATMOSPHERE

The following analytical models are used for calculating doses from exposure to noble gases
discharged to the atmosphere. 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 immersion in a semi-infinite cloud.

% 1 ir 1 f F i T r

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

0"(r.0) = ¥ 'z‘%“ I fas | HalERE I Mtusoy ) ;oﬁ,n,. (8-1)

Symbols for this equation were defined earlier, in Regulatory Position C.2.a of this guide.
A discussion of, and derivation for, the | function are presented in Appendix F of this guide.
The photons are combined into energy groups, and each ton intensity within a group is

weighted by its energy and energy absorption coefficient. s, the effective fraction of
disintegrations of the nuclide | ylelding photons corresponding to the photon energy group k,

( . A (s 15 determined to be

Ay E [AGE gy (E) J/LE 0, (E)] (8-2)

N is the fraction of the disintegrations of nuclide | yielding photons
of energy l.'.

[ is the energy of the mth photon within the «*h energy group, in MeV; and

u.(t‘) is the energy absorption coefficient in air associated with the photon
energy £, in -".

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

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

@, = 9, expl-2gr/u,) (8-3)

*

The term “"gasma air dose” refers to the components of the air dose associated with photons
emitted during nuclear and atomic transformations, 1.e., gamma and x-rays. Annihilation and
heamsstrahlung photon radiations are possible contributors to this component of the air dose.
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0‘ is the initial release rate of nuclide 1, in Ci/yr;
“p is the distance from the source to the receptor, in m; and
A\ 15 the decay constant of nuclide 1, In sec”'.

All other parameters are as previously defined.

] L 11 Othe:: Nob) ) _Annya) Bets Air Dose® from All

Plumes of gaseous effiuents are considered semi-infinite in the case of ground-level noble
gas releases. annual average ground-level corcentration of radionuciide | at location (r,s)
1s determined from

xy(ra0) = 307 x 10%, /020 (r,0) (8-4)

xylr.0) is the annual average ground-ls-e! concentration of nuclide | at the
distance r in the sector at ang'e & from the release point, in pCi/m”, and

[uo]o(r.o) is the annual average gaseous 1 persion factor (corrected for radiocactive
decay) in the sector at angle . +* the distance r from the release point,

in ucllJ. (See Regulatory Gu' '« 1.111 for atmospheric dispersion models.)
All other parameters are as previously defined.
The associated annual gamma or beta afr dose is then

0"(r,0) or 0%(r,0) [ xylru)(0F] or oF?)

where the terms are as defined in Regulatory Position C.2.0.
Table B-1 presents a tabulation of the dose factors for the noble gases of interest.

| Total i f 1 f

It 15 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 ¢m into the body

and the skin dose at a depth of 7 q/a’ of tissue (Ref. 4) **
[ ] f Free- Ti M1
The annual total body dose is computed as follows:

o'(r.o) =1L xS E o:(r.o)c»[-u:(!.)t‘]

-
The term "beta air dose” refers to the component of the alr dose associated with particle
enissions during nuclear and atomic transformations, |.e., 8+, 8-, and conversion electrons,

"Soo discussion in Appendix £, Section 3.




TABLE B-)
DOSE_FACTORS FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF WOBLE GASES

Meclide  geate’(OFf)  goskin”(OFS)  xoAtr'(OF])  xoBedy""(OFH,)

Kr-83m 2.886-04 cee 1.93E-05 7.56E-08
Kr-85m 1.97€-03 1.46£-03 1.23€-03 1.17€-03
Kr-85 1.956-03 1.34€-03 1.726-05 1.61€-08
Kr-87 1.036-02 9.73€-03 6.176-03 5.92€-03
Kr-88 2.93€-03 2.376-03 1.52€-02 1.476-02
Kr-89 1.06€-02 1.006-02 1.73E-02 1. 66E-02
Kr-90 7.836-03 7.29€-03 1.63€-02 1.56€-02
Xe-13m 1.11€-03 4. 76E-04 1.56E-04 9.156-08
Xe-133m 1.486-03 9.94£-04 3.276-04 2.516-04
te-113 1.086-03 3.06E-04 3.536-04 2.946-04

( ‘ te-115m 7.39€-04 7.11E-04 3. 3800 3.12¢-00
Xe-135 2.46£-0) 1.866-03 1.926-03 1.81€-03
Xe-137 1.27€-02 1.22€-02 1.516-02 1.420-0
te-138 4. 75609 4.136-0) 9.21£-03 8.836-0)
Ar-a) 3. 28602 2.696-0) 9.30€-03 8. 84€-0)
e k)
.. )
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Symbols for this equation are defined in Regulatory Position C.2.c of this guide. The .
factor S accounts for the dose reduction provided by the shielding effect of typical residentia)

structures (see Appendix E, Section 4 and Table E-15),

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

0%(ri0) = 111 x 80"(rs0) ¢ 3.17 x 10" [ 0 Cw/@)’(r,008s, (8-7)

Symbols for this equation are defined in Regulatory Position C.2.d of this guide.

The skin beta dose factors DFS were determined using the decay scheme source documents
cited above and the methods used in References 5, 6, and 7. They are presented in Table B-1,

b. ALl Other Relesases
The annual tota) body dose is computed as follows:

Quu)-g;.ﬂnnwy (8-8)

Symbols for this equation are defined in Regulatory Position C.2.e of this guide.
The annual skin dose is computed as follows:

ol(ri0) * 101 xS, { x;(F.0)0F] » } xglro0ofs (8-9)

Symbols for this equation are defined in Regulatory Position C.2.f of this guide.
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APPENDIX C

MODELS FOR CALCULATING DOSES VIA ADDITIONAL PATHWAYS
FROM RADIOIODINES AND OTHER RADIONUCLIDES*
OISCHARGED TO THE ATMOSPHERE

1. 1 Ex 1 f i tivi i Pl

The ground plane concentration of radfonuclide i at the location (r,8) with respect to the
release point may be determined by

12
1.0x 10 &.(r,
C?(r.i) L [ x 3 R jﬁ' ) 01]

(1 - exp(-a;t))] (c-1)

where e

cf(r.o) is the ground plane concentration of the radionuclide i in the sector at
angle & at the distance r from the release point, in .cu-’-.

0‘ is the annua! release rate of nuclide | to the atmosphere, in Ci/yr;

ty is the time period over which the accumulation is evaluated, which is 15
years (mid-point of plant operating life). This is a simplified method of
am:ﬂ-ting the average deposition over the operating lifetime of the
facility;

a‘(r.o) is the annual average relative deposition of effluent species i at location

(r,8), considering depletion of the plume during transport, in w?;

]

A s the radiological decay constant for nuclide 1, in yr™ , and

1.0 x 10’2 15 the number of pCi per Ci.
The annual dose resulting from direct exposure to the contaminated ground plane, from all
radionuc) ides, is then

ftr.e) = 8760 5, | cHr0rofs, (€-2)

where the terms are defined in Regulatory Position C.3.a of this guide.

Values for the open field ground plane dose conversion factors for the skin and total body
are given in Appendix F, Table E-6. The annua) dose to all other organs is taken to be equivalent
to the total body dose. The factor §, is assumed to have a value of 0.7, dimensionless.

¥
Does not include noble gases.




2. 1 f lati f i 1 in Af

The annual average airborne concentration of radionuclice 1 at the location (r,8) with res
pect to the release point may be determined as

xg(r0) = 307 x 16 4, [x/Q1%(r.0) (c-3)

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

,'(r.o) is the annual average ground-level concentration of nuclide i in air in
sector & at distance r, in .cu-’;

[110]°(r.0) is the annual average atmosphere dispersion factor, in sec/m’ (see Regulatory
Guide 1.111). This inzludes depletion (for radiofodines and particulates)
and radioactive decay of the plume; and

3.17 x 10" is the number of pCi/Ci divided by the number of sec/yr.

The annua) dose associated with inhalation of all radionuclides, to organ j of an individual
in age group a, is then

J

values for oni a Are given in Appendix £, Tables E-7 through E-10; values for l. are given
in Appendix E, Table E-5. All other symbols are as defined earlier in Reguiatory Position C.3.b.

Olalrie) = &, Ixy(r.0)0fA (c-4)

- rations of Al 1 11 in F

The concentration of radicactive material in vegetation results from deposition onto the
plant foliage and from uptake of activity initia.., deposited on the ground. The mode! used for
estimating the transfer of radionuc!ides from the atmosphere to food products is similar to the
mode! developed “or estimating the transfer of radionuclides from irrigation water given in

Appendix A of this guice.

For all radioiodines and particulate radionuclides, except tritium and carbon-14, the
concentration of nuclide 1 in and on vegetation at the location (r,8) is estimated using

el - na(-hj,t.)) : 8.0 ;:xo(-x,t,)]

CY(ri0) = dy(r0)q ~——y5— » exp(- t,)  (C-5)

See Regulatory Position C.) of this guide for definitions of terms. values for the
parameters r, t.. v'. P, and t” are provided in Appendix E, Table E-15. For the parameters t..
Y o and ¢, different values are given (in Appendix E) to allow the use of Equation (C-5) for

v
different purposes: estimating concentrations in produce consumed by man; in leafy tab'es

consumed by man; in forage consumed directly as pasture grass by dairy cows, beef cattle, or
goats; and in forage consumed as stored feed by dairy cows, beef cattle, or goats.
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The deposition .ate from the plume is defined by

d,(r.0) = 1.1 x 10%, (r,000, (c-6)

where
d'(r.o) is the deposition rate of radionuclide i onto ground at location (r.8), in
pCi /me-nr;

e‘(r,o) is the relative deposition of radionuclide i, considering depletion and
decay in transit to location (r,e), in -'2 (see Regulatory fuide 1.111); and

1.1 x 108 z:,:3§ number of pCi per Ci (10'2) divided by the number of hours per year

For radiciodines, the mode! 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 iodine. Measurements at operating facilities indicate that about half the radioiodine
emissions may be considered nonelemental (Ref. 1). With this consideration included,

Equation (C-6) for radiociodine becomes

4 (r.8) = 5.5 x 1078, (r, 000, (c-7)

where Q‘ is the total (elemental and nonelemental) radiciodine emission rate. The retention

factor r for elemental radiofodine on vegetation should be taken as unity, since the experimenta)
measurements (Refs. 1, 2, and 3) used to evaluate this transfer mechanism consisted of direct
?wrnw of ;M gross radioiodine concentration on vegetation and the concentration in air
Refs. 4 and 5).

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

For particulates, the deposition mode! considers both wet and dry deposition. There is also
a retention factor (r of Equation (C-5)) 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 (Refs. 6
and 7). A1) nuclides except noble gases, tritium, carbon-14, and the fodines are treated as

particulates.

Carbon-14 is assumed to be released in oxide form (CO or coz). The concentration of carbon-14

in vegetation is calculated by assuming that its ratio to the natural carbon in vegetation is the
same as the ratio of carbon-14 to natural carbon in the atmosphere surrounding the vegetation (see
Refs. 8 and 9). Also, in the case of intermittent releases, such as from gaseous waste decay
tanks, the parameter p is employed to account for the fractional equilibrium ratio achieved. The
parameter p is defined as the ratio of the total annual release time (for C-14 atmospheric releases)
to the tota) annual time during which photosynthesis occurs (taken to be 4400 hrs), under the
condition that the value of p should never exceed unity. For continuous C-14 releases, p is taken
to be unity. These considerations yield the following relationship:

¢la(r0) » 317 x 10750, [2/0)(r.0) 0.11/0.16
» 2.2 x 10790y [x/Q)(r,0) (c-8)

c'{‘(r.o) Q“s”;l.n concentration of carbon-14 in vegetation grown at location (r,8), in
9;

Q" is the annua) release rate of carbon-14, in Ci/yr;
p is the fractional equilibrium ratio, dimensionless;
0.11  is the fraction of total plant mass that is natural carbon, dimensionless; .
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0.16 is equa! to the concentration of natural carbon in the atmosphere, in g/a-.’;
and

3.17 » 107 15 equal to (1.0 x 10'2pC1/€1)(1.0 x 10 g/kg)/(3.15 x 107sec/yr).
The concentration of tritium in vegetation is calculated from its concentration in the air

surrounding the vegetation. Using the method described in Reference 10, the NRC staff derived
the following equation:

C¥(r,0) = 3.17 x 1070, [x/Q)(r,8)(0.75)(0.5/M)

* 1.2 x 1070, [x/Q)(r,0)/H (c-9)
where
Cy(r,8) 15 the concentration of tritium in vegetation grown at location (r.8), in
pCi/kg;
W is the absolute humidity of the atmosphere at location (r,8), in g/m’;
01 s the annual release rate of tritium, in Ci/yr;
0.5 1s the ratio of tritium conc stion in plant water to tritium concentration
in atmospheric water, dimens ...iess; and
0.75 1s the fraction of total plant mass that is water, dimensionless.
b. Par rs for Calculati 14 rati in Milk

The radionuc!ide concentration in milk is dependent on the amount and contamination
level of the feed consumed by the animal. The radionuc!ide concent ation in milk is estimated

as
Tiria) = FCY(r.0)0; exp(-) t,) (€-10)
where
c"'(r.o) s the concentration fn milk of nuclide 1, in pCi/)iter;
cilr.0) is the concentration of radionuclide i in the animal's feed, in pCi/kg;
F. is the average fraction of the animal's daily intake of radionuclide i which
appears in each liter of milk, in days/)iter (see Appendix E, Tables E-1
and E-2 for cow and goat data, respectively; for nuclides not listed in
Table E-2, use the values in Table E-1);
0' is the amount of feed consumed by the animal per day, in kg/day;
ty is the average transport time of the activity from the feed into the milk
and to the receptor (a value cf 2 days is assumed); and
A is the radiological decay constant of nuclide i, in uys".
The concentration of radionuclide | in the animal's feed is estimated as
cYir,0) = £.0.6°00r0) ¢ (1 = £0C3(r,0) ¢ £.00 - £.)C5(r,0) (€-11)
1\ p's AL p g\t P g/eq\’e
where
c:(r.o) is the concentration of radionuclide | on pasture grass (calculated using

Equation (C-5) with t,=0), in pCi/kg;

c}(r.o) is the concentration of radionuc!ide | in stored feeds (calculated using
Equation (C-5) with t"-” days), in pCi/kg;
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f is the fraction of the year that animals graze on pasture; and

f is the fraction of daily feed that is pasture grass when the animal grazes
on pasture.

The values of the parameters t., t_, Yo and t, that will be employed in evaluating
the milk pathway, unless site-specific data is supplied, are provided in Appendix E, Table £-15.

€. for Calculati ncentration in Meat

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

chir.0) = FEl(r,000; exp(-rt,) (c-12)

cf(r.8) 15 the concentration of nuclide | in animal flesh, in pCi/kg;

¢ s the fraction of the animal's daily intake of nuclide | which appears in
each kilogram of flesh, in days/kg (see Appendix E, Table £<1 for values); and

A1l the other symbols are as previously defined.

Beef cattle will be assumed to be on open pasture for the grazing periods out!ined
for milk cattle.

4, I f n ricall | 1 " in F

The annua! dose to organ j of an individual in age group a resulting from ingestion of all
radionuc) ides in produce, milk, meat, and leafy vegetables is given by

F
05(r.0) = I OF1 g, [0315E5(R0) ¢ Achri0) + iefiro) « e citr0)  (C10)
where
o° (r.0) is the annual dose to organ { of an individual in age group a from dietary
Ja intake of atmospherically relessed radionuc!ides, in mrem/yr;

OF1, is the dose conversion factor for the | tion of nuclide 1, organ i and
Je group a, in mrem/pCi (from Tables £-11 through £-14 of Appendix £ of

age
this guide); and

o, U'. T are the ingestion rates of produce (non-leaf tables, fruit, and grains),
0 s, m:rm leafy vegetables, nsmun{y"rﬂ' individuals 1n age

group a (from Table £-5 of Appendix £ of this guide).

Values of f_ and " to be assumed in the absence

All the other symbols are as previously defined.
A.nn:u £ as 0.76 and 1.0, respectively.

of site-specific information are given in Table E-15 of
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MODELS FOR CALCULATING POPULATION DOSES FROM
NUCLEAR POWER PLANT EFFLUENTS

Calculation of the annual nuuun-um’um tota! body and thyroid doses* should be
performed for the three effluent types fdentified in this guide. These doses should be evaluated
for the population within & S0-mile radius of the site, as specified in paragraph D, Section Il
of Appendix | to 10 CFR Part 50.

For the purpose of calculating the annual population-integrated dose, the S0-mile fon
should be divided into & number of M'mm consistent «ith the nature of the region.
subregions may represent, for example, reaches of a river or land areas over which the appro-
priaste dispersion factor is averaged. Dispersion factors, population data, and other information
describing existing or planned uses of the subregions should be developed.

