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A. . INTRODUCTION l
.

!

|

Appendix I, " Numerical Guides for Design Objectives and Limiting Conditions for Operation i

- Water-Cooled Nuclear power Reactor Effluents,g Achievable' for Radioactive Noterial in Light- |to Meet the Criterion 'As Low As is Reasonabi
to 10 CFR part 50 provides numerical guidance for

iradioactive effluent design objectives and technical specification requirements for limiting i

conditions of operation for light-water-cooled nuclear power plants. |
To implement Appendix !. the IRC 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 men. This guide describes basic features of these calculational
models and suggests parameters for the estimatten of radiation deses to men from effluent releases.
The methods used herein are general approaches that the letC staff has developed for application
in lieu of specific parameters for individual sites. The use of site-specific values by the
applicant is encouraged. However, the asseptions and methods used to obtain these parameters
should be fully described and doceented.

portions of this guide supersede Regulatory Guide 1.42. Revision 1. " Interim Licensing
Policy on as Low as practicable for Gaseous Radiciodine 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 which has been withdrawn.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 is reasonably
achievable. This guide describes basic features of the calculational models and assumptions in
use by the NRC staff for the estimation of doses. i

Appendix A of this guide describes suggested models and asseptions for calculating the
estimated doses to men from discharges to the hydrosphere. Appendix B of this guide describes
suggested models and asseptions for calculating doses from noble gases discharged to the atmos.
phere, and Appendix C gives models and asseptions for estimating doses from radiotodines and
other radionuclides released to the atmosphere. Appendix 0 describes the models and assumptions
for calculating population doses (men-re and men-thyroid-rem) from radionuclide releases to the
atmosphere and hydrosphere. Appendix E presents tabular data pertaining to two or more of the
other appendices.-Appendix F provides a discussion of, and derivation for, the I function used
in computing gamme doses from elevated noble gas reiseses.

,

in providing guidance fer implementing Section II of Appendix I. the fetc staff has made use
of the mesimum exposed individual approach. In this approach the numerical design objectives of
Section II are compared to the calculated radiation esposures to me 1m m individuals in each of
four age groups.

The population is considered to be made up of infants (0 to 1 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 mealme infant is assmed to be newborn, the menine child is taken to be 4 years
old, the monimum teenager is taken to be 14 years old, and the menis m adult is taken to be
17 years old. ,

Menimum individuals are characterized as "manin e" 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 population in geners1
In all physiological and metabelle respects the monimum esposed individuals are assumed to have
those characteristics that represent the averages for their corresponding age group in the general

,

"In this guide, the term " dose." when applied to individuals is used instead of the more precise
term " dose equivalent." as defined by the International Comunission on Radiological Units and
Measurements (ICRU). When applied to the evaluation of internal deposition of radioactivity,
the term "dese." as used here, includes the prospective dose component arising from retention

- in the body beyond the period of enviremental espesure, i.e. the dose censituent. The dose
- commitment is evaluated over a period of 50 years.

1.10g-1
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population. Although specific individuals will almost certainly display dietary, recreational,
and other living habits considerably different from those suggested 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 II of Appendix 1. The

characterization of maximun 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 constitment per unit ir.take 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 consnitment extending over a 50-year period from initiation of intake.

The models and assumptions described in Appendices A. B. C. and 0 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 d= scribed in
this guide. The assumptions and methods used should be fully described and documented.

As discussed in Section III.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 bicaccumulation 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
if they are Ilkely to provide a significant contribution to the total dose. A pathway is con-
sidered significant 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. Doses from Liould Effluent Pathways

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

a. Potable Water
;

(1)
R,,) = 1100 {Qg,,,)exp(-1t,)

* ' D 9

( b. Aquatic Foods

(2)
R,,) = 1100 {Qgq,0,9,)exp(-1t,)B

9

c. Shoreline Deposits

I3I
{QTD,9,y(exp(-At,)][1-exp(-1tIlgg g gbR,,) = 110.000

-

0
1.109-2
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~ O d. Irrigated Foods

For all redionuclides except tritium:
.

. .

g ,)] + f 3t EI * '"PI*A t Il
_

r[1-exp(-A t 1v tb
spj " U,,pgfdexp(-1t)D,g,j y,3g jE g 9h . p3a

"

" EI * '"PI*AEi ,)]t'
nimal fI O O d enp(-A t )* pg gh Y,AE11A ,q,)p

,

f B ,(1 - enP(-1 t Ilgg gb
* *U 0 III1Aw Awpag

,

For tritium:

N ,,) F (C,Q + C ,Q ,) (5)0R v ,,) +apj * g g 3 3

where

B,P is the equilibrium bicaccumulation factor for nuclide 1 in pathway p, expressed
as the ratio of the concentration in biota (in pC1/kg) to the radionucitde
concentration in water (in pct / liter), in liters /kg; *

B' th the concentration factor for uptake of radionuclide i from soil by edible
y parts of crops, in pC1/kg (wet weight) per pct /kg dry soil;

C is the concentration of radionuc'.ide i in water consumed by animals, inyg
- pct / liter;

C, is the concentration of radionuclide i in vegetation, in pC1/kg;
g

0,g,) is the dose factor, specific to a given age group a, radionuclide 1, pathway p.
.

and organ j, which can be used to calculate the radiation dose from an
|' intake of a radionuclide, in eres/pC1, or from esposure to a given concentra-

tion of a radionuclide in sediment, expressed as a retto of the dose rate
2'(in eres/hr) and the areal radionuclide concentration (in pC1/m );

,

2
d is the deposition rate of nuclide 1, in pC1/m per hr;

g

3
F is the flow rate of the 11guld effluent, in ft / sect

f is the fraction of the year crops are irrigated, dimensionless;
g

! F is the stable element transfer coefficient that relates the daily intake rategg by an animal to the concentration in an edible portion of animal product, in
pct / liter (milk) per pC1/ day or PC1/kg (animal product) per pCi/ day;

,

M is the mining ratio (reciprocal of the dilution factor) at the point of
| P esposure (or the point of withdrawal of drinking water or point of harvest
| of aquatic food), dimensionless;

2
P is the effective " surface density" for soil, in kg(dry sott)/m ;

i
i Q is the consumption rate of contaminated water by an animal, in Itters/ day;

h
'

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

Q is the release rate of nucitde 1, in C1/yr;
g

; r is the fraction of deposited activity retained on crops, dimensionless;

'( R,Pl is the total annual dose to organ j of individuals of age group a from all
! of the nucitdes 1 in pathway 9, in aren/ yrs
I

; i.1 .

L



O
t is the period of time for which sediment or soil is exposed to the contaminated
b water. In hours;

, " t, is the time period that crops are exposed to contamination during the growing
season, in hours;

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

T is the radioactive half Itfe of nuclide 1. in days;g

t is the average transit time required for nuclides to reach the point of
p

For internal dose, t, is the total time elapsed between releaseexposure.

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

U is a usage factor that speciffes the exposure time or intake rate for an
aP individual of age group a associated with pathway p. in hr/yr. s/yr, or

kg/yr;

W ts the shoreline width facter, dimensionless;

Y, is the agricultural productivity (yteld). in kg(wet weight)/m ;

is the effe:tive removal rate constant for radionuclide i from crops, in hr'I.A gg
where ng=Ag + 1, 1g is the radioactive decay constant, and 1, is the
removal rate constant for physical Inss by weathering (see Appendix E.
TableE-)S);

is the radioactive decay constant of nuclide 1. in hr*I;A g

3
1100 is the factor to convert from (Cf/yr)/(ft /sec) to pC1/Itter; and

3
110.000 is the factor to convert from (Cf/yr)/(ft /sec) to pC1/11ter and to account

for the proportionality constant used in the sediment radioactivity rodel.

These equations yield the dose rates to various organs of individuals from the exposure
pathways mentioned above. Appendix ! 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 Itquid effluents associated with each reactor should not exceed 3 mrem and 10 mrem.
respectively.

2. Gasens and Beta Deses from Noble Gases Discharged to the Atmosphere

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 1.111
' Methods for Estimating Atmospheric Transport and Ofspersion for Gaseous Effluents on Routine
Releases from Lfght-Water-Cooled Reactors."

a. Annual Gamma Air Dose from Noble Gas Releases from Free-Standina Stacks More Than
80 Meters Righ

D(r.0)=rfa ff k ("'"''''** k} f 1 kl
T I

ns "a k

where

A is the photon yleid for gasena ray photons in energy group k from the decaygg of radionuclide f. In photons / disintegration;

D(r.0) is the annual gessna air dose at a distance r (meters) in the sector at angle 9Y
~

In mead /yr;

E is the energy of the kth photon energy group, in MeV/photontg

1.109-4
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,m

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

is the dimensionless numerical integration constant accounting for the!(P.u.s.o, E ) distribution of radioactivity according to meteorological conditions of windg

speed (u) and atmospheric stability (s) which in part detemine the effective
stack height (H) and the vertical pliane standard deviation (o ). In addition.g

and is T = T + kT as fomulated inI is a function of the photon energy Eg 3 2

Slade (Appendix 8. Reference 1);

Q,0 is the release rate of radionuclide 1. corrected for decay during transit to
9 the distance r under wind speed u ,. in C1/yr;

is the mean wind speed of wind speed class n in m/sec;u
n

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

u,(E) is the air energy absorption coefficient for the kth photen energy group. In
g

m ; and

is the conversion factor to obtain D (r.e), in erad/yr. and has the unitsY
260

3of arad-radians-m -disintegration /sec-MeV C1.

Annual Gasma Air Dose from All Other Noble Gas Releases; Annual Beta Air Dose from Allb.
hoble Gas Releases

8 (7)D (r.0) or 0 (r.e) = 3.17 x 108 { Qg(x/Q)D(r.e)(DFj or DF )Y 8

(q w.,ere

DFj.DF are the gasma and beta air dose factors for a uniform semi-infinite cloud of8

3radionuclide 1. In ered-m /pCi-yr;

YD (r.e) or

0(r.e) are the annual gasma and beta air doses at the distance r in the sector at8

angle e from the discharge point in mead /yr;

Q,
is the release rate of the radionuclide 1. in Cf /yr;

[x/Q)D(r.0) is the annual average gaseous dispersion factor (corrected for radioactive
decay) at the distance r in sector e in sec/m3 (see Regulatory Guide 1.111
" Methods for Estimating Atmospheric Transport and Dispersion of Gaseous
Effluents in Routine Releases from I,fght Water-Cooled Reactors." for methods
to estimate x/Q); and

3.17 x 10 is the number of pCi per Ci divided by the number of seconds per year,8

Annual Total M Dose from Noble Gas Releases from Free Standing Stacks More Theni

j c.
80 Meters Mieh

D{{r.9)exp[-uf(E)t] (8)TD(r.0)=1.11Sp g d

where

D(r.0) is the annual total body dose at the distance r in sector 8. in pren/y,;T

D{(r.0)
is the annual gasma air dose associated with the kth photon energy group at
the distance r in sector 6. in mead /yr;

i
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9!
$ is the attenuation factor that accounts for the dose reduction due to '

I shialding provided by residential structures, dimensionless;

t is the product of tissue density and depth used to determine a total body
d 2dose, in g/cm ;

2

uf(E) is the tissue energy absorption coefficient, in cm /g; and
g

1.11 is the average ratio of tissue to air energy absorption coefficients,

d. Annual Skin Dose from Noble Gas Releases from Free-Standino Stacks More Than 80 Meters High

4{Q[x/Q]D(r.e)DF5
(9)SD (r.0) = 1.11$pDy(r.9) + 3.17 x 10 g g

where

DF5 is the beta skin dose factor for a semi-infinite cloud of radionucilde 1
9 wnicn includes the attenuation by the outer " dead" layer of the skin, in

3prem-a /pci-yr; and

0(r.e) is the annual skin dose at the distance r in sector 9. in erem/yr.8

All other parameters are as defined in prt eding paragraphs.

Annual Total Body Dose from All Other Noble Gas Releasese.

(10)
D[(r.9)=.Sp{xg(r.0)DFBg

where

DFB,
is the total body dose factor for a semi-infinite cloud of the radionuclide 1
which includes the attenuation of 5 g/cm of tissue, in arem-a /pci-yr;

D[(r.0) is the annual total body dose d6e to ismersion in a semi-infinite cloud at
the distance r in sector e, in arem/yr; and

xg(r.0) is the annual average ground-level concentration of radionuclide i at the
3distance r in sector e. in pC1/m .

All other parameters are as defined above.

f. Annual Skin Dose from All Other Noble Gas Releases

xg(r.0)DFJ + zg(r.0)DFS, (11)s
D (r.0) = 1.11 $7

where

D,(r.0) is the annual skin dose due to ismersion in a semi-infinite cloud at thes

distance r in sector 6. In pres /yr.

All other parameters are as defined above.
.

3. Roses from Radiciodines and Other Radionuclides * Released to the Atmosohere

The NRC staff will calculate radiation doses from radiolodines and other radionuclides
released to the atmosphere wing the following equations from Appendix C of this guide.

* -
Not including noble gases.

0
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a. Annual Orean Dose from External Irradiation from Radionuclides Deposited onto the

Ground Surface

G
D (r.0) = 8760 S C (r.0)DFG (12)p jj

where-

GC (r.e) is the ground plane concentration of radionuclide i at distance r in
2sector e, in pC1/m ;

DFG is the open field ground plane dose conversion factor for organ j from radio-
gy

nuclide i, in orem-m /pCi-hr;
GD (r.e) is the annual dose to the organ j at location (r.e), in mesm/yr;

S- is a shielding factor that accounts for the dose reduction due to shielding
g provided by residential structures during occupancy, dimensionless; and

8760 is the number of hours in a year,

b. Annual Organ Oose from Inhalation of Radionuclides in Air

.((r,e)=R, xg(r.0)0FAgp (13)

where

a(r,0) is the annual dose to organ j of an individual in the age group a at location
(r 0) due to inhalation, in prem/yr;

( . /''W) -
=

[ DFA is the inhalation dose factor for radionuclide i, organ j, and age group a,gj,V in eres/pCi;

R, 14 the annual air intake for individuals in the age g:oup a, in a /yr; and

xg(r.0) is the annual average concentration of radionuclide i in air at location
3'(r.0), in pC1/m .

Annual Organ Dose from Incestion of Atmospherically Released Radionuclides in Foodc.

DFI),iffC{(r.0)+U"C"(r.o)+U,C((r.0)+UfCk(r.0)
FU (14)D ,(r.0) = gg g

where

C](r.e),C"(r.e).
C (r.0), C (r.e) are the concentrations of radionuclide i in produce (non-leafy-vegetables,

fruits, and grains), milk, leafy vegetables, and meat, respectively, at
location (r, e), in pC1/kg or pCi/t;

00 ,(r.e) is the annual dose to the organ j of an individual in age roup a from
ingestion of produce, milk, leafy vegetables, and meat at ocation (r.0), in
eres/yr;

0Fi is the ingestior. dose factor for radionuclide 1, org.n j, and age group a,
gja in prem/pC1;

f .f are the respective fractions of the ingestion rates of produce and leafy
vegetables that are produced in the garden of interest; andg g

U*,,(,U,F,U, are the annual intake (usage) of produce, stik, meat, and h1Ny vegetables,'

respectively, for individuals in the age group a, in kg/yr or t/yr (equivalent,.

( to U,p).

1.109-7
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4. Inteorated 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. Because of the various conditions under which the equa-
tions in Appendix D are used, they are not presented in this section. It is reconsnended that
Appendix D be read for a detailed discussion of the staff's models.

5. Summary of Staff Position

A brief sunnery of the staff position on methods of evaluating compliance with the numerical
guides for design objectives of Appendix I is 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 appitcants and Itcensees regarding
the NRC staff's plans for utilizing this regulatory guide.

This guide reflects current Nuclear Regulatory Cossaission 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 Comunission's regulations
is being and will continue to be used in the evaluation of submittals for operating ifcense or
construction permit applications untti the guide is revised as a result of suggestions from the
public or additional staff review.

O

_

i

O
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TABLE 1 .

.

Sum ARY OF STAFF POSITION -
METH005 0F EVALUATlhG COMPLIANCE WITH APPENDIX l-

i
I

APPENDIX !* M-50-2 POINT OF DOSE EQUATIONS'

TYPE OF DOSE DESIGN OBJECTIVES DESIGN OBJECTIVES * EVALUATION TO BE USED'

;

Lieutd Effluents
,

Dose to total body 3 mren/yr per unit 5 mren/yr per site Location of the 1, 2. 3. 4 & 5

from all pathways highest dose offsite.**

I Dose to any organ 10 mres/yr per unit 5 arem/yr per site Same as above. 1. 2. 3. 4 & 5
from all pathways

,

5 C1/yr per unit ---- ----
Non-tritium releases ----

."
{i Gaseous Effluents ***

Gaasna dose in air 10 mrad /yr per unit 10 mrad /yr per site Location of the 6 or 7. as*
highest dose offsite.' appropriate4

|

Beta dose in air 20 mrad /yr per unit 20 mrad /yr per site Same as above. 7

Dose to total body 5 mres/yr per unit 5 mres/yr per site Location of the 8 or 10. as
of an individual highest dose appropriate

offsite.**

i

! Dose to skin of an 15 mres/yr per unit 15 mres/yr per site Same as above. 9 or 11. as
! individual aporopriate

1

|

| See footnotes at end of table, on following page.
l.

4

l

t

I

f

|
,

4

!

4

i
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TABLE 1 (Continued)

stb 9tARY OF STAFF POSITION -
METH005 0F EVALUATING COMPLIANCE WITH APPENDIX I

APPEN0lX 1* IIM-50-2 POINT OF DOSE EQUATIONS

TYPE OF DOSE DESIGN OBJECTIVES DESIGN OBJECTIVES * EVALUATION TO BE USED

Radiolodines and Particulates" Released to the Atmosphere

Dose to any organ 15 mram/yr per unit 15 aren/yr per site Location of the 12, 13. & 14
from all pathways highest dose

offsite. *
1 C1/yr per unitI-131 releases ---- --------

."
*

$ Evaluated for a maximum individual, as described in Section 8 of this guide.
**

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

***
Calculated only for noble gases.

* Evaluated at a location that could be occupied during the tem of plant operation.
" Doses due to carbon-14 and tritium intake from terrestrial food chains are included in this category.

"# valuated at a locttfon where an exposure pathway and dose receptor actually exist at the time of Itcensing. However. If theE
applicant detemines design objectives with respect to radioactive iodine on the basis of existing conditions and if potential
changes in land and water usage and food pathways could result in exposures in excess of the guideline values given above, the
a licant should provide reasonable assurance that a monitoring and surveillance program will be perfomed to determine:
( the quantitles of radioactive fodine actually released to the atmosphere and deposited relative to those estimated in the
detemination 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 radioactive iodine in foods
involved in the changes. if and when they occur.

S' O G
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APPENDIX A
. . i

METHDDS FOR CALCULATINE DOSES TO MAN FROM LIQUID EFFLUENT PATIRdAYS

The equations for estimati 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.

' 1. * alized Eauntion for Calculatina Radiation Dose via Lieufd Pathways

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

aipj = C ,U,,D,,,) @-0N g

where

C, is the concentra ion of nuc11de 1 in the media of pathway p. in pC1/s.
9

pC1/kg, or pC1/m ;

D,gpj is the dose factor, specific to age group a. radionuclide 1. pathway p.
and organ J. It represents the dose due to the intake of a radionuclide,
in aram/pci or from exposure to a given concentration of a radionuclide in

2sediment in mesa per hr/pCf per m L

R,9,) is the annual dose to organ j of an individual of age group a from nuclide i
* via pathway p. in aren/yr; and *

O U,# is the exposure time or intake rate (
age group a. in hr/yr s/yr or kg/yr fsage) associated with pathway p foras appropriate).G,

The three factors making up Equation (A-1) are discussed in the following sections. most of
! which were taken directly from the IdAfH-1258 report (Ref.1). (An update 1 version of the portion
! of the idASH-1258 report describing mocals and computer programs is contained in the BMWL-1754
[ _ report (Ref. 2).)

Radionuclide Concentration in Enviromental Media (C ,)a.
g

The concentrations in enviromental media of interest can be estimated from the mixing
ratio M,. the discharge flow F. the radionuclide release rate Qg. and other terms presented in
the pathway equations that appear later in this discussion.

b. Msggg,(U )

The second term of Equation (A-1) is the usage tern U,,, Usage is expressee 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 valu'es (consumption
rates and exposure times) presented in Appendix E. Table E-5. are recommended.

DoseFactor(0,y,j)c.

Dose factors .for internal exposure via ingestion are provided in Appendix E. Tab 6 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.,

I. nearly uniform thin sheet of contamination. The factors for converting surface contamination

( given in'pci/m to the dose rate at one meter atove a uniformly contaminated plane have been2

described by Soldat and others (Refs. 3 and 4). Dose factors for exposure to soil sediment have
2units of eres/hr per pC1/m and are presented in Appendix E. Table E-6.

1.10g-11
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2. Equations for Liquid Pathways

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

a. Potable Water.

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

M ,U*D (A-2)Qg ,gpjexp(-1t,)DR = 1100 9p

Symbols for this equation were defined earlier, in Section C.1 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 Q M /F)exp(-A t ) yieldsgp gp

This concentrationthe concentration of nuclide i at the time the water is consumed, in pCi/s.
is the tern C , In Equation (A-1). As a minimum, the transit time t,may be set equal to 12g

hours to allow for radionuclide transport through the water purification plant and the water
distribution system (Ref. 5). The transit time should be increased as appropriate to allow for
travel from the point of effluent release to the water purification plant intake. Credit may
be taken for radionuclide 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, theIn those instances (e.g..mixing ratio. M . or dilution factor may not be expitcitly defined.
p

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.

