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1. INTRODUCTION

The DARTAB computer code was written to provide tabulations of
predicted impacts of radioactive airborne effluents by combining infor-
mation on environmental concentrations with dosimetric and health
effects  data. Radionuclide intake rates and dosimetric and health
effects information are used to calculate health impacts. DARTAB is
independent of both the environmental transport code used to derive
estimates of environmental concentrations and the origin of the dosi-
metric and health effects data. Thus, DARTAB eliminates the need to
write similar coding in every environmental transport code in order to
calculate doses and health impacts. The DARTAB computer code was
developed at Oak Ridge National Laboratory (ORNL) at the request of the
U. S. Envirommental Protection Agency (EPA) to be used by that agency
as part of a methodology to evaluate health risks to man from atmo-
spheric releases of radionuclides.

In the examples presented in this report, exposure data for vari-
ous environmental media were derived from the atmospheric transport
code AIRDOS-EPA (Moore et al., 1979) and the dosimetric and health
effects data base was developed using the RADRISK computer code (Dun-
ning, Leggett, and Yalcintas, 1980). The basic life-table methor>iogy
used to derive hLealth effects data in RADRISK was developed by the
Office of Radiation Programs of the U. S. Environmental Protection
Agency. It should be noted that doses calculated by AIRDOS-EPA are
auxiliary output and are not used in DARTAB. A simplified information
flow chart for DARTAB and the other codes used in the examples pre-
sented in this report is shown in Fig. 1. The figure illustrates the
flow of information in an environmental assessment of human health
impact from an atmospheric release of radionuclides (source term).

For the purposes of discussion in this document an internally
consistent set of units for all of the parameters and calculated quan-
tities has been used. The units used in the RADRISK file and the
AIRDOS-EPA output are not identical and are given in Sect. 3.4 of this
document.
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Fig. 1 Assessment of radiological health impacts.
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2. DISCUSSION OF METHODOLOGY

Predictive assessments of health impact of radioactive material
released to the environment involves the use of moc >1s and calcula-
tional techniques incorporated in computer codes. i.e resultant esti-
matations of dose and potential health effects are frequently tabulated
in various formats to aid the users in understanding the interaction of
various components of the assessment. Figure 1 illustrates the flow of
information in .uch an assessment of the health impact of radioactive
effluents released to the atwmosphere. As i1llustrated, the AIRDOS-EPA
code, an atmospheric and biotransport code, estimates environmental
exposures and intake rates of the var..us radionuclides using site-
specific data as well as information characterizing the released quan-
tities (the source term). Due to the spatial dependence of atmospheric
dispersion, the exposures to airborne and ground-plane depeositions of
radionuclides, and the intake rate of thes2 radicnuclides via ingestion
of environmental media (vegetation, milk, meat, etc.) and inhalation,
are estimated for specified location in the assessment region. These
estimates of exposure or intake rates are then multiplied by informa-
tion on organ dose commitment values per unit exposure or intake to
estimate the radiological impact. Those results can then be compared
to regulatory standards or further calculation done to estimate the
potential number of radiation-induced health effect., in the exposed
population.

In the approach to predictive assessments illustrated in Fig. 1,
the RADRISK code is used to generate a data base of dosimetric and
health effects information for various nuclides of potential interest
in environmental assessments. This data base can then be used in envi-
ronmental assessments, given appropriate computer software. It is the
purpose of DARTAB tc provide the software which accepts the environmen-
tal exposure to and intake rates of fhe released material anc combine
these quantities with the information in the dosimetric and health
effects data base to yield tabuiations of radiological health impacts.



It is important to note that the approach to estimation o* radio-
logical health impacts as outlined here and used in DARTAB is applica-
ble only tc low-level chronic exposure, since the heaith effects and
dosimetric data were based on low-level chronic intakes. High-level
e sures would lead to health effects estimates which are nonlinear
wi.; respect %o exposure cor intake. DARTAR and the dosimetric and
health effects data base can not be used with either short-term or
high-level intake of radionuclides.

2.1 Raodionuclide Exposure D:.a

The annual collective exposure or intake -~ate frcm the ith radio-
nuclide in the jth exposure pathway operating at iocation k in trhe
ervironment for the radionuclides in t%c assessment are the basic input
data to DARTAB. The radionuclide exposure data which are read by
DARTAB are output from AIRDOS-EPA and are the procuct of the number of
individuals residing at location k and the following quantities, air
concentraiion, ground concentration, and intake rates for inhalation of
air and ingestion of meat, milk, and vegetables for each radionuclidc
at each locaticn, k, within the assessment area.

An exception is rade for the short-lived daughters of Rn-222. For
the Rn-222 progeny, the AIRDOS-EPA code caléulates values of working
Jevel* instead of ccncentrations of individual radionuclides. The
assumed fraction of equilibrium for the short-lived progeny used in
AIRDOS-EPA calculations are also output for each loca.ion. The input
to DARTAB for Rn-222 consists of the equilibrium fraction and the work-
ing level estimates rather than Rn-222 concentrations and intake rates.
DARTAB calculates risk values, but not doses, from the working level
estinates. Therefore, no high-LET inhalation, lung tissue doses or
risks are calculated for Po-218, Pb-214, Bi-214, or Po-214. The Rn-222
air concentration, calculated from the working level and equilibrium
fraction, is used to calcuiate doses and risks due (0o exteinal exposure
and inhalation of Rn-222.

*A working level (WL) is defined as zny cnmbination of short-lived
radon daughters in 1 litzr of air that will result in the ultimate emis-
sfon of 1.3 x 105 MeV of alpha particle energy.