1. Geners) Expressions for Popylation Dose

For pathways in which the permanent and transient population of the subregion can be con-
sidered to be exposed to the average radionuc)ide concentrations estimated for the subregion,
the annual population-integrated dose 13 calculated as follows:

o; * 0,00 z 3 E IR (0-1)
where
0“. 15 the annua) dose to organ j (total bedy or thyroid) of an average
Individual of age group & in subregion d, in mrem/yr
U' 15 the annual population-integrated dose to orgen j (total body or thyroid),
) in man-rems or thyroid man-rems,
'“ s the fraction of the population in subregion d that 1s in age growp 4
’. 18 the population associated with subregion 4, and
0.00! is the conversion factor from mrem Lo rem,
The annual dose to the total .'3 or thyroid of an & individual should be svaluated
with the usage factors of Table (-4 tx . Models tions for the detailed dose

caleulations are presented in Appendices A, B, and C of this guide. The annual population-
integrated doses from | tion of potable water, ‘nhalation of airborne efflyents, and external
exposure to airborne or 1ted radionuc!ides should be evaluated. In addition to the pathways
for which tions are presented in Appendices A, B, and C, other axposure pathways should be
evalusted 1f conditions at & specific site indicate that might provide a l'rlﬂuﬂ contri-
bution to the total lation dose from all pathways. [n this context, & significant contribu-
tion i3 defined as 10 percent or more.

for pathways that involve food products od in the subregion, the food products may be
distributed to other areas for consumption. For all the food that 13 produced within the $0-
wile radius, the radioactivity concentrations are averdged over the entire ares by weighting the
concentrations in each fon by the smount produced In sach subregion. ™is concentra-
tion 1y used in calculating population doses. The 50-mile averege concentration nuc) tde
1 1n food p 1y computed as

!" . UI") onpl=agty) ‘ Catpep (0-2)

nrmm-mmm dose 13 the sumation of the dose received by a1 individuals and
ts of man-rem when app!ied to the total body dose and units of man-thyroid-rem when

e
has un
app!ied to the summation of thyrold dose.
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13 the average concentration over 0011015 d of the nuclide | in pathway p,
in pCi/kg or pCi/1iter (see Appendices A and C of this guide for models
and fons for calculation of pathway concentrations),

is the 50-mile average concentration of nuc)ide 1 in pathway p, in
pCi/kg or pCi/)1ter;

15 the time of the food medium p through the distribution system,
in Table D-) presents estimates of the transport times that may be
used 1n Vieu of site-specific data);

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

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

is the radiological decay constant for nuclide 1, 1n days” .

The population served by all the food produced within S0 miles of the site s estimated as

'. . "/E u“" (0-3)
where
'. 15 the fraction of the population within the age group &,

'; 15 the estimated population that can be served by the quantity of food o
Tikely to be produced within 50 miles of the site;

u.. 15 the yse or comsumption factor of food medium p for the average ‘ndividus!
in age group &, 'n kg/yr or 1iters/yr (taken from Table £.4), and

v. is the annua) mass or volume of food medium p 1ikely to be produced ~ithin

4 50-mile radius about the site, In kg or Miters

The annual population- integrated dose s then calculated a

0} » 0.00 1% F 5 Eituer (0-4)
where
L " DE “ P
192 P
ana
S IR IP T e . e
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TABLE D-)

RECOMMENDED VALUES FOR THE TRANSPORT TIMES IN THE FOOD
DISTRIQUTION SYSTEM

FO00 MEDIUM QLSTRIBUTION TRANSPORT TIME (in days)
Fruits, grains, and vegetables 4
LARL 4
Meat and poultry 20
Sport fish 7
Commarcial fish 10

Drinking water |

v
To be used in ey of site-specific data on food distribution,



0" 15 the annus! posulation-integrated dose to organ § (total thyrotd
3 in mancren/yr or thyrold man-rem/yr; : -

4R | is the population consuming food medium p; and

P.. is the total population within 50 miles.

Al other factors are as defined above.

Note that the asbove formulation 1imits the evaluation of the exposed population evaluation
to the 1ation residing within 50 miles as specified in paragraph D, Section 11 of Appendix |
to 10 Part 50. In calculating the annual population-integrated tota! body and thyroid
doses, the age distribution of the Tation within 50 miles may be assumed to be Lhe same 45
the distribution of the U.5. population (Ref. 1). Reference | indicates the fractiona!

to be as follows: chil 0.3 L 0.11; and adults, 0.7, Infants (0-) year
in ) are not projected to exceed 2% of the population (Ref. 1), and their population fraction
hat included in that given above for children,

2. e of the Models

o, Population-integrated Doses from Liquid £1flvents

The annual total body and thyroid ruuuu-umrom doses due to exposure to )ig-
wid 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 1iquid effivent,

(V) Qeses from Potable Mater

The annua! population-t ted total body and thyroid doses from
tion are evaluated for a1l subregions that have water intakes existing or des! "
of the 1icense application. The producis of the individua! doses and the population exposed
each Such subregion within 50 miles from the s1te are summed to obtain the total

formulation expressed in Equation (D<1) may be used.

The tota! body and thyroid dose of the individuals should be evaluated using
Cauation (A-2) 1n Appendix A of this guide, together with the age-dependent usage factors u”
obtained from Table D-1. The dilution from the discharge point to the usage point should be
evaluated using appropriste hydrological models for the various subregions.

It the rammo served by & particular water supply system 15 not known, 1t can
be sstimated by the following:

P, " vt (0-%)

3 18 the average daily usage of Individuals on the systam, in gal/day per
pearson,

' 15 the sstimated population served by the water system; and
v 15 the average datly intake of the water supply system, in gal/dey.

If the industrial usage from the water supply system Is known, |t can be sub-
mr‘ from the average daily intake of the system before this value i3 entered into fquation

The population served by & water Iy system whose Intake 13 within the S0-mile
radius may include individusis who reside outside cirele.  This population may be pro-rated
1o include only the Tation within the 50-mile radius. Conversely, & water supply system with
an intake beyond the 1o radius may serve the population within the S0.-mile radius, whose
exposure via drinking water should be included in the 50-mile population dose evaluation.
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(2) Doses from Aquatic Food Products

The annua! population-integrated total body and thyroid doses from consumption of
aquatic food products are evaluated using the production of sport and commercia' harvests in
the various subregions. The mixing ratio (or dilution) should be evauated for each subregion
using an appropriate hydrological model. For sport harvests, the entire edible harvest s
assumed to be ingested by the population within 50 miles. The formulation expressed by Lguation
(D-4) should be used with the population P’ given by the results of Equation (D-3). The age-

specific ingestion rates of Table £-4 may be used in lieu of site-specific data.

For commercial harvests, the production within 50 miles from the site is con-
sidered as part of the tota) U.5. harvest. Equation (D-2) should be used to compute the average
concentration, with v’ as the total estimated U.S5. commercial harvest of the aquatic food

medium p. The annual population-in ted dose is then computed uun, Equation (D-4) with
I. . Pw. The age-specific factors of Table E-4 may be used in Tieu of site-specific data.

(3) Doses from Shoreline Deposits

The annual m\.tm-un,nm 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 pooulation exposed therein, All subregions
within the 50-mile ~adius should be considered where existing or designated recreational facili.
ties exist, If available, actua) recreationa)l usage in the vicinity of each facility should be
used. The formulation of Equatiun (D-1) s appropriate.

(4) f 1 f Ter p i r

The annua) population-integrated total body and thyroid doses from consumption of
food irrigated with water from the body receiving the liquid effluent are evaluated following
the proc outlined in the development of Equation (D-4). Note that the term v, of Equations

(D-2) and (D-13) 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
fn 1oy of site-specific data in the evaluation of Equation (D-4).

b.  Population-integrated Doses from Airborne ffluents

The annual total body and thyroid population-integrated doses should be eva'uated for
the following princ pal exposure pathways: noble gas submersion, inhalation of airborne efflu-
ents, mru on of contaminated tervestrial foods (milk, meat, and produce), and external
frradiation from activity deposited on the ground. Available state or county agricultura) pro-
duction data may be used for estimating the population-integrated doses from food consumption

For the evaluation of exposures from atmospheric relesses, the 50-mile fon should
be divided into 160 subregions formed D‘ sectors centersd on the 16 compass points (N, NME, 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 (y/Q) or similar factors should be evalvated
at the radial midpoint for esch of the subregions using appropriate atmospheric dispersion
models Such as those described in Regulatory Guide 1.111,

(1) Qoses due to Exposure to Moble Gases

The annual mmm-marmo total body dose due to noble gas effluents
should be svaluated swming the products of the individual doses in each subregion and the
population in sech s fon. Equation (D-1) may be used. For external exposure, the mode!
does not differentiate between groups, structural shielding factor of 0.5 should be
applied in conjunction with the factor data of Table B-1.

(2) Doses due to Inhalation of Rediolodines and Particulates

The annua) lation-integrated total body and thyroid doses from inhalation of
airborne effluents should be evaluated by summing the products of the individual doses received
in sach fon and the population in each subregion. Equation ‘M) may be used. The age-
specific inhalation rates of Table £-<4 may be used with the data o Tables £-7 to €410,
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(3) Doses due to I tion of Terrestrial Food Products

The annual population-integrated total body and thyroid doses from ingestion of
terrestrial food products should be evaluated using the production data for each subregion. For
milk, meat, and commercial vegetables, vhe 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 cf Tables D-1, E-4, and E-11 to E-14, to calculate population

doses .
(4) Doses due to External Irradiation from Activity Deposited on the Ground

The annua! population-integrated total body and thyroid doses from external
exposure to surface deposition of the effiuent 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 Table E-6.

REFERENCE FOR APPENDIX D

1. "Current Population Reports,” Bureau of the Census, Series P-25, No. 541, U.S. Dept. of
Commerce, 1975.
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APPENDIX E

NUMZRICAL DATA FOR THE CALCULATION
OF ANNUAL DOSES TO MAN FROM ROUTINE
RELEASES OF REACTCR EFFLUENTS

This appendix contains data for use in the equations presented in the Regulatory Position
and in Appendices A, B, C, and D of this guide. The numerical values presented in this appendix
are those routinely used by the NRC staff. In instinces where more appropriate infcrmation of a
site-specific nature has been developed and documented, that information should be used.

In a numbe. of instances the staff has found it necessary to provide guidance as to the
value of a particular parameter in the absence of substantial empirical data. In such instances
the staff has exercised judgment and has considered values used by others and the sensitivity of
the results to the value assumed.

Information is provided below under four broad categories: environmental data, 'wman data,
dose factors, and other parameters.

1. Environmental Data

Table E-1 provides values for the following stable element transfer coefficients:

a. l“ for the estimation of produce, leafy vegetable, or pasture grass radioactivity
from that in soil (pCi/kg in vegetation per pCi/kg in soil);

b. F- for the estimation of cow milk activity from that in feed (pCi/t in milk per pCi/
day ingested by the animal); and

& F' for the estimation of meat activity from that in feed (pCi/kg in meat per pCi/day
ingested by the animal).

The data are largely derived from Reference 1. The value of the cow milk transfer coefficient
for radioiodine is based on the staff's review of the literature (Refs. 2-9).

Values of transfer coefficients for goat milk are presented in Table E-2 for a limited
number of nuclides. For nuc)ides not listed in Table £-2, the milk transfer coefficient from
Table E-1 should be used.

Various animal parameter values are presented in Table £-3 for use in estimating animal
product activity levels as functions of the corresponding levels in feed and water supplies.

2. Human Data

Tables E-4 and F-5 present usage rates of various environmental media by average individuals
and maximum individuais, respectively, according to age group. “Seafood" is used to indicate
intake of aquatic invertebrates such as lobster, crab, clams, and oysters. Ingestion of aquatic
plant material is not normally assumed.

3. Dose Factors

Dose factors for external irradiation from a uniformly contaminated ground plane are

presented in Table E-6 (Refs. 10 and 11), in units of mrem/hr per pC!/nz. These factors are
applicable for surface contamination via deposition of liquid effluents on shoreline sediments
or airborne effluents on ground surfaces. Dose factors are provided for the total body and skin
only. Doses to other organs are assumed equal to the total body dose.

Dose factors provided in Table E-6 are derived from a consideration of the dose rate to air
| meter above the ground plane and the penetration of the radiation into the body. The total
body dose is computed at a penetration depth of 5 cm; the skin dose is computed at a depth of

7 -./uz These tissue depths are indicated by Reference 12, where it is suggested that, for
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TABLE E-)

TRANSFER DATA*
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Meat and milk coefficients are based on specific activity considerations.

From Reference 15.

TSee text.
Erom Reference 13.

B
) Data presented in this table is from Reference 1 unless otherwise indicated.

-
-
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TABLE E-2

NUCLIDE TRANSFER PARAMETERS FOR GOAT'S MILK*

Element
L]

c
P
Fe
Cu
Sr
I
Cs

Values in this table are from References | and 14 unless

otherwise indicated.
-
From Reference 15,

Animal

Milk cow
Beef cattle
Goats

TABLE E-3

ANIMAL CONSUMPTION RATES

0

Feed or Forage
kg/day [wet weight

50 (Ref. 10)
50 (Ref. 10)
6 (Ref. 17)
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Fo (days/liter)

0.17
0.10
0.25
1.3E-04
0.013
0.014*
0.06**
0.30**

Qaw

Water
(e/day)

60 (Ref. 16)
50 (Ref. 16)

8 (Ref. 18)




L
TABLE E-4

RECOMMENDED VALUES FOR U“ TO BE USED FOR THE AVERAGE INDIVIDUAL
IN LIEU OF SITE-SPECIFIC DATA

Pathway Child Teen Adult

Fruits, vegetables, &

grain (kg/yr)* 200 240 190
Milk (e/yr)* 170 200 110
Meat & poultry

(kg/yr)* 37 59 95
Fish (kg/yr)* 2.2 5.2 6.9
Seafood (kg/yr)* 0.33 0.75 1.0
Drinking water (t/yr)** 260 260 370
Shoreline recreation

(hr/yr)** 9.5 47 8.3
Inhalation (m/yr) 3700%+* 8000*** 8000’

o

Consumption rate obtained from Reference 19 and age-prorated using

techniques in Reference 10.

-
Data obtained directly from Reference 10.

hw
Inhalation rate derived from data provided in Reference 20.
'Dau obtained directly from Reference 20.
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TABLE E-§

RECOMMENDED VALUES FOR U, TO BE USED FOR THE MAXIMUM EXPOSED
INoIYIDUAL IN LIEU OF SITE-SPECIFIC DATA

Pathway Infant Child Teen It
Fruits, vegetables &

grain (kg/yr)*,** - 520 630 520
Leafy vegetables

(kg/yr)* - 26 42 64
Milk (e/yr)* 330 330 400 310
Meat & poultry

(kg/yr)* - 4 65 10
Fish (fresh or salt)

(kg/yr)*** - 6.9 16 2
Other seafood (kg/yr)* - By 3.8 5
Drinking water (t/yr)+ 330 510 510 730
Shoreline recreation

(hr/yr)t \ - T 67 12
Inhalation (m>/yr) 1400++ 3700+++ 8000+++ 8000+

-
Consumption rate obtained from Reference |9 for average individual and
age-prorated and maximized using techniques contained in Reference 10.

*“Consists of the following (on a mass basis): 221 fruit, 54% vegetatles
(including leafy vegetables), and 24% grain.

'“Consmtion rate for adult obtained by averaging data from References 10
and 21-24 and age-prcrated using techniques contained in Reference 10.

*Data obtained directly from Reference 10.
**pata obtained directly from Reference 20.
***inhalation rate derived from data provided in Reference 20.
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TABLE E-6

ING ON CONTAMINATED GROUND

(mrem/hr per pCi/m")
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TABLE E-6 (Continued)
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calculational purposes, the average depth of the blood-forming organs may be assumed to be 5 cm.
Reference 12 also identifies the cells of the basal layer of epidermis as the tissue of interest

in the computation of skin dose and states an average depth for these cells of 7 n/az. This
uvidance 15 reflected in the dose factors presented in Table E-6 and also in those presented in
ix B, Table B-1, for use in calculating external! doses from noble gases.

Dose factors for internal exposure are provided in Tables E-7 through E-14, in units of
mrem per pCi intake (Ref. 25). Tables E-7 through E-10 are for inhalation (one table for each
of the four age groups), while Tables E-11 through E-14 are for ingestion. Dose factors provided
for the inhalation of H-3 include an increase of 50 percent to account for the additional amount
of this isotope absorbed through the skin (Ref. 25).