Suggested hydrological dispersionwith any potential effluent recycling taken into account.
models are presented in Regulatory Guide 1.113. " Estimating Aquatic Dispersion of Effluents from
Accidental and Routine Reactor Releases for the Purpose of laplementing Appendix !."

b. Aquatic Foods

The concentrations of radionuclides in aquatic foods are assured to be directly related
to the concentrations of the nuclides in water. Equilibrium ratios between the two concentrations.
called bloaccumulation factors in thi. quide, can be found in the literature (Ref. 6). The

inclusion of the bioaccumulation factor ( in Equation (A-2) yields Equation (A-3), which is
suitable for calculating the internal dose'from consumption of aquatic foods.

(A-3)
{Qggp,gpjexp(-1t,)B 0

9R = 1100

The
Values of 8 , are given in Table A-1; the other parameters have been previously defined.
methodology presented in Reference 7 for the development of site-specific freshwater bioaccumula-

9

tion factors is considered to be acceptable by the MRC staff.

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

c. Dose from Shoreline Deposits

The calculation of individual dose fmm shoreitne deposits is complex since it involves
estimation of sediment load, transport and concentrations of radionuclides associated with

Here, and in a number of other instances, the NRC staff has found it necessary to set forthIn such instances judgments
guidance as to a parameter velue in the absence of aspirical data.
have been made after considering values assumed by others and model sensitivity to the parameter

-

In this particular instance, the total body dose from fish ingestion, for avalue in question.
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.

1.109-12
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TASLE A-1

810ACCumfLAT!0N FACTORS TO BE USED IN THE ABSENCE OF SITE SPECIFIC DATA
(pC1/kg per PC1/11ter)*

FRESHWATER SALTWATER

ELENENT FISH INVERTEBRATE FISH INVERTEBRATE

H 9.0E-01 9.0E-01 9.0E-01 9.X Cl
C 4.6E 03 9.1E 03 1.8E 03 1.a" 03.

NA 1.0E 02 2.0E 02 6.7E-02 1.9E-01

P 1.E 05 2.0E 04 2.9E 04 3.0E 04

CR 2.0E 02 2.0E 03 4.0E 02 2.0E 03

MK 4.0E 02 9.0E 04 5.5E 02 4.0E 02

FE 1.0E 02 3.2E 03 3.0E 03 2.0E 04

C0 5.0E 01 2.0E 02 1.0E 02 1.0E 03 .

NI 1.0E 02 1.0E 02 1.0E 02 2.5E 02

CU 5.0E 01 4.0E 02 6.7E 02 1.7E 03

ZN 2.0E 03 1.0E 04 2.0E 03 5.0E 01

' BR 4.2E 02 3.K 02 1.5E-02 3.1E 00

O R8 2.0E 03 1.0E 03 8.3E 00 1.7E 01

SR 3.0E 01 1.0E 02 2.0E 00 2.0E 01

| Y 2.5E 01 1.0E 03 2.5E 01 1.0E 03

ZR 3.X 00 6.7E 00 2.0E 02 8.0E 01
i

NB 3.0E 04 1.0E 02 3.0E 04 1.0E 02

' MO 1.0E 01 1.0E 01 1.0E 01 1.0E 01

TC 1.5E 01 5.0E 00 1.0E 01 5.0E 01

RU 1.0E 01 3.0E 02 3.0E 00 1.0E 03

RH 1.0E 01 3.0E 02 1.0E 01 2.0E 03

TE" 4.0E 02 6.1E 03 1.0E 01 1.0E 02

I 1.5E 01 5.0E 00 1.0E 01 5.0E 01

CS 2.0E 03 1.0E 03*** 4.0E 01 2.5E 01
|

BA 4.0E 00 2.0E 02 1.0E 01 1.0E 02

LA 2.5E 01 1.0E 03 2.5E 01 1.0E 03

CE 1.0E 00 1.0E 03 1.0E 01 6.0E 02

PR 2.5E 01 1.0E 03 2.fE 01 1.0E 03

NO - 2.5E 01 1.0E 03 2.5E 01 1.0E 03

W 1.2E 03 1.0E 01 3.0E 01 3.0E 01

NP 1.0E 01 4.0E 02 1.0E 01 1.0E 01

*
Values in Table A-1 are taken from Reference 6 unless otherwise Indicated.

" Osta taken from Reference 8.

( " Data taken from Reference 7.

V'
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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 radionuclide concentration in
shoreline sediments can be obtained from the following expression:

C,,[1 - exp(-A t )3gh (A-4)C ,,= Kg g 3
1

where

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

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

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

t is the length of time the sediment is exposed to the contaminated water,
b nominally 15 years (approximate midpoint of facility operating life), in

hours; and

A is the decay constant * of nuclide 1, in hours *I . In the original evaluation
g Theof the equation. A, was chosen to be the radiological decay constant.

true value should include an as yet unknown " environmental" removal constant.

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

sediment samples collected over a period of several years in the Columbia River between Richland.
Washington, and the river mouth and in Tillamock Bay. Oregon, 75 km south of the river mouth
(Refs. 9 and 10). Since the primary use of the equatten is to facilitate estimates'of the
exposure rate from gasuna 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

2cm (1 in.) of sediment (with a mass of 40 kg/m of surface). The dose contribution from the
radionuclides at depths below 2.5 cm was ignored. The resulting equation is

(A-5)Sg=100TC,,W[1-exp(-At)]g gb

where
2

S is the " effective" surface contamination, in pC1/m , that is used in
g subsequent calculations;

T is the radiological half-life of nuclide 1, in days;
y

W is a shore-width factor that describes the geometry of the exposure; and
2 2

100 is equal to (K (s/kg-hr)*40(kg/m )* 24(hr/ day)/0.693]. in s/m -day.g

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.

IA*0)
W{C,TD,gp)(1-exp(-AtIlapj * Uapf1alpj=100U,p0 g g gb

As in the development of Equation (A-2), the expression (1100 O M /F)exp( A t ) may be substitutedg p gp

for C ,. This results in the following relationship:g

IA*II{Qgg,gp)(exp(-At)][1-exp(-At)3TDR,p) = 110,000 gp gh

* f the presence of a radionuclide in water and sediment is controlled primarily by radioactive1
equilibrium with its 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

I M -WIOTH FACTOR $ FOR USE IN EQUATIONS (A-5). (A-6). AND (A-7)

EXPO 5URE SITUATION SH0RE-WIDTH FACTOR. W

Discharge canal bank 0.1

River shoreline 0.2

Lake shore 0.3

Nominal ocean site 0.5

Tidal basin 1.0

d. Oose from Foods Grown on Land with Contaminated Water

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

(1) Veeetation
The concentration of radioactive material in vegetation results from deposition

onto the plant foliage and from uptake from the 5011 of activity deposited on the ground. The
model 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 model (for radionuclides except tritium) is presented below'( in slightly modified form. The first term in brackets relates to the concentration derived from
direct foliar deposition during the growing season. The second term relates to uptake from soil
and reflects the long-tern deposition during operation of the nuclear facility. Thus for a
uniform release rate, the concentration C , of radionuclide i in the edible portion of cropg

species v. in units of PC1/kg. is given by:

"r[1 - exp(-AEi ,)] + f B ,[1 - exp(-A tt yg gb exp(-A t ) (A-8)C , a d, ghg
#AI *El lv .

.

where the terms are defined in Section C. " Regulatory Position." Appendix E. Table E-15 presents .

Values for 8 , are in Table E-1.suggested values for the parameters r. Y,, t, P. and t . 4
_

h

The deposition rate, d . from irrigated water is defined by the relation
g

(A-9)d a C ,1 (water deposition)g g

where
t

| C," is the concentration of radionuclide i in water used for irrigation in
pC1/11ter,and

i

2
I is the average ir,rigation rate, in 11ters/m /hr, during the growing season.

For a cow grazing on fresh forage t, in Equation (A-8) is set equal to 720 hours
7 (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):g

(A-10)
| C, * C,q
' '
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(2) Animal Products

The radionuclide concentration in an animal product such as meat or milk is
dependent on the amount of contaminated feed or forage eaten by the animal and its intake of
contaminated water. The radionuclide concentration in animal products C in terus of pCi/ litergg

or pC1/kg is proportional to the animal's intake of the radionuclide in feed or forage (sub-
script F) and in water (subscript w):

0 0 l (A*II)UUtFF*CiAw AwCIA " iia
The second set of terms in the brackets in Equation (A-11) can be omitted if the

animal does not drink contaminated water. Values for Q and Q are presented in Appendix E.p g
are given in Appendix E. Table E-1.*Table E-3. Values for B , and FIAg

(3) Total Dose from Food Grown on Land*

The total dose R,p) from irrigated foods and animal products (excluding tricium)
is given by:

{C,D,gp)+(p {C
0N g IA atoj (A-12)apj * p

If values for C , from Equation (A-8) and C,3 from Equation (A-11) are substitutedg

in Equation (A-12):

.
.

Et ,)] + f B ,[1 - exp(-n t Ilr[1 - exp(-n t g9 gb

R,p) = U,,,9 d exp(-n t )D,gp) y,3(qg gh p,,

ti ,)]FII***PI*A t

+ U,nimal
a F o O d exp(-n t )
, jg ,gp) pg gh Y, net

_

f B ,[1 - exp(-n t Il IA*I3Iyg gb
* *U 0

PA 1Aw Aw
I

-

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 supuned. In actual
use, it will be necessary to compute separately the slik 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:

(A14)g 4,)Cg = F,(C,0p+C 0

where the terins are defined in Section C, " Regulatory position."

Since by Equation (Ac10) C,'= C,, and since for all practical purposes C , = C,,g

Equation (A-14) can be restated as follows:
-

(AM
3 = F C (Q + O ,)C gy p g

O
1 in Table E-1.Values for F appear as F,and Ffgg
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AppfM01X B

MODELS FOR CALCULATING 00SES 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 game
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. Annual Gasme Air Oose* from Noble Gas Releases from Free-Standino Stacks More Then 80 Meters
Mj,g!L

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

0

D (r.0) = h k ( f,, { 9,(E )E !(N.u.s.o .E ) { Q,g gg
Y A (B-Ug g g g

Symbols for this equation were defined earlier. in Regulatory Position C.2.a'of this guide.
A discussion of. and derivation for the I function are presented in Appendix F of this guide.

The photons are combined into energy groups, and each photon intensity within a group is
weighted by its energy and energy absorption coefficient. Thus, the effective fraction of
disintegrations of the nuclide 1 yielding photons corresponding to the photon energy group k.

( Agg is determined to be
s

(B-2)
gg=m[,(A,E,u,(E,)]/(Eu,(E)]A g g

where

A, is the fraction of the disintegrations of nuclide 1 yielding photons
of energy E,s

E, is the energy of the mth photon within the n'h energy group. in MeV; and

y,(E,) is the energy absorption coefficient in air associated with the photon

energy E, In m*I.

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

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

Q|,=0,emp(-Ar/u) (B-3)
g n

1
The term "gamme air dose" refers to the components of the air dose associated with photons
emitted during nuclear and atomic transformations i.e. gamma and x-rays. Annihilation and
baamsstrahlung photon radiations are possible contributors to this component of the air dose.

.

k
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where

Q is the initfal release rate of nucifde 1. In C1/yr;g

*r is the distance from the source to the receptor. in m; and

is the decay constant of nuclide 1. In sec'I.A g

All other parameters are as previously defined.

2. Annual Gasens Air Oose from All Othet Noble Gas Releases and Annual Beta Air Dose * from All
leoble Gas Releases

Plumes of gaseous effluents are considered semi-fnfinite in the case of ground level noble
gas releases. The annual average ground-level cor. centration of radionuclide i at location (r.e)
is detemined from

xg(r.e) = 3.17 x 10*Q [x/Q]D(r.e) (B-4)g

where

xg(r.0) is the annual average ground-lo'el conceitration of nuclide i at they
distance r in the sector at angte e from the release point. in pC1/m , and

[x/Q]U(r.0) is the annual average gaseous di persion factor (corrected for radioactive.

decay) in the sector at angle . it the distance r from the release point.
3in sec/m . (See Regulatory Gus* 1.111 for atmospheric dispersfon models.)

All other parameters are as previously defined.

The associated annual gamme or beta air dose is then

OT 8 e
D (r.e) or 0 (r.o) = { ug(r.o)(DFj or DF y gg,3)

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

Table B 1 presents a tabulation of the dose factors for the noble gases of Interest.

3. Annual Total Body and Skin Doses from Noble Gls Effluents

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

2and the skin dose at a depth of 7 mg/cm of tissue (Ref. 4).**

a. Releases from Free-Standing Stacks More Then 80 Meters Hlah

The annual total body dose is computed as follows:

p{D{(r.elexp[-uf(E)tl
T II'0ID(r.0)=1.11mS g d

The term " beta air dose * refers to the component of the air dose associated with particle
emissions during nuclear and atomic transfomations, f.e.. s+. s , and conversion electrons.

**
$ee discussion in Appendts E. Section 3.
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TABLE B-1

00$E FACTORS FOR EXPOSURE TO A SEMI-INFINITE CLOUD OF NOBLE 8ASES

s-Skin **(OF5 ) v-Air (OF}) v-Body **(OF8 )**
Nuclide s-air (OFf) 9

g

*** 1.93E-05 7.56E-08Kr-83m 2.84E-04 ---

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

Kr-85 1.95E-03 1.34E-03 1.72E-05 1.61E-05

Kr-87 1.03E-02 9.73E-03 6.17E-03 5.92E-03

Kr-88 2.93E-03 2.37E-03 1.52E-02 1.47E 02

Kr.89 1.06E-02 1.01E-02 1.73E-02 1.66E-02

Kr-90 7.83E 03 7.29E-03 1.63E-02 1.56E-02

X e.131m 1.11E-03 4.76E-04 1.54E-04 9.15E-05

Xe-133m 1.48E-03 9.94E-04 3.27E-04 2.51E-04

Re 133 1.05E-03 3.06E-04 3.53E-04 2.94E-04

rs Xe-135a 7.39E-04 7.11E-04 3.36E-03 3.12E-03(f
(_/ Xe-135 2.44E-03 1.86E 03 1.92E-03 1.81E-03

Xe-137 1.27E-02 1.22E-02 1.51E-03 1.42E-03

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

Ar-41 3.20E-53 2.69E-03 9.30E-03 8.84E 03

erad-e!
*

pCl-yr

** 3 -area.e
pct-yr

***2.88E-04 = 2.88 a 10*8

4

4

i
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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 residentialp

structures (seeAppendixE.Section4andTableE-15).

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

4 { Q@Q)D(r.e)DFS,
s T (8 7)O (r.0) = 1.11 x S 0 (r.e) + 3.11 x 10p

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 8 1.

b. All Other Releases

The annual total body dose is computed as follows:

0[(r.e)=5p{xg(r.e)DFB, (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:

s (89)xg(r.e)DFj+{xg(r.e)DF5D,(r.e)=1.11m$7 g

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

O

_

O
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APPENDIX C
*

h00ELS FOR CALCULATING 005ES VIA A00!TIONAL PATHWAY $
FROM RADIO!ODINES AND OTHER RADIONUCLIOE5*

015 CHARGE 0 TO THE ATMO$PHERE

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

The ground plane concentration of radionuclide i at the location (r.0) with respect to the
release point may be deterstned by

.

[1.0x1012]
Cj(r.e)- [a,(r.e)Qg][1-exp(-nt,)] (C-1)

,1 g
-

* ^. er , .

where /

Cf(r.e) is the ground plane concentration of the radionuclide i in the sector at
2angle e at the distance r from the release point. in pC1/m ;

Qg
is the annual release rate of nuclide i to the atmosphere, in C1/yr;

t is the time period over which the accumulation is evaluated, which is 15
b years (mid-point of plant operating Itfe). This is a simplified method of.

approximating the average deposition over the operating lifetime of the
facility;

o (r.0) is the annual average relative deposition of effluent species i at location
g

(r.0),consideringdepletionoftheplumeduringtransport,inm*2;

is the radiological decay constant for nuclide 1. in yr"I; andA
g

121.0 a 10 is the number of pCi per C1.

The annual dose resulting from direct exposure to the contaminated ground plane, from all
radionuclides. is then

Dj(r.e)=8760$7{Cf(r.e)0FG (C-2)g
.

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 Appendia E. Table E 6. The annual 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.

7

.

gDoes not ,n.,ude no,,e g.se,.
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2. Annual Dose from Inhalation of Radionuclides in Air

The annual average airborne concentration of radionuclide i at the location (r.0) with res-
pect to the rulease point may be determined as

xg(r.e) = 3.17 x 19 Jg[x/Q)D(r.0) (C-3)

where

Qg
is the release rate of nuclide i to the atmosphere in C1/yr;

xg(r.e) is the annual average ground-level concentration of nuclide i in air in
"

3
sector e at distance r, in pC1/m ;

[x/Q)D(r.8) is the annual average atmosphere dispersion factor in sec/m3 (see Regulatory
Guide 1.111). This in:1udes depletion (for radiotodines and particulates)
and radioactive decay of the plume; and

3.17 x 10" is the number of PCi/C1 divided by the number of sec/yr.

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

ga(,.e>= Rap,(r.0) ora,,a (C-4)

Values for DFAg , are given in Appendix E. Tables E-7 through E-10; values for R, are given
in Appendix E. Table E-5. All other symbols are as defined earlier in Regulatory Position C.3.b.

3. Concentrations of Airborne Radionuclides in Foods

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

a. Parameters for Calculatine Nuclide Concentrations in Forace, produce and Leafv Vegetables
f

For all radiciodines and particulate radionuclides. except tritium and carbon-14. the
i

|
concentration of nuclide 1 in and on vegetation at the location (r.0) is estimated using

i

Ei ,)] + B ,[1 - exp(-A t Il >exp(-A t ) (C-5)
r[1 - exp(-A t g gb

C{(r.e)=d(r.e)< ghg y ,

s s

See Regulatory Position C.1 of this guide for definitions of terms. Values for the
parameters r, t,, Y,. P. and t are provided in Appendix E. Table E-15. For the. parameters t,.t

; h

Y,, and t , differe9t values are given (in Appendix E) to allow the use of Equation (C-5) forh
different purposes: estimating concentrations in produce consumed by man; in leafy vegetables'

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.

t
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The depositten ate fran the plume is defined by

8
d (r'.8) = 1.1 x 10 4 (r.0)Q (C-6)

g g g

where

d (r.8) is the deposition rate of radionuclide i onto ground at location (r.0), in
g

pCi/m -hr;

6 (r.0) is the relative deposition of radionuclide 1 considering depletion and
9

decay in transit to location (r.e), in m-2 (see Regulatory rwide 1.111); and

1.1 x 10 is the number of pCl per C1 (1012) divided by the number of hours per year8

(8760).

For radiciodines, the model considers only the elemental fraction of the effluent. The
deposition should be computed only for that fraction of the effluent that is estimated to be
elemental todine. Measurements at operating facilities indicate that about half the radiofodine
emissions may be considered nonelemental (Ref. 1). With this consideration included.
Equation (C-6) for radiciodine becomes

7
d (r.e) * 5.5 x 10 6,(r.e)Q, (C-7)

g

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

factor r for elemental radiciodine on vegetation should be taken as unity, since the: experimental
measurements (Refs.1. 2 and 3) used to evaluate this transfer mechanism consisted of direct
comparison of the gross radiotodine concentration on vegetation and the concentration in air
(Refs. 4 and 5).

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

For particulates, the deposition model considers both wet and dry deposition. There is also
a retention factor (r of Equation (C-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). All nuclides except noble gases, tritie, carbon-14. and the iodines are treated as
particulates.

Carbon-14 is assumed to be released in caide form (C0 or CO ). The concentration of carbon-14
2

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 fran gaseous waste decay
tanks, the parameter p is employed to account for the fractional equilibrium ratto achieved. The
parameter p is defined as the ratio of the total annual release time (for C-14 atmospheric releases)
to the total 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:

7

C{4(r.e) 3.17 x 10 po 4(x/o](r.e) 0.n/0.16i
72.2 x 10 p0 [x/0](r.e) (C-8)

i4

where

C{4(r.0)
is the concentration of carbon-14 in vegetation grown at location (r.e), in-
pCi/kg;

Q is the annual release rate of carbon-14, in Ci/yr;
34

p is the fractional equilibri m ratio, dimensionless;

0.11 is the fraction of total plant mass that is natural carbon, dimensionless;
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30.16 ''is equal to the concentration of natural carhen in the atmosphere in g/m ;
and

-
,

I
3.17 [10I 12 3is equal to (1.0 x 10 pC1/C1)(1.0x10 g/kg)/(3.15 x 10 soc /yr).

The concentration of tritium in vegetation is calculated from its concentration in the air
surrounding the vegetation. c using the method described in Reference 10. the NAC staff derived
the following equation:'

~

7
' C{(r.e) .= 3.17 x 10 0 [x/Q](r.4)(0.75)(0.5/H)7

I=1.2x10Q(x/Q)(r.e)/M' (C-9)-
7

where

C{(r.e)~ is the concentration of tritte in vegetation grown at location (r,e), in
'pC1/kg;

3
H is the absolute humidity of the atmosphere at location (r.0), in g/m ;

0 istheannualreleaserateoftritium. Incl,/yJ;7

.0.5- is the ratio of tritium cone ation in plant water to tritium concentration .
in atmospheric water, dimens. dess; and

0.75 is the fraction of total plant mass that is water, dimensionless.

b. Parameters for Calculatina Nuclide Concentrations in Milk

.j~ , The radionuclide concentration in milk is dependent on the amount and contamination

( level of the feed consumed by the animal. The radionuclide concent.'ation in milk is estimated
as ,

'C"(r.e)=F,Cj(r.e)07 exp(-A t ) .C-10)'(gf
where

'C"(r.0) is the concentration in milk of nuclide 1. In pC1/litern

C{(r.0) is-the concentration of radionuclide 1 in the animal's feed in pC1/kg;
.3

F" is the average fraction of the animal's daily intake of radionuclide 1 which
appears in each liter of stik in days / liter (see Appendix E. Tables E-1
and E-2 for cow and goat data, respectively; for nuclides not ilsted in -
Table E-2 use the values in Table E-1);

O- is the amount of feed consumed by the animal per day, in kg/ day;p

't is the average transport time of the activity from the feed into the milkg
and to the receptor (a value cf 2 days is assumed); and

is the radiological decay constant of nuclide 1. in days *I.A g

The concentration of radionuclide 1 in the animal's feed is estimated as

Cj(r.e)=ff,C$(r.e)+(1-f)C'(r.e)+f,(1-f,)Cj(r.e)- (C-11)p p

where

C((r.0) is the concentration of radionuclide i on pasture grass (calculated using
Equation (C-5) with t =0), in pC1/kg;h

Cj(r.0) is the concentration of radionuclide i in stored feeds (calculated using
Equation (C-5) with t ? " # N ' I" N /"83h

1.10g-27

L
> ..



_ - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _

O
f is the fraction of the year that animals graze on pasture; and

p

'f is the fraction of daily feed that is pasture grass when the animal grates
5 on pasture.

nat wm h uployd in evaluadngThe values of the parameters t . t,. Y,. and tgh
the milk pathway, unless site-specific data is supplied are provided in Appendix E. Table E-15.

c. Parameters for Calculating Nuclide Ccncentration in Meat

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

C((r.e)=FC{(r.e)Qexp(-At,) (C-12)
g g g

where

C((r.8)
is the concentration of nuclide i in animal flesh, in pC1/kg;

F is the fraction of the animal's daily intake of nuclide i which appears in
f each kilogram of flesh, in days /kg (see Appendix E. Table E-1 for values); and

is the average time from slaughter to consumption (see Appendix E. Table E-15).t,
All the other symbols are as previously defined.

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

4. Annual Dose fro.n Atmospherically Released Radionuclides in Foods

The annual dose to organ j of an individual in age group a resulting from ingestion of all
radionuclides in produce, milk. meat, and leafy vegetables is given by

I l (C 13)D(r.e)=fDFi),(U{fCj(r.e)+(C"(r.8)+0,C((r.9)+Uf,C(r.0)]Dja g g

where

D is the annual dose to organ j of an individual in age group a from dietaryD ,(r.e)j intake of atmospherically released radionuclides, in prem/yr;

agegroupainmrem/pC1(fromTablesEbestionofnuclide1.organJ.andis the dose conversion factor for the inDF1,38 through E 14 of Appendt E of
thfs guide); and

are the ingestion rates of produce (non leafy vegetables, fruit, and grains),U{.(,U,.U, allk, meat and leafy vegetables respectively, for individuals in age
group a (from Table E 5 of Appendix E of this guide).

All the other symbols are as previously defined. Values of f and f to be asswned in the absenceg g

of site specific information are given in Table E-15 of Appendix E as 0.76 and 1.0 respectively.

O
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APPENOlX D

MODELS FOR CALCULATING POPULATION DOSES FROM
NUCLEAR POWER PLANT EFFLUENT 5

Calculation of the annual population. integrated total body and thyroid doses * should be
performed for the three effluent types identified in this guide. These doses should be evaluated
for the population within a 50 mile radius of the site, as spectfted in paragraph 0, Section !!
of Appendia I to 10 CFR Part 50.

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

1. General Empressions for Pooulation Oose

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

(00
d{Djda# a0 = 0.001 P

d

where

D is the annual dose to organ j (total body or thyroid) of an average
dda individual of age group a in subregion d, in erem/yrt

0 is the annual population.tntegrated dose to organ j (total body or thyroid),
in man. rems or thyroid man remst

f is the fraction of the population in subregion d that is in age group as
de

P is the population associated with subregion d6 and
d

0.001 ts the conversion factor from prem to rem.

The annual dose to the total body or thyroid of an average individual should be evaluated
with the usage factors of Table E 4 of Appendia t. Models and equations for the detailed dose

The annual population.calculations are presented in Appendices A, 8. and C of this gufde.
Integrated doses from ingestion of potable water, inhalation of ateborne effluents, and enternalIn addition to the pathwaysesposure to airborne or deposited radionuclides should be evaluate 1.
for which equations are presented in Appendices A, 8 and C, other esposure pathways should be
evaluated if conditions at a specific site indicate that they might provide a significant contri.In this contest, a significant contribu.button to the total population dose from all pathways.
tion is defined as 10 percent or more.

For pathways that involve food products produced in the subregion, the focd products may b*For all the food that is produced within the 50distributed to other areas for consumption.
mile radtut, the radtoactivity concentrations are averaged over the entire area by weighting the
concentrations in each subregion by the amount produced in each subregion. This everage concentra.
tion is used in calculating the population doses. The 50. mile average concentration of nucitde
t in food p is computed as

IO*U
Egp*(1/V) esp (.nt,){Cdtp'dpp g

*The population. integrated dose is the sumation of the dose received by all individuals and
has units of man.ree when app 1ted to the total body dose and units of man. thyroid.rse when
applied to the sumation of thyroid dose. 1.10g.30



. _ _ _ _

Ch
' .) where

C is the average concentration over subregion d of the nuclide i in pathway p.
;gg8 in pC1/kg or pct /Itter (see Appendices A and C of this guide for models

and equattens for calculatten of pathway concentrations);

f is the to-mile average concentration of nuc1tde 1 in pathway p. in
g8 pC1/hg er pct / liters

t is the transport time of the food medium p through the distribution system,
8 in days (Tetle 01 presents estimates of the transport times that may be

used in 11ev of site. specific deta);

v, is the annual mess or volume of food medium p produced in subregion d. In kgg
or litersn

V is the mess or volume of the feed medium p produced annually with the 50. mile
p radius stout the site, in hg er literst and

istheredtelegicaldecayconstantfornuc1tde1,indays*I.A g

The population served by all the food produced within 50 miles of the site is estimated as

P**V,/{U,,f, (0 3)
,

where

f, 18 the fraction of the populatten within the age group al

( P* ts the estimated peoulation that can be served by the quantity of food p
' likely to be pr6Juced within 50 miles of the sites

U,' is the use or consumption factor of food medium p for the average individual
in age group a. In hg/pr or liters /yr (taken from Table t.4)6 and

V is the annual most or volume of food medfum p Itkely to be produced **tthin
8 a 50 mile radius about the site, in hg or Itters.

The annual population-integrated dose is then calculated at

0 *0.001JP, [[f[g,U,,0f,g (04)
p 'a

where

P 1f P* e P
*

, S0
,

P i f P., ?. P50i g

and

Of,g 1s the ingestion dose factor for see group a and nucilde I, in pres /pCf
(taben from Appendia E, Tatles t.11 te E.14):

((
\
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TABLE D.)

RECOMMOED VALut$ FOR THE TRANSPORT TIMES IN THE F000
*

OISTRIBUTION $YSTEM

F000 Mt0!VM DISTRIBUTION TRANSPORT TIME (in days)

Frutts, grains, and vegetables 14

Milk 4

Meat and poultry 20

$ port fish 7

Comercial fish 10

Ortnking water 1

*
fo be used in lieu of site-specific data on food distribution.

O

O
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V p
D 18 the annual populetten tntegreted dose to ergen j (total body or thyreld),
j in men-ren/yr er thyroid men.ren/yrt

P, is the populatten cenaming feed media ps and*

p is the total populetten wtthin 90 miles.
SO

All other facters are as defined aheve.

hete that the above fennslatten Itetts the evaluetten of the esposed populetten evaluetten
to the populetten residtag within 90 miles as spectfled in peregraph 0. Section II of Appendia !
to 10 Cru port 90. In calculating the annual populetten-integreted total body and tnyrote
deses, the age distrihetten of the populetten within 90 miles may be assmed to be the same as
the age distrttutten of the U.S. populetten (Ref.1). Reference 1 indicates the fractional
breehdeun to be as fellemer chtleren. 9.135 t _- Infants (0 1 year
in age) are not projected to enceed Il of the popuIs ;, 0.116 and adults. 0.71.tion (Ref.1), and their population fraction
has been included in that given shove for cht1dren.

2. Une of the Itadals

a. penulatten.Inteersted Goems frem Lieutd Effluents

The annual total body and thyrote latten-integ.eted doses due to espesure to Itg.
uid effluents should be evaluated for the fe leutng principal pathueys potable unter, equatte
food products. enternel irredletten from shoreline deposits, and terrestrial feed products irrt.
geted with water that has received the liguld effluent.

(1) Seems frem potable tieter

The annual populatten. Integrated total body and thyreld doses from meter consump./

-{
tien are evalueled for a1I subrogiens thet have uster intakes esieting er designeled at the time
of the itsense application. The products of the Individual deses and the populetten esposed in
each such subregten within 90 miles from the site are summed to attain the total dese. The
femuletten empressed in (guetten (01) may to used.

The total body and thyreld dose of the individuals should be evaluated using
Equetten (A 2) in Appendia A ef this guide, together wtth the age dependent usage facters U,,
attained from fatte 01. The ettetten from the discharge point to the usage point should be
evolveled using appropriato hydrelegIcal models for the varieus subrogiens.

If the populatien served by a pertIcular uster supply aystem is not tneun, it can
he estimated by the felieutng

(0 Hp ,a v/c

unere .

C 18 the everste delly usage of individuals en the systs , in gel / day per
persent

p, is the estimated population served by the water system) and

is the average delly intake of the unter supply system, in gel / day.v

If the industrial usage frem the unter supply system is kneun, it can be sut.
tracted from the average delly intake of the system before this value is entered inte iguetten
(0l).

The populatten served by a uster supply system ehese intake it within the 60 elle
redtus say include individuals uhe restee outside the strtle. This populetten may be pre.reted
to include only the populetten within the 90 eile redtes. Conversely, a unter supply system with

( an totate beyond the 90 elle radius any serve the populetten within the 90 etle redtes, idiose
.espesure vie deinhIog meter should be 1acluded ia the 90 eile populetien dose oveluetion.

[
.
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(2) Doses from Aquatic Food Products

The annual population-integrated total body and thyroid doses from consumption of
aquatic food products are evaluated using the prodJction of sport and commercial harvests in
the various subregions. The mixing ratio (or dilution) should be evaluated for each subregion
using an appropriate hydrological model. For sport harvests, the entire edible harvest is
assumed to be ingested by the population within 50 miles. The formulation expressed by Equation
(D-4) should be used with the population P given by the results of Equation (D-3). The age-p
specific ingestion rates of Table E-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 total U.S. harvest. Equation (0 2) should be used to compute the average
concentration, with V, as the total estimated U.S. commercial harvest of the aquatic food
medium p. The annual population-integrated dose is then computed using Equation (D 4) with
P aP The age specific factors of Table E-4 may be used in iteu of site-specific data.

p 50

(3) Doses from Shoreline Deposits

The annual population integrated total body and thyroid doses from recreational
activities on the shoreline of the receiving water body are evaluated by summing the product of
the individual doses in each subregion and the population exposed therein. All subregions
within the 50-mile radius should be considered where existing or designated recreational facili-
ties esist. If available actual recreational usage in the vicinity of each facility should be
used. The formulation of Equattun (0-1) is appropriate.

(4) Ooses from Consumption of Terrestrial Food Products Irriaated by Waters
Receiving the Liquid Effluent

The annual population integrated total body and thyroid doses from consumption of
food irrigated with water from the body receiving the Itquid effluent are evaluated following
the procedures outlined in the development of Equation (D 4). Note that the term V, of Eqtations
(0 2) and (0-3) denotes the total production of food medium p within 50 miles, not just the
total production of irrigated food medium p. The consumption rate data of Table 0-1 may be used
in lieu of site specific data in the evaluation of Equation (0 4).

b. Population Intearated Doses from Airborne Effluents

The annual total body and thyroid population-integrated doses should be evaluated for
the following prine' pal esposure pathways: noble gas submersion. Inhalation of airbor9e efflu-
ents, ingestion of contaminated terrestrial foods (ellk, meat, and produce), and enternal
irradiation from activity depostted on the ground. Available state or county agricultural pro-
duction data may be used for estimating the population-integrated doses from food consumption

For the evaluation of esposures from atmospherte releases, the 50-mile region should
be divided into 160 subregions formed by sectors centered on the 16 compass points (N. NNE. NE.
etc.) and annu11 at distances of 1. 2. 3. 4. 5.10, 20, 30, 40. and 50 miles from the center of
the facility. The atmospheric dispersion factors (x/Q) or stallar factors should be eva16ated
at the radial midpoint for each of the subregions using appropriate atmospheric dispersion
models such as those described in Regulatory Guide 1.111.

(1) Doses due to Esposure to Noble Gases

The annual population integrated total body dose due to noble gas effluents
should be evaluated by suusning the products of the individual doses in each subregion and the
population in each subregion. Equation (01)maybeused. For external esposure, the model
does not differentiate between age groups. A structural shielding factor of 0.5 should be
applied in conjunction with the dose factor data of Table 8 l.

(2) Do$es due to inhalation of Radiotodines and Particulates

The annual population-integrated total body and thyroid doses from inhalation of
airborne effluents should be evaluated by summing the products of the individual doses received
in each subregion and the population in each subregion. Equation (0 1) may be used. The age-
spectf tc inhalation rates of Table E 4 may be used with the data of Tables E 7 ta E 10.

O
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' (3) Doses due to ineestion of Terrestrial Food Products-

. The annual population-integrated total body and thyroid doses from ingestion of
Forterrestrial fAod products should be evaluated using the production data for each subregion.

milk. meat, and commercial vegetables, the formulation of Equation (D-2) should be used to
calculate the average concentrations in the foods. These concentrations are then used in
Equation (D-4). along with the data cf Tables 0-1. E-4, and E-11 to E-14. to calculate population
doses.

(4) Doses due to External Irradiation from Activity Deoosited on the Ground

The annual population-integrated total body and thyroid doses from external
exposure to surface deposition of the effluent should be evaluated using Equation (0-1). A

household shielding and occupancy factor of 0.5 should be app 1 fed in conjunction with the dosej-
' factors of Table E-6.

REFERENCE FOR APPENDIX D

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

NUMRICAL DATA FOR THE CALCULATION
OF ANNUAL DOSES TO MAN FROM ROUTINE

RELEASES OF REACTOR 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 instcnces where more appropriate information of a
site-specific nature has been developed and documented, that information should be used.

In a numbec 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
i -the results to the value assumed.
1

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

1. Environmental Data

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

B , for the estimation of produce, leafy vegetable, or pasture grass radioactivitya.j g

I from that in soil (pCi/kg in vegetation per pCf/kg in soil);

b. F, for the estimation of cow milk activity from that in feed (pC1/t in milk per pC1/
day ingested by the animal); and

c. F for the estimation of meat activity from that in feed (pC1/kg in meat per pCf/ dayg

ingeste<1 by the animal).

The data are largely derived from Reference 1. The value of the cow milk transfer coefficient
for radiciodine 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. Fo'r nuclides not listed in Table E-2. the milk transfer coefficient from
Table E-1 should be used.

Various animal parameter values are presented in Table E-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 E-5 present usage rates of various environmental media by average individuals
and maximum individuals, respectively, according to age group. " Seafood" is used to indicate
intake of aquatic invertebrates such as lobster. crab, class, 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 arem/hr per pCi/m . These factors are
appItcable 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
-1 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 ca; the skin dose is computed at a depth of

27 og/cm . These tissue depths are indicated by Reference 12, where it.is suggested that, for
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TABLE E-1

STABLE' ELEMENT TRANSFER DATA *

B, F,(Cow) F
y

g

Element Ven/ Soil Milk (d/t) ' Meat (d/ko)

H** 4.8E 00 1.0E-02 1.2E-02

C** 5.5E 00 1.2E-02 3.1E-02

Na 5.2E-02 4.0E-02*** 3.0E-02
P 1.1E 00 2.5E-02 4.6E-02

Cr 2.5E-04 2.2E-03 2.4E-03
Mn 2.9E-02 2.5E-04 8.0E-04

Fe 6.6E-04 1.2E-03 4.0E-02

Co 9.4E-03 1.0E-03 1.3E-02

Nt 1.9E-02 6.7E-03 5.3E-02

Cu 1.2E-01 1.4E-02 8.DE-03

2n 4.0E-01 3.9E-02 3.0E-02

Rb- 1.3E-01 3.0E-02 3.1E-02
Sr 1.7E-02 8.0E-04*** 6.0E-04

'
Y 2.6E-03 1.0E-05 4.6E-03

2r 1.7E-04 5.0E-06 3.4E-02
Mb 9.4E-03 2.5E-03 2.8E-01
Mo 1.2E-01 7.5E-03 8.0E-03
Tc 2.5E-01 2.5E-02 4.0E-01

Ru 5.0E-02 1.0E-06- 4.0E-01
Rh 1.3E 01 1.0E-02 1.5E-03

' (( Ag 1.5E-01 5.0E-02 1.7E-02
Te 1.3E 00 1.0E-03 7.7E-02

\ I 2.0E-02 6.0E-03t 2.9E-03 !,

Cs 1.0E-02 1.2E-02*" 4.0E-03 i

Ba 5.0E-03 4.0E-04*** 3.2E-03
'

La 2.5E-03 5.0E-06 2.0E-04
Ce 2.5E-03 1.0E-04*** 1.2E-03 |

Pr 2.5E-03 5.0E-06 4.7E-03 i

Nd 2.4E-03 5.0E-06 3.3E-03 |

W 1.8E-02 5.0E-04 1.3E-03
Mp 2.5E-03 5.0E-06 2.0E-04tt

*
0ata presented in this table is from Reference 1 unless otherwise indicated.

'

' * *Meat and allk coefficients are based on specific activity considerations.
,

From Reference 15.
!

'See text.
**From Reference 13.

i

n

,
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TABLE E-2

NUCLIDE TRANSFER PARAMETERS FOR GOAT'S MILK *

Element F,(days / liter)

H 0.17

C 0.10

P 0.25

Fe 1.3E-04

Cu 0.013
,

Sr 0.014**

I 0.06**

Cs 0.30**

Values in this table are from References 1 and 14 unless
otherwise indicated.

**
From Reference 15.

O

TABLE E-3

ANIMAL CONSUMPTION RATES

0,0 37
Feed or Forage idater

Animal (ka/ day [ wet weightl) (t/ day)

Milk cow 50 (Ref.10) 60 (Ref. 16)

Beef cattle 50 (Ref.10) 50 (Ref. 16)

Goats 6 (Ref.17) 8(Ref.18)

_

O
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TA8LE E-4

REC 0pmENDED VALUES FOR U,, TO BE USED FOR THE AVERAGE INDIVIDUAL
IN LIEU 0F SITE-SPECIFIC DATA

Pathway Child Teen Adult

Fruits, vegetables, &
grain (kg/yr)* 200 240 190

; Milk (t/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*3

'(. .

% Consumption rate obtained from Reference 19 and age-prorated using
~j techniques in Reference 10.

" Data obtained directly from Reference 10.
*" Inhalation rate derived from data provided in Reference 20.

# ata obtained directly from Reference 20.D

s

e

f

8

(-a
O
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TABLE E-5

RECOM9 ENDED VALUES FOR U,, TO BE USED FOR THE MAXIMUM EXPOSED
IN,iVIDUAL IN LIEU OF SITE $PECIFIC DATA

Pathway Infant Child Teen Adult

Fruits, vegetables &
520 630 520grain (kg/yr)*.** -

Leafy vegetables
26 42 64(kg/yr)* -

Milk (t/yr)* 330 330 400 310

Meat & poultry
41 65 110(kg/yr)* -

Fish (fresh or salt)
6.9 16 21(kg/yr) " -

1.7 3.8 5Other seafood (kg/yr)* -

Drinking water (t/yr)t 330 510 510 730

shoreline recreation
(hr/yr)t s- 14 67 12

3Inhalation (m /yr) 1400tt 3700ttt 8000ttt 8000tt

*
Consumption rate obtained from Reference 19 for average individual and
age-prorated and maximized using techniques contained in Reference 10.

**Consists of the following (on a mass basis): 22% fruit. 54% vegetables
(including leafy vegetables), and 241 grain.

***
Consumption 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.
** Data obtained directly from Reference 20.

* Inhalation rate derived from data provided in Reference 20.

A
t
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TABLE E-6

EXTERNAL DOSE FACTORS FOR STANDING ON CONTAMINATE 0 GROUND
2(aren/hrperpC1/m)

Element Total Body Skin

H-3 0.0 0.0
C-14 0.0 0.0

-NA-24 2.50E-08 2.90E-08
P-32 0.0 0.0
Cr-51. 2.20E-10 2.60E-10

l. Mn-54 5.80E-09 6.80E-09
i- Mn-56 1.10E-08 1.30E-08

'Fe-55 0.0 0.0-
Fe-59 8.00E-09 9.40E-09
Co-58 7.00E-09 8.20E-09

-Co-60 1.70E-08 2.00E-06

Nr-65 ~
0.0 0.0Ni-63
3.70E-09 4.30E-09

Cu-64 1. 5'E-09 1.70E-09..