2.2 Dosimetric Data File

DARTAB reads a dosimetric data file containing dosimetric and
health effects data, in the form of factors, which can be applied to
the exjosure data supplied from environmental transport codes. The
dosimetric data file is arranged by radionuclide. As such, the data
for a given radionuclide correspond only to the dosimetric and health
effects estimates associated with exposure to or intake of that radio-
nuclidc. In instances where radionuclides are mewbers of decay chains
(i.e., the nuclide decays to a nuclide which is also radioactive), no
assumptions with regard to the relative exposure to or intake of the
daughter have beer. included in the uusimetric data file. This rule has
been followed rigorously in preparing tuwe dosimetric data base. After
intake into the body, however, daughter ingrowth is considered in situ
in the development of the dosimetric data. The ingrowth of daughters
and subsequent intake of or exposure to the daughters must be evaluated
in the envirommental transport codes sugpplying infecraation to DARTAB.
For example, in the decay of Cs-137 no photons are emitted, thus for
exposure to deposited Cs-137. the organ dose rate factors are zero.
The short-lived daughte. product Ba-137 however does emit photon
radiation and its ingrowth and decay results in organ doses from depos-
its of Cs-137 in the enviromment. Thus, tc assess the radiological
impact of Cs-137 releases, the transport code must include the ingrowth
of Ba-137 in the environment and ide~tify the exposures to this daugh-
ter in the input stream of DARTAB.

The dosimetric and health effects data files were developed using
the RADRISK computer code of Dunning, Leggett, and Yalcintas (1980).
The dose to various organs and risk associated with these organ doses
are given for the radionuclides, exposure patiways, and organs of the
body. The reader is referred to Dunning, Leggett, and Yalcintas (1980)
for details. Briefly, the RADRISK code implements contemporary dosi-
metric methods to estimate doses to specified organs due to inhalation
and 1ngestion of a radionuclide. These data, in the form of organ dose
rates as a function of tim2 during the chronic intake period, are pro-
cessed through a life table methodology represented by the computer
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code CAIRD, developed by the Office uf Radiation Programs in the Envi-
ronmental Protection Agency (Cook, 1978). The computer code RADRISK,
utilizing CAIRD as a subroutine, performs calculations of the organ
dose rate factors per unit intake rate as a function of time and also
calcuvlates the number of health effects in a hypothetical cohort of
100,000 persons continuously inhaling or ingesting the radionuclide.

2.2.1 Dosimetric data

The dosimetric information contained in the file includes consid-
eration of internal exposure resulting from ingestion and inhalation of
radionuclides, as well as external exposure from photons emitted by
radionuclides exterior to the body, such as airborne and surface depos-
its of radioactive material. The dose values are the organ absorbed
dose (rad), not dose equivalent (rem). In the case of internal emit-
ters, the absorbed dose values are presented for both low- and high-LET
(linear energy transfer) radiation associated with the decay of the
nuclide. The LET classification coinsiders alpha particles and the
resuiiant recoiling nuclei to be h gh-LET radiation. Beta particles
and gamma rays are classified as low-i €T radiation. It is not neces-
sary to coasider a high-LET dose component for external jrradiation of
the body because such radiation cannot penetrate the outer skin layer.
5kin doses from beta particles are not calculated. The DARTAB code
permits the ucer to assign a radiation quality factor for low- and high-
LET radiations for each organ or tissue such that the absorbed dose
values for these two radiations can be combined into the dose equiva-
lent.\(

For each exposure mode, dosimetric data are presented for 20 to 30
organs and tissues of the body. Various physicochemical forms for the
nuclide may be needed in an assessment, and information for these f.ras
has been included ir the dosimetric data base. For example, dosimet-
ric data for aerosols of various particle sizes expressed as activity
median aerodynamic diameter (AMAD) and lung clearance classes are in-
cluded in the data base. In the case of ingestion, the data are classi-
fied in terms of 'he GI-tract absorption factors (f, value) for poten-
tia) physicochemical forms of the nuclide.
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" Because of the retention of inhaled and ingested radionuclides
within the body, the orcan duse rates under a constant intake rate in-
crease with time. Organ-abso-bed dose rates for both low- and high-LET
radiations per unit intake rate as a fur-tion of time are contained in
the file. The units of these factors are mrad/year per pCi/year — in-
haled or ing:sted. Dose commitment values per unit intake are tabu-
lated using the fact that the dose rate after 70 (or 50) years of uni-
form chronic intake is numerically equal to the 70 (o+ 50) year dose
commitment for a unit intake. ~The dose commitment is the total dose
over a future period associated with an intake.

Dose factors are also included in the data base for gonads. These
factors corrcspond to the absorbed doses for the first 30 years of life
of the exposed cohort which is assumed to be all simultaneously live-
born and experiencing a unit intake rate throughout :heir lifetime (see
Sect. 2.2.2). Thus, the calculation of genetic effects in offspring
of the hypothetical cohort is based on the total dose experienced over
the first 30 years of life. In actual populations, there wil®@ be a
distribution of ages for the reproduction period. However, the use of
a single age for this consideration is generally employed in assessment
calculations (NAS, 1972) as has been done here.

The external exposure dosimetric data were taken from the work of
Kocher (1979). Kocher has tabulated factors relating organ-absorbed
dose rates to the airborne concentratior and surface concentrations for
various r:lionuclides. The units of these factors are mrad/year per
pCi/cc, in the case of airborne activity, and mrad/year per pCi/cm?, in
the instance of ground concentration.