As discussed in Section B, "Discussion,” these dose factors are appropriate for continuous
intake over a one-year period and include the dose commitment over a 50-year period. The cal-
culational scheme by which these dose factors are derived includes elementary consideration of
changing physice] and metabolic characteristics during the period over which the dose comnitment
is evaluated. For example, environmental exposure of an infant over a one-year period is treated
as follows: dose during the first year is computed based on infant physiological and metabolic
characteristics considering both the buildup and decay of the appropriate organ burden; dose
during years 1-10 is computed based on c:iild physiological and metabolic data considering decay
of the organ burden from its peak value at age 1; dose during years 11-16 is treated in a similar
fashion u!n? teenager characteristics; and dose during adulthood is computed based on the
physiological and metabolic characteristics of an adult. Age-dependent parameters are changed in
steps at the breaks between age groups.

4. Other Parameters

Table E-15 has been provided as a central location for the recommended values of many of
the misce)laneous parameters appearing in equations in this guide. In some instances, a parameter's
value or units is a function of the equation it is used in. Additionally, for some parameters
used in calculating activities in vegetation, the value is alsc a function of the exposure path-
way. Table E-15 has been organized to note these complications.

Values of the parameter s,. a structural shielding and occupancy factor, are given in

Table E-15 as 0.7 (for maximum individuals) and 0.5 (for the general population). Using the
general approach given in keference 26, the staff estimates an average structural shielding factor
of 0.5 for typical reactor effluents. Assuming the maximum individual spends about 50 percent of
the time indoors, the overall shielding and occupancy factor is then approximately 0.7. The
factor of 0.5 is used directly for population dose calculations. These factors are applicable
fo:fcxtcml gamma exposure from noble gases and for external exposure from contaminated ground
surfaces.
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TABLE E~/
PAGE | OF 3

INMALATION COSE FACTORS FNOR ADULTS
(wegn PFR #C1 INMALED)

WUCLILE sONC LIVER T.ROCY THYROID KIDNEY LUNG GI=-LLI
h 3 NO DATA 1.58€=07 1.58F=07 1.586=77 1.58E-07 1,.58E~07 1.58F=N7
- 14 2.27€E=-08 4.26E-C7 &, 26E-0T7 4.,26c-07 4.260-07 &.26E-CT 4.26E-07
A 24 1.28E=06 1.28C=06 1.28E-06 1.286-C6 1.286-N6 1.2RE-C6 1.28F-06
P 32 1.65E=064 9.64E-N6 o.260i-06 NO DATA NC DATA NN DATA 1.08€-05
LR 51 NO DATA NO CATA 1.29E=-08 7.44E=09 2.ASE-09 1.80E-C6 4.15F~07
N 54 NO DATA 4.95C-06 T7.B7E-07 NO DATA 1.23~06 1.75€-04 9.67E-06
“N 56 NU DATA 1.556=10 2.279E-11 NO DATa 1.63c-10 1.18E-N6 2.53E-06
FE 55 3LOTE=CE 2.120C=-06 &.73E-0T NOU DATA NO DATA 9.CLE~06 T.54E-07
FE 59 1.475=06 3.47i=0b 1.32€E-06 NO DOATA NO DATA 1.27E~04 2.3%E-05
L0 58 NC DATA 1.98F=07 2.59E-07 NO CATA NC DATA 1.16E-04 1.33€E-05
<0 &v NO LATA 1.44E=06 1.3%-006 NOU DATA NC DaTa 7.40C-04 3.56E-05
i1 63 5.406=05 3.73E-C6 1.081E-06 NO DATA NO DaTA 2.23€E-05 1.67E-06
i1 65 1.926=10 2.02C=11 1.14F=L1 NO DATA NC DATA T.00E-07 1.54E-06
Cu 64 NO DATA 1.93e~10 7.678=11 NO DATA 5.7T8E=-10 B.4B8E~DT 6.12E-06
IN 65 4. 05€6~06 1,29 =05 5.82C-06 NU DATA H,62L-06 1.08E-04 b6.68BE-NG
IN 69 6,23c-12 B.14.-12 S5.6%E~13 NO DATA §.2TL=12 1.15€=07 2.04E-C9
AR 83 NO DAYA iU CATA 3.01E=)8 NO DATA NC DATA NO DATA 2.90F-08
“R A% NO DATA NU CATA 3.71E-08 NO DATa NC DATA NO DATA 2.05€-113
uP 8> NO DATA NO DATA 1.60E-09 NO DATA NC DATA NO DATA LY E~24

e 8o NU OATA 1.696-05 7.37C-06 NO DATA NC DATA NO DATA 2.08E-06
n 88 NO DATA 4. R4C-NB 2.4lE-T8 NO DATA NO DATA NO DATA 4.187-19
a8 89 NU DATA 3.2Cc=18 2.126-08 NG DATA NO DATA NO DATA L.16F-21
Se 893 3.80E~-05 NU CATA 1.096=9% NO DATA NC DATA 1.7SE=04 &,.37E-05
Sk 90 1.24E-02 NU DATaA 7.62E-04 NO CATA NC DATA 1.20E-03 9.02€-05
SR 71 7.74E=-09 NO DATA 3.13E-10 NO DATA NO DATA 4.56E~0C6 2.39E-05
SR 92 8.43~1N NO CATA 3.64E-11 MU DATA NO DATA 2.06E~-06 5.38E-06
Y 90 2.61E=07 NC CATA 7.01E~09 NO DATA NU DATA 2.12F="% 6.32F-05
Y 91% 3.26E-11 NO DATA 1.27E=12 NO DATA NC CATA 2.40E-07 1.66E~-10
Yy 9 5.TBE~-CS NO DATA 1.556~06 ~NO DATA NO DATA 2.13E-04 &.81F-05
A 1.29€-09 NO DATA 3.77C-11 NO DATA NC DATA 1.96E-06 9.19€E~06

PR ——sps—m—————— R R B D 2 £ 4 4 ittt
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TASLF E~T7, CONT'D
PASFE 2 OF 3

[VHALAT ION LOSE FACTOURS FOR ADULTS
(MREM PE] 201 INHALED)

wWCLICL BONE LIVER T.302Y THYROID KIONFY LUNG GI-LLl

; M L.1lCE~05 WO CATA 3.26E~-10 NO DATA NC CATA 0.06E-2¢6 5.27E-05
In 95 1.34C-05% &,3CE=06 2.91E-06 NO DATS 6.TTE=06 2.21F~-C4 |1.3BE-0CS
IR 97 1.21F=08 2.450-07 1.136-09 N0 CATA J.TIE=NT 9,B4F=-(15 6.54F~-05
NA 9 1oTHE=Q6 9.77L=NT 5.20E-0T7 NN DATA Y6TE-CT &.31F-0S 1.30F-05
=G 29 40 CATA 1.51c=-08 2.A7:-N9 NC DATA 3.04E-08 1.14E-CS V,.10E-05
TC 99%  1.29E~-13 3.64F=13 &,63€=12 NO DATA %«52€E-12 9.55E-~C8 S5.27%E~-07
1ciol 9.22E~-15 7.%2t~-15 P 38E-14 NO CATA 1e35c=13 &.99%-08 1.36F-21
RWI103 1.71E-07 NU CaTA B.23E-08 0O DATA Te29E~07 6.31E-455 1.38€-05
awics F.A8F~11 NC (GATA 3.89C~-11 ™0 DATaA Le?27t=1C 1 .37E-06 6.02E-06
Quine B8.04C-C6 NO CATaA 1.C) =06 NN LATA 1.6TE~05 1.17E-53 1.14E=06
AGLINY  1.35E-C6 1.29c=06 T7.432-0T7 NU DATA 2.46E-06 S5.79T-04 I.TRE-DS
TCI25% & 27E-Q7 1.990-NT7 S5.84E=08 1.31E=07 1.55c~-06 3.92E-CS A.A3E-06
TEL2TP  L.58F=C6 T7.21°-07 1.90E~07 & JILE~CT S.T2E-C6 1.20F=04 |.276=-05
TEL27 1.75C-10 @8.C3¥" =11 JBTE-LL L1V2E-10 G.ITE~10 BL.ISE=-0TY 7T.17(-06
TEI29% 1.,220-C6 506 =07 1.9%E-07 &,30E-DT7 &.5Tt~C6 1.4%~C4 &.79.-75

€122 0e220=12 2.99¢=12 1.30f=12 4.3T7e~12 2.3%6k=11 2.828-CT 1.96F-08
TEL3IM R.74E=09 S5.455=07 3.63F=09 6.48F-09 31,.96E~C8 1.82E-25 6.95E-05
1F131 1.39€E=12 T.640-13 4,67C~13 1.175=12 S.46c~12 1.74Z=07 2.30F-09
10132 3.250=-08 2,09 =28 2,02:-78 2.37C=08 1.R2E=27 3,60E-0% 6.37F=0%
I 132 9T26=07 1.0AC=00 b6.61C=07 1.42:~C4 2.61E-06 NO CATA 9.61F=-07
I 131 J.ISE-06 &4,67°=20 2.50L-N6 1.47C-C3 7T.66E~C6 NC CATA T.ASF=C?
1 132 Lad%€=07 &.070=0T7 L1o@% =07 1.43E-C%5 6.48[~-07 NO DATA $S.08F-"8
i kX 1.0B8E=C6 1.852-0C6 S5.65F-07 2.6%~-"4 1.236-06 NO DATA L11F=06
I 13s R,O05F=08 2.160(~-0T7 T7.69E-0F J.T73E~086 Y.44E-CT7 O DATA 1.26€~-10
1 133 3.35€E~CT7 B.73c=097 3.21E-C7 S5.00C6=0% 1.39E-06 NO DATA 6.56E-07
“S13e 4.60LE=CS 1.06E-04 I.10F=05 NO CATA 3.9 -CS 1.22€-05 1.30€E-06
<Slie 4.B8BE~C6 1.EI:-C3 1.33E-05 %N CaTA L.OTE=PS  1.5NE~-C6 1.46E-086
Sy S.9BE=05 T7.76%-0% 9.3,0-05 NO DATA 2.78E~-"S 9.40E-06 1.05F-06
LS13n 4. 1%E~08 T7.767-08 4.0>E-28 NO NATA G.h0E=C® £.07E-N9 2,.33E~1)
halL3d9 L1.17€=-10 A,.42%=16 3.,422-12 NO QATA T.70E=-16 &, TNE=2T7 1.127-07

- - - -
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TABLL E-T7, CONT'D
PAGE 3 OF 3

INHALATION DOCSE FACTORS FOR ADULTS
(MREM PFY PCI INHALED)

WUCL ILE BONE LIVER r.suct THYROID KIDNEY

LUNG GI=-LL!

nAl140 4.88k-06 6.135=09 3.21E-Q07 NO CATA 2.09€E-"9 1.
nAlsl 1.25€=11 7.417-15 4,2CE~13 NO CATA 8.75E~-15 2.
AALe2 3,296-12 3.38%=1% 2.078-13 NO DATA 2.%6E-15 1.
LAL&D 4.30E-C8 2.172=08 5.730~07 NU DATA NO DATA 1.
LALe2 8.56E~11 3.88E-11 9.69€6-12 NO DATA NC DATA T.
CElsl 2.49€-06 1.69:-06 1.91£-07 NO CATA T.83e-07 &,

PR ———— SRR R Rl -

S9E~N4  2.T73F-05
42E-0T7 1.45E-17
49E-07 1.96E-26
70E-05 5.73E-05
JLE=CT 2.64E-07
$2€-05 1.50E-0%

wELl&3 2.33E-C8 1.726-09 1.91£-07 NO DATA T.60E-09 9.
CElAs 4.290=04 1.79E~04 2,306-05 NO DATA 1.00E-04 7.
PR143 1.176=06 4.069E-97 5.82%-08 NN DATA 2.T0€-07 3.

ITE-N6 2.83E-05
T2E~04 1.02€E-04
SLE~0S 2.50€-05

PR Spppsaspess———— R DD Ll et

PR144 3.76E-12 1.%65=12 1.91E-13 NO CATA 8.R1E~-13 1.
ND1&7 6.59E=07 T.62T-07 &,5%E-08 NO DATA 4.45E-0T7 2.
= 187 1.06E-09 3.85.-12 3.10E-10 NO DATA NO DATA 3.

27F=07 2.69E-18
T6€-05 2.16C-0%5
63E~06 1.94E-05

nNP239 2.87E-08 2.R2:=09 1.55E-09 NO CATA B.75€-09 4.
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TABLE E-A

PAGE | OF 3

INHALATION DOSE FACTORS FOR TEENAGER
(MREM PER PLI INMALED)

NUCLICE BONE LIVER T.BOLY THYROID KIDNEY LUNG GI=-LL!

H 3 NO DATA 1.59F=07 1.596=07 1.99€=07 1.59¢-07 1.59€-07 1.59€-07
C 1s 3.25C-06 6.C9E=07 6.09€-07 6.09€-C7 &6.M9E-07 6.09€-07 6.09€E-07
ia 24 1.72E=06 1.72¢-06 1.72E-06 1.726-06 1.726-08 1.72€6=-06 1.72E-08
2 2 2.36E-04 1.37.-0> B8,95€-06 MO DATA NC DATA NO DATA 1.16F=-05
CR 51 N0 DATA NO DATA 1.69F=08 9,376-09 3.94&=N"9 2,62€-06 3.75€-07
PN 54 NO CATA 6.37F=06 1.05€6-06 NO DATA 1.59€=N6 2.48E-04 B,35E-06
MN 56 NO DATA 2.126=10 3.15E-11 ~NU DATA 2.264E-10 1.90E-0C6 7.18E-08
FE 55 4. 18E=06 2.98E-06 6.93E-0T7 NO DATA NO DATA 1.55€6~0% 7.99€-07
FE 5 1.795=06 4.0626-06 1.79E~06 NC DATA NO DATaA 1.91E-06 2.23E~05
C0 52 NO DATA 2.396=07 3.47E-0T7 NO DATA NO DATA 1.68E-04 1.19€-05
CU 60 NO CATA 1.876=C6 2.48F-06 NO DATA NC DATA 1.09€~03 3.24E-05
“l 63 7.256=05 5.43E-06 2.47E-06 NO DATa NDO DaTA 3.84E-05 1.77€-06
vl 6> 2.736=10 3,06F~11 1.59E-11 NO DATA NC DATA L.1TE~06 4.59E-06
CU &4 NO DATA 2.54E=12 1.00E-10 NO DATA B.0LE~10 1.3%€-086 7T.68E-06
IN 65 4.f2E-06 1.07E-05 T7.80E-06 NO DATA 1.08€=N% 1.55E-04 5.83E-08
IN 69 6.04E~12 1.15F-11 B.0TE-13 NO DATA T.53E~12 1.98E-07 13.56F-08
wR B3 NO DATA NO DATA 4.30L-08 NO DATA NO DATA ND DATA LY E-26

UR 84 NO DATS NU DATA S.41E-08 NO DATA NC DATA NO DATA LY E=24

R 8> NO DATA NO DATL 2.296E-09 NO DATA NO DATA NO DATA LY E-24

28 86 NO DATA 2.38E~C 1.05E-05 NO DaATA NO DATA NO DATA 2.21E=06
te 83 NO DATA 6.826-08 3.40E-08 NO DATA NO DATA NO DATA 3.65E~-15
/B 87 NO DATA 4.405-08 2.91E-08 NO DATA NO DATA NO DATA 4.22€-17
SR 89 5.43E~05 NU 0ATA 1.56E~06 NO DATA NC DATA 3.02E~04 4.64E-05
SR 99 1.356-02 NO DATA 8.356-04 NO DATA NO DATA 2.06E-03 9.56E-05
SR 91 1.10E-08 NO CATA 4.39E-10 NO DATA NO DATA T7.59€-06 3.24E-05
SR 92 1.19E-C9 NO CATA 5.08E~11 NO DATA NO DATA 3.43E-06 1.49€E-05
Y 9 3.73E-07 NO DATa 1.006E-08 NO OATA NO DATA 3.66E-05 6.99E-0%

Y 9I¥ 4.63E~-11 NO DATA 1.77TE-12 NO DATA NO DATA 4.00€E-07 3.T77E-09
L s 8.26E-05 NO DATA 2.21E-06 NO DATA NO DATA 3.67E-04 5.11E-05
v 1.84E-09 NO DATA 5.36E~11 NO DATA NO DATA 3.35€6-06 2.06E-05

- -— - -
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TASLL E-8, CONT'D
PAGE 2 OF 3

INHALATIUY DOSE FACTORS FCR TEFNAGFR
(¥QEM PER PCI INKALED)