Zn-65 4.00E-09 4.60E-09
Zn-69 0.0 0.0

1 -Br-83 6.40E-11 9.30E-11
[= Br-84 1.20E-08 1.40E-08

Br-85 0.0 - 0.0
:[' Rb-86 6.30E-10 7.20E-10
|\- Rb-88 3.50E-09 4.00E-09 *s
l'- ) Rb-89 1.50E-08 1.80E-08
f - ;. d Sr-89 5.60E-13 6.50E-13

Sr-91 7.10E-09 8.30E-09
Sr-92 9.00E-09 1.00E-08
Y-90 2.20E-12 2.60E-12
Y-91M 3.80E-09 4.40E-09
Y-91 2.40E-11 2.70E-11

- Y-92 1.60E-09 1.90E-09
Y-93 5.70E-10 7.80E-10
Zr-95 5.00E-09 5.80E-09
Zr-97 5.50E-09 6.40E-09
Nb-95 5.10E-09 6.00E-09

! Mo-99 1.90E-09 2.20E-09
Tc-99M 9.60E-10 1.10E-09
Tc-101 2.70E-09 3.00E-09
Ru-103 3.60E-09 4.20E-09
Ru-105 4.50E-09 5.10E-09
Ru-106 1.50E-09 1.80E-09
Ag-110M 1.80E-08 '2.10E-08
Te-125M 3.50E-11 4.80E-11
Te-127M 1.10E-12 1.30E-12
Te-127 1.00E-11 1.10E-11
Te-129M 7.70E-10 9.00E-10
Te-129 7.10E-10 8.40E-10
Te-131M 8.40E-09 9.90E-09
Te-131 2.20E-09 2.60E-06

!~ Te-132 1.70E-09 2.00E-09
I-130 1.40E-08 1.70E-08
I-131 2.80E-09 3.40E-09
I-132 1.70E-08 2.00E-08
I-133 3.70E-09 4.50E-09
I-134 1.60E-08 1.90E-08

( I-135 1.20E-08 1.40E-08

oO
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O
TABLE E-6 (Continued)

Element Total Body Skin

Cs-134 1.20E-08 1.40E-08
Cs-136 1.50E-08 1.70E-08
Cs-137 4.20E-09 4.90E-09
Cs-138 2.10E-08 2.40E-08
Ba-139 2.40E-09 2.70E-09
Ba-140 2.10E-09 2.40E-09
Ba-141 4.30E-09 4.90E-09
8a-142 7.90E-09 9.00E-09,

' La-140 1.50E-08 1.70E-08
| La-142 1.50E-08 1.80E-08
| Ce-141 5.50E-10 6.20E-10
| Ce-143 2.20E-09 2.50E-09

Ce-144 3.20E-10 3.70E-10;

i Pr-143 0.0 0.0
| Pr-144 2.00E-10 2.30E-10

Nd-147 1.00E-09 1.20E-09
W-187 3.10E-09 3.60E-09

; Np-239 9.50E-10 1.10E-09
!

|

|

|
!
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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

2in the computation of skin dose and states an average depth for these cells of 7 mg/cm . This
guiJance is reflected in the dose factors presented in Table E-6 and also in those presented in
Appendix 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
arem 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 physicc1 and metabolic characteristics during the period over which the dose connitment
is evaluated. For example, environmental exposure of an infant over a one-year period is treated

i 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 enild 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 using 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 miscellaneous 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 also 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 inp
Table E-15 as 0.7 (for maximum individuals) and 0.5 (for the general population). Using the
general approach given in Reference 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
for external gasma exposure from noble gases and for external exposure from contaminated ground
surfaces.

I

(
.

1.109-43
f

I
'

_ _ _ _ _ . _ _ . _ _ - . . _ _ ._ _ _ _ _ . . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ __



O

TAHLE E-l

P AG E 1 0F 3

INHALAfl0N DOSE FACT 095 FOR ADULTS
twREM PFR #CI INHALEDI

NUCLICE dONC LIVER T.ROCY THYROID KIDNEY LUNG GI-LLI

H 3 NO DATA. 1.58C-07 1. 5 8 F-0 7 1.546-C7 1.58E-07 1.58E-07 1 58F-07
C 14 2.27E-06 4.26E-07 4.26E-0 7 4.26E-07 4.260-07 4.26E-C7 4 26E-07
1A 24 1 28E-06 1.28C-06 1.28E-06 1.28E-C6 1.28F-06 1.2RE-06 1.28F-06

P 32 1 65E-04 9.64E-06 o . 2 6 C-0 6 NO DATA NC DATA NO DATA 1.DAE-05
LR 51 NO DATA No cATA 1.2 5 E -0 4 7.44E-04 2.85E-09 1.8.0E-C6 4 15E-07
"N 54 NO DATA 4.95C-04 F.8 F E-0 7 NO DATA 1.23L-06 1.75E-04 9.67E-06

MN 56 NU DATA 1.55E-10 2.21E-11 No DAfa 1.63t-10 1.18E-06 2.53E-06
FE 55 3.07E-C6 2.12C-06 4.91E-07 NU DATA NO DATA 9.C1E-06 7.54E-07
FE 59 1 475-06 3.47E-Co 1 37 E-0 6 40 OATA NO DATA 1.27E-04 2.35E-05

CD 58 Nc DATA 1.98E-07 2.59E-07 NO CATA NC DATA 1.16E-04 1.13E-05

CD 60 NO DATA 1.44E-06 1 85E-36 NO DATA NG OATA 7.400-04 3.56E-05

ll 63 5.40E-05 3.93E-06 1 81 E-06 NO DATA NO DATA 2.23E-05 1.67E-06

il 65 1.92E-10 2.o2C-11 1.14 F-1 1 NO DATA NC DATA- 7.00C-07 1.54E-06

(U 64 NO DATA 1.93t-10 7.61E-11 NO DATA 5.78E-10 8.48E-07 6.12E-06

ZN 65 4.05E-06 1.29F-05 5. 42 C-0 6 40 DATA M.62L-06 1.08E-04 6.68E-06
.........__...__.....__..... -

ZN 69 4.23t-12 8.14C-12 5.65E-13 NO DATA 5.27L-12 1.15E-07 2.D4E-C9
4R 43 NO DATA 40 CATA 3.01E-18 NO DATA NC DATA NO DATA 2.90F-08

4R 84 NO DATA NO CATA 3.91E-08 NO DATA NC DATA NO DATA 2 05E-13

dR 8) NO DATA NO DATA 1.60E-09 NO DATA NC DATA NO DATA LT E-24
it 80 NU OATA 1.61E-05 7. 31E-06 NO DATA NO DATA h0 DATA 2.08E-06
10 88 NO DATA 4.84C-08 2.41E-18 NO DATA NO DATA NO DATA 4.18E-19

95 89 NU DATA 3.2Cd-08 2.12E-08 NO DATA NO DATA NO DATA 1 16F-21
Sd 89 3.80E-05 NU CATA 1.09E-06 NO DATA NO DATA 1.75E-04 4.37E-05

54 90 1.24E-02 Nu DATA 7. 62 E-0 4 NO CATA NC DATA 1.20E-03 9.02E-05

SR 91 7.74E-09 NO DATA 3.13 E-10 NO DATA NO DATA 4.56E-06 2.39E-05

SR 92 8.43C-10 NO CATA l.64E-11 NO DATA NO DATA 2.06E-06 5.38E-06

Y 90 2 61E-07 NC CATA 7.01 E-0 9 NO DATA NU DATA 2.12E-15 6.32F-05
....__...... .................... ........... . .....................__....
Y 91M 3.26E-11 NO DATA 1.27E-12 NO DATA NC CATA 2 40E-07 1.66E-10

I Y 91 5.78E-05 NO DAIA 1. 5 5 E -0 6 NO DATA NO DATA 2.13E-04 4.81F.-05,

| Y 92 1.29E-09 NO DATA 3.77C-11 NO DATA NC DATA 1 96E-06 9.19E-06

O
,
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TA6LF E-7. CONT'D-

P A" E 2 0F 3

IvHALaTID4 CCSC F ACTUA5 FOR ADULTS
I"4EM P84 8CI INHALEDI

TUCLIJL SONE -- LivFR T.0007 - THvROID KIONFY LUNG GI-LLI

Y- 77 3 1 186-05 40 CATA 3.26E-10 40 DATA NC CATL 6.C6E-06 5.77E-05
ZR 95< 1.34E-05 4.3CE-06 2.91E-06 NO DAT4- 6.77E-06 2 21E-04 1.18E-05
Z4 97 1 71E-On 2.45C-01 1.13C-09 NO CATA 3.71E-09 9.84F-c3 6.54E-05-

NR 95 1.76E-06 9.77L-07 5.26E-07 *W1 04TA 9.67E-07 6.31E-05 1.30F-05
>G 99 40 CATA 1.51t-08 2.47t-09 NO DATA 3.64E-08 1.14E-C5' 1.10E-05
TC 99P 1.29E-13 1.64F-13 4.6SE-12 40 DATA 5.52E-12. 9.55E-C8 5.20E-07

fC101- -5.J2E-15 7.52L-15. F. lee-14 40 CATA 1.35d-13 4.99E-08 1.368-21
RU103 1.91E-07 NO CATA 8.23E-38 NO DAT4 7.29E-07 6.11E-05 1.30E-05
RUICS 9.48F-11 NC CATA 3.890-11 NO DATA .1.77t-lC 1.47E-06 .6.02E-06

Rut 06 8.o4E-C6 NO CATA 1.0)C-06 40 UATA 1.67E-05 1.17E-03 1.14E-04
'AG116F 1.35E-C6 _t.252-06- 7.4 st-0 7 NU 047A ?.46E-06 5.79E-04- 3.7AE-05
iCl25" 4.27E-07 1.99E-07 = 5.84E-0 8 ' t . ll E-07 1.55c-06 3.92E-C5 4.93E-06

TE127* 't.58E-06 7.711-07 1 90E-07 4.11E-07 5.72E-06 -1.2CE-04 1.17E-05
g TE127 1.75C-10 8.055-11- 1.87E-11 1.12E-10 6.37E-10 8.14E-07 7.! ?C-06
j IE121* '1.22C-C6 5.640-07 1. 95 E-0 7 4.30E-37 4.57t-06 1.45E-04 4.79i-05,--

g,,) TC129 6.72C-12 2.99L-12 1.5af-12 4. 8 7t-12 ?.14h-11. 2.42E-07 1.965-08
IC131M 8.14E-09 5.45E-09 3.63F-09 6.d8F-09 1.16E-C8 1.02E-05 6.95E-05
IF131 1.19E-12 7. 4 4t-i l 4.49E-13 1.175-12 5.466-17 I.745-07 2.30E-09
...................______..__.___..............__......................__...

T C 112 - 3.256-08 2.69E-08- 2.072-18 2.37C-08 1.82E-07 3.60E-05 6.37F-05
f:133 5.726-07 1.045-06 6.6st-07 1.422-04 2.61E-06 NO CATA- 9.6tE-074

1 131 3.15E-06 4.4 7E-00 2. 56 L -0 6 1.49E-C3 7.66E-06 NO CATA 7.85F-CF

I-112 1.45C-07 4.0 7L-0 7 1.45E-0T 1.43E-05 6.48E-07 NO DATA 5.0SF-98
I 135 1.08E-C6 1.852-06 5.65E-07 2.69E-04 't.23E-06 NO DATA 1.11F-06
1 114 's.05F-Os 7.16t-07 7.69E-OP 3. 7 3E -06 1.44E-C7 40 DATA 1.26E-10
.....____........................................._______ ..................

I 135 3.35E-C7 8.F3t'-07 3.71E-07 5.oCE-05 1.19E-06 NO DATA 6.56E-07
C5134 4.66E-C5 1.06E-04 9.10F-05 NO CATA 3.59E-C5 1.2?E-05 1.30E-06'

'.C5136
4.88E-C6' 1.E55-C5 1.39E-05 NO CATA 1 07E-P5 1.50E-C6 1.46E-06

....__...........___.__............___.................___.___......__.....

C5131 5.98E-05 7.765-05 5. ) 2 C-0 5 ' NO DATA 2.78E-95' 9.40E-06 .1.05F-06
C513M 4 14E-08 7.T6~-08 4.0iE-38 NO DATs -6.00E-C? 6.0FF.09 2.33E-13
hA139 1.17E-10 R.123-14 3.420-12 NO 0ATA 7.78E-14 4.70E-07 1.12C-07
-....__.....___.._........ ...... .._....__............................__....

s
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TA8LL E-7. CONT'D

P EG E 3 0F 3

INHALATION D(,$E FACTORS FOR ADULT 5
(" REM Pf3 PCI INHALE 01

NUCLICE BONE livCR T. duct THYROID KIDhEY LUNG GI-LLI

MA140 4.98t-06 6.13E-09 5.? tE-0 F NO DATA 2.09E-09 1.59F-04 2.T3F-05
nA141 1.25E-11 1.416-15 4.2CE-13 NO DATA 8.75E-15 2.42h-07 1 45E-17
AA142 3.29E-12 3.J85-15 2.07E-15 NO DATA 2.46E-15 1.*9E-07 1 96E-26

LA140 4.10E-C8 2.175-08 5.73E-01 NU OATA NO DATA 1.70E-05 5.73E-05'

LA142 8.54E-!! 3.88E-11 9.64E-12 NO DATA NO DATA 7.91E-07 2.64E-07
CE141 2.49E-06 1.693-06 1. 91 L-0 7 NO DAT4 7.536-07 4.52E-05 1.50E-05

CEt43 2.35E-04 1.T2E-05 1.91k-01 NO DATA 7.60E-09 9.97E-06 2.83E-05
*E144 4.29E-04 1.79E-04 2. 30E-0 5 NO DATA 1.06E-04 1.72E-04 1.02E-04
PR143 1.87E-06 4.69E-07 5. 99t-0 8 NO DATA 2.70E-07 3.51E-05 2.50E-05

7R144 1.76E-12 1.369-12 1.91E-13 NO DATA 8.816-13 1.27E-07 2.69E-18
1D14T 6.59E-07 7.62C-OT 4. 56 E -0 8 NO DATA 4.45E-07 2.76E-05 2.16E-05
w 187 1.06E-09 8.d5.-13 3.10E-10 NO DATA NO DATA 3.63E-06 1.94E-05

P4P239 2.8FE-08 2.R25-09 1. 5 % E -0 9 NO DATA 8.75E-09 4.70E-06 1.49E-05
,

O
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T48LE E-4 ,

P AG E 1 0F 3

1NHAL AT104 DOSE F ACTORS FOR TEENAGER
l# REM PER PCI INHALEDI

NUCLICE- SONE LIVER T.BOCY THYR 010 KIDNEY LUNG GI-LLI
.. .. ......................... .......... ......................... ..
H 3 NO-DATA 1.59E-0F 1. 59E-0 7 1.596-07 1.59E-07- 1.59E-07 1.59E-07
0: 14 3 25C-06 6.C9E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07 6.09E-07
aa 24 1.72E-06 1.72E-06 1. 72E-0 6 1.72E-06 1.72E-06 1.72E-06- 1.72E-06

P 32 2.36E-04 1.57C-0) 8.95E -0 6 NO DATA NC DATA NO DATA 1.16F-05
CR 51 40 DATA NO DATA 1 69F-08 9.37E-09 3.942-09 2 62E-06 3.75E-07
WN 54 40 DATA 6.39F.06 1. 03E-0 6 40 DATA 1.59E-06 2 48E-04 8.35E-06

FN 56 NO DATA 2.124-LO 3.15E-11 40 DATA 2.24E-10 1.90E-06 7.18E-06
FE 55 4.18E-06 2.98E-06 6.93E-07 NO DATA NO DATA 1.55E-05 7.99E-07
FE 51 1 19E-06 4.62E-06 1.79E-06 NO DATA NO DATA ~1.91E-04 2.23E-05

C0 SS NO DATA 2.59E-07 3. 47E-0 7 NO DATA NO DATA 1.68E-04 1.19E-05
CU 60 NO DATA 1.89E-C6 2. 4 8 F.-0 6 NO DAT4 NG DATA 1.09E-03 3.24E-05
NI 63 7.25E-05 5.43E-06 2.47E-06 NO DATA NO DATA 3.84E-05 1.77E-06

11 65 2.73E-10 3.06F-11 1 59E-11 NO DATA NO DATA 1.17E-06 4.59E-06
CU 64 40 DATA 2.54E-10 1 0eE-10 NO DATA 8.01E-10 1.39E-06 7.68E-06
ZN.65 4.E2E-06 1.o7E-05 7. 80 E-0 6 NO DATA 1.08E-05 1 55E-04 5.83E-06

f _s

(N 69 6.04E-12 1 15F-11 8.07E-13 NO DATA 7.53E-12 1.98E-07 3.56E-08 :

NO DATA LT E-24np 83 NO DATA NO DATA 4.30E-08 NO DATA NO DATA ~ NO DATALT E-24
s

'

BR.84 NO DATA NO DATA 5.41E-0 8 40 D AT A NC DATA

UR 83 NO DATA NO DATA 2 29E-0 9 NO DATA NO DATA NO DATA LT E-24
18 86 NO DATA 2.38E-t> 1.05E-05 40 DATA NO DATA NO DATA 2.2tE-06

R? 83 NO DATA 6.82E-06 3. 40E -0 8 NO DATA NO DATA NO DATA 3.65E-15

R8 89 NO DATA 4.402-08 2.91E-08 NO DATA NO DATA NO DATA 4.22E-17
%R 89 5.43E-05 NO DATA 1.56E-06 NO DATA NC DATA 3.02E-04 4.6*E-05

SR 93 1.35E-02 NO DATA 5.35E-04, NO DATA NO DATA 2.06E-03 9.56E-05

SR 91 1.10E-08 NO DATA 4.39E-10 NO DATA NO DATA 7.59E-06 3.24E-05
54 92- 1.19E-09 NO DATA 5.08E-11 NO DATA- NO DATA 3.43E-06 '1 49E-05
Y 90- 3.F3E-07 NO DATA 1 00E -0 8 40 047A 40 DATA 3.66E-05 6.99E-05
................................. .......... ...................... .....
Y 91r 4.63E-11 NO DATA 1.77E-12 NO DATA NO DATA 4.00E-07 3.77E-09~

Y 91 8.26E-05 NO DATA 2.21E-06 NO DATA NO DATA 3.67E-04 5.11E-05
Y .92 1.84E-09 NO DATA 5.36E-11- NO DATA NO DATA 3.35E-06 2.06E-05
........ ................... . .... .....-..---.-----------------------

(
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TA6LL E-8, CONT'O

P AGE 2 0F 3

INHAL ATIU 4 DOSE FACTORS FCR TEFNAGFR
("4EM PLR PCI INHALEDI

10CLICE BONE LivFR T.A00Y THYROIO KIONEY LUNG GI-LLI

Y' 13 1 69E-08 40 OtTA 4.65E-IC NO DATA NO DATA 1.04F-05 7.24E-05
ZR 95 1.82E-05 5.T32-06 3. 94 E -0 6 NO DATA 8.42E-06 3.36E-04 1.86F-OS 5

la 97 1.72E-08 3.40E-09 1.57E-09 NO DATA 5.15k-09 1.62E-05 7.88E-05

N3 95 2.32C-06 1.29E-06 7.08E-07 Nu OATA 1.25E-06 9.39E-05 1.21E-05
MD 99 :40 D A T A 2.116-08 4.0lE-09 40 CATA 5.14E-08 1.92E-05 1.36E-05
1C 99M 1 75E-13 4.83E-Il o.24E-12 NO DATA 7.20E-12 1.44E-07 7.66E-07
._____...... =

TC101 7.40E-15 1.03E-14 1.03E-13 NO DATA 1.90E-13 P.34E-08 1.09E-16
RU103 2.636-07 NO CATA 1.128-07 NO DATA 9.29E-07 9.79E-05 1.36F-05
'4U105 1.40L-10 '40 04TA 5.42E-11 NO DATA 1.76E-10 2.27F-06 1.13E-05

1U100 1 23F-05 NO DATA 1. 55C-0 6 NO DATA 2.38E-05 2.016-03 1.20F-04
AG110F 1.73E-06 1.64C-00 9.91E-07 NU OATA . 3.13E-06 8.44E-04 3.418-05
TE124P 6.10E-07 2.80E-OF 8.34E-08 1.75E-07 NO DATA 6.70E-05 9.38E-06

fCl27F 2.25E-06 1.0?E-Oo 2.7sC-07 5.48E-07 8.176-06 2.0FE-04 1.99E-05
TE127 2.51E-10 1.14F-10 5.52C-11 1.77E-10 9.10E-10 1.40F-06 1.01E-05
TE129M 1.74t-06 8.43E-07 2. 81E-0 7 5.72h-07 6.49E-06 2.47E-04 5.06E-05

TF129 8.87E-12 4.22C-12 2.2 0 E-12 0.4ME-12 3.32E-11 4.12E-07 2.02E-07
TE131r 1.23E-08 7.51C-09 5.03E-01 9.0tE-09 5.49E-08 2.97E-G5 7.76E-05
TE131 1.97E-12 1.04:-12 6.30E-13 1.25E-12 7.72E-12 2 92C-07 1.89E-09

TC132 4.50E-08 3.ofE-08 2. 74 E-0 8 3.07E-08 2.44E-07 5.61E-05 5.79F-05
1 130 7.60E-07 2.24 -06 8.90E-0 7 1.86E-0 3.44E-06 No GATA 1.14E-06
1 131 4.43E-06 6.14F-06 3.30E-06 1.83C-03 1 05E-05 NO DATA 8.118-07

1 132 1.99E-07 5.472-07 1. 9 7C-0 7 1.89E-05 8.65E-07 NO DATA 1.59C-07
I 133 1.52F-06 2.26C-00 7.78E-07 3.oSE-04 4.49t-06 NO DATA 1.29E-06

; I 134 1.11C-07 2 902-07 1. 05 E-0 7 4.94E-06 4.58E-07 A0 DATA 2.55C-09
| __.........__...........__.....___.__.........__....................__....._

1 135 4.62E-07 1.18E-06 4.36E-07 7.76E-05 1 86E-06 NO Daft 9.69E-07
i C5134 6.282-0) 1 41E-04 0. 8 c E -0 5 NO DATA 4.69E-05 1.P3E-05 1.22E-06
l' C5146 6.44E-06 2.422-05 1.7tE-05 NO DATA 1.38E-05 2.22E-06 1.36E-06

-

C5137 8.38E-05 1.066-04 3. 8 9 E -0 5 NO DATA 3.80E-05 1.51E-05 1.065-06
C5138 5.82E-08 1.07E-07 5.59E-0 8 NO DATA 8.28E-08 9.84E-09 3.38E-11
SA139 1 67k-10 1.18E-1J 4.87F-12 NO DATA 1.11E-13 8.08E-07 8.06E-07
............___. ..___.....__.__........._____...__.____.__.................

O
1.109-48



-- - .- _- _ _ .