2.2.2 Health effects data

Health effects data were developed for each radionuc)ide-exposure
pathway assuming a unit exposure rate. The health effects factors are
evaluated as the number of incremental deaths within a cohort of
100,000 persons all simultaneously live-born and all experiencing a
unit exposure or intake rate throughout the individuval's life.ime. The
results are expressed in ferms of effects/10® per pCi/yr inhaled or



ingested, or effects/105 per pCi/cc or pCi/cm® for exbosures to air-
borne or deposited activity. For the details of the calculation of
health effects, the reader is referred to the document of Dunning,
Leggett, and Yalcintas (1980) or the EPA report on CAIRD (Cook, 1978).
Briefly, the organ dose rates at various times (arnual doses) are used
to estimate an annual incremental risk from radiation-induced cancer
using radiation risk factors provided by the EPA. (These risk factors
are based on an average of absoluie and relative risks from the BEIR
report [NAS 1972).) An important feature of the CAIRD code used in
developing these estimates is that it employs actuarial life tables to
allow for computing risks of death. A life table is essentially a
tabulation of age-specific mortality rates for all causes of death in a
given population. The calculation of the number of radiation-induced
health eftects basically consists of moving the cohort of 100,000 new-
borns throughout their 1ife where at each age they experience a risk of
death as indicated by the life table plus an incremental risk due to
the radiation exposure or intake. The number of individuals estimated
to die as a result of radiation-induced cancer is noted. Health
effects are estimated for various radiogenic cancers (tabulated below)
and genetic effects.

Cancer site/type

Stomach wall Red marrow (leukemia)
Small intestine wall Endosteal cells (bone)
Upper large intestine wall Spleen

Lower large intestine wall Testes

Bladder wall Thymus

Kidneys Thyroid

Liver _ Uterus

Ovaries Breast

Pancreas Pulmonary (lung)

A1l health effects from internal emitters are given for both low-
and high-LET radiations. The health effects are in units of number of
effects in the cohort of size 100,000 per unit chrenic exposure rate.
Thus, the mortality risk RFijl for inhalation and ingestion is the
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number of effects per 105 persons for a per capita intake rate of
1 pCi/yr. In the case of external irradiation, the exposure unit is
pCi/cc or pCi/cm? for airborne and surface deposits, respectively.

2.2.3 Risk equivalent factors

Risk equivalent factors for a particular health effect are devel-
oped as the ratio of the n:':ber of health effects cf a particular type
in the cohort per unit exposure rate to the nuclide under consideration
to those for a hypothetical low-LET radiation dose rate of 1 mrad per
year. A lowLET dose rate of 1 mrad/yr is considered to have a risk
equivalent rate value of 1 mrem/yr. Hence, the units of a risk equiva-
lent factor are arem/unit exposure (or intake). These factors are
developad for both fatal cancers and genetic effects.

2.2.3.1 Cancer risk equivalent factor. If RFijl denotes the mor-
tality risk factor from cancer of the 1th ocrgan per unit exposure to or
intake rate of the th nuclide through the jth exposure or intake mode
for high- and low-LET radiation, then the risk equivalent factor for
the 1th organ s defined

REIOCLET e igh-LET
Foop = —ud L . (1)
31 RD,

where RDl denotes the cohort risk to the 1th organ for a Yow-LET dose
rate of 1 mrem/yr. The whole body risk equivalent factor for nuclide i
and expocure pathway j is defined

Tow-LET high-LET
f RFEs51 — * REq
Fig = , (2)
RO,
1

where the risks are summed over all organs.
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2.2.3.2 Genetic risk equivalent factor. A genetic risk equivalent
factor, GFij' can b defined as

Tow-1LET high-LET
GRi F + GRH :

GFi5 = p , Q)

where

GR.. is *he number of genetic effects per million births to
the population exposed to the radiation of the ith
nuc'ide via the jth exposur2 pathway per unit exposure
or intake rate,

GD is the number of genetic effects per million births
associated with a low-LET radiation dose rate of

1 mrad/yr.
The factors GR:.;'-LET and GR?}Q“'LH are the prodict of the

gonadal dose factors for the ith nuclide in the jth pathway and the
generic risk factors for jow- and high-LET radiation (effects per 10¢
bivths per unit absorbed dose). Genetic risk facters of 300 and 30,000
effects her 10 births per rad for low- and high-LET radiations were
supplied by EPA to be used in the calculations.

2.2.4 VYears of life lost estimates

As an additional measure of impact of the intake or exposure to
the radionuclides, RADRISK estimates the years of life lost in the
cohort for unit exposure to or intake rate of the radionuclides. The
total years of life lost for nuclide i in pathway j and for cancer 1 is
denoted as \(Li il and has units of years per 10% persons per pCi/yr
inhaled or ingested activity or pCi/cm3, pCi/cm? for external exposurec.
These values are simply the difference between the years of life lived
by the 10°® newborn cohort with and without the incremental risk from
radiation.
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2.3 General Equations

2.3.1 Radiological dose quantities

The annual dose committed to an individual at location k for the
1th organ, ith nuclide, anu jth exposure pathway is given by

K.E..(k) - DF..
1u il *
P(k)

D553k =

where Kj embodies any numerical factors introduced by the units of Eij
and DFij] and where Eij(k) is the exposure to the ith radionuclide in
the jth pathway, DFi i is the dose rate factor for the ith radio-
ruclide, the jth pathway and the I1th organ, and P(k) is the exposed
population at location k. Note that all Eij and orm for varinus
nuclides (index i) and organs (index 1) have consistent units.