WWCLICE BCNE LIVER T.AQLY THYROID KIDNEY LUNG GI-LLI

¥ 9 1.69€~-08 ™0 DATA 4.63E-1C NO DaTa NO DATA 1.064F=-05 T.24E-05
IR 9% 1.82€6-05 5.73%=06 3,94E-06 NO DATa B.42E-06 3.36F-04 1.086F-0%
iR 37 1.72E-08 3.40E-09 1.57E-09 NO DATA 5.156~09 1.626-05 7.88E-05
NY 9% 2.320-06 1.295-76 7T.08E-07 NU DATA 1.25€-06 9.39E-CS 1.21€E-25
"0 99 40 DATA 2.115-08 4,03E-0% O CATA S.14E-08 1.92E-CS 3.36E-05
1C 99# 1 .T3E-13 6.A3E~-13 ©0.24E~12 NO DATA To20E~12 1.44E=07 7.66E-07
rciot T.40E~-15 L1.0%~14 1.03€E~-13 NO 0aTA 1.906=13 P I4E-08 1.N9E~16
RULO3 2.63€-07 NO CaATA 1.125=07 NO UATA 9.29€=CT 9.T9FE-05 1.36F-05
wios Loo0L=1C "W 0ATaA 5.42E-11 NO OATA 1T6E~10 2.,276-06 1.136-05%
Wioe 1.23F=-05 NO DATA 1.55C-06 NO DATA 2.38E-05 2.01E-03 1.20€-04
AGLLIOM L T73E-06 1.647-00 9.97€E-0T7 NU DATA 3.13E~06 B.44E~06 3.41F-0>
TEL2>* 6.10E~-07 2.80E-07 8.34E-08 1.75E-07 NO DATA 6. TOE~05 9.38E~-06
TEL2Tr  2.25€E=06 1.02F=00 2.73E-0T7 S5.4LE-07 8.176-06 2.07€E-04 1.99€-05
Tew2r 2.51F=1C 1.16F=10 5.52C-11 1.T7€E-10 9.10E~10 1.40F-06 1.01E~-05
TEL29% 1.764k=-06 B, 30=-07 2.8LE=0T7 S.72E~07 6.49E-06 2.476-04 S.06E-0CS
TF129 B.ATE=12 6.220-12 2.276~12 ©0.4%~12 3.32E~-11 4.12E-07 2.02€-07
TEL3LY 1.23E-08 7.51 =09 5,036-07 7.04E-07 5.%19€-08 2.97€-C5 7.76E-05
Telldl 1aI7E=12 1.042=12 6.306=13 1.35€-12 7T.726-12 2.920=C07 1.89E-09
Tg1sz2 4.57E=08 3.046-08 2.74E-08 3.0TE~-CB 2.44E-0T7 S5.61E-05 S5.79F-05%
I 13¢ 7.80E=07 2.247-06 B8.90E-07 1.86E-0: 3.44Ek~06 NN DATA L. l4E-Ps
I 131 4.43E-06 6.14F-06 3.30E-06 1.830~-03 1.05€-05 N DATA B.115-07
i 33 1.99E-C7 S.47c=C7 1.97€-07 1.89€E-75 A.656-07 NO DATA 1.59€-07
I 133 1.52F=06 2.360=C6 T7.78E-NT7 3.65E-04 &.,49c~06 NO DATA 1.29€~06
I 134 1.11€=07 2.902-07 1.,05C=07 &.94E-~06 &.58E~07 NO DATA 2.55C-09
I 13> 4.82E-07 1.18E=9%6 4.36E~0T7 T.T76E~05 1.86E-06 NO DATA 9.69€-07
CS13s 6.283-0> 1.41E-04 o0.80E-NS NO DATA 4.696-05 1.P3E-05 1.22€-0e
LSl 6.44E=06 2.42.-05 1.TI1E-05 NO DATA 1.38E~0% 2.22F=06 1.36E-06
cS137 A.38E-05 1.066~-Cé4 3.89E-05 NO DATA 3.80E~0% 1.51F-05 1.06"-06
«S138 5.82E-08 1.C7E-07 5.59€-08 NO DATA 8.286~08 9,.84E-09 3.38F-11
3A139 1.6TE=17 1.1BE-13 4,87F-12 NO DATA 1.11E~13 B8.N8E-NT7 B8,.06E-07

- -




'@

(
L

TAulLE E-8, CONT'C
PAGE 3 OF 3

INHALATION DUSE FACTORS FCR TEENAGER
(MREM PER PCI INMALEL)

NUCL I 2E OONE Live? T.3cry THYROIC KIDNEY LUNG Gi=LL1

“als0 LoAGE~06 R, L8F-09 &.40E-DT7 NO DATA 2.85E=N9  2,.54E-N& 2.86E-05
dalsl 1.78E~1L 1.32F=14 5.93C-13 NO DATA 1e23E~146 4,11E-07 9.33E-14
nale2 4.02E~12 &.63E~15 2.84F~13 NO DaTa 3.92E~1S 2.39-27 S5.99€-20
LAL4Y 2.99€-08 2.95-08 7.82(C-09% NO CATaA NO DATa 2.68€-N5% b6.09E-05
LALSG? «20C=10 S.31E=11 1.32E~L1 NO DATA NC DATA 1.27€-06 1.50L-06
CElsl 3.55E-06 2.37C-06 2.T1E~OT NO DATA lellt=06 T.676-0% 1.58E-05
CEl4) 3.326-08 2.426-%8 2.70€E-0) NO LATa 1.08c~08 1.63E~-0% 3.19E-05
CEl4s 6.11E-064 2.53E-06 3.230-05 NO DATA 1.51E-C6 1.676-03 1.08E~04
PRls) 1.676=06 6.64E-CT 3.29C-08 NO NaTa 3.86E~07 6.06F-"5 2,67E-75
valas $S.37€~-12 2.,20F=12 2.72€-13 NO DATA 1.26E-12 2.19E=CT 2.94E-~14
MTLeT 9.83E-C7 1.076-06 6.41€-08 NN DATA 0.29E~-CT &.65E-75 2.28F-05
w 187 1.50E=07 1.22-09 4,27€-1C NC DATaA NC OATA $.92C-086 2.21F-0%

R U ————————— el i

w239 4, 23=08 3.997-09 2.215-09 NU DATA 1.25€~-08 A.L1F=06 1.65E-05%
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TABLE E-)
PAGE | OF 3

INHALATION DCSE FACTORS FCR CHILD
(MREM PCR PCI INMALED)

YUCLIUE RONE LIVER T.AOPY THYROID KIDNEY LUNG GI=-LLl

" 3 NO DATa J.O4L=NT J.06E=01 3.04E~=07 3.04C-0T7 I .04E~-0T 3.04E-27
e 18 9.T0E=06 1.825=06 1.926-06 1.02E~06 1.82€~06 1.82E~06 1.82E-06
NA 24 G.35E-06 4,35 <06 4.356~06 4,I%-06 4.3% -6 4.I5E-06 4.)5E-08
. B8 T.04E=04 31.09:=05 2.,670-05 NO DATA NC DATA NO DATA L 14E~05
CR 51 NO DATA NO DATa S.LTE=-08 2.31F=NR 6.5TE-29 4,.59E-06 2.93E-07
NN 94 O DATA 1.162-05%5 2.57F~00 NU DATA 2.T1E=06 4.26F-04 6,.19F-06
N 56 NU DATA G .4BE=10 AB.43E~-L1 NO DATA 4.52E~10 3.55€-06 3.33C-05
F¢ 93 1.20E~0% 6.00E-08 2.10E~06 NO DATA NO DATA 3.00€E~-05 T.75E~-07
FE 57 5.99C=06 9.L4E-086 4.51L-06 NU DATa NOU DATA 3.43C-04 1.91E~05
CO %3 NO UATA 4. 79¢=07 @.55E~-0T7 NO DATH NC DATA 2.99€-04 9.29€E-06
CO &0 NO DATaA 3.556-06 6.12E~-06 N DATA NO DATA L.91E~03 2.60E~05
vl o3 2.,226-04 1.25F-05% T.56E-06 NO DATaA NO DATA T.43E-05 L1.T1E-08
W1 65 B.CBE=10 7.9%E=11 &.44E~11 NN DATA NL DATA .21E-06 2.27€E~-05%
LU 66 NU DATA 5.39E~10 2.90C~-10 NO DATA L.63E=09 [.59E~06 9,.926-06
IN 65 1.1%E=05 3.06E-05 1.90C-05 NO DATaA 1.93E=05 2.69E~04 4 ,.41E-08
N 89 1.BLE=11 2.01E-11 2.41E-12 NO DATA 1.58E=11 3.84E-07 2.75F=08
“R 83 NO UATA NU UATA L. 2BE~0T NO DATA NO DATA NO DATA LY E-I6

JR R NO DATA NU DATA 1.4RE=2T NO UVATA NO DATA NC DATA LY E-24

‘T 85 NO DATA NO DATA 6.84E-09 NO DATA NC DATA NO DATA LY E-24

wn As N DATA $.36C=05 3,09€-305% NO CATA NO DATA NO DATA 2.16E~08
RE 88 NO DATA 1.52E=07 9.90C-08 NO DATA NC DATH NO UATA 4.66E-09
R8 89 MO DATA 9.3).-08 7.8,E-0R NO DATA NO DATA NO DATA S5.11E~10
52 89 1.62E-04 NO CATA 4,.66E~-06 NO DATA NO DATA 5.83C-04 &,.52€6-05%
SR 90 2.T3E-02 NU DATA L.74E~03 NO DATA NC DATA 3.99€~03 9.28E-05
SP 9 3.28E-0% NO CATa 1.245-09 NO DATA NOQ DATA L.44E=05 &.70F-05
SR 92 J.54E~09 NO DATA L.42E=10 NO DATA NO DATA 6.49C~-086 6.55E-05
Y 9 1.11E=-C6 NO DATA 2.996-08 NO DATA NO DATA T.0TE-0S T.24E-05
Y 91 1.37E~19 NC DATA 4.93E~12 NO DATA HO DATA T.60F=07 A& .54E~07
R 2.47C~04 NO DATA 6.59E~06 NO DATA NO DATA T.10E=-04 &, 9TE~0S
Y 92 5.50€E-09 NO DATA 1.5TE~10 NO DATA NO DATA b.46E~CH 6.46E~05

- .-

1.109-50




'@

? TABLL E=9, CONT'D
PASE 2 OF 3

INMALATION OLSF FACTORS FOR CHILD
(MREM™ PER PCI1 INMALED)

wCLTDE BUVE LiveR T.s00Y THYROID KIDNEY LUNG

GI=-LL!

¥ 9 5.04€E-08 NO DaTa L« 38E~09 NO DATA NO DATA 2.01E-05
2 95 95.136-05 1.13E-05 1.00E-05 NO DATA 1.61~0% 6.03F-04
R 37 5.07C=08 7T.34F-09 &,.326-09 NO OATA 1.05€-98 3.06E~-05

1.05E-04
1.65€-0%
9.49E-05

NA 95 6.35€-00 2.48E-06 L1.77E-06 NO DaTA 2.33E-06 1.86E-04
»0 99 NO DATA 4.66E-08 1.15~-08 NO DAT)A 1.C6E-CT 3.686E-0S
TC 99% 4.81E=13 9.41C~13 1.56E~11 NO DATA Le37E=-11  2.57E=C7

1.00€-05
\.ﬁl(-ﬂ’
1.30€~06

TC101 Jl9E~16 2.30F-14 2.91E-13 NO OATA 3.92€~13 1.5RE-NT
RUILO3 T.556-07 NO DATA 2.906-07 NO DATA 1.70€-06 1.79E~04
RULOS ©.13E~10 NU DATA L+5CE-10 N0 DATA 3.63E~10 4,.30C-06

4.41F-09
L.21€~CS
2.69€-05

-

RU106 3.68E~05 NU DATA 4.57TE~06 NO DATA 4.97€~05 3.87€E-03
AGLIOM® &,.56E~06 3.08E~06 2.47E-06 NO DATA S.74L-06 1.48€-03
TEL25% 1.82E~06 6.295-07 2.4TE-0T7 5.205-07 NC DAvYA 1.29€-04

l.16E~04
2.T1E~05
9.13E~06

TE12T™ 6.72€-06 2.31E-0e0 8.10E~-07 1.64E-08 1.72e~-05% 4.00E~-04
TEL27 T.49E=10 2.57E=10 L1.65E~10 S5.30E-10 1.91E-09 2.T1F=-06
TEL29% S.19E-C6 1.85E~06 B.226-07 1.TIE-D6 1.36E~NS 4. T6E~04

1.93F~05
1.52€-05
4.91E-05

TEL29 2.064F=11 9.45E-12 6.44C-12 1.93E~11 6.9L~11 T.93-07
TEL3L® V.6)E~CB 1.60E-08 L.3TE-08 2.64E-08 1.08E-07 S.56E-05
reisl 98TE~12 2.28E-12 1.78C~12 4,59%-12 1.59C-11 S.55€E-07

6.89€E-06
8.32F-05
3.60E-07

- - - - - -

TeLs2 1.30E~07 7.36C-08 7.12€E-08 8.58E-08 4,.79:-07 1.02€-04
I 1% 2.21E~06 4.435-006 2.28E-06 4.99E-04 6.61lL=N6 NN DATA
I 131 1.30E-CS 1.30F=05 T7.37F-06 4.397E-N03 2.13E~05 NO DATA

3.726-05
1.38E-06
T.68€-07

I 132 S.726E-07 1.105-06 S.07E~-07 5.23-05 1.69E-06 NO DATA
I 133 4.48(-06 5.490-06 2.08E-06 L1.04E-N3 9.13E-06 WNO DATA
I 13 JATE-OT S.845=NT7 2.67E-07 1.37E-05 8.92E-07 NO DATA

8.65€-07
1.48E-06
2.58E-07

- -

[ 135 1.33E~06 2.36E-06 1.126-086 2.140-04 3.626-06 NO DATA
CS13s L.T6E~04 2.74C~04 6.07E-05 VO DATA 8.93€-05 3.27€-0S
CSide 1.76E~05 4.062E~05% 3.14E-05 NO DATA 2.58E-05% 3.93E~06

1.20€-06
1.04E~-06
1.13E-06

- - - - - - - ——— -

Cs13? 2.45E-04 2,230-04 3.47F-05 NO DATA T.636-05 2.81E-05
cs1is 1.TIE-O7 2.27€-07 1.50E-07 NO DATA L.68E~0T 1.84E-08
HALI9 4.98E~10 2.66F~13 1.45%F~-11 NO DATA 2.33E~13 1.56F-08

9.7RE-O7
T.29F-08
1.56E-05
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TACLE E-9, CONT'C

PAGLC 3 OF 3

INMALATION DUSE FACTORS FOR CHILD
(MREM PER PCI INMALFD)

NUCLILE BUNE LIVER T.800Y THYROIC KIDNEY LUNG Gl=-LL!

UAL&0 2.G0€-0% 1.756-08 1.17C~06 NO DATA S.7T1E=09 &,.T1E-04 2.75€-0S
BAl4L $.,29t-11 2.75€-14 1.72F-12 NO DATA 2.56E~14 T.89E-0T7 T.44E-08
vale2 1.35€=11 7.73C=15 7.5¢E~13 NC CATA TLATE=1S  &.44E-O0T T.41F-10

PRI nee— P T DD DD L e it

LALSD 1.T4E=07 6.08F-08 2.04E~-08 NO DATA NO DATA 4,94E-05 6.10€-05
LALA2 3.50E=10 1.11C=10 3.49E-11 NO DATA NO DATA ?.35F-06 2.05€E-05
CElsL 1.00E-05 5.286-06 7.83E-07 NO DATA 2.31E-06 1.47E-04 1.53E~05

- —

CEl4) 2.89E-08 5.37:-08 7.77E-09 NO DATA 2.266-0%  3.12E-05 3.44E-05
CELl44 1.836-03 5.72e-04 9.77E-05 NO DATA 3.176-06 3,23C-03 1.05E-04
PR14) 4.996=06 1.%0E~06 2.47E-0T7 NO DATA 8.11e=07 1.176-04 2.63E-05
PR1&SG 1.61E=11 4.99€-12 8.10E-13 NO DATA 2.66E~12 &.23)E-NT 5.32E-08
NOL&T 2.92L-06 2.36E-06 1.84F-0T7 N0 DATA 1.30E=0C6 B.87L-05 2.22F-05
w 187 4,41E-09 2.610-09 1.17F-09 NN CATA NC DATA 1.116=05 2.46€E-05%

PR p——————— A el - -

NP239 1.26E~-07 9.04%=09 6.35E-19 n~NO DATA 2.63E-08 1.57€E-95 1.73€E-05
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TABLE E~-10
PAGE 1 OF 3

INMALATION DOSE FACTORS FNR INFANTY
(MREM PER PCI INHALED)

NUCLIRE BONE LIVER T.a80CY THYROLD KIDNEY LUNG Gi=-LL1!