1

t I
' \_ /

l

-TauLE E-8. CONT *C

P AG E 3 OF 3,

INHALATION DOSE F ACTORS FC4 TEENAGER
IMMEM PER PCI INHALED 1

NUCLIOE SONE LIvt4 T . 3 C CY THYWOIC K I DNEY LUNG GI-LLI

94140 6.84E-06 4.38F-09 4.40E-37 NO DATA 2.85E-69 2.54E-04 2.86E-05
dA141 1.F8E-11 1.s2F-14 5.9 3 C-13 NO DATA 1.23E-14 4.1tE-07 9.33E-14
"A142 4.62E-12 4.636-1b 2.84E-13 40 CATA 3.92E-15 2.39E-17 .5.99E-20

LA149 5.99E-08 2.950-08 7. 82 C -0 9 NO CATA %0 DATA 2.68E-05 6.09E-05
L4142 1 20E-10 5.J1E-11 1.32E-11 NO DATA NC DATA 1.27E-06 1.50E-06
CEI41 3.55E-06 2.370-06 2.71E-07 NO DAT4 1.11L-06 7.67E-05 1.54E-05

CE143 3.12E-C8 2.42E-00 2.70E-03 10 DATA 1.nes-08 1.63E-05 3.19E-05
CE144 6.11E-04 2.53E-04 3.2 3 C-0 5 40 0AIA 1.51E-04 1.67E-03 1.08E-04
P9143 1 67E-06 6.64E-C7 d.2SE-08 40 DATA 3.86t-07 6.04E-e5 2.67E-05

v4144 5.37E-12 2.20E-12 2.72E-13 NO DATA 1.26E-12 .2.19E-07 2.94E-14
'8C 147 - 9.81E-C7 1.07E-06 6.41E-08 NO DAT4 6.29E-C7 4.65E-05 2.28F-05
W 187 1.50E-09 1.228-09 4.29E-1C NO DATA NC OATA 5.92E-06 2.21F-05

4P239 4.21F-08 3.99C-09 2.21E-09 NO DATA 1.25E-08 a.11s-06 1 65E-05
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TABLE E-1

PAGE 1 UF 3

INHALATION DCSE FACTORS FCR CHILO
(" REM PCR PCI INH 4LE01

NUCLIU6 BONE LIVER T. AOPY THYROID KIONEY LUNG GI-LLI

H J NO DATA 3.04C-07 3.04E-Of 3.046-07 1.04E-07 3.04E-07 1.04E-07
C 14 9.70E-06 1.822-06 1.92E-06 1.82E-06 1 82E-06 1.82E-06 1.82E-06
NA 24 4.35E-06 4.350-06 4. 3 3 E -0 6 4.35E-06 4.35E-e6 4.35E-06 4.35E-06

P 32 7.04E-04 1.09d-05 2.67f-05 NO DATA NO DATA NO DATA 1.14E-05
CR 51 NO DATA NO DATA 4.17E-08 2.31r-0A 6.57E-09 4.59E-06 2 93E-07
MN 54 40 DATA 1.162-05 2 57F-06 NU DATA 2.71E-06 4.26E-04 6.19F-06
............................................................................

NN 56 NU D4TA 4.48E-10 8.43E-11 NO DATA 4.52E-10 3.55E-06 3.33E-05
FE 53 1.28E-05 6.00E-06 2.10 E-0 6 NO DAT4 NO DATA 3.00E-05 F.75E-07
FE 51 5.59C-06 9.C4E-06 4.510-06 NU UAT4 NO DATA 3.43E-04 1 91E-05

CO 58 NO DATA 4.F9E-07 8. 55E-0 7 NO 04T4 NO DATA 2.99E-04 9.29E-06
CO 60 NO DATA 3.55E-06 6.12 E -06 NO DAT4 NO DATA 1.9tE-03 2 60E-05
NI 63 2.22E-04 1.257-05 7.56E-06 NO DATA NO DAT4 7.43E-05 1.71E-06

|al 65 8.08E-10 7.99E-11 4.44E-11 Nn DATA NU DATA 2.21E-06 2.27E-05
Cu 64 NU DATA 5.J9E-10 2.90C-10 NO DATA 1.63E-09 2.59E-06 9.92E-06
2.N 6 5 1.15E-05 3.06E-05 1.90C-05 NO DATA 1.91E-05 2.69E-04 4.4tE-06

2 N 61 1.81E-11 2.61E-11 2.410-12 NO DATA 1.58E-11 3.84E-07 2.75F-06
MR 85 NO DATA NO DATA 1. 2 8 E -0 7 NO DATA NO DAT4 NO DATA LT E-24
JR R4 NO CATA NU DATA 1.4RE-07 NO 04T4 NO DATA NO DATA LT E-24

r1 85 NO 04T4 NO OSTA 6.84E-09 NO DATA NO DATA NO DATA LT E-24
40 46 NO DATA 5.36C-05 1.09E-03 NO CATA NO DATA NO DATA 2.16E-06
Re 88 NO DATA 1.52E-0F 9. 90C-0 8 NO D4TA NO 047% NO DATA 4.66E-09

RB 89 NO DATA 9. 3 3C-08 7.8aE-04 NO DATA NO DATA NO DATA 5.1tE-10
SR 89 1.62E-04 NO CATA 4.66E-06 NO DATA NO DATA 5.81E-04 4.52E-05
SR 90 2.73E-02 NO DATA 1.74E-03 NO DATA NO DATA 3.99C-03 9.28E-05

SP 91 3.28E-09 NO DATA 1. 24 E -0 9 NO DATA NO DATA 1.44E-05 4.70E-05
SR 92 3.>4E-09 NO DATA 1.42E-10 NO DATA NO DATA 6.49C-06 6.55E-05
Y 90 1.l!E-C6 NO DATA 2 9 4 E -0 8 NO DATA NO DATA 7.07E-05 7.24E-05

Y 91r 1.17E-10 NC DATA 4.98E-12 NO DATA NO DATA 7.60F-07 4.64E-07
Y 91 2.47E-04 NO DATA 6. 5 9 E -0 6 NO DATA NO DATA 7.10E-04 4.17E-05
Y 92 5.50E-09 NO DATA 1 57E-10 NO DATA NO DATA 6.46E-C6 6.46E-05

.
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* T ASLL E-9, CON T'D

P 63 E 2 0F 3

IMMALATION DLSE FACTORS FOR CHILO
(" REM PE4 PCI INHALEDI

wuCLt0E. SOME LIviR T.dOCY ~ THYR 010 KIDNEY LU9G GI-LLI
........ ... ................. .........................................

,

Y 95 5.04E-08 40 DATA 1. 35 E-0 9 MO Daft NO DATA 2.01E-05 1.05E-04'

Z2 95 S.13E-05 1 13E-05 1.00E-05 40 DATA 1.616-0S 6.03E-04 1.65E-05
'

2R 97 5.07C-08 7.J4E-09 4 32E-09. NO UATA 1.05E-08 3.06E-05 9.49E-05
....... ...... ............ ... ... ............................. .....

NR 95 6.35E-06 2.48E-06 1. 77E-0 6 40 DATA 2.33E-06 1.66E-04 1.00E-05
| MO 99 NO DATA 4.66E-08 1.15E-08 No DATn 1.06E-07 3.66E-05 3.42E-05

TC 99F . 4.81E-13- 9.41E-13 1.56E-11 f*3 DAT A 1.37E-11 2.57E-07 1 30E-06
i . . _ . . - . . . - . . . _ . . . - - - . . . _ . . . . _ . . . . . . . . . _ . . . . . - . .

TC101 2.19E-14 2.30E-14 2.91E-13 40 UATA 3.92E-13 1.SAE-07 4.41F-09
RU103 7.55E-07 NO DATA 2. 90E-0 7 NO DATA 1.90E-06 1.79E-04 .1.21E-C5
RU105 4.13E-10 NU DATA 1 50E-10 NO DATA 3.63E-10. 4.30E-04 2.69E-05

RU106 3.68E-OS NO DATA 4.57E-06 40 DATA 4.97E-05 3.87E-03 1.16E-04
AG110* 4.56E-06 3 08E-06 2.47E-06 NO DATA 5.74L-06 1.48E-03 2.71E-05

-TE1254 1.82E-06 6.295-07 2.47E-0 7 .5.205-07 NC OATA 1.29E-04 9.13E-06,

i ......... ... ................. ......... ..................... . .

TE127M 6.72E-06 2.31E-06 8. loE-0 7 1.64E-04 1.72E-05 4.00E-04- 1.93E-05
TE127.. 7.49E-10 2 57E-10 1.65E-10 5.30E-10 1.91E-09 2.71F-06 1 52E-05
IE12?F .5.19E-06 1.8SE-06 8. 22 E-0 7 1.7tE-04 1.36E-05 4.76E-04 4.91E-05

j

TE129 2.64E-11 9.45E-12 4.44E-12 1.93E-11 6.94L-11 7.9tE-07 6.89E-06'

, ( TE131* 3.63E-C8 1.60E-08 1.37E-00 2.64E-08 1.00E-07 5.56E-05 8.32E-05'

j TE131 .%.87E-12 2.28E-12 1.78E-12 4.59L-12 1 59E-11 5.55E-07 3.60E-07

!' 'TF152 't.30E-07 7.36E-08 7.12E-08 8.SSE-08 4.79E-07 1.02E-04 3.72E-05
: 1 130 2 21E-06 4.435-06 2 28C-06 4.99E-04 6.61E-06 NO DATA 1.38E-06

| I 131 1.50E-05 1.30E-05 7. 3 7 E -0 6 4.39E-03 2.136-05 NO DATA 7.68E-07
|

I 132 5.72E-07 1.10E-06 5. 0 iE-0 7 5.23E-05 1.69E-06 NO DATA S.65E-07
1 133 4.48E-06 5.490-06 2.08E-0 6 1 04E-03 9.13E-06 NO DATA 1.48E-06
1 134 3 17E-07 5.845-07 ' 2.61E -0 7 1.37E-05 0.92E-07 NO DATA 2.58E-07

I 135 1.53E-06 2 56E-06 1.12 E -0 6 2.14E-04 3.62E-06 NO DATA 1 20E-06
C5134 1 76E-04 2.74E-04 6. 0 7E -0 5 90 DATA 8.13E-05 3.27E-05 1 04E-06
C5136 1.76E-05 4.62E-05 3.14E-0 5 NO DATA' 2.58E-05 3.93E-06 1.13E-06

i

C5137 2 45E-04 2.235-04 3.4 7E-0 5 40 DATA 7.63E-05 2.81E-05 9.78E-07
C5138 1 71E-07 2.2TE-07 1. 50E-0 7 NO DATA 1.68E-07 1.84E-08 7.29E-04
M4139 4.98E-10 2.66F-13 1.4SE-11 40 DATA 2.3 3E-13 1 56E-06 1.56E-05

l
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T1GLE E-9 CONT'C

P AG E 3 0F 3

INHALATION DDSE FACTORS FOR CHILO
(PREM PER PCI INHALFD)

NUCL i t:E BUNE LIVER T.800Y THYROIC KIDNCY LONG GI-LLI

d4140 2.COE-05 1.75E-08 1.1 FC-0 6 NO DATA 5.71E-09 4.71E-04 2.75E-05
BA141 5.29E-11 2.15E-14 1.72F-12 NO DATA ?.566-14 7.89E-07. 7.44E-08
eA142 1.35E-Il 9.73C-15 7.54E-13 NO DATA 7.37E-15 4.44E-07 7.41F-10

L4140 1.74E-07 6.08E-08 2. 04 E-0 8 NO DATA NO DATA 4.94E-05 6.10E-05
L A 142 3 50E-10 1.11E-10 3.49E-11 NO DATA NO DATA 7.35F-06 2.05E-05
CE141 1.0eE-05 5.28E-06 7. 8 3 E-01 40 DATA 2.31E-06 1.47E-04 1.53E-05

CE143 9.89E-on 5.37t-08 7.77E-09 NO DATA 2.266-09 3.12E-05 3.44E-05
CE144 1 83E-03 5.72L-04 9.77E-05 NO DATA 3.176-04 3.23C-03 1.05E-04
9R143 4.99E-06 1.50E-06 2. 47 E -0 7 NO DATA 8.11t-07 1.17E-04 2.63E-05

PR144 1 6tE-11 4.996-12 8.10E-13 NO DAT4 2.64k-12 4.23E-07 5.32E-08
N0147 2 92C-06 2.36E-06 1. 84 F-0 7 NO DATA 1.10E-06 8.87L-05 2.22F-05

w 187 4.41E-09 2 61C-09 1.1 FF-0 9 NO CATA NC CATA 1 11F-05 2.46E-05

NP239 1.76E-07 9.04c-09 6. 3 5 E -0 9 NO DATA 2.63E-08 1.57E-05 1.73E-05

0

-

O
i
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T48LE E-10

PAGE 1 DF 3

14HALATIDN DOSE FACTORS FDR INFANT
t# REM PER PCI IANALEDI

NUCLicE SONE LIVER T.80CY THYROID RIDNEY LUNG GI-LLI

H 3 40 DATA 4.62E-07 4.62E-07 4.62F-07 4.62E-07 4.62E-07 4.62E-07

C 14 1.89E-05 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06 3.79E-06
N A 24 7.54E-06 7.54[-06 7.54[-06 7.5%E-06 7.54E-06 '7.54E-06 7.54E-06

P 32 1.45E-03 8.03E-05 5.53E-05 NO DATA NO. DATA NO DATA 1 15E-05
CR 51' NO DATA NO DATA 6.3?E-08 4.11E-08 9.45E-09 9 17E-06 2 55E-07
MN 54 NO DATA 1 81E-05 3. 56 E-0 6 NO DATA 3.56E-C6 7.14E-04 5.04E-06
.............. ...... .. ..... .............. ... ... ..... ..... .
MN 56 NO DATA 1.10E-09 1.58E-10 NO DATA 7.86E-10 M.95E-06 5.!?E-05

FE 55 1.41E-05 R . 39E-06 2. 38 E-06 40 DATA NO DATA 6.21E-05 7.82E-07
FE 51 9.69E-C6 1.685-05 6.7TE-06 NO DATA NO DATA 7.25E-04 1.77E-05

CD 58 No DATA 8.71E-07 1.30E-36 NO DATA NO DATA 5.55E-04 7.95E-06

CO 60 NO DATA 5.73E-06 8. 41 E -0 6 NO DATA NO DATA 3.22E-03 2.28E-05
NI 63 2.42E-04 1.46E-05 S . 2 9E -0 6 NO DATA NO DATA 1.49E-c4 1.73E-06

41 65 1.71E-09 2.33[-10 8.79E-11 NO DATA NO DATA 5.80E-06 3.58E-05

CU 64 NO DATA 1.34d-09 5.53E-10 No DATA 2.44E-09 6.64E-06 1.07E-05

.( ''' IN 65 1.38E-05 4.*7F,-05 2.22E-05 NO DATA 2.32E-05 4.62E-04 3.67E-05
t .. .... .. ............... ....... . .. ...................... .

( IN 69 3.85E-11 6.91E-11 5.15E-12 NO DATA 2.87E-11 1.05E-C6 9.44E-06

R4 83 NO DATA NO DATA 2. 72 E-0 7 No DATA NC DATA NO DATA LT E-24

MR 84 40 DATA NO DATA 2. 86E-0 7 NO DATA NO DATA NO DATA LT C-24

ER 82 40 DATA NO DATA 1.46E-08 NO DATA NC DATA NO DATA LT E-24
38 86 NO DATA 1.36E-04 6. 30E-0 5 f40 DATA NO DATA NO DATA 2.17E-06

48 88 NO DATA 3.98E-07 2. 03E-0 7 40 DATA NO DATA No DATA 7 42E-07.

R8 89 NO DATA 2.29E-07 1. 47 E-0 7 NO DATA NO DATA NO DATA 4.87E-08

SR 89 2.84E-04 NO DATA 8.15E-06 NO DATA NC DATA 1.45E-63 4.57E-05

SR 90 2 92E-02 NU DATA 1. 85 E-0 3 NO DATA NC DATA 8.03E-03 9.16F-05

SR 91 b.83E-08 NO DATA 2. 4 7 E -0 9 NO DATA NO DATA 3.76E-05 5.24E-05

SR 92 7.50E-09 NO DATA 2 79E-10 NO DATA NO DATA 1.70E-05 1.00E-04
Y 90 2 35E-06 NO DATA 6 30E-08 NO DATA NO DATA 1.92E-04 7.43E-05

Y 91 P ' 2 91E-10 NO DATA 9.90E-12 90 DATA NO DATA 1.99E-06 1.68E-06

Y 91 4.70E-04 NO DATA 1.12 E-0 5 40 DATA NO DATA 1.75E-03 5.02E-05
Y 92 1 17E-08 NO DATA 1.29E-10 40 D AT A NO DATA 1.75E-05 9.04E-05

(C
1.109-53
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TABLE E-10, CONT'D

PAGE 2 0F 3

INHALATION DCSE FACTORS FOR INFANT
- t mREN PER PCF IMH ALEDI

NuCLICE BONE L1VER T .80 DY THYROID KIDNEY LUNG GI-LL1

Y 93 1.07E-07 NO DATA 2. 91 E-0 9 NO DATA NO DATA 5.46E-05 1.19E-04
.ZR 95 8.24E-05 1 99E-05 1.45 E-0 5 NO DATA 2.22E-0$ 1.25E-03 1.55E-05
ZR 97 1.07E-07 1.63E-08 8. 36E-0 9 NO DATA 1 85E-08 7.88E-05 1.00E-04

NB 95 1.12E-05 4.59E-06 2. 70E-0 6 NO DATA 3 37E-06 3.42E-04 9.05E-06
MO 99 NO DATA 1.18i-07 2.31E-08 NO DATA 1.89E-07 9.63E-05 3.48E-05
TC 99M 9.98E-13 2.06E-12 2.66E-11 40 DATA 2.22E-11 5.79E-07 1.45E-06

TC101 4.65E-14 5.98E-14 5. 80 E-13 NO DATA 6.99E-13 4.17E-07 6.03E-07
RU103 1.44E-06 NO DATA 4. 85 E-0 7 NO DATA 3.03E-06 3.94E-04 1.15E-05
2U105 8.74E-10 NO DATA 2.93E-10 NO DATA 6.42E-10 1.12E-05 3.46E-05

RU106 6.20E-05 NO 0ATA 7. 77 E-06 No DATA 7.61E-05 8.26E-03 1.17E-04
AG1104 7.13E-06 5.16E-06 3. 57 E-0 6 NO DATA 7.80E-06 2.62E-03 2.36E-05
TE125M 3.40E-06 1 42E-06 4. 70 E-0 7 1 16E-06 NO DATA 3.19E-04 9.22E-06

TE127M 1.19E-05 4.93E-06 1. 48 E-0 6 3.48E-06 2.68E-05 9.37E-04 1.95E-05
TE127 1.59E-09 6.81E-10 3.4 9E-10 1.32E-09 3.47E-09 7.39E-06 1 74E-05
TE129p 1.01E-05 4.35E-06 1. 59E-0 6 3.91E-06 2.27E-05 1.20E-03 4.93E-05

TE129 5 63E-11 '2.48E-11 1. 34 E-11 4.82E-11 1.25E-10 2.14E-06 1.88E-05
TE131M 7.62E-08 3.93E-08 2.59 E-0 8 6.30E-08 1 89E-07 1 42E-04 8.51E-05
TE131 1 24E-11 5.87E-12 3.57E-12 1.13E-11 2.85E-11 1.47E-06 5.87E-06

TE132 2.66E-07 1.69E-07 1. 26 E-0 7 1.99E-07 7.39E-07 2.43E-04 3 15E-05
1 130 4.54E-06 9.91E-06 3. 98 E-0 6 1.14E-03 1.09E-05 NO DATA 1 42E-06
1 131 2.71E-05 3.17E-05 1. 40 E-0 5 1.06E-02 3.70E-05 No DATA 7.56E-07

I 132 1.21E-06 2.53E-06 8. 99E-0 7 1.21E-04 2 82E-06 NO DATA 1.36E-06
I 133 9.46E-06 1.37E-05 4.00E-06 2.54E-03 1.60E-05 No DATA 1.54E-06
I 134 6.58E-07 1.34E-06 4.75E-07 1.18E-05 1.49E-06 NO DATA 9.21E-07

1 135 2.76E-06 5.43E-06 1. 9 9 E-0 6 4.97E-04 6.05E-06 NO DATA 1.31E-06
C5134 2.83E-04 5.02E-04 5. 32 E-0 5 NO DATA 1.36E-04 5.69E-05 9.53E-07
C5136 3.45E-05 9.61E-05 3. 78 E-0 5 NO DATA 4.03E-05 8.40E-06 1.02E-06

C5137 3.92E-04 4.37F-04 3.25 E-0 5 No DATA 1.23E-04 5.09E-05 9.53E-07
C5138 3.61E-07 5.58E-07 2. 84 E-0 7 NO DATA 2.93E-07 4.67E-08 6.26E-07
8A139 1.06E-09 7.03E-13 3.07E-11 NO DATA 4.73E-13. 4.25E-06 3.64E-05

__
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TABLE E-10, CONT'D

P AG E 3 0F 3

INHALATIDN DDSE FACTORS FOR INFANT
EMREN PER PCI INHALEDI

NtfCL I DE SONE LIVER T.80DY THYROID KIDNEY LUNG GI-LLI

84140 4.00E-05 4.00E-08 2.07E-06 NO DATA 9.59E-09 1.14E-03' 2 74E-05
l 04141 1.12E-10 7.700-14 3.55E-12 NO DATA 4.64E-14 2.12E-06 3 39E-06

MA142 2.84E-11 2.36E-14 1.40E-12 NO DATA 1.36E-14 1.11E-06 4.95E-07

L A140 3.61E-07 1. 4 3E-07 3.68E-08 NO DATA NO DATA 1.20E-04 6.06E-05
LA142 7.36E-10 2.69E-10 6.46E-11 NO DATA NO DATA 5.87E-06 4 25E-05
CE141 1.98E-Oh 1.19E-05 1.42E-06 NO DATA 3.75k-06 3.69E-04 1.54E-05