DARTAB performs three calculations and tabulations of dose rate
and dose: 1) dose rate to an individual at a selected location, 2) dose
rate to a mean or average individual, and 3) collective population dose
rate. For example,

1. Selected individual dose rate, Dij](k),(urad/yr)

a) Contributions via the ingestion and inkalation exposure path-

ways
[dose rate,
(intake rate,
. (mrad/yr)/
person-pCi/yr) (pCi/yr)]

x Kj (1, dimensionless)
P(k)
(exposed population at the user
seiected locatfon)



-d
[al

b) Air immersion pathway

(exposure rate, idose rate factor,
person-pCi/cm3) (wrad/yr)/
(pCi/ca®)]

= x K. (1, dimension-
P(k) 3 less)
(exposed population at the user
selected location)

c) Ground surface exposure pathway

Eij(k) x DF. .

ijl

(exposure rate, [dose rate factor,
person-pCi/cm?) (mrad/yr)/
(pCi/cm?)]

= x K. (1, dimension-
: P(k) J less)
(exposed population at the user
selected location)

Mean individual (over all lncations) dose rate, Dijl‘ (mrad/yr) is
the weighted sum of individual dose rates as calculated in 1

2 P(k) x Dijl(k)

Z P(k)
K

Collective dose rate for the exposed population X Dijl (person-
rad/yr) k

(mean individual dose (exposed x (Kj = 10~2 rad/mrad)
rate, mrad/yr) population)

P v ISP




AT ALY YR

3
The doses can be summed directly over pathways:

D;4(k) = § Dij](k) , (5)

or nuclides:

Dj](k) = f Dij](k) . (6)

The total dose to the 1th organ at location k, D](k), is then

D](k) =2ZxD
ji

1K) . (7
The dose equivalent (mrem), H], for the 1th organ is given as
H](k) = QF(Tow-LET) x D](k, low-LET) + QF(Kigh-LET)

x D](k, high-LEY),

where QF denotes the reiative biological effect factor. The factor is
defined for each organ or health effect.

To combine doses to different organs, a weighted sum is used:

D;5(K) = 2 WD, 53K (8

where H1 are weighting factors for the various organ doses supplied by
the user where

1.

ZW, =
] 1

Weighting factors for the various organs have been supplied by EPA for
input into DARTAB. Note a similar approarh to adding organ doses has
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been proposed by the Internationa! Commission on Radiological Protec-
tion (ICRP, 1979).

2.3.2 Health effects estimates

The health risk and risk equivalent can be similarly com
puted. The health risk or individual risk of premature death to an
individual at location k for the 1th cancer, ith radionuclide, and jth
exposure pathway is given by:

= 10-5
Rij](k) 10-5 x KjEij(k)RFij]IP(k) . 9)
where Kj again serves to reconcile the units of Eij(k) and RFijl' The
total individual risk represented by the exposures and intakes of all
radionuclides through all pathways is given as:

R(k) =10"5 3 K. = Eij(k) Z RF.../P(k) , (10)
j 1

j 35 ijl
and the health risk can be summed over pathways, rad.oauclides, or can-
cers. The mean or average individual risk is estimated in a similar
way.

The collective risk is expressed as the health effects rate. For
example, the to:al equilibrium fatal cancer rate in the exposed popula-
tion is:

* 2 ZE.(K) X RF, (11)
K J

] ij1

where Te is the mean individual lifetime (7C.7 years).

In DARTAB, life loss (years) per premature death is calculated

§ Kj ? Eij(k)YLijl
Y,(k) = : (12)
§ Kj % Eij(k)RFij]

o TSI Ry APy rippmeme sv= 3+~
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where

Y](k) = average life lost (years) per premature death from
cancer 1 at location k,

YL, ., = total life lost (years) for unit exposure to nuclide i,
3 pathway j, and cancer 1,

t .(k) = is the exposure to or intake rate of the ith ridio-
i nuclide through the Jth exposure or intake model at
location k in the environment,

RF 1= the mortality risk factor per unit exposure or intake

1 rate of the ith radionuclide in the jth exposure or
intake mode for the 1th cancer site.

The factor Kj converts any pathway specific units to the required units.
Note then that the numerator is just the total years of life lost by
those experiencing a cancer of the 1th site, while the denominator is
the total number of deaths due to radiation induced cancers of the 1th
site.

DARTAB performs three calculations and tabulations of life loss
per premature death 1) life loss per premature death for an individ-
uval at a selected location and 2) life loss per premature death for a
mean or iverage individual. For example,

1. Selected individual life loss/premsature death, Yt(k) (yr/premature

death)
a) Contributions via the ingestion and inhalation exposure path-
ways
2 l(j X Eij(k) X YLijl
nuclides

pathways

(1, dimension-

r
g 1ife 1oss/10% persons ,
less) x (intake, person ) x STt Trtake (;@)

z K.i X Eij(k) x RFijl
nuclides
pathways
cancer mortality ( deaths )

pCi risk factor ____gn___ﬁ'erm
(intake, person ) x unft Tntake ' (Bl
yr




. b)

-t
N

contributions via the air immersion pathway

)3 Kj x Eij(k) x YL.
nuclides
pathways

(1 dimension-
less) x (exposure, person

j

Ci life loss/10% persons
53 x -
unit exposure A ¢

T

b3 Kj x Eij(k) x RFi'

Y
nuclides
pathways
cancer mor.ality ( deaths )
risk factor 10> persons

Ci,
(exposure, persun E;sl X unit exposure ° (EE;)
cw

Contributions via the ground surface exposure pathway

p3 Kj x Eij(k) X YLij]

ruclides
pathways
‘1 dimension~
less) x (exposure, person

Ci life 1oss/105 persons
o)