L] 3 NO DATA 4.626-07 &.62€-07 4,.0L2F=07 4&4.62€E-07 &.62E-0T7 4&.628-07
C 14 1.89E=0% 3.79C-06 3.79E-06 3.79€~G6 3.79E-06 3.79E-06 3I.79€E-06
NA 24 TS4E=06 T7.54E-06 T.54E=06 7,.5%E-06 7T.54E-06 7T.54E~06 7T.54E-06

-

" 3 1.456=-03 B.03E-05 5.53E-0% NO DATA NC DATa NO DATA 1.15€-05
CR 51 NO DATA NO DATA 6.376-08 4.11E-08 9.45E-09 9.17E-06 2.55€-07
MN 54 NO DATA 1.81E-05 3.56C-0& NO DATA 3.565-C6 T.IAE~04 S5.04E-06
NN 56 NO DATA 1.10F=09 1.50E-10 NO DATA T.86E-10 R.95€-06 5.12€-05
FE 55 1.41E-05 A.39L-06 2.38F-06 NO DATA NO DATA 6.21€-C5 T7.82€-07
FE 5 9.69E~C6 1.085-05 6.TTE-J26 NO DATA NO DATA T.256-04 1.77€-0%

CO 58 NU DATA 8.71E-07 1.30E-06 NO DATA NO DATA 5.556~04 T7.95F-06
L0 &0 NO DATA S.73E-0C B.41E-06 NO CATA NO DATA 3.22€6-03 2.28E-05
NI 63 2.426-04 1.46E-0> 9.29€-06 NO DATA NO DATA 1.49E-04 1.73E-06

Nl 65 1.71E=09 2.03C~10 B8.79€-11 NO UATA NO DATA 5.80E-06 3.58E-05
Cu &4 NO CATA 1.34c-09 5.53F-10 NO DATA 2.84E~09 6.64E-06 1.07€E-0S
N 65 1.38E~05 4.4T7F=05 2.22€-05 NO DATA 2.326~-05 4.62E-04 3.6TE-NS

IN 89 3.85€E-11 6.91E~11 S.13E-12 NO DATA 2.8TE=11 1.0SE-C6 9.44E~06
AR 83 NO DATA NO DATA 2.72E-0T7 NU DATA NC DATA N DATA LT F=24
MR 84 NO DATA NO DATA 2.86C-07 NO DATA NO DATA NO DATA LT £-24
firR 8> NO DATA NO DATA 1.46E-28 NO DATA NC DATA NO DATA LY E=-24
18 8o NO DATA l.36(~04 ©.30E-05 NO DATA NO DATA NO DATA 2.17€-06
p 88 NO DATA 3.986-07 2.02E-07 NO DATA NO DATA NO DATA 2.42€-07

- -

RSB 89 NO DATA 2.296E=0T7 1.47E-0T7 NO DATA NO DaTa NO DATA 4.87E-C8B
SR 89 2.B4E-04 NO DATA 8.15C-06 NO DATA NC DATA 1.45€-03 & ,.57€-05
SR 90 2.92E-02 NU DATA 1.85F-03 NO DATA NC DATA 8.03E-03 9.%6F-05

[ ————— PR R R e

SR 91 6.83E~-08 NO DATA 2.4TE=C9 NO DATA NU DATA J.T6E-05 H.264€-05
SR 92 7T.50E-09 NO OATA 2.79E-10 NOC DATA NO DATA 1.70£-05 1.00E-04
Y 9 2.35c-06 NO CATA 6.30E-08 NO DATA NO DATA 1.92F-04 T.43E-05
Y 91* 2.91E-10 NO DATA 9.90E~12 NO DATA NO DATA 1.996-06 1.68E-06
L . 4.70E-04 NO DATA 1.12E~05 NO DATA NC DATA 1.75€-03 S5.02€-05
v 9 1.17E-08 NO DATA 3.29€~10 NO DATA NO DATA L. 7SE-05 9.04E-0%5
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TABLE E~10,

CONT*D

PASE 2 OF 3

INHALATION DCSE FACTORS FOR INFANT
(MREM PER PC! INMALED)

NMUCLITLE BONE LIVER T.800Y THYROID KIONEY LUNG GI-LL!

Yy 9 1.0TE-CT NO DATA 2.91E-09 NO DATA NO DATA S.46E-0% 1.19€-04
IR 95 8.24E~05 1.99E-05 1.45E-05 NO DATA 2.22€6~0% 1.25€-03 1.55€E-05
IR 97 LeOTE=~O7 1.L3E-08 @8.36E-09 NO DATA 1.85€-08 7.88E-05 1.00E~04
NB 95 1.12E=05 4.59E-06 2.706-06 NO DATA 3.37€~06 3.42E-04 9.05E-06
M0 99 NO DATA 1.186-07 2.31E~08 NO DATA LR9E-0T 9.63E~05 3I.48E-05
TC 99 9.98E~-13 2.06E~12 2.66E~11 NO DATA 2.226-11 S.T79E-07 1.45E-06
Tciol 4.65€E~-14 S.98E-14 S5.80E-13 NO DATA 6.99E~13 A LT7E-O07 &6.03E-07
RUL03 L.44E~06 NO OATA 4.85E-07 NO DATA 3.03E-06 3.94E-04 1.15€-05
AV10% 8.74E~10 NO DATA 2.93E-10 NO DATA 6.42E-10 1.12E-05 3.46€-05
RUL06 6.20E~05 NO DATA T.77E~06 NO DATA T.61E~05 B8,26E-03 1.17€-04
AGLIO™ T.13E-06 5.16E-06 13.57€E-06 NO DATA T.80E-06 2.62E-03 2.36E-05
TEL25M 3.40E-06 1.426~06 4.TO0E-OT7 1.106E-06 NO DATA 3.19€-04 9.22€~08
TEL2TM L 19€~05 4.93E~06 1.48E~-06 JI.48E-06 2.68E-05 9.37E~-04 1.95E-0%5
TEL27 Lo59E-09 6.81E~10 3.4%~-10 1.32E-09 3.4TE~09 7.39E-06 1.T4E-05
TEL29» 1.0LE-05 4.35E~06 1.59€-06 I.71E-06 2.27€E-05 1.20E-03 4.93E-05
TEL29 5.63E~11 2.48E-11 1.34E-11 4.,82E-11 1.2%~10 2.14E-06 1.88E-05
TEL3IM T7.62E~08 3.93E-08 2.59€-08 6.38E~08 1.89E~07 1.42E-04 B8.51€-05
TEL3] 1o24E~11 S.8TE-12 3.57E-12 1.13€-11 2.85E~11 1.47E-06 S.8T7E-06
TEL32 2.66E-07 1.69E=07 1.,26E~07 1.99€=07 7T.39€-07 2.43E-04 13.15€-05
1 130 4,54E-06 9.71E~-06 3.98E-06 1.14E-03 1.09E-05 NO DATA L.42E-06
I 131 2.7TLE-05 3.1TE=05 1.40€-05 1.06E-02 3.TO0E-05 NO DATA T.56E-07
I 132 1.21E-06 2.53E-06 B8,.99E-07 1.21E-04 2.82E-06 NO DATA 1.36E-06
1 133 9.46E~06 1.37E~-05 &.00E-06 2.54E-03 1.60E-05 NO DATA 1.54E~-06
I 134 6.58E~07 1.34E~06 &.T5E-07 J.1BE~05 1.49€E-06 NO DATA 9.21€-07
1 135 2.T6E~06 S.43E-06 1.989E-06 4.97E-04 6.05E-06 NO DATA 1.31E-06
CS134 2.83E-04 S5.026-04 5.32€E-05 NO DATA 1.36E~04 5.69E-05 9.53E-07
CsS13e 3.456~05 9.61E~05 3.78E~-05 NO DATA 4.03E-05 B8.40E-N6 1.02E-06
Cs137 3.92E~-04 &.37F-04 3.25E-05 NO DATA 1.23E~04 S,09E-05 9.53E-07
Csi3s 3.61E~07 5.58E-07 2.84E-0T7 NO DATA 2.93E-07 A.6TE-C8 6.26E-07
BAL39 1.06E~-09 7.03E-13 3.07E~11 NO DATA 4.23E~13 4.25E-06 3.64E-05
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TABLE E~10, CONT'D
PAGE 3 OF 3

INMALATION DOSE FACTORS FOR [INFANT
(MREM PER PCI INMALED)

NUCL 1 DE BONE LIVER f.800Y THYROID KIDNEY LUNG GI=-LLY

BAL40 4.00E~05 4.00£-08 2.0TE-06 NO DATA 9.59€-09 1.14E-03 2.74€-05
BALGL L.12E~10 T7.70Cf=-16 3.55E~12 DATA 4.64E~14 2.12E-06 3.39F-06
HAL&42 2.84E~-11 2.36E-l4 1.40E-12 DATA 1.36E~14 1.11E-06 &.95€-07

LAL&O 3.61E~07 1.43E-07 3.68E-08
LALS2 To36E~10 2.69E~10 6.46E-11
CEl&l L.98E-05 1.19€-05 1.42E-00
CEL43 2.99€E-07 1.38€E-07 1.58€-08
CEL4S 2.28E-03 B.05E~-04 1.26E-C4
PR144 3.426-11 1.32E-11 1.72E-12
NDL47 S.6TE~06 S5.81F-06 13I.57E-07 DATA 2.25€-06 2.30€E-04 2.23E-05
w 187 9.26E~09 5.44E-09 2.23E-09 DATA NO DATA 2.83E~05 2.54FE-05

NP239 2.65E207 2.37E-08 1.36E-08 NO DATA 4.73E-08 4.25E-C5 1.TBE-OS

DATA NO DATA 1.20E-04 6.06E~05
DATA NO DATA 5.87F-06 &.2%5E-05
DATA 3.756-06 3.69F~04 1.S54E-05

DATA 4.036~08 B8.30€E-05 3.556-05
DATA 3.R4E~-06 T.03E=N3 1.76E~-04
DATA 1.41E-06 3,.09E-04 2.66E-05

DATA 4.A0E~-12 1.15E-06 3.06E-08

5558881838188
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TARLE F=1*

PAGE | OF 3

INGESTIO DUSE FACTORS FOR ADULTS
(¥REM PER °Cl INGESTED)

NUCLILE BONE LIVER T.ROCY THYROID KIDNEY LUNG Gi-LL]

" 3 NO DATA L.05€~-07 1.05%-07 1.05~-07 1.0%~-07 1.05€-07 1.05€-0
C 14 2.84E~06 5.68E-07 S5.68E-0T7 S5.68E-NT 5.68E~07 S5.68E-07 S5.68E-0
NA 24 1.706-06 1.70E-06 1.70E-06 1.70E~06 1.T70E-06 1.70€-0&6 1.T0€E-0
* N 1.93E-04 1.20E-05% /.4%0E-06 NO UATA NC DATA NO DATA 2.17€-0'
CR 51 NO DATA NO CATA 2.60E-09 1.59E-09 5.86E~10 3.53E-09 6.69€E-0
N 54 NO UATA 4.576-06 B8.72E-07 NO DATA 1.36E~06 NO DATA 1.40€-0¢
MN S NO DATA 1.15C~07 2.04E-08 NO DATA L.46E~07 NO DATA 3.6TF-08
FE 55 2.75€-06 1.90F=06 4.430-07 NO DATA NO DATA 1.06E-06 ..09E-0¢
FE 39 4.346-06 1.02E-05 3.91E-06 NO DATA NO DATA 2.85€-06 3.40€-0%
CO 5# NO DATA T.45=07 1.67E~06 NO DATA NO DATA NO DATA L.51F=05%
CO o0 NO DATA 2.14F-06 «.T720~06 NO DATA NO DaTA NO DATA 4.026~-05
41 83 L.30E~C4 9.01lE~00 4.38E-06 NO DATA NO CATA N DATA 1.88E~0¢
NI &> 5.28E~-07 6.86E-08 1J.13E-08 NU DATA NO DATA DATA 1.T4E-08
LU 64 NO DATA 8.33E-08 3.91E-08 NO DATaA 2.106-07 DATA T.10€~06
IN 65 4.84E-06 1.245-0% 0.7E~-06 NO DATA 1.C3E~05 NO DATA 9.70€-06
IN 89 1.0%~-08 1.97€-08 1,.37F-09 DATA 1.28E-N2 NO DATA 2.96E-09
8R 83 40 DATA NO DATA «.02€-08 OATA NO DaATA NO DATA 5.79¢£-08
AR B84 NO DATA NO DATA 5.21€~08 DATA NO DATA NO DATA 4.09€~-13
B8R 85 NO CATA NO DATA 2.14E-09 DATA NC DATA NO DATA LT E-24

RA 8¢ NO DATA 2.11E-95% 9.83E-08 DATA NO DATA NU DATA 4.16E-06
RSB 88 NO DATA 6.055~08 3.21E-08 DATA NO DATA NO DATA §.36E~19
Ry 89 NO DATA 4.0lE-08 2.82€-08 DATA NO DATA NO DATA 2.33E-21
SR 89 3.086-04 NO DATA 8.84E-06 DATA NO DATA NO DATA 4.94E~-0%
SR 90 T.58E~-03 NO DATA 1.86E~0) DATA NO DATA NO DATA 2.19€E~04
SR 91 S.67E~06 NO DATA 2.29€-27

SR 92 2.15€E-06 NU DATA 9.30€-08

Y 9 9.62E-09 NU DATA 2.58€~10

83381 34%

DATA NC DATA NO DATA 2.T0€-05
DATA NC CATA NO DATA 4.26E-05
DATA NC DATA NO DATA 1.026~-04

Y 2i!m 9,09E-11 NO DATA 3.52€-12
¥ e 141E~CT NU DATA 3.T7E-09
Yy 92 8.45C-10 NO CATA 2.47E-11

CATA NO DATA NO DATA 2.67E~-10
DATA NO DATA NO DATA T.T6E~05
DATA NO DATA NO DATA 1.48€-05

888,838,888
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TAALFE E-11, CONT*D
PASE 2 OF

INGESTION ONSE FACTO®S FOP AQULTS
(MREM PER PCI INGESTFOD)

NUCLICE BONE LiveR T.600Y THYROIC KIONEY LUNG Gl=LLl

Y 93 2.68E~-C7 NO DATA 7.40E~11 NO DATA NO DaTa NO CATA 8.50F-05
IR 9% 3.04E-08 I,75F=C9 6.60C-07 NO DATA 1.53E-08 NO CATA 3.09€-05
R 97 1.68E-07 3.39:-10 1.55€E~10 NO DATA 5.12E=10 NO DATA 1.05€-04
A 95 6.226=C9 3.46E-09 1.R6E-D9 NO CATA 3.426~-C9 NO DATA 2.10€-0%
MO 99 NO DATA 4.31E-N6 B8.20E-07 NO DATA 9.76k=06 NN DATA 9.99€-06
TC 99%  2,47E~10 &.98E~10 B8.89E-07 NO DATA 1.06E~08 3.42€~10 4.13E-07
fciol 2.94E=10 3.66E~1C 3.59€-09 NO 0ATA 6.59E~09 1.87E-10 1.10€E-21
w103 1.856-07 ~NO ULATA T.976~08 NO DATA T.06E~CT NN DATA 2.16€-0%
aulos 1.54E~08 Nu CATA 6.09L-0% NO DATA 1.99€~27 NO OATA 9.42E-08
W10 2.7T5F=06 NO DATA 3.48E-07 C DATA S.31E~C6 NO DATA 1.78E-04
AGLIOM 1.60E~07 1.48F=77 8.79€-08 NO DATA 2.71e~07 NO DATA 6.06E~05
TEL25M 2.69€E-06 9.TIE=NT 3,59C-07 B.06F=07 1,09e~05 NN CATA 1.07F=05
TEL2T* 6. TTE~06 2.42C-06 8.25C~-07 1.7¥E-06 2.75€~0% NO DATA 2.2TE-CS
TEL27 1o 108=07 3.95E~08 2.3cE-08 B.ISE~CH 4.48e~-07 NU DATA 8.68E-06
TEL29% 1.19E=05 4.29%-00 1.A26~06 3.95€-06 4.80e~05 NC DATA 5. 79€-0%
rgw2e 3 14E=08 1.186=28 T.0.E=09 2.41E-N8 1.32E-07 NU CATA 2.37€-08
TELIIN™ 1 TIE=-06 B.4860=07 7,.05€-07 1.36L~06 B.5TE-06 NO DATA 8,40E-15%
TELY 1.976=08 A, 23009 6.226=09 1.626~-CA S.63E-0f NO DATH 2.79€-C9
re132 2.526-06 1l.53E-06 1.536-06 1.B8CF~Ce 1.STE~-05 ™NO CavTa T.71€£-05%
I 130 7.56E-07 DV =NE BL.R2E-0T 1.897=C& 3.48C-06 NN DATA 1.92€-06
I 1sl 4. 16E=06 5.9%5%-06 3.410-06 1.95F=C3 1.02E=P5 NO DATA 1.57€-06
[ & P 2.0¥€-07 S5.43F<07 1.,90€-07 1.90€=CS B8.65L~07 NO 0ATA 1.02€6~-07
1 13 1.42E-06 2.476-06 7.536-07 3,63E-06 4.3LE=N6 NO DATA 2.22€6-0¢
I 134 1.06e=07 2.880-07 1.04F=07 4.995-06 4.58E-07 NN DATA 2.51€E-10
I 13 4.43E-07 1.160=06 4.29C~07 7.8%~05 1.86E~C6 NO DATA 1.31E~06
CS1is 6.,226-05% 1.48°=04 1,21E-04 KO DATA 4. T9%=0% 1.59€-0% 2.59€-06
CS13s 6.51E=06 2.57:=023 1.85E-05% NU DATA 1.43E~05% 1.96E~C¢ 2.926-06
CSia? T.97€=05 1.09L=04 _T7,14t-05 NO DATA 3.70e~0% 1.23E-0% 2.11E-06
CSi13s 9.526=0R 1.C9 =07 5,40E-0A NU DATA 8.01e~0CR  T7,.91E-C9 4.65€-1)
BAL3S 9.70E~08 6.71é~b1 2.84E-09 NO OATA 6.46E~11 3.92E~1L1 1.726-07