CE143 2.09E-07 1.18E-07 1.59E-05 NO DATA 4.03E-08 8.30E-05 3.55E-05
*

CE144 2.20E-03 8.oSE-04 1. 26E-04 NO DATA 3.84E-04 7.03E-03 1 06E-04
P4143 1.00E-05 3.74E-06 4. 99E-0 7 NO DATA 1.41E-06 '3.09E-04 2 66E-05

PR144 3 42E-11 1.32E-11 1.72E-12 NO DATA 4.90E-12 1.15E-06 3.06E-06
ND14T 5.67E-06 5.81F-06 3. 57E-0 7 NO DATA 2.25E-06 2.30E-04 2.23E-05

-W 187 9.26E-09 6.44E-09 2.23 E-0 9 NO DATA NO DATA 2.83E-05 2 54E-05

NP239 2.65Em07 2. 3 7E-08 1.34E-08 NO DATA 4.73E-08 4.25E-C5 1.78E-05

'

.J
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TARLE F-15

PAGE 1 0F 3
,

|

| INGE5 TION DUSE FACTORS FOR ADULf5
(" REM PER 8CI INGESTEDIj

NUCLICE SONE LIVER T.80CY THVR0!D K1DNEY LUNG GI-LLI

| H 3 NO DATA 1.05E-07 1. 0 $ E -0 7 1.056-07 1.05E-07 1.05E-07 1.05E-0
! C 14 2.84E-06 5.68E-07 5.6 8 E-0 7 5.68E-07 5.68E-07 5.68E-07 5.68E-0
i NA 24 1.70E-06 1.70E-06 1. 70E-0 6 1.70E-06 1.70E-06 1.70E-06 1.70E-0

P 32 .1.93E-04 1.20E-05 7. 46 E -0 6 40 DATA NC DATA NO DATA 2.17E=0'
CR 51 40 DATA NO DATA 2.6c E-0 9 1.59E-09 5.86E-10 3.53E-09 6.69E-0;
NN 54 NO UATA 4.57E-06 0. 72 E-0 7 NO DATA 1.36E-06 NO DATA 1.40E-01

| MN 56 NO DATA 1.15E-07 2 04 E-0 4 NO DATA 1.46E-07 No DATA 3.67F-06
FE 55 2.75E-06 1.90F-06 4.4 s E-0 7 MO DATA NO DATA 1.06E-06 s.09E-06
FE 59 4.34E-06 1.02E-05 3.91E-06 NO DATA NO DATA 2.85E-06 3.40E-05

CO 58 NO DATA 7.456-07 1 67E-06 40 UATA NO DATA NO DATA 1.51F-05
CO 60 NO DATA 2.14F-06 *.72E-06 NO DATA NO DATA NO DATA 4.02E-05
NI 63 1.30E-C4 9.01E-06 4. 36 E-0 6 No DATA N0 CATA NO DATA 1 88E-06

NI 65 5.28E-07 6.86E-08 3.13E-0 8 NO DATA NO DATA No DATA 1 74E-06
CU 64 NO DATA 8.33E-08 3.91E-08 40 DATA 2.10E-07 Nd' DATA 7 10E-06
2N 65 4.84'E-06 1.54E-05 6. 96 E -0 6 NO DATA 1.C3E-05 NO DATA 9.70E-06

2N 69 1.03E-08 1.97E-08 1. 3 7 E-0 9 NO DATA 1.28E-08 NO DATA 2.96E-09
BR 83 40 DATA NO DATA 4. 02 E -0 8 NO DATA NO DATA NO DATA 5.79E-08
RR 84 40 DATA NO DATA 5. 21E -0 8 NO DATA NO DATA NO DATA 4.09E-13

84 85 NO DATA NO DATA 2.14 E-0 9 NO DATA NC DATA NO DATA LT E-24
Rn 86 NO DATA 2.11E-05 9. 8 3 E -0 6 NO DATA NO DATA NU DATA 4.16E-06
R8 88 NO DATA 6.05E-08 1.21 E-0 8 NO DATA NO DATA NO DATA 8.36E-19

RR 89 NO DATA 4.01E-08 2. 82 E-0 8 NO DATA NO DATA NO DATA 2.33E-21
$R 89 3.00E-04 NO DATA 8. 84 E-0 6 M0 DATA NO DATA NO DAT4 4.94E-05
SR 90 7.58E-03 NO DATA 1. 86E-0 3 40 DATA NO DATA MO DATA 2.19E-04
.. ..... ........... ......... .... ... . .....................

SR 91 5.67E-06 NO DATA 2.29E-07 40 DATA NC DATA NO DATA 2.70E-05
SR 92 2.15E-06 40 DATA 9.30E-08 NO DATA NC CATA NO DATA 4.26E-05
Y 90 9.62E-09 NU DATA 2. 58 E-10 40 DATA NG DATA NO DATA 1.02E-04

Y 91M 9.09E-11 No DATA 3.52E-12 NO DAT4 NO DATA NO DATA 2.67E-10
Y 91 1.41E-C7 NU DAT4 3.77E-09 NO DATA NO DATA NO DATA 7.76E-05
Y 92 8.45E-10 NO CATA 2.47E-11 NO Daft NO DATA NO DATA 1.48E-05
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TARLE E-11, CONT'D

PAGE 2 Of 3

I NCE 5 f l 0N 005E F 4C TO'S F C# acutf5
IM4EN Ph4 #CI INGESTEDI

NUCLICE SONE liver T . 60CY THY 90!C KIDNEY LUNG GI-LLI

Y 93 2.68E-01 NO DATA 7.40E-11 NO DATA NO DATA NO 0474 8.508-05
2R 95 3 04E-08 9.75E-09 6.60C-01 NO DATA 1.53E-08 NO CATA 3.09E-05
ZR 97 1.68E-09 3.395-10 1.55E-10- NO DATA 5.12E-10 NO DATA 1.05E-04

$9 95 6.22E-C9 3 46E-09 1.86E-09 NO CATA 3.42E-C9 NO DATA 2.10E-05
NO 91 -NO DATA 4.11E-06 8. 20E-0 7 re0 DATA 9.76k-06 No DATA 9.99E-06
TC 99a 2.47E-to 6.98E-10 8.49E-09 No 04T4 1.06E-08 3.42E-to 4 13E-07

TC101 2.54E-10 3 666-10 3. 59E -0 9 NO DATA 6.59E-09 1.87C-10 1.10E-21
1U103 1 45E-07 NO DA?4 7. 9 7 E -0 8 NO DATA 7.06E-07 NO DAT% 2.16E-05
3u105 1.54E-08 Nu CATA 6. 0 S L -0 9 NO DATA 1 99E-07 NO DATA 9.42E-06
................................. .........................................
tut 06 2.75F-06 NO DATA 3. 4 SE -0 7 dC D4TA 5.1tE-06 NO DATA 1.78E-04
4G110* 1 60k-07 1 48F-97 8. 79E -0 8 10 DATA 2.9tt-07 No DATA 6.04E-05
TF125M 2.69E-06 9. 7 t E-07 3 59C-0 7 . 4.068-07 1.09E-05 NO CATA t.07F-05

TE127* -6.77E-06 2.42C-06 8. 2iC-0 7 1.73E-04 2.75E-05 NO DATA 2.27E-C5
TEt27 1.10t-07 3.95E-06 2. 3 e E -0 8 R.tSE-08 4.44k-07 40 DATA 8.68E-06.

(r~s TC129" 1.15E-05 4.298-Co 1. 8 2 E -0 6 3.95E-06 4.80d-05 NO CATA 5.79E-05

\ fEl29 3.14E-08 1.18E-08 7. e a E-0 9 2 4tE-08 1.12E-07 NO CATA 2.37E-08

TL13t> 1.71E-06 8.46C-07 7.05E-0 7 1 34C-06 E.57E-06 Nn DAT4 8.40E-05
TE131 1.97E-08 4.23E-09 6. 22 E -0 9 1.62E-08 9.63E-08 NO Daft 2.79E-C9
............................................................................

T8132 2.52E-06 1 63E-06 1. 5 s E-0 6 1 8CE-c6 1.57E-05 NO 04TA 7.71E-05
1 130 F.56E-07 2.? M-66 8. 4 0 E-0 7 1 89C-C4 3.48E-06 NO DATA t.92E-06
1 1 11 4.16E-C6 5.95E-06 3.41[-06 1 95F-C3 1.02k-e5 NO DATA 1.57E-06

1 132 2.0lE-07 5.4 3F-0 F 1.90C-0 7 1.90E-C5 0.65L-07 NO DATA 1.02E-07
1 133' 1.42E-06 2.*FF-06 - 7.5 3E-0 7 1.63E-04 4.3tE-06 NO DATA 2.22E-06
I 134 1.06t-07 2.88C-07 1.01E-OF 4.99E-06 4.98E-07 NO DATA 2.51E-10

t 115 4.43E-07 1.16C-06 4.2SC-0F 7.65E-05 1.96E-C6 NO DATA 1.31E-06
C5134 6.22E-05- 1.482-04 1. 2 t E -0 4 NO DATA 4.79t-05 1.59E-05 2.59E-06
C5136 6.5tE-06 2.575-05 1. 85 E -0 5 NO DATA 1.43E-05 1.96E-06 2.92E-06

C5137 7.97E-05 1.69L-04 _7.14 k-0 5 NO DATA 3.70t-05 1.23E-05 2.llE-06
C5138 5 52E-04 1.09C-07 5~.40E-0A NO DATA 8.0tt-08 7.9tE-09 4.65E-13
OA139 9.70E-08 6.912-11 2 84E-09 NO DATA 6.46E-11 l.92E-11 1.72E-07
............................................................................

(
F

1.109-57

.



O
TA3L8 E-11, CONT'O

PA3E 3 0F 3

INGCSTION 00$C FACTOR $ FOR ADULT 5
l# REM PLR PCI INGE%fCol

MUCLlrE BONE LIVER T .30DY THYR 010 K10NEY LUNC GI-LLI
............................................................................
1A140 2.03C-C5 2.55E-08 1. 3 3 f -0 6 '40 DATA 8.67t-09 1.46E-08 4.18E-05
r.4141 4.11E-08 1.56C-11 1. 5'iE-0 9 NO DATA 3.31E-11 2.02E-11 2.22E-17
94142 2.13E-CA 2.19E-11 1. 34 t-0 9 40 DATA 1.55F-11 1.24E-11 1.00E-26

LA140 2.S00-09 1.26;-01 J.33C-10 NU OATA NO DATA NO DATA 9.25E-05
L4142 1 28E-10 5.825-11 1.4 5 E.11 NO DATA NC DATA NO DATA 4.2SE.07

Ft41 9.36E-09 6.53E-09 F.19E-tc No Daft 2.14E-09 NO DATA 2.42E-05

;E143 1 65E-C9 1.227-06 1.35E-10 NO DATA 5.37E-10 NO DATA 4.56E-05

CE144 4.A8E-07 2.c4E-07 2 62C-08 NO DATA 1.21E-07 NO DATA 1 65E-04
P A t4 ) 9.20E-09 3.692-09 4.56E-10 NO DATA 2.13E-09 NO DATA 4.03E.05

Pil44 3.01E-11 1.235-11 1.5sE-12 No DATA 7.05E-12 NO DATA 4.33E-18
N0147 6.29E-C9 7.47E-Ot 4. 55E-10 NO DATA 4.25E-09 NO DATA 3.49E-05
h 197 1.03E-07 8.6tE-08 3.01 E-0 8 NO DATA NO DATA NO DATA 2.82E-05

4P239 1.19E-01 1.17C-10 6. 4 5 E -1 1 NO DATA 3.65E-10 NC OATA 2.40E-05

0
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TA8LE E-12

P 4G E 1 OF 3

INGESTION DQ5E F ACTORS FCR TEENAGER
INREN PER PCI INCESTFDI

NUCLICE SONE LivEt T.MOCY THYROIO KIDNEY LUNG GI-LLI

at i NO DATA 1.068-07 1. 0eE-0 7 1.06C-07 1.06E-07 1.06E-07 1.06E-07
L 14 4.06E-06 8.12E-07 8 12E-0T 8.12F-07 8.12E-07 8.12E-07 8 12F-07
NA 24 2.30E-06 2.30E-06 2. 3 c E-0 6 2.30E-04 2.30k-06 2.10E-06 2 30E-06

# 3i 2.76E-04 1. 71C-05 1. 0 7E-0 5 NO DATA NO DATA NO 04TA 2.32E-05
CR 51 NO DATA NO DATA 3.60E-01 2.00E-09 7.99E-10 5.14E-09 6.05E-07
*N 54 40 DATA 5.9CE-Os 1.17 E-0 6 NO DATA 1.76E-06 NO DATA 1.21E-05

*N 56 40 DATA 1.38C-07 2.41E-08 NO DATA 2.00E-07 NO DATA 1 04E-05
F2 55 3 78E-06 2.68F-06 6. 2 5E-0 7 46 UATA NU DATA 1.70E-06 1 16E-06
FE 59 5.87E-06 1.J7E-05 5.29E-06 40 DATA NO DATA 4.12E-06 3.24E-05

00 58 NO DATA 9.72E-07 2. 24 E-0 6 No DATA NO DATA NO 04T4 1.34E-05
CO 40 MO DATA 2.81E-06 6. 3 3 E-0 6 NO DATA NO DATA NO D4TA 3.66E-05
el 63 1.77E-04 1.25C-05 e.00E-06 40 DATA NO DATA NO DATA 1.99E-06

MI 45 7.49E-07 9.57E-08 4.36E-Ob NO DATA NO DATA NO DATA 5 19E-06,

CU 64 NO DATA 1 15E-07 5.4tE-08 NO DATA 2.91E-07 NO DATA 8.92E-04
( ~~ IN 6S 5.76E-06 2.C0E-C5 9. 3 5E-0 6 NO 04T4 1.28E-05 NO DATA 8.47E-06

IN 61 1 47E-08 2 60E-08 1. 96E-0 9 NO DATA 1.R1E-08 NO DATA 5.16E-083

'- 31 81 40 DATA NO 04TA S . 74E -0 8 NO DATA NO DATA NO DATA LT E-24
4R 86 NO DATA NO CATA 7. 22 E -0 8 NO DAT4 NO DATA 40 DATA LT E-24

n4 8% NO D4TA NO DATA 3.0$E-09 40 DATA NO DATA NO 04TA LT E-24
48 86 MO DATA 2 98E-05 1 40E-0 5 NO D4TA NO DATA NO CATA 4.41E-04
48 SS NO DATA 8.52E-08 4.54E-08 NO DATA NO DATA NO DATA 7.30E-15

48 89 NO DATA 5.50E-08 J . 89E -0 8 NO DATA NO DATA NO DATA 8.43F-17
SR 87 4.40E-04 NO DATA 1 26E-0 5 NO DATA NO DATA NO DATA S.24E-05
59 90 8.30E-03 NO 04TA 2.C S E -0 3 NO DATA NO DATA NO DATA 2.33E-04

SR 11 8.07E-06 40 DATA 3.21 E-0 7 NO DATA NO DATA MO DATA 3.66E-05
54 92 3.05E-06 NO DATA 1. 30E-0 7 NO DATA NO CATA NO DATA 7.77E-05
Y 90 1.37E-08 NO DATA 3.6?f-10 40 DAT4 NO DATA 40 DATA 1.13E-04
.. . .. ... ................. ... . ............... ... . ......

~
Y 91* 1.29E-10 NO DATA 4.93E-12 NO DATA NO DATA 40 DATA 6.09E-09
Y 91 2.01E-07 'eu DATA 5. 31E-09 NO DATA NO DATA 40 DATA 8.24E-05
Y 92 1.21E-09 ho DATA 3.5GE-11 40 OATA NO DATA NO DATA 3.12E-05

(
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TAdLF E-12. CONT'D

PA3E 2 0F 3

1.tGE5fl0N DOSE F ACTORS FOR TEEN AGER
twAEM PFR PCI INGESTEDI

NUCLIOE BONE LIVER f.dO DY THYROID KIDNEY LUNG GI-LLI

y- 93 3.83E-09 NO DATA 1.05E-10 NO DATA NO DATA NO DATA 1.17E-04
Zu 93 4.12E-08 1.10E-08 8. 9* E -0 9 NO DATA 1.9tE-04 NO DATA 1.00E-05
'R 97 2.37E-09 4.69E-10 2.16E-10 NO DATA 7.11E-10 NO DATA 1.27E-04

de 95 S.22E-09 4.401-09 2.$1E -0 9 NO DATA 4.42E-09 NO DATA 1.95F-05
MD 91 NO DATA 6 03E-06 1.12 F -0 6 NO DATA 1.38E-0$ NO DATA 1.08E-05
IC 99M J.12h-10 9.26F-10 1. 2 0 E-0 8 NO DATA 1 18E-08 S.14E-10 6.08E-07

TC101 3.60E-10 5.125-10 5. 0 lE-0 9 40 JATA 9.26E-09 3.12E-10 8.75E-17
9U103 2.55E-07 NU OATA 1. 09 E-0 7 NO DATA s.99E-07 Nn DATA 2.13E-05
dut05 2.18E-08 NO UATA 8. 46 E -09 10 DATA 2.75E-07 NO DATA 1.76E-05

quico 3.92E-06 NO DATA 4.943-07 NO DATA 7.56E-06 NO DATA t.88E-04
AG110m 2.05E-07 1.94E-07 1.1 dE-0 7 10 DATA 3.70E-07 NO DATA 5.45E-05
TE125" 3.93E-06 1.38d-06 S.12 F-0 7 1.07E-06 NO DATA NO DATA 1.13E-05

T5127M 9.67E-06 3.4JE-06 1.1S C-0 6 2.30E-06 1.92L-05 NO DATA 2.4tE-05

IE127 1.58E-07 5.60s-08 3.40 E-0 8 1.09F-07 6.40E-07 NO DAT4 1 22E-05
TE129M t.63E-05 6.CSF=06 2. 5 8E-0 6 S.26E-06 6.42E-05 NO DATA 6.12E-05

TE129 4.48E-OS 1.bFF-09 1. 01E-0 8 3.20E-09 1.88E-07 NO DATA 2 45F-07
TE131= 2.44E-06 1.tFE-Co 9.76E-07 1.T6E-06 1.22E-05 NO DATA 9.39E-05

TF131 2.79t-08 1 1$C-05 9. 72 E-01 2.15E-08 1.22k-07 NO DATA 2 29C-09

IE132 3.49E-06 2.218-06 2.06E-06 2.33E-06 2.12E-05 NO DATA 7.00E-05
1 110 1.03E-06 2.986-06 1.19E-0 6 2 41E-04 4.59E-06 NO DATA 2.29E-06
I lit S.8SE-Oe 8.11E-06 4.40E-00 2.39E-03 1.41E-05 NO DATA 1.62E-06
. - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - ~ ~ ~ - - - - ~ ~ - - - -
1 132 2.79E-07 F.10E-07 2. 62 E-0 7 2.46E-05 1.15t-06 NO DATA 3.18E-07
I 133 2.0tE-06 1.41t-06 1. 04 E -0 6 4.76E-04 5.98E-06 NO DATA 2.58E-06
| 13, 1.46E-07 1.07F-07 1. 39E-0 7 6.45E-06 6.10E-0F NO DATA 5.10E-09

1 135 6.10E-07 1.57E-06 S. 82 E-0 7 1 01E-04 2.48E-06 NO DATA 1.74E-06
C5134 8.37C-0S 1.97F-04 9.14E-OS No DATA 6.26E-05 2.39E-05 2.45E-06
C5136 8.S9E-06 3.J8F-05 2. 2 7 E-0 5 NO DATA 1.84E-05 2.90E-06 2.72E-06
.......--............... .....-. .. .. -..... . ............. .

.

C5137 1.12E-04 1 49E-04 5.19E-0 5 NO DATA 5.07E-05 1.97E-05 2.12E-06
C5138 7.76C-08 1.49E-07 7.45E-0 8 NO DATA 1 10E-07 1.28E-08 6.76E-11
DAIJ9 1 19E-07 9.78E-11 4. 0 S E-0 9 NO DATA 9.22E-11 6.74E-11 1.24E-06

l
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TARLE E-12 CONT'O

P AG E 3 0F 3

14GESTION 005E F AC7045 FOR TEFNAGFR
("#EM PER PCI INGESTEDI

NUCLfLE BONE LivCR T . 60CY THYROID KIDNEY LUNG GI-LLI
......... ............. ....... ................ .............. .....