]
unit exposure : (E%%Z’

- p———

z K. x Eij(k) x RF

J i1
nuclides
pathways
Ci cancer mortality ( deaths )
P risk factor__ ‘10> persons

(exposure, person —7) unit exposure °’ (25;)
c

all
Mean individual life loss/premature death Ye(k) is the b3 of

individual 1ife loss as calculated in 1. locations
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2.3.3 Tabulations of DARTAB

From the above equatior.s it can be seen that tabulations of the
numerical data (dose quantities, health risks, or risk equivalents) are
provided in such a way that the contribution of the various radio-
nuclides (index i), pathways (index j), and body organs or cancers
(index 1) to the total impacts, as measured by individual, mean in-
dividual, and collective dose cr health effects, can be examined. The
DARTAB code provides the user with extensive options with regard to the
fors and structure of these tables. Three types of tables can be ob-
tained. First, cummary tabies give dose and health effecls estimates
for ovgan or cancer, radionuclide, and pathway.

Thé second type of table is a more detailed tabuiation where the
dose and health effects are estimated for two of the three quantities:
radionuclides, pathways, and organs or cancers. lhe types of tables
that can be printed are summarized in Table 1.

The final type of table surmarizes the data for all locations.
A particular nuclide, pathway, and orgar or cancer must be specified.

Examples of the tables are given in the next section. A complete
set is included in the microfiche inside the back cover. A description
of how to select the tables to be printed is given in Sect. 3.3.

2.4 Example Tables

2.4.1 Example summary tables

Examples of the summary tables for dose quantities are given in
Tables 2-4. The microfiche inside the back cover includes a complete
tabulation of all tabtes generated by DARTAB as well as the input
parameter values for the DARTAB run. Table 2 summarizes the total dose
to each organ, summed over pathway: and nuclides. The radon daughter
working level exposures are listed, and the 30-year gonadal doses are
tabulated. Each of the tables is given for the selected individual,
the mean individual, and the collective pupulation. Tables 3 and 4 are
analogous to Table 2 except that the weighted-doses are summed by cath-
ways (Table 3) or nuclides (Table 4). Table 5 gives lifetime fatal
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fable 1. Possible tablz types output by DARTAB
Variable
Table type Constant
Coluan label Row label
Organs or Radicnuclides Individual
cancers pathways
Organs or Radionuclides External and
cancers internal
Organs or Radionuclides All pathway
cancers
Radionuclides Pathways Organs or
cancers
Organs or Pathways Radionuc)ides
cancers
Radionuclides Pathways Summed over
organs or
cancers
Organs ¢r Pathways Summed over
cancers radionuclides
Compass Dictance User specified
direction meters
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Table 2. Organ dose/exposure summary (example case)

ERMPMLE CASE
ORGAN DOSE/ENPOSIRE SUFSURY

ose SELECTED ISOIVIOUAL oo (lorames 'E_“EO'“

DOSE RATES:
GGANS: & MR €005 UL st LivER S WALl PANCREAS LLE WAL X B wALL
W1 WAL S) WAL  OWMRIES  TESTES SmLEER YTERWS eears ™ROID
LOW IEY (MRAD/Y) 4.8X-0) 5.3€-03 7 6X-0) 4.4%-03 ) 9%-0) I IM-0) 4.7%-0) ). ME-03 )
NG LET (FRAD/Y¥) . ME-03 2.0E-02 .2 4. 70E-03 1.88E-02 ).S7E-05 &.)0K-0) 6.25K-00 B L2 2.3E-07

4.3€-03 3.:JE-G) 3.2(-0) I G-0) 4.0X-0] ) 16E-0) 3 SE-01 4. :ME-03 (5.
2.07-08 3.51€-05 4.NE-Q) 4.70E-03 _145 4 70E-0) &4.2E-0) 3.70£-0)

00SE EQUIVALENT ("MRDUY) .1 1.6 8.68 9. 00602 . 2% 4.08£-03 9.664-02 1.9%-02 1.
S.86E-0) 4.7TE-03 9.7%-02 9.7%E-02 2.9 9.71E-02 9.79(-02 9.8%X-02 L.

(WRK?RG LEVE") 1.22¢ 08 Wonghes supphedt by wtwr.
Conenbutrens 00 Shuse 8ams by puthuty and muckhde
GORADAL DOSES :
GOMADS: TESTES  JWARIES  ASERAGE ¥ poon o Yoty 3 o 4.
LW LET (WRAD) e 9.716-02 .1O?
HIGN LET (/RAD) .10 .10 180

BOSE EQUINALENT (MREN; 2.%2 2.90 2.9

os NEAR IROIVIDONL vve ((FCONOCTIve doum 1200 or dove - v sparvhed )

DOSE RATE:
GRGANS: & AR £WOST  ruLe MUSCLE LIvER S MALL  PANCREAS il MALL KIDWEYS 31 WALL
WY WAL, ST WALL OWARIES TESTES  SMEER  uTERUS  TwwasS THYROID WT.SM
LOw LET (MAD/Y) 1.25€-08 1.42£-08 1.7%-00 ;.IX-08 9.80£-05 9.51£-05 1.08-04 9.95(-05 9.4S5£-05 1.00f-04
1.126-04 8.91£-05 8.2X-05 9.67t-05 1.01€-08 8.00E-05 1.Q0E-O0¢ [.0%-08 |.200-04
WNiGs LEY (MRAD/Y) 6. AGE-D4 1.92£-03 B.56E-01 S ME-O8 1.66E-03 4.16£-06 5.406-08 1.671-0¢ 9.58E-0) 2.6%-04