PRI ppp—————— S R e e i ittt
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TA3LF C-11, CONT'D
PASE 3 OF )

INGCSTION ONSE FACTORS FOR ADULTS
(MREM PLR PCL INGESTCD)

WCLILE BONF LIVER T.a00v THYROID KTONEY

TAL&D 2.03C=C5 2.35:-08 1.33F~06 O DATA 8.607c~09
ralsl 4.71E=08 V.36L-11 1.59E-09 NO DATA 3.31E-11
Hals2 2.13E=0R  2.19€=11 1.36k-09 0 DATa 1.956~11

LAL&O 2.500-09 1.26.-0% 3.3)C-10 NU DATaA NO DATA
LALS2 Lo28E~10 S5.825=11 1.45F=11 NO DATA NC. DATA

ML 9.36E~09 6.337-09 T.18C-1C NO DATA 2.940~09 ND DATA

[ ———————————————— A A i i

<Ele) 1+65%E=C7 1.,227=06 1.35E~10 NO DATA S.37E-1D
CELlas 4. ABE-07 2.042-07 2.62(C-08 NO DATA 1.21€=-07
PRI14) 9.20E=09 3.69.=0% 4.56E-'0 NO DATA 2.13E-09

Pll4s 3.OLE=11  1425%-11 1.53~12 NO DATA T.0%€~-12
NOLaT? 6.29E=C9 T.2TE-0% 4,.35E~10 NO DATA “.75%~09
- 197 1.03E=07 B.61E~08 J.01E-28 NO DATA NO DATA

[P —————————————— A e bl i

LUNG Gi=LLI
L.46E-08 4.10€E-05
2.02E-11 2.228~-17
L+24E~-1L1 13.00E~-26
NO DATA 9.25€-0%
NO DATA 4,2%E-07

2.02€6-05
NO UATA 4.56E-05
NO DATA L+65E~04
NO DATA 4.03E-DS
NO DATA 4. 33E~-18
NO DATA 3.49E-05
NN DATA 2.828-05%

2.40€-0%

WPy 1.196=07 1.17C~=10 6.45E-11 NO DATA 3.65€E~10 NN DATA

1.109-58




TABLE E~-12
PAGE | OF )

INGESTTION DOSE FACTORS FOR TEENAGER
(MREM PER PCI INGESTFD)

NUCLILE BONE LIVER T.a0CY THYROIQ KIONEY LUNG Gl=LLt

" ) NO DATA 1.065=07 1,00€~07 1.060=07 1.N6E~07 L1.06E~07 1.006E~-07
¢ Is 4.06E~06 B.12F=-0T7 B.I2E~07 B8.12F-07 B.126~-07 A.I126-07 B8.12F-07
A 24 2.30€-06 2.20E-N¢ 2.3GE~06 2.30E-06 2.30c-06 2.30E-06 2.30E-06

» N 2.766-04 1,.71C-05 1.07€E-05 NO DATA NO DATA NO DATA 2.32E-0%
Cr 51 NU DATA NO DATA 3.60€-07 2.,00E=-09 T7.99~10 S.14C~-09 6.05C-07
"N 54 NO CATA $.7CE~00 1 .17E-06 NN DATA L.76E~086 NO DATA 1.215-09%
My 56 NO DATA 1.28C~-07 2.R1E-08 NO DATA 2.00E~07 NO DATA L .0AE~0S
L 3.T8E~06 2.0LBF~06 6,25E-07 Nf DATa NU DATA L.7TNE=06 1.16E~08
FE 59 S.A7€~086 1.37E~0C5 5.29€-06 NO DATA NO DATA 4.32C=06 3.24E~05
<0 S8 NO DATA 9.T2E-07 2.24E-06 NU DATA NO UATA NO DATA 1.34E-05
CU o0 NO DATA 2.81E-06 6.33F-06 NO OATA NO DATA NO DATA 3.66E~05
o ey L.T7TE=04 1.25(~05 o.00E-06 NO DATA NO DATA DATA 1.99€6-06
NI 65 T49%=0T7 9.576-04 4,36L-08 NO DATA NO DaTa DATA S.19€-06
Cu &4 NO OATA L+ 1SE~OT S5.41E-08 NO DATA 2.91€-07 DATA 8.92€~00
N 65 5.76E-06 2.COC~C5 9,.33E-06 NO 0ATA 1.208€~-"% DATA 8.4TE~06

iN 869 LoATE-O8 2.506~-08 1.96E-09 MU DATA L RIE-08 DATA S.16E-08
R 1) NO DATA NO DATA 5.74E~08 NO DATA NO DATA DATA LY E-24
“R 8& NO DATA ND CATA T.226-08 NO DATA NO DATA DATA LY E~24

nd 85 NO DATA NO QATA 3J.05€6-09 NO OATA NO DATA DATA LT E-24

48 86 NO DATA 2.78E~-0% 1.42€-05 NO DATA NO DATA CATA 4.41E-08
8 83 NO DATA B.52E-08 &.54(~08 NO DATA NO DATA NO DATA T.30€~15
<8 A9 NO OATA 5.50€E-08 3.89E-08 NO DATA NO DATA NO DATA B.43E-17
SR A 4.40E~04 NO OATA 1.26C~05 NO DATA NO DaTA NO DATA 9. 24E-0%
s 90 8.30E~03 NO DATA 2.05%E~03 NO DATA NO DATA N DATA 2.33F<04
SR 21 8.0TE~086 NU DATA 3.21E~0T NO DATA NO DATA NO DATA 3.66E-05
SR 92 J.056-06 NO DATA L.30E~OT7 NO DATA  NO DATA NO DATA T.7T7€~0%
Y 9% 1.376-08 NO QATA 3.67€~10 NO DATA NO DATA NO DATA L. 13€E~04
Y 91% 1.29E-10 NO DATA 4.93E~12 NO DATA NC DATA NO DATA 6.09€~09
Y 9 2.01€E-07 U DATA 5.37%-09 NO DATA NO DATA ND DATA B.24E-05
Yy 92 1.21E~09 AU DATA 3.5CE~11 NO DATA NO DATA NO DATA 3.32€-05%

- - - — - -




TASLF E~12, CONT®
PASE 2 OF 3

INGESTIUN DNSE FACTORS FOR TEENAGER

(“REM PFR PCI INGESTED)

NUCLIZE BONE LIVER r.a00v THYROID KIDNEY LUNG Gr=-LLl

Y 9 3.83E-C9 NO DATA 1.056~10 NO DATA NO Dara NN DATA 1.17E~04
w9 4.126-08 1.30C-08 B.9%F-09 NO DATA 1.716~CA  NO DATA 3.00€~-05%
R 97 2.376-09 4.09C-10 2,16E~10 NO DATA TLLIE=10  NO DATA 1.27E~04
w9 8.226-09 4.503-09 J.516-09 NO DATA 4.42E~09 NO DATA 1.95¢-0%
mo 9 NO Dava 6.03C~06 1.12F~06 NO DATA L« 38E~05 NO DATA 1.08E-05%
TC 939%  3.32k-10 9,265-10 1.20F-08 NO DATA 1.Y0E~08  5.14E~10 &.08E-07
ciol 3.60E~1C 5.12:=10 S.03C~09 NO JATA 7.26€~09 3.126~10 B.75E~17
wing 2.55E-0T7 NU DATA 1.09E-07 NO OATA R.99E~-07 NO DATA 2.13E-05
»Ul0s 2.18E~-0" NO vATA B8.46E~09 NO DATA 2.756-07 ND DATA 1.76E-05
Wide 3.72€6-06 NU OATA 4.946-0T7 ND DATA T.56E~06 NO DATA 1.88E~N4
AGLLIO®  2.C5E=07 1.74€-07 1.14E~0T7 NO DATA 3.TOE~OT NO DATA S.45E-05
TEL25% 3.93E-06 1.386=06 5.12F-07 1.076-06 NO DATA NO DATA 1.13€-05%
TE127# 9.87E-06 3.436-06 1.15C~06 2.30E~06 3.92:~05 NO DATA 2.41E-0%
Tg127 1.586-07 5.60:-08 3.406-08 1.09F-07 6.40E~07 W~O DATA 1.226-05
TELZ2SM  1.63E~05 6.C5F=06 2.58E-06 5.26€-06 6.A2E~-05 NN DATA 6.12€-05%
TEL29 4. 48E~09 1.67F<08 [|,076-08 3.20€-08 1.88£-07 NO DATA  2.45F-07
TELIL® 2.44E=06 1.17C-00 9.T76E-07 1.76€~06 1.226~0% NO DATA  9.39€-05
TEL3L 2.796=08 1.150-08 9,726-037 2.15€-08 1.22e-07 NO DATA  2.29C-09
g1z 3.49€-06 2.21F=N06 2.06E-06 2.33€-06 2.126~0% NO DATA 7.00E~0%
I 1% 1.036=06 2.986-C6 1.19€6-06 2.43E-04 4.59E-06 NO DATA 2.29€-08
I 1 .85 =06 B8,19C= 4.40E~00 2.39€~03 1.41E-05 NO DATA 1.62E-06
1132 2.796-07 7,.30E~07 2.626-07 2.46€-05 1.15:=06 NO DATA 3.18E-07
1y 2.01E=06 Y.41lt=06 L.04E~06 4.76E-04 S5.98E-06 NO DATA 2.58€-06
[ s L 1.46E=0T7 3.07F=07 1.396-07 6.45€~-06 6.10E~27 NO DATA $.10€-09
I L3S 0. 106=07 1.576-06 5.826-07 1.01E~04 2.48E~-06 NO DATA 1.T4E~08
CS1is 8.37€-0% 1.97F=04 9.14E~05 NO DATA  6,.26E-0% 2.39E~05 2.45€-06
CSide B8.59E-06 3.38F~0% 2.2TE-05 NO DATA L.B4E=0% 2.906~06 2.72€-06
cs1y7 1.12€-06 1.49C=04 S5.17€-05 NO UDATA S.O0TE=DS 1.97E~0% 2.12E-06
csSi1is T7.76C~08 1.49C=07 7.45€-08 NO DATA 1.106=07 1.20F-0F 6.78E~L1
DALY 1.39€-07 9.780=11 4,0%~09 NO DATA 9.226~11 6. TAE-11 1.24E-08

-~ -
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TAALE E~12, CONT'D

PAGE 3 OF )

LAGESTION DOSE FACTORS FOR TEFNAGFR
(MREM PER PCI INGESTCD)

NuCLILC BONE LIVER T.800Y THYROID KIDNEY LUNG GI-LLI

Bals0 2.84E-05 3.4RE-09 1.83E-06 NO VATA LolBE~08 2.34F-08 4.38E~05
AAlsl 6.TIE=0R S.CIC~1L 2.24E~09 NO DATA 4.65E~11  3.43E-11 1.43E-13
Akls2 2.99C-08 2.39E~=11 1.84E~09 0 DATA 2.53~11 1.99E-11 9.18€E-20

-

LALAD 3.405-09 1.T1C~09 4,.55E~10 NO CATA NC DATA ND DATA 9.826-05
LALG2 1.79C~10  7.95E=11 1.98E~11 NO DATaA NU DATA NO DATA 2.426-06
Celsl 1.3JE-08 B.887-09 |,026~07 NO DATA  4.1BE~09 NO DATA 2.54F~05

CLis) 2.35€E-09 1.71c=06 1,91€E-10 NO CATA T.6TE~LO NOD DATA 5. 14£-05
CFlas 6.96F~07 2.885-0T7 3.74F-0A NO OATA 1.T26-07 NO DATA 1.75F~04
PR14S LJLE-O08 5.23(-09 6.52E~10 NU DATA J.N4E-09 NO CATA 4.31E-05
PRLA 4.30E~11 1.76E~L1 2.18E-12 ND DATaA 1.0LE~LL NN DATA L.TRE~LS
NULA? 9.%8C0-09 1.02F-08 6.11E~10 NO DATA $.99(-09 NN DATA 3.68E~-05
- 187 Le%0E~07 1.177-07 4,.1T7E~08 NG DATA NO DATaA NO CATA 3.22€-0%

- - -

NP239 LeT6E~09 1.66E~10 9.226-11 ~N DATA S<216=10 NO CATA 2.67€-0%

1.109-61
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TABLE E-1D

1 OF 3

INGESTION DOSE FACTORS FOR CM.LD
(MREM PER PCI INGESTED)

NUCL L JE BONF LIVER T.800Y THYROID KIDNEY LUNG Gr=-LL!

" 3 NO DATA 2,03€-07 2,0%-07 2.03E-07 2.N3E~07 2.03€-07 2.03€E-07
C 14 1.21E-05 2.926-06 2.42E-06 2.42E~06 2.42E-06 2.42E-06 2.42€E-06
NA 24 9.80E-06 5.806~06 5,.80€-06 5.806~06 5.80&-N6 S5.80E-06 5.80E-08
" N 8.256~04 3.86C-05 3,18E-05> O DATA NO DATA NC DATA 2.28E-05
CR 51 NO DATA NO CATA B8.90E~09 4.94E-09 1.35€6~09 9.02E-09 &.T2€E-07
MN 54 NO DATA 1.07€-05 2.85E~06 NO DATA 3.00C-06 NO DATA 8.98E-06
MmN S6 NO DATA 3.34E-07 T7.540-08 NO DATA 4.04E~0T7 NO DATA “.B84E~05
FE 55 1.1%~05 6.106-06 1.89E-06 NO DATA NO DATA 3.45€E-06 1.13E-06
FE 59 1.6%E=0% 2.67€-0%5 1.336-05 NO DATA NO DATA T.T74E~06 2.T78E~05
CO 58 NO DATA 1.80E-06 5.51€-06 NO DATA NO DATa NO DATA 1.05€-05
€0 o0 NO DATA $5.29F~06 L1.56E~05 NO DATA NO DATA NO DATA 2.93E-05
¥l 63 S.38E~C4 2.86F~05 |.83E-05 NO DATA NO DATA NO DATA 1.94C~-08
NI 65 2.226-06 2.09F=-07 1.22E-07 N0 DATA NO DATA NO DATA 2.56E-05
LU 64 NO DATA 2.45€E=0T 1.4BE-QT7 NO DATA 5.92E-0T7 NO DATA 1.15€C~-05%
IN &5 Lo 3TE=05 3,05E~-0> 2,276-05 NO DATA 2.3%0E~-05 NO DATA 6.41E-06
IN 69 4.38E-08 6.33E-08 5.85€-09 NO DATA 3.84E-08 NOD OATA 3.99€-06
BR 83 NO DATA NO QATA 1.TLE-OT NO DATA NO DATA NO DATA LT E-24

BR 84 NO DATA NO DATA 1.986-07 NO DATA NO DATA NO DATA LY E-24

AR 8> NO DATA NO DATA 9.12€6-09 NO DATA NC DATA NO DATA LT E-24

Ry 8o NO DATA 6.706~05 4.12E-05 NO DATA NO DATA NO DATA “.31F=0¢
RB 88 NO DATA 1.906-07 1.326-07 NO DATA NO DATA NO DATA 9.32C0-09
*8 89 NO DATA 1.17€-07 1.04E-OT NO DATA NO DATA NO DATA 1.02€~-09
SR 89 1.32E-03 NOU DATA 3.TTE-05 NO DATA NO DATA ND DATA 5.11€-0%
SR 90 1.70€-02 NO UATA 4.31E~03 ~O DATA NO DATA NO DATA 2.29€-04
SR 91 2.40E-05 NO DATA 9.06E~07 NN DATA NO DATA NO DATA 5.30€-05
SR 92 9.03E~C6 NO DATA 3.62E~07 NO DATA NO DATA NO DATA L.TIE~-O4
Y 9% 4.11E-08 NO DATA 1.106-09 NO DATA NO DATA NO DATA 1.17E-04
Y 91¢ 3.82€-10 NO DATA L«37€~11 NO DATA NO DaTaA NO DATA T.48E-07
Y 9 6.02E=07 NO DATA L.61F-08 NO DATA NO DATA NO DATA 8.02€~05%
Yy 92 3.60E=-09 NO DATA 1.03E~10 NO DATA NO DATA NO DATA 1.04E~04
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TABLE E~13, CCNT'D
PAGE 2 OF 3