8A140 2.84E-05 3.4RE-01 1. 8 tE-0 6 NO DATA 1.18E-00 2.14E-08 4.38E-05
RA141 6.71E-OR 5.01t-11 2.2 4E-0 9 No 0ATA 4.65E-11 3.43E-11 1.43E-13
nA142 2.99C-08 2.19E-11 1.84E-09 40 OATA 2.53t-11 1.99E-11 9.18E-20

LA140 3.48t-01 1.71C-09 4. 5 5E-10 NO DATA NC OATA NO DATA 9.82E-05
L A142 1.79C-10 7.95E-Il 1.98E-11 NO DATA NO DATA NO DATA 2.42E-06
CE141 1.1SE-08 8.88C-09 1.02E-09 NO DATA 4.18E-09 NO DATA 2.54F-05

CC143 2.35E-09 1.7tt-06 1.91E-10 NO DATA 7.67E-10 ho OATA S.14C-05
CF144 6.96F-07 2 88E-07 3.74E-0A NO DATA 1.72E-07 NO DATA 1.75F-04
PM143 1.3tE-08 5.230-09 6. 52 E-10 NU DATA 3.n4E-09 NO DATA 4 31E-05

Ptt44 4.30E-11 1.76E-11 2.18 E-12 NO DATA 1.01E-11 Nn DATA 4.74E-14
10147 9.48C-09 1.02F-08 6.11E-10 ha DATA 5.190-09 Nn DATA 3 68E-05
h 187 1.46E-07 1.19t-07 4.llE-38 NO DATA NO DATA NO DATA 3.22E-05

NP234 1.76E-09 1.66E-10 9.22E-11 *0 DATA 5.2tE-10 NO CATA 2.67E-05

.b,
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TABLE E-13

P AGE 1 0F 3

INGESTION DOSE F ACT045 FOR CHaLD
INREM PER PCI INGESTEDI

NUCLIGE 80NE LtvER T.MODY THYROID KIDMEY LUNG GI-LLI

H 3 NO DATA 2.03E-07 2. 01E-0 7 2.03E-07 2.03E-07 2.03E-07 2.03E-07
C 14 1.21E-05 2.*2E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06 2.42E-06
NA 24 S.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06 5.80E-06

P 32 8.25E-04 3.86E-05 3.18E-OS to DATA NO DA.T4 NO DATA 2.28E-05
CR 51 NO DATA NO CATA 8. 90 E-0 9 4.94E-09 1.35E-09 9.02E-09 4.72E-07
MN 54 NO DATA 1.07E-05 2. 85 E-0 6 NO DATA 3.00E-06 NO DATA 8.98E-06

MN 56 NO DATA 3.34E-0F 7. 54 E -0 8 NO DATA 4.04E-07 NO DATA 4.84E-05
FE 55 1.15E-05 6.10E-06 1 89E-06 NO DATA NO DATA 3.45E-06 1.13E-06
FE 59 1.65E-05 2.6FE-05 1 33E-05 NO DATA NO DATA 7.74E-06 2.78E-05

CO 58 NO DATA 1.80E-06 5. 51 E-0 6 NO DATA NO DATA NO DATA 1.0$E-05
CO 60 NO DATA 5.29E-06 1. 56 E-0 5 NO DATA NO DATA NO DATA 2.93E-05
NI 63 5.38E-C4 2.88E-05 1. 8 3 E-0 5 NO DATA NO DATA NO DATA 1.94E-06

NI 65 2.22E-06 2.09F-07 1.22E-07 NO DATA NO DATA NO DATA 2.56E-05
CU 64 NO DATA 2.45E-07 1. 4 8 E-0 7 NO DATA 5.92E-07 NO DATA 1.15E-05
ZN 65 1.37E-05 3.oSE-0) 2.2TE-05 No DATA 2.30E-05 NO DATA 6.41E-06

IN 69 4.38E-08 6.23E-08 5.85E-09 NO DATA 3.84E-08 NO OATA 3.99E-06
BR 83 NO DATA NO CATA 1. 71E-0 7 NO DATA NO DATA NO DATA LT E-24
BR 84 NO DATA NO DATA 1. 9 9 d -0 7 NO DATA NO DATA NO DATA LT E-24

RR 85 NO DATA NO DATA 9.12 E-0 9 NO DATA NO DATA NO DATA LT E-24
MB 86 NO DATA 6.70E-05 4.12 E-0 5 NO DATA NO DATA NO DATA 4.31F-06
R8 88 NO DATA 1.90E-07 1.32E-07 NO DATA NO DATA NO DATA 9.32E-09

98 89 NO DATA 1.17E-07 1 04 E-0 7 10 DATA NO DATA NO DATA 1.02E-09

SR 89 1.32E-03 NU DAT A 3.77E-05 NO DATA NO DATA NO DATA 5.11E-05
SR 90 1.70E-02 NO DATA 4. 31 E-0 3 f40 D AT A NO DATA NO DATA 2.29E-04
. . . . . - - . . . - - - . - - . - - - . . - - - - - . - - - - - - - . - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - -
SR 91 2.40E-05 NO DATA 9.06E-0 7 NO DATA NO DATA NO DATA 5.30E-05

SR 92 9.03E-06 NO DATA 3. 62 E-0 7 NO DATA NO DATA NO DATA 1.71E-04
Y 90 4.11E-08 NO DATA 1.10E-09 NO DATA NO DATA NO DATA 1.17E-04
- - - . - - - . - - - - - - - - - - - - - - - - . . - - . . . - - - - - - . . . . - . . . - - - - - - - - - - - - - - - - - - - - . . . - - - - -
Y 91M 3.82E-10 NO DATA 1.31E-11 NO DATA NO DATA NO DATA 7.48E-07
Y 91 6.02E-07 NO DATA 1.61F-08 NO DATA NO DATA NO DATA 8.02E-05
Y 92 3.60E-09 NO DATA 1.0 3 E-10 NO DATA NO DATA NO DATA 1.04E-04
. . . . - . . - - - - . - - - - . . . . . . . - - - - - - . . . . - - - - - - - - - - - - . . . . - - - - - - - - - - - - - - - - - - - - - - - - - -
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TABLE E-13, CCNT'O
_

il P AG E 2 0F 3

INGESTION DOSE F ACTORS FOR CHILO
( -tM9EM PEA PCI INCESTEDI
|.

NUCLICE 80NE' LIVER T.300Y THYR 010 KIDhEY LUNG GI-LLI

y 93-~ 1.14C-08 NO DATA 3.13C-10 NO DATA NO DATA NO DATA 1.70E-04
2R 95 14160-07 2.35E-08 2.2 7 E-0 8 . NO D A T A 3.65E-08 NO DATA 2.66E-05

1 2R 97 6.99E-09 1.CIE-09 5.96E-10 NO DATA 1.45L-09 NO DATA 1.53E-04

sNR 95 2.256-08 8.76E-09 6.26E-09.-40 DATA 8.236-09- NO DATA 1.62E-05
MO 99 NO DATA- 1.13E-05- 3.29E-06 NO DATA- 2.84E-05 NO DATA 1.10E-05
TC 99* .9.23E-10 1 81E-09 3. 00E-0 8 - NO DATA 2.63E-08 9.19E-10 1 03E-06

= ............................

TC101 1.07E-09 1.126-09 1.42E-08 NO DATA 1.91E-08 5.92E-10 3.56E-09
RU103- 7.31E-07 NO DATA 2.81E-07 NO DATA 1.84E-06 NM DATA 1.89E-05
RU105 6.45E-08 NO DATA 2. 34 E-0 8 NO DATA 5.67E-07 NO DATA 4 21E-05
.. ............. .. __..... ........ .......... ... .._= . ..,

4U106 1.17E-05 NO DATA 1 46 E-0 6 NO DATA 1.58E-05 NO DATA 1.82E-04
AG110M ).396-07 3.64E-07 2.91 E-0 7 NO DATA 6.78E-07 NO DATA 4.33E-05
TF125M 1.14E-05 3.09E-06 1. 52 E-0 6 1.20E-06 40 DATA NO DATA 1.10E-05

.fE127M 2.89E-05 7.78E-06 3.4 J E-0 6 - 6.9tE-06 8.24E-05 NO DATA 2.34E-05
TF127. 4.71E-07 1.278-07 1.01E-0 7 3.26E-07 1.34E-06 NO DATA 1.84E-05

i -s TE129" 4.870-05 1.36E-05 7. 56 E -0 6 1.57E-05 1 43E-04 NO DATA 5.94E-05

' \s TE129 1.J4E-07 3.74E-08 3 18E-08 9.56E-08 -3.92E-07 NO DATA 8.34E-06'

TE131M 7.20E-06 2.49E-06 2. 65E-0 6 5.12E-06 2.41E-05 NO CATA 1.01E-04
- TC131 8.30E-08 2.53E-08 2. 4 7E -0 8 6.35E-08 2.51E-07 NO DATA 4.36E-07

$ TE132 1.01E-05 '4.47E-Oe 5.40E-0 6 - 6.51E-06 4.15E-05 NO DATA 4.50E-05
t 130 2.92E-06 5.90E-06 3. 04E-0 6 6.50E-04- 8.826-06 No DATA 2.76E-06
1 151 1.72E-05, 1.73C-05 9.8JE-06 5.72C-03 '2.84E-05 NO DATA 1.54E-06

I 132- 8.00E-07 1.47C-06 6.76E-07 6.82E-05 2.25E-06 NO DATA 1.73E-06
1 til 5.92E-06 7.32E-06 2.77E-06 1.36E-03 1.22E-05 NO DATA 2.95E-06
I 134 4.19E-07 7.78E-07' 3.58 E-0 7 1.79E-05 1 19E-06 NO Daft 5.16E-07,

1 .. .. . .......... .......... ...................... .................

I 135 1.75E-06 3.tSE-06 1.49E-06 2.79E-04 4.83E-06 NO DtTA 2.40E-06
C5134 2.34E-04 3.84C-04 8.10E-0 5 NO DATA 1.19E-04 4.27E-05 2.07E-06
C5136 2.35E-05 6.46E-05 4.18E-05 NO DATA 3.44E-05 5.13E-06 2.27E-06>

C5137 3.27E-04 1.13C-04 4.62E-05 40 DATA 1.02k-C4 3.67E-05 1.96E-06-
C5138 2.28E-07 3.17E-07 2. 01 E-0 7 40 DATA 2.23E-07 2.40E-08 1.46E-07
'3A139 4.14E-07 2.21E-10 1.20E-0 8 N0' DATA 1.93t-10 1.30E-10 2.39E-05

.

-

.
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TAdLE E-13, CON 1'O

P a0 E 30F 1

INGESTION DOSE F ACTORS FOR CHILO
IMREP PER PCI INGESTEDI

NUCLILE BUNE LIVER T .d OCY THYROID KIDNEY LUNG GI-LLI
==

RA140 8.31E-05 7.28C-08 4.85E-06 NO DATA 2.37t-08 4.34E-08 4.21E-05
SA141 2 00E-07 1.122-10 6. 51 E -0 9 NO DATA 9.69E-11 6.58E-10 1.14E-07
GA142 8.74E-08 6.29E-11 4. 8 8 E -0 9 10 DATA 5.09E-11 3.700-11 1.14E-09

LAk40 k.01E-08 3.53E-09 1.19E-09 40 DAT4 NO DATA NO DATA 9.84E-05
LA142 5.24E-10 a.67F-10 S.23E-11 40 DATA NO DATL NO DATA 3.31E-05
CE141 3.97E-08 1 980-08 2.94E-09 'NO DATA 8.68E-09 NO DATA 2.47E-65

CE143 6.99E-09 ?.79E-06 5.49E-10 NO DATA 1.59E-09 NO DATA 5.55E-05
CE144 2.08E-06 6.52E-07 1. ! I E-0 7 NO DATA 3.61k-07 HO DATA 1.70E-04
PR143 3.93E-08 1.18E-08 1. 95 E-0 9 NO DATA 6.19E-09 NO DATA 4.24E-05

PR144 1.29C-10 3.11E-11 6.49E-12 NO DATA 2.11E-11 NO DATA 8.59E-08
N0147 2.79E-08 2.26E-08 1.75E-09 NO DATA 1.24E-08 NO DATA 3.58E-05

W 187 4.29E-07 2.54r-07 1.14E-0 7 NU DATA NO DATA NO DAT A 3.57E-05

NP239 5.2hE-09 3.77E-10 2.65t-10 NS DATA 1.096-09 NO DATA 2.79E-05

. O

_
6

9
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TABLE E-14

P AG E 1 DF 3
L

INGESTION DOSE F ACTORS FOR INFANT
(MAEM PER PCI INGESTED)

14UCLIDE' SONE LIVER T.80DY THYROID KIDNEY LUNG GI-LL1
>.. ..... ... ..... . .. . . .........................................

H 3 NO DATA. 3 08E-07 3.08E-0 7 3.08E-07 3.08E-07 3.00E-07 3.00E-07
G 14 2.3 7E-05 - 5.06E-06 . 5.06C-0 6 ~ 5.06E-06 5.06E-06 5.06F-06 5.06E-06
NA 24 1.01E-05 1 01E-05 1 01E-05 1.01E-05 1.01E-05 1 01E-05 1 01E-05

P 32 1.70E-03 1.00E-04 4.59E-0 5 40 DATA NO OATA NO DATA 2 30E-05
CR 51 NO DATA NO DATA 1.41E-08 9 20E-09 2.0LE-69 1.79E-04 4.11E-07

.MN 54 40 DATA 1.99E-Ob 4.51E-06 40 DATA 4.4$6 06 NO DATA 7.31E-06

MN 56 No DATA S.18E-07 1.41E-0 7 40 DATA . 03E-07 40 DATA 7.43E-05
FE 55 1.396-05- 8.90E-06 2.4C E-0 6 NO DATA NO DATA 4.19E-06 1.14E-06
FE 59' 3.08E-05 5.38E-05 2.12E-05 40 DATA NO DATA 1.59E-05 2.57E-05

CO SS- NO DATA 3.60E-06 8. 93E-06 40 DATA NO DATA NO DATA 8.97E-06
CO 40 NO DATA' 1.08E-05 2.55E-OS NO DATA NO DATA NO DATA 2.57E-05

- NI 63 . 6.34E-04 3.926-05 2. 20E-0 5 40 DATA NO DATA NO DATA 1.95E-06

[ NI 65 4.70E-06 5.32E-07 2.426-07 NO DATA' NO DATA NO DATA 4.05E-05
CU 44 40 DATA 6.09E-07 2. 82 E-0 7 40 DATA 1 03E-06 NO DATA 1.25E-05

(
~ZN 69 9.33E-08 1.68E-0T 1.25E-08 40 DATA 6.98E-04 NO DATA 1.37F-05

2N 65 1 34E-05 6.31E-05 2 91E-0 5 NO DATA 3.06E-05 40 DATA 5.33E-05

4

Ha 83 40 DATA NO DATA 3. 63 E-0 7 NO DATA NO DATA MO DATA LT E-24
84 0, M0 DATA NO DATA 3. 82 E-0 7 40 DATA NO DATA NO DATA LT E-24

6A 85 -NO DATA NO DATA 1. 94 E-0 8 NU OATA NO DATA MO DATA LT E-24
RB 86 NO DATA 1.70E-04 8.40 E -0 5 NO DATA NO DATA NO DATA 4.35E-06
MB 88 NO DATA 4.98E-07 2.73E-0T NO DATA NO DATA NO DATA. 4.8SF-07'

RE 89 NO DATA 2.86E-07 1.97E-07 NO DATA NO DATA NO DATA 9.74E-08
SR 89 2.51E-03 NO DATA 7. 20E-0 5 90 DATA NO DATA NO DATA 5.16E-05

3 . SR 90 1.85E-02 No DATA 4.71 E-0 3 NO DATA NO DATA NO DATA 2.31E-04
....___......._..........__... .. .. ...__. ....._ .... ..... .......

SR 91 5.00E-C5 NO DATA 1. 81 E-0 6 NO DATA NO DATA NO DATA 5.92E-05

SR 92 1 92E-05 NO DATA 7.13E-0 7 NO DATA NO DATA NO DATA 2.07E-04
Y 90 8.69E-08 Nu DATA 2.3sE-09 40 DATA NO DATA 40 DATA 1.20E-04
. .......... .................__.. ............. .._. ... ..........

Y 91M _8.10E-1C -NO DATA 2.76E-11 NO DATA N0 DATA NO DATA 2.70E-06
.

Y 91 1 13E-06 40 DATA 3.01E-08 NO DATA NO DATA NO DATA 8.10E-05
Y- 92 7.65E-09 NO DATA 2.15E-10 40 DATA NO DATA NO DATA 1.46E-04
. _......._..... ..._ _..... .. ....._ .......... .. ...............

;

l
,
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TARLE E-14 CONT'D

P AG E 2 0F 3

INGESTION 00SE F ACTORS FOR INFAhT
(MREM PER PCI INCESTEDI

NUCLICE SONE LIVER T . 00 DY THYR 01D KIDNEY LUNG GI-LLI

Y 93 2.43E-08 NO DATA 6.62E-10 NO DATA NO DATA NO DATA '1.92E-04

2R 95 2.06E-07 5.02E-08 3.56E-08 NO DATA 5.41E-08 NO DATA 2.50F-05
LR 97 1.48E-08 2.54E-09 1.16E-09 NO DATA 2 56E-09 NO DATA 1.62E-04

18 95 4.20E-08 1.71E-08 1. 00E -0 8 NO DATA 1.74k-08 NO DATA 1.46E-05
40 99 NO DATA 1.4CE-05 6. 6 3 E-0 6 NO DATA 5.08E-05 NO DATA 1 12E-05
TC 99M 1.92E-09 3.961-09 5.10E -0 8 NO DATA 4 26E-08 2.07E-09 1.15E-06

TC101 2.27E-09 2.86E-09 2. 8 3 E-0 8 NO DATA 3.40E-08 1.56E-09 4.86E-07
RU103 1.48E-06 NO DATA 4.95E-07 NO DATA 3 08E-06 NO DATA 1 80E-05
4U105 1.36E-07 NO DATA 4. 58 E-0 8 NO DATA 1 00E-06 NO DATA 5.41E-05

,

RU106 2.41E-05 NO DATA 3.01E-06 NO DATA 2.85E-05 NO DATA 1.83F-04
4G110M 9.96E-07 7.27E-07 4.61E-07 NO DATA 1.04E-06 NO DATA 3.77E-05
TE125M 2.33E-05 7.79E-06 3.15E-06 7.84E-06 NO DATA NO DATA 1.11E-05~

TE127M 5.85E-05 1.94E-05 7.08E-06 1 69E-05 1.44E-04 NO DATA 2.36E-05
TE127 1.00E-06 3.35E-0F 2.15 E-07 8.14E-07 2.446-06 NO DATA 2.10E-05
T E129M 1.00E-04 3.435-05 1.54E-05 3.84E-05 2.50E-04 NO DATA 5.97E-05

TE129 2.84E-07 9.79E-08 6.63E-08 2.30E-07 7.07E-07 100 DATA 2.27E-05
TE131M 1 52E-05 6.12E-06 5.05E-06 1.24E-05 4.21E-05 NO DATA 1.03E-04

TE131 1.76E-07 6.50E-08 4. 94 E-0 8 1.57E-07 4 50E-07 Nn DATA 7.11E-06
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
TE132 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 1.32E-05 5. 30E-0 6 1.48E-03 1.45E-05 NO DATA 2.83E-06
1 131 3.59E-05 4. 2 3E-05 1.86E-05 1.39E-02 4.94E-05 NO DATA 1.51E-06

I 132 1.66E-06 3.37E-06 1. 2 0 E-0 6 1.58E-04- 3.76E-06 NO DATA 2.73E-06
I 133 1.25E-05 1.82E-05 5.13E-06 3.31E-03 2.14E-35 NO DATA 3.08E-06
f.134 8.69E-07 1.78E-06 6. 33 E-0 7 4.152-05 1 99E-06 NO DATA 1.84E-06

----

-----------------------------------------------------------------------2E-06
t 135 3.64E-06 7.24E-06 2. 64 E-0 6 6.49E-04 9.07E-06 NO DATA 26

CS134 3.77E-04 7.03E-04 7 10E-0 5 NO DATA 1 81E-04 7.42E-05 1 91E-06
C5136 4.59E-05 1. 35E-04 5. 04 E-0 5 NO DATA 5.38E-05 1.10E-05 2.05E-06

C5137 5.22E-04 6.11E-04 4.13 E-0 5 NO DATA 1.64E-04 6.64E-05 1 91E-06
C5138 4.816-07 7.82E-07 3.79E-0 7 NO DATA 3.90E-07 6.09E-08 1.25E-06
8A139 8.81E-07 5.84E-10 2. 55 E-0 8 40 DATA 3.51E-10 3.54E-10 5.58E-05

O
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TAdLC E-14 CONT'D

PAGE 3 DF 3

INGESTION DOSE F4CTORS FCR INFANT
(" REM PER PCI INGESTEDI

NUCLICE BONE LIVER T.4CDY THYROID K1DNEY LUNG GI-LLI

8A140 1.71E-04 1.71E-07 8.81E-06 NO DATA 4.06E-08 1.05E-07 4.20E-05
RA141 4.25E-07 2.912-10 1.34E-08 NO DATA 1.75E-10 1.7FE-10 S.19E-06
B A 142 . 1 84E-07 1.536-10 9.06E-09 NO DATA 8.81E-11 9.26E-t1 7.59E-07

LA140 2.11E-08' 8.42E-09 2.14 E -0 9 NO DATA NO DATA NO DATA 9.77F-05
LA142 1.10E-09 4.04E-10 9.6tE-11 NO DATA NC DATA NO DATA 6.86F-05
CE141 7.87E-08 4.80E-08 5. 6 S E -0 9 NO DATA 1 48E-08 NO DATA 2.48E-05

CE143 1.48E-08 9.82[-06 1 12E-09 NO DATA 2.96E-09 NO DATA 5.73E-05
CE144 2.982-06 1.22E-06 1.67E-07 NO DATA 4.93E-07 NO DATA 1.71E-04
PR143 8.13E-08 3.04E-08 4. 0 5 E-09 NO DATA 1.43E-08 NO DATA 4.29E-05

PR144 2.740-10 1.06E-10 1.38E-11 NO DATA 3.84L-11 NO DATA 4.93E-06
ND147 5.53E-08 5.68E-08 3. 4 8 E-0 9 NO DATA 2.19E-08 NO DATA 3.60E-05
W 187 9.03E-07 6.28t-07 2.17E-0 7 40 DATA NO DATA NO DATA 1.69E-05

NP219 1.11E-08 9.93E-10 5.61 E-10 NO DATA 1.98E-09 NO DATA 2.87E-05

Tc.>
r N%

|

|

i

!

|-
l'

l

|
!

l
I
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TABLE E-15

RECONIENDED VALUES FOR OTHER PARAMETERS

Parameter Equation (s)

SW1 Definitton Where Used Values Reference (s)*

f, Fraction of produce ingested grown in garden of interest 14 & C-13 0.76 --

f Fraction of leafy vegetables grown in garden of interest 14 & C-13 1.0 --

g
2

P 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 0.25 27
1.0 2. 4, 13

0.2(foriodines)vegetables, or pasture grass C-5
Lfor other 28-31

-
particulates)

S Attenuation factor accounting for shielding provided by 8, 9, 10. 11, 12 0.7 (for maximum 26-'

residential structures B-6 B-7. B-8. B-g, individual)p*

@ & C-2 0.5 (for general 26
population)3

0
t Period of long-term butidup for activity in sediment or 3, 4. A-4. A-5. A-6, 1.31 x 10 hr --

b soll (nominally 15 yr) A-7. A-8. A-13. & C-5
I

t,
Period of crop, leafy vegetable, or pasture grass 4, A-8 A-13. & C-5 720 hrs (30 days. 10 & 32

exposure during growing season for grass-cow-milk-
man pathway)

1440 hrs (60 days,
for crop / vegetation-
man pathway)

t Transport time from animal feed-milk-man C-10 2 days (for maximum --

g individual)
4 days (for general --

population)

*
Parameter values given without references are bas.d on staff judgments.