5.54E-05 9.3E-06 5.406-00 S.40£-08 ].65€-02 5.406-04 5.40£-0% 5.40E-08 ).226-03
DOSE EQUIVALENT (MREM/Y) 1.30€-02 3.88€-02 .1N 1.0%-02 3.3%-02 [.786-06 1.0%-02 3.446-03 .I% 5.4% 03

1.22¢-03 2.7%6€E-08 1.08€-02 1.0%-02 .3 1.09%-02 1.0%-02 1.0%-02 6.05(-02

RADOW DAUGHTER EXPOSURE :
(MORXIWG LEVEL) 2.02E-09
GORADAL DOSES -

GOMADS: TESTES OVARIES  AVERAGE
LW “E7 (WRAD) 2.90E-0) 2 46£-0) 2.68KE-4
NIGH LEY (MRAD) 1.606-02 1.6€-02 1.51E-02
DOSE CQUIVALENT (MREN) -] - . X4

*or COLLECTIVE POPULATION **°

DOSE RATE:
GANS: R AR ENDOST  F° MUSCLE LIvER S WALL  PANCREAS LLI WALL KIDNEYS 6L WALL
W1 WAL SI WALL OVARIES TESTES SMEEN  UTERUS TWWRS  THWROID WT.Sut

LOu LET (PERSOM RAD/Y) 406 -4l 562 .35 .38 -39 .350 -3 .30 -32%
-85 .209 . -39 . 260 . 325 . 354 416

HIGH LET (PERSON QRD/Y) 2.10 6. 2.8 1.78 5.9 1.:-02 1.7% .643 .1 -873
-180 3.0-02 1.75 1.78 $3.7 1L 1.75 1.7% 10.5

00SE £Q. (PERSON REW/Y) 42.3 125. 556 ».4 108. 579 3.4 1.2 622. 17.8
1% -5% 3.3 ».3 1.07€<03 5.3 5.3 %4 210.

RADON DAUGMTER EXPOSURE.
(PERSOM WORKING LEVEL)  6.56€-0)

GOMADAL ROSES:
GORADS
LOV LET (VERSOM RAD) .

L »
MIGN LET (pERSON RAD) 8.2 .2
00SE €Q. (FERSON REM) 1.056+03 1.05£+03 1.08€+0)
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Table 3. Pathway dose/exposure summary (example case)

EXMAPLE CASE
PATHMAY DOSE/EXPOSURE SUPARY

ot SELECTED INDIVIDUAL ***

DOSE RATES:
WEIGHTED SUMS OF ORGAN DOSE RATES
PATIMAYS: INGESTION INHALATION AIR GROUND  INTERRAL EXTERMAL
IVMERSTON  SURFACE
LOW LET {MRAD/Y) OBIEI) 1.006-03 2.12€-07 4,26£-03 1.006-03 &.25£-03
HIGH LET (MRAD/Y)

.133 -0 -0 134
DOSE EQUIVALENT (MREW/Y)

-9 -0
ll(-OZ 2.67 2.12¢-07 4.26E-03 2.68 4.26£-03

Contributions mmicbam:bymuﬂ
muchde are given in Table 8. E

RADON DAUGHTER € XPOSURE :
(MORKING LEVEL) 7.22t-08

AVERAGE GUNADAL DOSES:
PATIMAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL
- IMMERSION  SURFALE
LOM LET {MRAD) 1.66€-05 S5.78E-05 5.22¢-06 .107 7.446-05 .107

HIGH LET (MRAD) 1.36£-02 .126 .0 .0 .140 .0

DOSE EQUIVALENT (MREM) .2n 2.53 5.226-06 .107 2.80 .lo7
Contributions 1o these sums by orgen and nuchide

"o MEAN [INDIVIDUAL ** are given in Tabies 2 ond 4.

DOSE RATES:

WEIGH ED SUMS OF ORGAN DOSE RATES
PATHMAYS: [INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL TOTAL
IMMERSION SURFACE
LOW LET (MRAD/Y) 1.97€-06 1.96E-05 4.44E-09 1.076-04 2.16£-05 1.07t-04 1.28€-04
HIGH LET (MRAD/Y) $5.91€-04 2.63t-03 .0 .0 3.22-03 .0 3.22¢-03
DOSE EQUIVALENT (MREM/Y) 1.18E-02 5.27t-02 4.84E-09 1.07€E-08 6.456-02 1.07€.04 6.46E-02

RADOM DAUGHTER EXPOSURE :
(WORKING LEVEL) 2.02€-09

AVERAGE GONADAL DOSES:
PATHMAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL TOTAL
IMMERSION  SURFALE
LOW LET (MRAD) 1.66E-05 1.09%-G6 1.09-07 2.66E-03 1.776-05 2.66€E-03 2.68t-03
HIGH LET (MRAD) 1.36E-02 2.526-03 .0 -0 1.61€-02 .0 1.61€-02
DOSE EQUIVALENT (MREM) .2Nn 5.04E-02 1.09%-07 2.66€-03 .322 2.66E-03 .324

set COLLECTIVE POPULATION ***

DOSE RATES:
WEIGHTED SUMS OF ORGAN DOSE RATES
PATHMAYS:  INGESTION INHALATION AR GROUND INTERNAL EXTERNAL TOTAL
IMMERSION  SURFACE

LOW LET (PERSOW RAD/Y) 6.39E-03 6.37E-02 1.44£-05 .346 7.01E-02 .46 Al6
HIGH LET (PERSOM RAD/Y) 1,92 8.54 .0 .0 10.5 .0 0.5
DOSE EQ. (PERSOW REM/Y) 38.3 171. J.M4E-05 .46 209. . 6 210.