INGESTION DOSE FACTORS FOR CHILLD
(MREM PEI »CI INCESTED)

NUCLIUVE BONE LIVER T.200v THYROID KIDNEY LUNG GI=-LLI

Yy S5 1.14C~-C8 NO 0ATA 3.13C-10 NO DATA NO DATA NO DATA 1.70€-04
IR 95 L-14£~07 2.55E-08 2,.27€-08 NO DATA 3.65E-08 NO DATA 2.65E-05
IR 97 6.99E~09 1.CIE=09 5.96E-10 NO DATA 1.456-09 NO DATA 1.53E-04
NA 95 2.256=08 B.76E-09 6.26E-09 NO DATaA 8.23F-09 NO DATA 1.626-05
MO0 99 NO DATA 1.33E=05 3.23€-06 NG DATA 2.84E-05 NO DATA 1.10E-05
TC 99 9.23€-10 1.81€-09 3.00E-08 NO DATA 2.63E-08 9.19€-10 1.03E-06
rciol L.OTE=09 1.126-09 1.42E-08 NO DATA 1.71E~08 $5.92€~10C 3.56E-09
fUl103 7.31E-07 NO DATA 2.81E-07 NO DATA 1.84E-06 NN DATA 1.89€-05
“TuiLos 6.45E-08 NO DATA 2.34E-08 NO DATA S.6TE=07 NO DATA 4.21E-05
Wwlioe 1.17E-05 NO DATA L.46E-06 NU DATA 1.58E-N5 NO DATA 1.826~04
AGLIOM  5,39€-07 3.064C-07 2.91E-07 NO DATA 6.78E-CT NO DATA 4.33E-05
TFL25M i.14E-05 3.09€E-06 1.52€-06 3.20E-06 NO DATA NO DATA 1.10F-05
FEL2TM  2.89E-05 T7.78F-06 3.43E-06 6.91E-06 P#.24E-05 NO DATA 2.34E-05
TF127 4.7TLE-07 1.27%-07 1.01E~07 3.26E-07 1.34E~-06 N0 DATA 1.84E-05
TEL29% 4.BTC~-C5 1.36F<0> 7.50E~06 1.57E-0S 1.43E~04 NN DATA 5.94E-05%
TEL29 1.347=07 3.T4E-08 3.18E-08 9.56F-08 3I.92E-07 NO DATA 8.34E~06
TEL3IN T.20FE+-06 2.49E~06 2.65E-06 5.126-06 2.51E-05 NO CATA 1.01E~04
TEL3t 8.30E-08 2.53E-08 2.47E-08 6.35E-08 2.51E-07 N DATaA 4.36E-07
rellz L.OLE=05 &.47E~00 5.40€E-06 6.51E-06 4.15€E~-05 NO DATA 4.50€E-05
I 13 2.92E-06 5.90€-06 3.04€-06 6.506-064 8.82e-06 NO DATA 2.T6E~06
I 13 1.72E=-05 1.730(~05 9.83E-06 5.720-03 2.84E-N05 NO DATA 1.54E~06
I 52 8.00C-07 1.470-06 0.76E~07 6.82E-0% 2.25€-N6 NN DATA L.73E~06
I 1 5.92€-06 T.326-06 2.77E-06 1.36E-03 1.22E-05 NO DATA 2.95€~-06
I 134 4.19E~-0T7 T.7BE-07 3.58E-07 1.779€-05 1.19E-06 NO DATA S.16E-07
I 135 1.756-06 3.15E~006 1.496-06 2.79E-04 4.B83E-06 NO DATA 2.40€-06
CSl3s 2.34E-04 3.840-04 B.10E~05 NO DATA 1.19€-04 4,27€-05 2.07E-06
CS1le 2.35E-05 6.46E-05 4.18E-05 NO DATA 3.44E-05 S.13E-086 2.27E-06
Csi3? 3.276-04 3.130(~-04 &,62E-05 NO DATA 1.026~C64 3.6TE-05 1.96E-00
<S13s8 2.20E-07 3.17E-07 2.01E-OT7 NC DATA 2.23E~07 2.40€E~08 1.46E-07
JALY9 4.16E~07 2.21E~10 1.,206-08 NO DATA 1.93c-10 1.30E-10 2.39€E-05

- -
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TASLD E-13, CONT*D
PASE 3 OF 13

INGESTION DOSE FACTURS FOR CHILY
(MREM PER PCI INGESTED!

NUCL IVE BONE LIVER T.a00Y THYROID K1ONEY LUNG GI=-LLI

RAL4O B.31E=0% 7.28L-08 4.B5E-06 NO DATA 2.37L~-08 &,34E-08 &.21E-05
2AlS] 2.00E=07 1.12C-10 6.51E-09 NO DATA 9.69E~11 6.58E-10 1.14E-07
TAL&2 B.7640~08 6.29E-11 4.88F-09 NO DATA 5.09E-11 3,70C~11 1.14E-09
LAL&O 1.01E-08 3,.53E-09 L1.17€6-09 40 DATA NC DATA NO DATA 9.84E-05
LALSG2 5.24E~10 (L 67F=10 5.23€-11 NO DATA NO DATA NO DATA 3.31€-05
CElel 3.97L-08 1.98C~08 2.94E£-09 NO DATA R.68E-09 NO DATA 2.47€-05
CElas 6.99C-09 2.79€E-06 5.49E-10 NO DATA 1.59€-09 "0 DATA 9.55€-05
CElés 2.08E~-06 6.52C-07 1.11E-07 WO CATA 3.61E~-07 WO DATA L.70E-04
PR143 3.93E-08 1.182-08 1.95E-09 NO DATA 6.39£-09 NO DATA 4.24E-05
PR1&4 1.29C=10 3.77E=-11 6.49€-12 NO DATA 2.11E-11 NN DATA 8.59€-08
NOL&T 2.79€E-08 2.26E-08 1.75E-09 NO DATA 1.24E-08 NO DATA 3.58€-05
w 187 4.29E=07 2.547-07 1.14E-OT NU DATA NO DATA NO DATA 3.57€-05

NP239 5.2%=09 3.775~10 2.65c-10 NI DaTaA 1.09¢=09 NO DATA 2.79e-05

1.109-64




TABLE E~14
PAGE | OF 3

INGESTIUN OOSE FACTORS FOR INFANT
(MREM PER PCI INGESTED)

NUCLTUE BONE LIVER T.800LY THYROIOD KIDNEY LUNG GI-LiLl

M 3 NO DATA 3.086-07 3.08E-07 3.0AF-07 13.086-07 3.08E~07 3.08E-07
C 14 2.376-05 5.06F-06 5.06C-06 S5.06E-06 5.06E-06 5.06F-06 5.06C-06
NA 24 1.01E-05 1.01C~05 1.01E-25 1,01E-05 1.01E-05 1.01E~05 1.01€E~05

L ¥4 1.T0E~03 1.00E-04 6.59E-05 NO DATA NO DATA NO DATA 2.3%0E-05
Cr 51 NO DATA NO DATA 1.41E~08 9.20€-09 2.0 E~"9 |.79E-08 &4.11E-07
MN 54 NO DATA 1.996-05 4.51E-06 NO DATA 4.4~ 06 NO CATA 7.31E-06
MN 56 NO DATA B8.18E~-07 1.41F-07 NU DATA 03E~0T NO DATA T.43FE-05
FE 55 1.39€-05 8.785-06 2.4CE~06 NO DATA NO DATA 4.39E~06 L1.14E-06
FE 59 3.08E~-05 5.385-05 2.12E-05 NO DATA NO DATA 1.59€-05 2.57€-05
co 58 NO DATA 3.606-06 B8.93E-06 NO DATA NC DATA NO DATA 8.97C~08
CO &0 NO DATA 1.,086-05 2.55E-05 NO DATA NC DATA ND DATA 2.57€-05
NI 63 6.34E~04 3.526-05 2.20E-05 NO DATA NO DATA NO CATA 1.95€~-06

Nl 635 4.TOE~06 5.326-07 2.42€-0T7 NO ULATA NO DATA NO DATA 4.05€E-05%
CU &4 NO DATA 6.09€-07 2.82E-0T7 NO DATA 1.03E~06 NN DATA 1.25€-05
IN 65 1.94E-05 6.31E~05 2.91E-0> NO DATA 3.06E~05 NN DATA S.33E-05
IN 69 9.336~08 1.68E-07 1.25E-08 NO DATA 6.98E~C8 NO DATA 1.37F=05
#R 83 N DATA NO DATA 3.63E-0T7 NO DATA NO DATA NO DATA LT E-24

BR 8+ NO DATA NO DATA 3.82€-07 NO DATA NO DATA NO DATA LY E-24

BR 8> NO DATA NO DaTa L+94E~-08 NOU DATA NO DATA NO DATA LT E-24

RA 8o NO DATA L.70C-04 8.40E-05 NO DATA NO DATA NO DATA 4.35€6-06
X8 88 NO DATA 4.98E~07 2.73E-07 NOD DATA NO DATA ND DATA 4.85F-07
’C 89 NO DATA 2.86E~07 1.9TE-27 NO DATA NO DATA NO DATA 9.74E-08
SR 89 2.51E~-03 NG OATA T.20€E-05 NO DATA NO DATA NO DATA 5.16E-05
SR 90 1.B85E~02 NU DATA ©.TIE-03 NO DATA NO DATA NO DATA 2.31E-04
SR 2 5.00E~C5 NU DATA L.81E-06 NO DATA NO DATA NO DATA 5.92€-05
SR 92 1.92C=-05 NO DATA T.13E~07 NO DATA NO DATA NO DATA 2.07€E~-04
Y 9% B.69E~-08 NU DATA 2.33E-09 NO DATA NO DATA NO DATA 1.20E-04

- -

Y 91Im B.10E~IC NO DATA 2.76F~11 NO DATA NU DATA NO DATA 2.T0E-06
¥ .9 1.13E-06 NO DATA 3.01E-08 NO DATA NO DATA N DATA 8.10€~-05
¥ 9 T.65E~-09 NO DATA 2.15E-10 NO DATA NO DATA NO DATA 1.46E-04

[P ————————————————— P i
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TABLE E-14, CONT'D
PAGE 2 OF 3

INGESTION UOSE FACTORS FOR TNFART
(MREM PER PC] INGESTED)

NUCLIDE BONE LIVER T.000Y THYROID KIDNEY LUNG GI=-LLI

Y 93 2.43E-08 NO DATA 6.62F-10 NO DATA NO DATA NO DATA 1.926-04
IR 95 2.06E~07 5.02E-08 3.56E-08 NO DATA 5.41E~-N8 NO DATA 2.50F-05
IR 97 1.48E-08 2.54C=09 1.16E-09 NO DATA 2.56E-09 NO DATA 1.62€-04
N8 95 4.20€-08 1.73E-08 1.00€E-08 NO DATA 1.24t~-08 NO DATA 1.46E-05
40 99 NO DATA 3.4CE-05 G.63E-06 NO DATA 5.08E-05 NO DATA 1.126-05
TC 99 1.926-09 3.96%-09 5.10€-08 NO DATA 4.26E-08 2.07E-09 1.15E-08
fciol 2.27E-09 2.86E-09 2.83E~-08 NO DATA 3.40E~08 1.56E-09 4,.86E-07
RULO3 1.48€-06 NO LATA 4.95€-07 O DATA 3.08E~06 NO DATA 1.80E-05
wios 1.36E~-07 NO DATA 4.59€-08 NO DATa 1.00E=-06 NN DATA S.41E-05
RUL06 2.41C-05 NO DATA 3.01E-06 NO DATA 2.85E~0% NO DATA 1.83F-04
AGLLOM 9.96E-07 7.27€-07 4.81E-07 NO DATA 1.04€~06 NO DATA 3.77€-0%
TE125M 2.33E=-05 T.79C=06 3.15E-06 T.84E~06 NC DATA NO DATA 1.11E-0%
TE127® S5.85E=05 1.94E-05 7.086-06 1.69E~05 1.44E~04 NO DATA 2.36E~05
TEL27 1.006-06 3.35E=07 2,15€-07 A.14E=-0T7 2.44c-06 N0 DATA 2.10€~05
TEL129M 1.00E-06 3.43E=05 1.54E-05 3.84E-05 2.50E-04 NO DATA $.97€-05
TEL29 2.84E-07 9.796-08 6.63E-08 2.38E-07 T.CTE~O7 NO DATA 2.27€-05
TEL3L® 1.52E=05 6.12E-06 5.05E~06 1.24E~05 4.21€-05 NO DATA 1.03E~04
TEL3L 1.76E-07 6.50€~08 4.94E-08 1.57€~07 4,.50€-07 NO DATA T.11E-06
TEL32 2.08E-05 1.03E-05 9.61E-06 1.52F-05 6.44E~05 NO DATA 3.81E~05
I 130 6.00E-06 1.326=-95 5.306-06 1.48E-03 1.45E-05 NO DATA 2.83E-06
1 131 3.59E-0% 4.23E-05 L1.M6E-035 1.39E~02 4.94E-05 NO DATA 1.51€-06
1 132 1.66E-06 3.376-06 1.20€-06 1.58E-06¢ 3.76E~06 NO DATA 2.73€-06
1 133 1.25%=05 1.82C=05 S5.33E-06 3.31E-03 2.14E-25 NO DATA 3.08€-06
I 134 B8.69E-07 1.78C=N6 6.33E-07 4.15E-05 1.99E-06 NO DATA 1.84E-06
I 135 3.64E-06 T.24E-06 2.64E-06 6.49E-04 H8.07E-06 NO DATA 2.62E-06
CS134 3.77€6-04 T.03E-04 T.10E-05 NO DATA 1.81E-04 7.426-05 1.91€-06
CS136 4.59E-05 1.35E~04 5.04E-05 NO DATA 5.38E-0% 1.10€-05 2.05E-06
cs13? 5.22E-04 6.11E-04 &,33E-05 NO DATA 1.64E~04 6.64E~05 1.91E-06
csi3s 4.81E-07 7.82E-07 3.79€-07 NO DATA 3,90€-07 $.09€-08 1.25€-06
8A139 8.81E-07 S5.84E~10 2,556-08 NO DATA 3.51E-10 3.54C~-10 5.58E-05
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TAGLED E~14, CONT'D
PASE 3 OF 3

INGESTION UOSE FACTURS FOR INFANT
(MREM PER PCI1 INGESTED)

NUCLICE BONE LIVER T.ACDY THYROIO KIDNEY LUNG GI=-LLl

BAl40 L. T1E=-04 1.T71E~O07 8.ALE-06 NO DATA 4.06E-08 1.05E-07 4.20€-05
RALSL ©.25E=07 2.913~10 1.34£-08 NO DATA L.7S€E-10 1.77E=10 5.19€E-08
BAL42 1.84E=07 1.53€~-10 9.06E-09 NO DATA B.81E~i1l 9.26E-11 7.59€-07

- - - - -

LALGO 2.11E-08 8.32C~09 2.14E~09 NO DATA NO DATA NO DATA 9.77F-0%
LALS&2 1.10€E=09 &.04E~10 9.67/E-11 NO DATA NC DATA NO DATaA 6.86F-05
CElal T.87€-08 4.802-08 S5.65E-09 NO DATA L.48E-08 NO DATA 2.48E-05
CELSS 1.48E-C8 9.820~-06 1.12E-09 NO OATA 2.86E~09 KO DATA 5.73E~-05
CEL4s 2.786-06 1.226-06 1.6TE~OT NO DATA 4.93E-07 NO DATaA 1.T1E=04
PRI14) B.13E-08 3.04L-08 4,03E-09 NO DATA 1. «3E~-N8 NO DATA 4,29€6-05
PRL&S 2.7640~10 1.06E~10 1.38E~11 NO DATA 3.A4k~11 NN DATA 4.93E-06
HDL14T 5.53E-08 S5.0BE~08 3.48E-09 NO DATaA 2.196-08 NO DATaA 3.60€~05%
« 187 9.03E~-07 6.28c-07 2.17TE-OT7 NO DATA NO DaTA ND DATA 3.69€E-05

- — -

NP2V 1«11E~08 9.93E~10 5.61E~10 YO VATA 1.98E~09 NO DATA 2.87€-05
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TABLE E-15
RECOMMENDED VALUES FOR OTHER PARAMETERS

Parameter Equation(s)
_Symbol Definition Where Used Values Ref .
f’ Fraction of produce ingested grown in garden of interest 413 0.76 -
f Fraction of leafy vegetables grown in garden of interest 14 & C-13 1.0 .-
t
» Effective surface density of soil (assumes a 15 cm plow 4, A-8, A-13, & C-5 240 kg/m’ 10
layer, expressed in dry weight)
r Fraction of deposited activity retained on crops, leafy 4, A-8, & A-13 0.2% 27
vegetables, or pasture grass c-5 1.0 (for fodines) 2.4 1
0.2 (for other 28-31
particulates)
S' Attenuation factor accounting for shielding provided by .50 N, 8, 0.7 (for maximum 26
residential structures B-6, 8-7, B-8, B-9, individual)
& C-2 0.5 (for general 26
population)
'.. Period of | term buildup for activity in sediment or 3, 4, A-4, A5, A6, 1.31 x 105 hr --
soil (nominally 15 yr) A-7, A-8, A-13, & C-5
t. Period of crop, leafy vegetable, or pasture grass 4, A-8, A-13, & C-5 720 hrs (30 days, 10 8 32
exposure during growing season for grass-cow-milk-
man pathway)
1440 hrs (60 days,
for crop/ tation-
man pathway
ty Transport time from animal feed-milk-man c-10 2 days (for maximum -
individual)
4 days (for ral -
population

-
Parameter values given without references are bascd on staff judgments.
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Paraceter
Symbo Definition
t, Time delay between harvest of vegetation or crops and
ingestion

i) For ingestion of forage by animals

ii) For ingestion of crops by man

t Environmental transit time, release to receptor
’ (add time from releace to exposure point to
minimums shown for distribution)

t Average time from slaughter of meat animal to
consumption

V' Agricultural groducuvuy by unit area (measured
in wet weight

A, Rate constant for removal of activity on plant or leaf
surfaces by weathering (corresponds to a 14-day half-life)

-
Parameter values given without references are based on staff judgments.