I
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TA8tE E-15 (Continued)
paraseter Equation (s)

Symbol Definition Where Used Values Reference (s)*

t me ay w ves o ation or crops aM
h ingestion . . . .

1) For ingestion of forage by animals 4. A-8. A-13. & C-5 Zero (for pasture --

grass) -

2160 hr (g0 days for'
stored feed)

11) For ingestion of crops by man 4. A-8. A-13. & C-5 24 hr (1 day, for
leafy vegetables &
maxto m individual)

1440 hr (60 days, for . --

produce & maxim a
individual)

336 hr (14 days, for
general population)

t Environmental transit time, release to receptor 1 & A-2 12 hr (for maximum --

p (add time from release to exposure point to individual)
minimums shown for distribution) 24 hr (for general-

population)*
-

S
a 2 & A-3 24 hr (for maximum --

individual)*
168 hr (7 days for

population sport
fish doses)

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

3 & A-7 Zero-

t Average time from slaughter of. meat animal to C-12 20 days --

g consumption
I

Y' Agricultural roductivity by unit area (measured 4. A-8. A-13. & C-5 0.7 kg/m '(for grass- 33

in wet weight cow-milkwannpathway)

2.0 kg/m2 (for produce 34
or leafy vegetables
ingested by man)

n Rate constant for removal of activity on plant or leaf 0.0021 hr*I ------

surfaces by weathering (corresponds to a 14-day half-life)"

*
Parameter values given without references are based on staff judgments,

w



,

O
.

REFERENCES FOR APPENDIX E

1. Y. C. Ng et al.. " Prediction of the Maxisun Dosage to Man from the Fallout of Nuclear
Devices. Handbook for Estimating the Maximum Internal Dose from Radionuclides Released
to the 81osphere." USAEC Report UCRL-50163. Part IV. 1968.

2, 8.' H. Weiss et al.. " Detailed Measurement of I-131 in Air. Vegetation and Milk around Three
Operating Reactor Sites." Environmental Surveillance Around Nuclear Installations. Inter-
national Atomic Energy Agency. IAEA/SM-180/44. Vienna. Austria. Vol. I: pp. 169-190. 1974

3. F. O. Hoffman. " Environmental Variables Involved with the Estimation of the Amount of I-131
in Milk and the Subsequent Dose to the Thyroid." Institute fGr Reaktorsicherheit. Cologne.
West Germany. IRS-W-6. June 1973.

4 F. O. Hoffman. " Parameters To Be Considered When Calculating the Age-Dependent I-131 Dose
to the Thyroid." Institute fur Reaktorsicherheit. Cologne. West Germany. IRS-W-5. April
1973.

5. F. O. Hoffman. "A Reassessment of the Parameters Used To Predict the Environmental Transport
of I-131 from Air to Milk." Institute fGr Reaktorsicherheit. Cologne. West Germany. IRS-W-13
April 1975.

6. F. W. Lengemann. "Radiciodine in the Milk of Cows and Goats After Oral Administration of
Radiolodate and Radiciodide." Health Phys.. Vol.17 pp. 565-9.1969.

7. R. J. Garner and R. S. Russel. Radioactivity and Human Diet. R. Scott Russel (ed.). Pergamon
Press. Oxford. England.1%6.

P. M. Bryant. " Data for Assessments Concerning Contro11ed'and Accidental Releases of I-1318.
and Cs-137 to the Stratosphere." Health Phys.. Vol. 17 p. 51. 1969.

9. J. D. Zimbrick and P. G. Vot11eque (eds.). "1%7 CERT Progress Report." USAEC Report
100-12067, p. 36, 1968.

10. J. F. Fletcher and W. L. Dotson (compilers) " HERMES - A Digital Computer Code for Estimating
Regional Radiological Effects from the Nuclear Power Industry." USAEC Report HEDL-TME-71-168
Hanford Engineering Development Laboratory.1971.

2
11. J. K. Soldat. " Conversion of Survey Meter Readings to Concentration (uC1/m ),. Item 04.3.4

in " Emergency Radiological Plans and Procedures." K. R. Held (ed.). USAEC Report HW-70935
Hanford Laboratories. 1962.

12. " Permissible Dose from External Sources of Ionizing Radiation." Handbook 59. U.S. Dept. of
Commerce.1954.

13. R. S. Booth et al.. "A Systems Analysis Methodology for Predicting Dose to Man from a
Radioactivity Contaminated Terrestrial Environment." Prcceedings of the Third National
Symposium on Radioecology. USAEC Report CONF-710501 Oak Ridge. Tenn.. pp. 877-893, 1971.

14. D. S. Altman and P. L. Altman (eds.). " Metabolism." Federation of American Societies for
Experimental 81 ology. Bethesda. Md., 196C.

15. R. J. Garner. " Transfer of Radioactive Materials from the Terrestrial Environment to Animals
and Man." CRC Press. Cleveland. Ohio,1972.

16. J. K. Soldat et al.. "Models and Computer Codes for Evaluating Radiation Doses." USAEC
Report SNWL-1754. Pacific Northwest Laboratories. February 1974.

17. A. L. Rogers. " Goat Keeping in the United States." International Dairy Goat Conference, em
London. July 1964.

18. R. G. Bond and C. P. Straub (eds.). Handbook of Environmental Control. Vol. !!!. " Water
Supply and Treatment." CRC Press Cleveland. Ohio. 1975.

1.109-70

_. -. ___ _ __ __ _ .___ _ _ . . _ _ __ __ _ --



-fv
19. " Food Consumption. Prices, and Expenditures," AER-138 U.S. Department of Agriculture.

Washington. D.C.,-December 1974
f~

20. " Report' of the Task Group on Reference Man." ICRP Publication 23 Pergamon Press, Oxford,
England. 1975.

21. -L. K. Bustad and J. L. Terry. " Basic Anatomical, Dietary, and Physiological Data for i

Radiological Calculations," HW-41638 General Electric Co., Richland, Wash., February 1956.
'

22. M. M. Miller and D. A. Nash. " Regional and Other Related Aspects of Shellfish Consumption -
Some Preliminary Findings of the 1969 Consumer Panel Survey " MFS Circular 361. USDC/NOAA.
Seattle, Wash., June 1971.

23. "The Potential Radiological Implications of Nuclear Facilities in the Upper Mississippi
River Basin in the Year 2000." USAEC Report WASH-1209 Washington. 0.C., January 1973.

24. "Draf t Environmental Statement - Weste Management Operations, Hanford Reservation. Richland.
Washington," USAEC Report WASH-1528, Washing *on, D.C.. September 1974.

25. G. R. Hoenes and J. K. Soldat, " Age-Specific Radiation Dose Commitment Factors for a One
Year Chronic Intake " USNRC Report inHtEG-0172, to be issued in 1977. A draft is available
in the Public Doc eent Room.

26. 2. G. Burson and A. E. Prof 10. " Structural Shielding from Cloud and Fallout Gasma Ray Sources
for Assessing the Consequences of Reactor Accidents," EG8G-1183-1670, Las Vegas, New., 1975.

27. D. A. Baker et al.. "F000 - An Interactive Code to Calculate Internal Radiation Doses from
Contaminated Food Products," 8NWL-SA-5523. February 1976.

. 28. D. F. Bunch (ed.) " Controlled Environmental Radiotodine Test Progress Report Number Two,"
USAEC Report 100-12063. January 1968,

(b
.

29. J. D. Zimbrick and P. G. Vo111eque. " Controlled Environmental Radiciodine Tests at the
National Reactor Testing Station. Progress Report Neber Four," USAEC Report 100-12065.
December .1968.

30. . C. A. Pelletier and P. G. Vo111eque. "The Behavior of Cs-137 and Other Fallout Radionuclides
on a Michigan Dairy Farm " Health Phys., Vol. 21 p. 777,1971.

31. P. G. Voilleque and C. A. Pelletier, " Comparison of External Irradiation and Consumption
of Cow's Milk as Critical Pattusays for Cs-137. Ph-54 and Pr-144 Released to the Atmosphere."
Health Phys.. Vol. 27. p. 189, 1974

32. J. J.' Koranda, " Agricultural Factors Affecting the Daily Intate of Fresh Fallout by Dairy
Cows." USAEC Report UCRL-12479, 1965.

33. M. E. Heath et al.. Foraces, the Iowa State University Press Ames. Iowa.1973.

14. " Statistical Abstract of the United States " U.S. Sureau of the Census. 93rd Edition.1972.

.

(
-

1.109-71

i



1

.I

.

O1
l

i

i

'

APPENDIX F

METH005 FOR EVALUATING THE I 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
model 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 I in Reference 1.

T

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):

(z - h)2 (z + h)2I(R.z)= exp
2 2

p, ,,, ,-

6 o uRe 2o 2o
3 - 2 2. . .

where

h is the effective release height. In meters;
D

Q is the effective release rate, considering decay in transit. in C1/sec;

R is the downwind distance. in meters;

u is the average wind speed, in m/sec;
3

I(R.2) is the sector-average concentration at location (R.z). in C1/m ;

z is the vertical distance above the ground plane, in meters;

e is the sector width, in radians; and

o is the vertical plume spread, in meters.
g

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

I*I (F-2)Y(R.z) =

6 o u Reg

where

(#*h[*' (p,3)G(z)= exp + exp -- g

_

2o,g
_ _

2o,
_

where the terms are as defined above.

*

O
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The gamma dose rate to air at a distance of r meters from a point source of q curies is
expressed by (see Equation 7.33 of Ref. 1):

.,

u,q(3.7x1010)E(1.6x10-6)B(u.u,,r)exp(-ur)
(F-4)D' =

24er(1293)(100)

where

8(u.p,.r) is the buildup factor, dimensionless;

0' is the dose rate to air in rad /sec;

E 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 m*I;u

is the energy absorption coefficient for air, in m ;y,

100 is the neber of ergs per gram-rad;

1293 is the density of air at standard temperature and pressure. in
3g/m ;

1.6 x 10-6 is the number of ergs per MeV; and

103.7 x 10 is the n e ber of disintegrations, per C1-sec.

b Equation (F-4) may be simplified as follows:

Ku qE8(u.u .r)exp(-ur)
a a (F-5)D' =

24=r

where

(3.7 x 10bl.6 x ION = 0.46 (F-6)K =
(1293)(100)

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.2). Consider a volume element of the plume located z 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 2sLdLd2. 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
eing-shaped differential volume dV to the air dose rate at location (R 0) is given as

Ku,EB(u,u,,r)exp(-pr) (p,7)
do' = x(R,2)dV

24,r
|

|

|

(U
m i

l
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O
where q has been replaced by x(R,z)dV. Substituting (L2 + z )1/2 for r and 2 LdLdz for dV in2

Equation (F-7), and integrating, the following expression is obtained:
s *,

~

2 , ,2)3;g'
.

=
-,,,,gg2 , ,2)1/2 G(z) exp --u(L

O
Ku,EQ g

D'
- LdLdz

2 /G h a ,e |
LL+zI

(F-8)

The I func' tion, denoted by T in Reference 1,* is defined as
T

2 + z )1/2'2

I=
-u,9,.(L + z )II G(z)exp -u(L

**
**8

3 LdLdz (F-9)2', ,2
z

tb

which, when substituted into Equation (F-8), yields
D

Ku,EQ
I (F-10)O' =

/T Ro
The constant K, equal to 0.46, when divided by C 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 arad per rad.

The buildup factor given in Reference 1 is of the forn

8(u u,,r) = 1 + kur (F-il)

where
" 8 (F-12)ak=

*a

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

(F-13)I = I; + kip
where the l and 1 integrals can be written for this form of the butidup factor asj 2

.

II* G(z)E (uz)dz (F-14)j
**

o
7

~-

G(z)exp(-uz)dz (F-15)and 1

2*232
0

where E (pz) is the expenential integral defined by
g

".
exo! u ) "

E (uz) = d(u ) (F-16)r
r

I ur ,

"uz
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'

~2. Evaluation of the I Function.

' integrals have been evaluated and the results presented-In Reference l'the Ij and 12.

graphicallyi 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

i using numerical methods. These data can then be interpolated in implementing Equation (6) af
Regulatory Position C.2.a.

The NAC staff has developed a computer routine that evaluates the I function as formulated
in Equation (F-5). The I function as expressed in Equation (F-g) 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 CW901 statament, which also casuunicates with the function subprogram

; BULDUP. which defines the dose buildup factor B(u.u, r) desired by the user.

Also. Yankee Atomic Electric Campany has supplied a routine written y Dr. John N. Hamawi
integrals as formulated in !

! . of that company (Ref. 2). This routine evaluates the Ig and 12

|
Equations (F-14) and (F-15) respectively. A 11, sting of the routine is provideo in Figure F-2
(reproduced with the permission of Yankee Atomic Electric Company). With the exceptions of

and 1 'changes in the title, the addition of the CDfgq0N statement, ths computing of I from lj 2
7

and connent 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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|
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SUSROUTINE DINT
COMMON / DATA!T/GMU,2K,HS,81GMZ,EBAR,01,M

Ces
C DOSE INTEGRAL SUBROUTINE =K.F. ECKERMAN 1t=24=74
C SUBROUTINE EVALUATES THE DOSE INTEGRAL '!T8 A8 DEFINED BY EQN 7.61
C IN MET 6 AE=1968 THE TWO DIMENSIONAL INTEGRATION 18 EVALUATED
C USING GAUSSIAN =LEGENDRE GUADRATURE OF ORDER 48
C
C COMMON INFO
C GNU MASS ATTENUATION COEFFICIENT (1/ METERS)
C ZK eUILDUP FACTOR (MU-MUA)/MUA IF USED
C M8= RELEASE POINT ME!5N-
C RELEASE POINT HEIGHT (METERS)
C SIGMZ-8TANDARD DEVIATION OF PLUME (METERS)
C ESAR= GAMMA RAY ENERGY (MEV)
C O!= DOSE INTEGRAL
C M= ENERGY OROUP INDEX IF NEEDED
C NOTE =ZK,EBAR,8 M ARE USED sv BULDUP
Coe

DIMENSION X(24),M(24)
DATA NN/48/,A/2.828427125/
DATA Xf

10.0323801709, 0.0970046992, 0.1612223560, 0.2247637903,
20.2873624873, 0.3487558842e 0.4086864819, 0.4649029047,
30.5231609747, 0.5772247260, 0.6288673967, 0.6778723796,
40.7240341309, 0.7671590325, 0.8070662040, 0.8435482616,
50.8765720202, 0.9058791367, 0.9313866907, 0.9529877031,
60.9705915925, 0.9841245837, 0.9935301722, 0.9987710072/

DATA M/
10.0647376964, 0.0644661444, 0.0639242345, 0.0631141922,
20.0620394231, 0.0607044391, 0.0591148396, 0.0572772921,
30.0551995036, 0.0528901894, 0.0503590355, 0.0476166584,
40.0446745608, 0.0415450829, 0.0342413510, 0.0347772225,
50.0311672278, 0.0274265097, 0.023570760s, 0.0196161604, '

60.0155793157, 0.0114772345, 0.0073275539, 0.0031533460/
SUMS 0.

! Se0 5/(8!GMZe8!GMZ)
| ZLSeN8=4.e81GMZ

ZUSeM8+4.e8[gMZ
IFCZLB.LT.0.)ZLae0
TUte15./GMU
Cs0.5e(ZUS*2LS)
Geo.5e(ZUS*ZLB),

i te0.5eVUS
| DU 70 !!al,NN

|
!s!!=I!/2
Fot.|

EXe0
IF(MOD (!!,2).EG 0)Fo=1.
ZZsFeX(!)eC+G

| ARGuete(ZZ H8)e(ZZ H8)
! IP(ARGU.GT.20.)GO TO 55
| EXeExpt.ARGU)

55 ARGUmse(ZZ+MS)e(ZZeHS)
IF(ARGU.GT.20.)GO TO 58
EXetr*EXP(=ARGU)

58 IPCEX.EO.0.)GO TO 70
00 60 KKel,NN
NeKK-KK/2

| Fei.
' IF(MOD (KKe2).EO.0)Pe=1.

esa

Figure F-1. Staff-Written Computer Listing '

O
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1
'

|
,

i+

|

I
YYeFeX(K)*E+E
DieVYeVY+IIeII,

,

ARGUE 6Nue84RT(01)+
*

IF(ARGU.07.30.)SO 70 68

;.
EXietMetNP(=ARGU)e9ULDUP(ARGU)eVY/01
SUNe0UMew(!)ow(R)agN1

'

40 CONTINut
70 CONTINUt

! 03e8U# ecee /(Ae818MI)
.

!AtTueN
; ENO

,

;

i
| '

;

r

t1, .
;

i
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SUSROUTINE O!NT
REAL Mu
COMMON /DATAIT/MUeZNeMe81GZe01eL

Ces
C 00sf INTESRAL ROUTINE WRITTEN BY
C DR. JOHN N. HAMAW!
C TANNEE ATOMIC ELECTRIC COMPANY
C NUCLEAR SERVICES O!V!SION
C 20 TURNPINE ROAO
C MESTBOROUGN, NASSACHUSETTs 01581
C YAEC REPORT NO. 1105
C
C COMMON INFO
C MU* MASS ATTENUATION COEFFICIENT (1/ METERS)
C IN=BUILOUP FACTOR (MU=MUA)/MUA
C SIGZ=3TANDARD DEVIATION OF PLUME (METERS)
C O!=00sf INTEGRAL =! TOTAL
C L= OETERMINE3 NUMSER OF INTERVALS USED IN INTEGRATION
Ces

O!MENSION CDATA(5),E(49)et(49),P(49)
DATA M/9/eC0ATA/S.00*3el.00*4,2.00*4e5.00's,1.00*5/
OATA A0,AleA2eA3eA4eAS/ =0.57721566, 0.99999193, = 0.24991055e

C 0 055t9964,=0.00976004, 0.00107857/
DATA Se,81eB2,83/ 0.2677737343, 8.6347604925, 18.0590169730,

C 4.5733287401/
DATA C0ecteC2eC3/ 3.9544969228, 21.0996530827, 25.6329561486,

C 9.5733223454/
OATA 0,0te02,03,04,05,06.07e08eO9/

C 3543.75e989.e5448.,=924.,10496.,=4540 ,10496.e=928.eSass.,949./
Cease COMPUTE LIMITS OF INTEGRATION ZMIN AND IMAXe AND INTERVAL WIDTN

I F '.L .L T . 2. OR . L . G T . 6 ) Le6
C e CDATA(L=l)
N8 Le(M=1) +1
81822 e 310Ze81GI
ALFA e H = MUeSIGZ2
BETA e 3!GZe sort (2.0eALOG(C))
IF(ALFA.GT.O.0) GO TO 150
ZMIN e 0.0
IMAX e ALFA e SORT (ALFAeALFA $ BETAeBETA)
GO TO 200

150 ZMIN e ALFA = SETA
IF(IMIN.LT.O.0) IMIN e 0.0
ZMAX e ALFA ,SETA

200 OZ e (ZMAX =ZMIN)/(N=t)
' C*ese COMPUTE EXPONENTIAL INTEGRAL TERMS E(1) (SPECIAL PROCEO. FOR Ett))

E(1) e 2.18907=ALOG(Mue02)
| 00 250 I e le N

Z8 IMIN * (!=1)*01
; X e MUng

IF(X.LE.0.9) GO TO 250
X2 e XeX
X3 e XeX2
X4 e XeX3
X5 e XeX4
IF(I.LE.1.0 e =ALOG(X) + A0+AleX+A2eX2*A3eX39A4eX4+A5eX5
IF(M.GT.l.0) f(!) (so+eteXesteX2*S3eX3*X43/) f(!) e

C (C0,CleX+CaeX2+C38X3*X4)/(Xe EXP(X))
! 250 CONTINUE

C***e COMPUTE INTEGRAND TERM 8 B(!) AND P(!)
00 300 ! e 3, N
I e ZMIN + (!=l)*01

see
.

Figure F-2. Hamewl-Written Computer Listing
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k
o

e

Se EXPT.(Z+M)e(Z+M)/(2.0e818223) + EXP (=(Z=Mie(Z-M)/(2.0e81622))
st!) e sett!)

300 P(!) e se EXPT.Muet)
Ceees PERFORM NUMERICAL INTEGRATION USINS 9=PUINT NENTON= COTES FORMULA

SUNS e 0.0
SUMP a 4.0
MM e M . 1
KMeN.M+ t
DO 359 K e teKMeMM
SUNS a SUNG + 01st(K)+02et(K+1)+03et(K+2)+Daet(K+3)*n5es(K+a)'

C +04es(K+5)+07e8(K+6)*0 set (K+7)*D9et(K+8)
SUMP e SUMP + DieP(K)+D2eP(K+1)+03eP(K+2)+DaeP(K+3)*05eP(K+s)

C +06eP(K+5)+07ePCKee)+00eP(K+7)*D9eP(K+8) ,
350 CONTINUE

0!a0Ze(sume+8UMPeZE)/(De2.824s27es!GI)>

RETURN'

END

i
,

(O

,

FigureF-2(continued)

(
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