TABLE E-15 (Continued)

Equation(s)
Where Used

4, A-8, A-13, B C-5

4, A-8, A-13, 8 C-5

1 & A2

2 8 A3

38 AT
c-12

4, A-8, A-13, & C-5

Values

lero (for pasture
grass)

2160 hr (90 days for
stored feed)

24 hr (1 day, for
leafy tables &
maximum individual)

1440 hr (60 days, for
produce & maximum
individual)

336 hr (14 days, for
general population)

12 hr (for maximum
individual)

24 hr (for general
population)

24 hr (for maximum
individual)

168 hr (7 days for
population sport
fish doses)

240 hr (10 days for
population com-
mercial fish doses

lero

20 days

0.7 kg/lz (for grass-
cow-milk-man pathway)

2.0 kg/-z (for produce
or leafy vegetables
ingested by man)

0.0021 e
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APPENDIX F
METHODS FOR EVALUATING THE 1 FUNCTION
The NRC staff calculates ground-level gamma radiation doses from elevated noble gas releases
using Equation (6) in Regulatory Position C.2.a of this guide. Equation (6) is based on the
mode! presented in Slade (Ref. 1), which can be characterized as a vertically finite sector-

averaged Gaussian plume model. Use of the model involves volume integration over a distributed
source, resulting in certain integrals that define the I function, denoted by TY in Reference 1.

1. Derivation of the I Function

The derivation of the I function presented below is taken directly from Reference 1, which
should be consulted for further details.

The sector-average airborne radionuclide concentration resulting from a continuous release
is given by the Gaussian plume model as (see Equation 7.60 of Ref. 1):

h is the effective release height, in meters;
Q° is the effective release rate, considering decay in transit, in Ci/sec;
R is the downwind distance, in meters;
U is the average wind speed, in m/sec;
x(n,2) is the sector-average concentration at location (R,z), in cu-’;
2 is the vertical distance above the ground plane, in meters;
] is the sector width, in radians; and

9, is the vertical plume spread, in meters.

Equation (F-1) may be restated, for simplicity, as:

T(R,2) = . TOR (F-2)

where

2 2
6(z) = exp| - -u-i—")— +exp|- LLI:YM— (F-3)

‘4.’1!x 9y

where the terms are as defined ahove.
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The gasma dose rate to air at a distance of r meters from a point source of g curies is
expressed by (see Equation 7.33 of Ref. 1):

u!q(a.rulo‘°)£(l.c.ro")l(u.u..r).up(-ur)

: 4er2(1293)(100) i
where
l(u.u..l’) is the buildup factor, dimensionless;
0’ is the dose rate to air, in rad/sec;
£ is the gamma ray energy per disintegration, in MeV;
q is the point source strength, in curies;
r is the distance, in meters;
" is the attenuation coefficient for air, in n";
Va is the energy absorption coefficient for air, in n"-.
100 is the number of ergs per gram-rad;
1293 is the density of air at standard temperature and pressure, in
9/!3;
1.6 x 1078 is the number of ergs per MeV; and
375 !0‘0 is the number of disintegrations, per (Ci-sec,
Equation (F-4) may be simplified as follows:
lv.ﬂf'(u.u‘.f)llp(-uf)
g = 3 (F-5)

4ur

where

10 -6
K = ‘3.7 X 10 !i‘.‘ X 10 ! ® 0.46 (F-G)

The next step is to incorporate Equation (F-2) into Equation (F-5) to arrive at an
expression for the differential dose rate dD' from the differential volume dV containing the
radionuclide concentration x(R,z). Consider a volume element of the plume located 2z meters above
the ground and at a horizontal distance L meters from receptor location (R, 0) (see Figure 7.20
of Ref. 1). All such volume elements located at the horizontal distance L are included in the
ring-shaped differential volume 2wLdLdz. If R is sufficiently large that the concentration
averaged over all such volume elements can be approximated by x(R,z), the contribution of the
*ing-shaped differential volume dV to the air dose rate at location (R,0) is given as

Ko EB(u,u, ,r)exp(-ur)
daD’ = 2 —(nv dav
AP

(F-7)
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where q has been replaced by X(R,z)dV. Substituting (L2 + 22)"/2 for r and 2sLdLdz for @V in
Equation (F-7), and integrating, the following expression is obtained:

§ xu.co° 8 [u.u.. (L2 . xz)"zl 6(z) exp [-u(L2 . zz) ,J
2 /& ﬂalo 7 L _
o

+* i!
(F-8)

The [ function, demoted by YT in Reference 1, is defined as
g 8 Luw, (%o xz)'”l 6(2)exp L-..(Lz v )Y i s

- - ;o LdlLdz -
2 o, BT &K
which, when substituted into Equation (F-8), ylelds
Ky, €Q°

0" » =t | (F-10)

/= URe
The constant K, equal to 0.46, when divided by /= yields the factor 0.260, which is the
same as the factor of 260 in Equation (6) of Regulatory Position C.2.a, after multiplying by the
number of mrad per rad.

The buildup factor given in Reference 1 is of the form

Blusuyer) = 1 ¢ kur (F-11)
where
b sl (F-12)

Substituting the above expression for the buildup factor into Equation (F-9), the I function
is then given as

[ = X, * u, (F-13)
where the l] and Iz integrals can be written for this form of the buildup factor as

N
1 ;77— 6(2)E, (u2)dz (F-14)
G‘ ! .
1
nd g @ G(z)exp(-u2)dz (F-15)
: 2" T | Sl

where EI(un is the expcnential integral defined by

ur

£y (2) * ] explur) g(,r)
ul




2. luati f Functi

In l:fo'mec 1 the l1 and lz integrals have been evaluated and the results presented

graphically. Extraction of the data from these six-cycle log-log multicurve plots is a formidable
task. A more satisfactory approach is to prepare a tabulation of the integrals as evaluated
using numerical methods. These data can then be interpoiated in implementing Equation (6) nf
Regulatory Position C.2.a.

The NRC staff has developed a computer routine that evaluates the I function as formulated
in Equation (F-S). The I function as expressed in Equation (F-9) is independent of the buildup
factor form. A listing of this routine is provided in Figure F-1. Communication with the
routine is through the COMMON statement, which also communicates with the function subprogram
BULDUP, which defines the dose buildup factor l(u.u..r) desired by the user.

Also, Yankee Atomic Electric Company has supplied a routine written ., Dr. John N, Hamawi
of that company (Ref, 2). This routine evaluates the l‘ and l2 integrals as formulated in

iquations (F-14) and (F-15), respectively. A listing of the routine is providea in Figure F-2
(reproduced with the permission of Yankee Atomic Electric Company). With the exceptions of
changes in the title, the addition of the COMMON statement, th2 computing of 1 from l‘ and lz.

and comment cards as to its authorship, the routine is reproduced as written by Dr. Hamawi. The
staff has compared the two routines and found their results to be in excellent agreement. The
routine supplied by the Yankee Atomic Electric Company was found to be considerably faster than
the staff's routine.
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SUBROUTINE DINT
COMMON/DATATT/GNU, 2K, 18, S1GHZ, EBAR, DTN

DUSE INTEGRAL SUBROUTIN®Z ek . F, ECKERMAN (1e24e74

SUBROUTINE EVALUATES Tee DOSE INTEGRAL 'IT' AS DEFINED BY Egn 7.1

IN MET & AE=1968, THE TWO DIMENSTONAL INTEGRATION 18 EVALUATED

USING GAUSSIAN=LEGENDRE QUADRATURE OF ORDER 48,

COMMON INFO

GMU=MASS ATTENUATION COEFFICIENT (1/METERS)

IK=BUILOUP FACTOR (MU=MUA)/MUA IF USED

ME=RELEASE PUINT WEIGN™
RELEASE POINT MEIGHT (METERS)
SIGMZ=STANDARD DEVIATION OF PLUME (METERS)
EBARGAMMA RAY ENERGY (MEV)
DI=DOSE INTEGRAL
MeENERGY QROUP INDEX IF NEEDED

NOTE=ZK,EBAR, L M ARE USED BY BULDUP

DIMENSION X(24),M(24)
DATA NN/8B/,A/2,0208427125/

DATA X/
10,0323801709,
20,287362487),
30,5231809747,
40,72a0341309,
$0,8745720202,
80,970591592s,

DATA w/
10,08a73769%68,
20,002039423,
30,05%199%503%¢,
‘.c....,.’...i
$0.031187227s,
0,0155793157,

SUMEg,

0,0970048992,
0,3487%58882,
0,57722a7260,
0.7671%90325,
0,90%87%e13s7,
0.98a1245837,

0,06840881044,
0,0807044391,
0,05200010%,
0,0415a50029,
0,0274265097,
0,01147723a8,

880,85/ (8IGNZ=81IGMT)
IL0eNSau #8162
IUBS KB ea *31GN2
IFCILB, LT.0,)IL0m0,

YUBs (S, /GMU

Ce0,Se(ZUB~2L8)
Ge0 Se(ZuUB+ILD)

En0, Sevys

DU 70 1Iwl.NN

Isllel1/2
Ful,
Exsg,

!'f'OOCl!ol).l...)"'l.
1I1sFax(1)Cet
ARGUeB e (Z1-n8)n(T1=NY)
IFCARGU,6T.20,)60 TO S5
EXSExP(=ARGU)
ARGUaB e (Z2+mB) 0 (12+m8)
IF(ARGU,67,20,)60 TD S8
EXsEXeEXP (=ARGU)
IP(EX.20,.0,.360 TO Y0

DO &0 xxml.NN

KoKk /2

Fal,

IF(NOD (KK, 2) ,EQ, 0)Fu=],

0,.1812223560,
0,8088804819,
0,.6288473%7,
0,8070802040,
0,.9313860%7,
0,.9935301722,

0,0839242305,
0,059114839%,
0,0503590385,
0,0382413510,
0,0235707608,
0,00732755)%9,

0,22a47637%0),
0,8069029%047,
0,677872379%,,
0,8435882010,
0,9529877031,
0,9987710072/

0.0831141922,
0,0872772%21,
0,0876100584,
0,03a7772225,
0,019 1410608,
0,00319533460/

Pigure F-1. Staff-Nritten Computer Listing
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(1
70

YYRFax () nEoE
DinYyevvellell
ARGUaGMUS0RT (D)
IF(ARGU,8T.20,)60 TO o0
EXINEXEXP («ARGU) »BULDUP (ARGU) *YY /D1
SUNBSUMsN (T aNIN) sEXT
CONTINUE

CONTINUE

DISSUMaCHE/ (AnSIGMZ)
RETURN

En0

Figure F-1 (continued)
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SUBROQUTINE DINT
REAL Wy
COMMONM/DATALT /MU, IR, N, 8162,01,L
T3
DOSE INTEGRAL ROUTINE WRITTEN BY
DR, JOWN N, WAMANI
YANKEE ATOMIC ELECTRIC COMPANY
NUCLEAR SERVICES DIVISION
20 TURNPIKE RQOAD
NESTBOROUGH, MASSACHUSETTS 01581
YAEC REPORT NO, 1108

COMMON INFO
MUSMASS ATTENUATION COEFFICIENT (1/METERS)
IK=BUILOUP FACTOR (MU=MUA)/MUA
SIGL<STANDARD DEVIATION OF PLUME (METERS)
DI=00SE INTEGRAL =1 TOTAL
L* DETERMINES NUMBER OF INTERVALS USED IN INTEGRATION

DIMENSION COATA(S),E(a%),8(49),P(a9)
DATA M/9/,COATA/S,0043,1,00448,2,0004,5,00%4,1,00¢8/
DATA AQ ALAR2,AB MG, MY/ «0,57721%66, 0,99999193, =« 0,249910%5%,
€ 0,05519968,+0,00976004, 0,00107857/
DATA 80,81,82,83/7 0,207773734%, 8,634700892%, 18,0%%018973%0,
€ 8,85733287%01/
DATA CO,C1sC2,C3/ 3,9%0499220, 21,0994530827, 2%,0329%s1406,
€ 9.s73322%a84/
DATA D,D1+02,0%,04,0%,06,07,08,0%/
c ltol.vsotoo..Slll..-Olo..10000..-0!00..locco..-oll..lolo..ooo./
Conae COMPUTE LINITS OF INTEGRATION IMIN AND IMAX, AND INTERVAL CAL
x"“o".'l".k."..’ L
C ® COATALL=Y)
NELa(uel) ¢}
816212 » 3162e8162
ALFA » w = WUsBIGZ2
BETA » 31GZe SORT(2,0#AL06(C))
IFCALPA,GT,0,0) GO TO 190
l." - .o'
IMAR & ALFA o BORY(ALFAsALFA ¢+ BETA=BETA)
60 To 200
1950 IMIN ® ALFA = BETA
IPCImIN,LT,.0,0) ININ » 0,0
INAX & ALFA » BETA
200 D2 & (IMAXSIMIN)/(N=1)
Coene COMPUTE EXPONENTIAL INTEGRAL TEamg EC(1) (SPECIAL PROCED, FOR €t1))
EC1) » 2,10907«AL0G(MY*02)
DO 2%0 1 ® 1, N
2% IMIN ¢ (1e1)002
X e wuel
IPiX,LE,0,0) GO TO 2%0
X2 " Xax
K3 » Xex2
X4 » Xaxd
XS % Xaxsa
IPEX LE,1,0) (1) » =aALOG(X) ¢ AOSALSRSAZNNZoATOR I AURXAASeS
Irin gr,1,0) EC(1) » (BO*BLaxeBRaxebdnxiora)/
4 (COSCIoXsCRaXZoCInnIaXa) /(e EXPIX))
290 CONTINUE
Conas COMPUTE INTEGRAND TEAMS B(1) AND #(I)
DO 300 1 % 1, N
I % InIN ¢ (1=1)002

oOoOOOOOONOOOOnDONnn

Figure F-2. Hamawi-Written Computer Listing
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G0 EXP(a(Tom)n(Ien)/(2,0081622)) o EXP (=(ZeM)n(2=M)/(2,0081622))
B(1) = geE(]D)
300 P(1) = Go ExP(eMUsl)
Conan PERFORM NUMERICAL INTEGRATION USING 9=PUINT NEWTON=COTES FORMULA
SUME = 0,0
SUNP = o,
LU B
KN 8 N = |
00 3%0 x LML
BUME = SUNB & DI*B(X)+D24BIN+1)e03aB(Ke2)*DGnB(Ke3)eNSaB(Ke4)
4 *00AB(K+S)+DTwB(Kea) *DBeB(Xe7)+DVeB(Ked)
BUMP & SUMP & DIeP(K)+D2aP(K41)+03#P(Ke2)*DasP(K+3)+DSep(Ked)

0
i
-
B

4 s00eP (KeS)sDTaP(Kep) *DBeP (Ko7 )+D%eP (Ke8)
350 CONTINUVE

DINDZw(QUMBLSUMPRIX) /(D2 B28427+81610)

RETURN

END

Figure F-2 (continued)
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