RADON DAUGHTER EXPOSURE :
{PERSON WORKING LEVEL)  6.56E-03

AVERAGE GUMADAL DOSES:
PATHWAYS: INGESTION INHALATION AR GROUND INTERWAL EXTERMAL TOTAL
IMMERSION SURFACE
LOW LET (PERSOM RAD) 5.406-02 3.53E-03 3.546-04 8.64 5.75¢-02 8.64 8.69
HWIGH LET (PERSON RAD 4.0 8.17 .0 .0 §2.2 .0 52.2
DOSE EQ. (PERSOM REM 880. 163. 3.54£-04 8.64 1.04E+03 8.64 1.05€+03
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i Table 4. Nuclide dose/exposure summary (example case)

EME Cast
WUCLIDE DOSE/ENPOSURE SPOWRY

owe SELECTED INDIVIOWAL ***

BO0SE MATES:
WEIGHTED SUS OF GRGAR QOSE RATES
WEOLIBES: ©0-238 ™M 02N ™-230 WA-226 PR-214 81214 PO2I0 ™22 A28
K-228 T-228 TL-208 RR-222 RA-Z2  PM-21I0 P22 TOTAL

LW LEY (WAD/Y) ).RE-08 5.A1E-05 1.6X-05 1.6O0E-05 1.47€-08 1.23-14 ¢.29-.8 3. 2.03-08 1.7%-05
- 1.63607 1.006-05 1.9%-0) 1.15-07 2.026-05 1. 49E-17 I.01E-04
WIGR LET (vAD/Y) 1.-03 .0 1.99€-03 2. ’I-OJ 2.1-04 .0 .0 - I 2.1%-03 1.706-05
2.15€-07 S.8%-08 .0 1.5%-06 1.36¢-08 1.0%-19 2.67-1¢ (13D

OSE EQIWALENT (MMEW/Y) J’!-ﬂ S.416-05 3.97-02 S.06E-02 4. 4XE-0) 1.23%-1¢ ¢.3E-18 2N
[.a3-03 1.18-02 1.92%-03 3.1%-05 2.05€-05 1.70£-17 3.01E-08

4.27E-02 3.SeE-08

AR BANGNTER EWOSHRE - hang 80 Fhese Suws Dy argam snd petheey
(UK TNE LEVEL) 1.2%-08 va in Taples 2 smd 2

AVERAGE GOWADAL DOSES:
WICLISES: v-238 ™20 9-2m ™-230 RA-226 PB-218  B1-214 PO-210 TH-232  RA-228
A-220 Tha-228 TL-208 RE-222 RA-Z24 PM-210 P8-212 TOTAL

L0V LEY (RAD) 2.7E-05 8.2-00 1.84E-08 5.00E-05 4.106-03 3.22E-13 1.5%€-12 9.07E-06 3 86-05 2.92€-05
[ 3 1.00E-08 4.6%-02 6.9%-07 5.72€-08 4.26E-16 6.2X%-03 .107

NI LET (WRAD) -0 2.7€-06 2.01E-08 2.49%E-08 .0 .0 .19 1.05€-08 |.206-0¢
4.3%E-08 .0 -0 1.41E-07 5.0%-19 1.05€-13 .140

00SE EQUIVALENT (MREwm) $.20-08 2.3 08 4.006-0) 9.08(-0) 3.226-1) 1.5%-12 2.78 3.768-03 2.4%-03

ASSE-07 £.GME-03 4.696-02 6.926-07 S.TSE-O8 4.36E-16 8.2%-G) 2.91

pothmmy contnbutions of (he dose are gi
w Fabie 10

o0 NEAR IROIVIVUAL =ov

BOSE RATES:
WEIGITED SUMS OF ORGAR DOSE RATES
WKLIDES: U-238 ™24 u-2s ™-230 BA-226 P8-214  B1-218 r0-219 TH-232  RA-228
A-228 Tw-228 TL-208 RB-222 RA-22¢ P8-210 re-212 TOTAL

LOW LET (MRAD/Y) 1.06E-05 1.24-06 1.056-07 1.3 3.3£-06 3.1X-16 1.626-15 1.026-08 &.05€-06 1.S1E-07
4.656-05 2.67E-0) 4.B7E-05 3.216-09 5.21€-07 4.72€-19 ).66E-06 1.28E-08

MIGH LEY (MRAD/Y) 3. 2E-05 .0 1.90E-05 5.0%-05 8.35£-06 .0 -0 J.00-03 4.27E-05 1.356-06
4.27-09 1.1 05 .0 . 44E-08 1.36E-08 1.086-1% 2.67¢-14 3.7%X-03

00SE EQUIVALENT (MREM/Y] 7.55€-04 1.24€-06 3.79E-04 ).18€-03 1.70£-08 3.13-16 1.62-15 6.0%-02 B.58-08 2.78¢-05
4.66E-05 2.%6E-08 &.87E-05 B8.90E-07 7.92€-07 2.55€-18 7.66E-06 6.46E-02

RAUOR QAUGHTER €MPOSURE:

(VORK]ING LEWEL) 2.02€-09

SVERAGE GOMADAL DOSES:

MICLIOES: -2 TH-24 U2 T-230 RA-226 P8-214  81-214 PO-210 TH-232  RA-228

A-228 Th-228  TL-208 RB-222 QA-226  PB-210 P8-212 TOTAL

LOW LET (MRAD) 6.91€-07 2.10E-05 2.64E-06 1.87E-06 6 656-05 B.19-15 4.05%€-14 2 44E-07 ~.3M6-07 9.846-06
1.166-03 3.91:-06 1.19€-03 1.94E-08 1.466-05 1.10E-17 2.09-08 2 68E-03

NI LET (MRAD) 6.8%X-08 .0 7.726-08 4.16E-08 ].266-08 .0 -0 1.9%-02 3.806-06 3.38-05
3.81€-09 8.81€-06 .0 .0 1.41€-07 5.03-19 1.056-13 1.61€-02

DOSE EQUIVALENT (mrEm) 2.066-06 2.106-05 4.21.-06 8.46€-05 2.56€-03 8.1%-15 4.05%-1¢ .38 7.67€-05 6.85¢-04
1.16€-03 1.80E-04 1.19€-03 |.94E-08 1.75€-05 2.11€-17 2.09€-04 .32

oo COLLECTIVE POPLATION oo

00SE RAYES:
WEIGHTED SuiS OF ORGAN DOSE RATES
WUCLIDES: U-238 ™-234 U-234 TH-230  RA.226 78-214 81-214 P0-210 TH-232 RA-228
AC-228  Tn-228 TL-208 RN-222 RA-224 78-210 r8-21C TOTAL
LOV LEY (PERSON RAD/Y) 4. 1!-02 4.02€-03 6.00E-0¢ 1.08€-03 1.0%-02 1.026-12 5.26£.12 3.30(-05 1.31E-02 2.766-03
8.67E-06 .1%8 1.086-05 !.¢%€-03 1.53-15 2 4%X-02 .416

NIGH LET (PERSON RAD/Y) .120 .0 6.15€-07 .l!l 2.716-02 .0 9.08 -139 4.3 -03
1.9%-05 ).86-02 .0 1.446-08 4.40E-05 3.37E-16 l “!-ll 10.5

DOSE EQ. (PERSOM REM/Y) 2.45 4.02¢-0) 1.23 RN -4 .553 1.02€-12 5.26E-12 198. 2.78 9.0% -02
.15l 765 158 2.99€-03 2. 57!-03 8.27-~15 2.48-02 210.

RAGOR OAUGHTER ENPOSURE :
(PERSON WORKING LEVEL)  6.5£-03

AVERAGE GOMADAL DOSES:
NUCLIDES: U-238 ™24  U-234 TH-230  RA-226  PB-214  §1-214  P0-210 TH-232  RA-228
- AC-228  Th-278  TL-208 RR-222 RA-224  PB-210 P8-212 Toﬂl.

LOW LET (PERSON RAD) 2. 26-03 0.80£-02 B8.6X-0) 4.78€-03 .216 2.66E-11 1.31€-10 7.90€-08 2.706-03 3.08£-02
.75 1.2%-02 3. 0.29€-05 4.75€-02 3.50E-14 .6/9 8.6

MIGH LET (PERSOW RAD) 2, 2608 .0 2.51€-04 1.35€-02 .408 .0 .0 Sl U 1.1%-02 .110
1.24€-05 2.98¢6-02 .0 .0 45704 1.6-15 3.9%-10 52,2

POSE £Q. (PEASOW REM) 6.67€-03 6.80¢-02 1.2€-02 .275 8.37 2.66E-11 1.21€-10 1.0%+03 .249 .2
Ln 585 3.67 6.29€-05 5.66F -02 6.84E-14 .679 1.05€+0)




Table 5. Risk/risk equivalent summary

EXAMPLE CASE
RISK/RISK EQUIVALENT SUMMARY

e §f e
SELECTED INDIVIDUAL * Table values are the probability ol the
LIFETIME FATAL C. -.CER RISK: (solecred indivickual dying ol the cancer,

CANCERS: R MARROW ENDOST PULMNARY BREAST LIVER ST WALL  PANCREAS LLI WALL KIDNEYS BL WALL
UL] WALL S) WALL  OVARIES  TESTES SPLEEN UTERUS THYMUS THYROID  TOTAL

LOW LET 1.57e-06 1,63tE-09 3.88E-08 1.78£-08 6,06E-09 3.27€-09 §.17€-09 2.33€-09 II:§£-O' 1.37€-09
1.50E-09 6.09E-10 S5.61E-10 6.72€-10 6.97€-10 S5.476-10 6.50£-10 3.68€-09 (1. 02t-

HIGH LET 4.99€-07 1.39€-07 2.62E-05 1.86E-08 2,27€-07 1.35€-10 65,696-08 4,32€.09 27.8%t- 8.126-09
7.18t-10 6.08E-11 8.12€-09 8.12€-09 ?2.49E-07 8.126-09 8.12€-09 3.96€-09 (Z.78E- ‘

TOTAL 5.15€-07 1.40E-07 2.63€-05 3.65€-08 2.33€-07 3.41€-09 6.20€-08 6.66E-09 2.JIE- 9.49£-09
2.2)E-09 6.70E-10 8,6BE-09 8.79€-09 2.50£-07 B.67F-09 8.81€-09 7.64€-09 .79t~

LUNG CANCER RISK FROM RADON DAUGHTER EXPQSURE 1.22€-07

TOTAL FATAL CANCER RISK FROM ALL EXPOSURES

AVERAGE LIFE LOSS PER PREMATURE DEATH: ((=LOW LET TOTAL + HIGH LET TOTAL + Lung Risk_from Radon Daughter))

CANCERS: R MARROW ENDOST PULMNARY BREAST LIVER ST WALL  PANCREAS LLI WALL KIDNEYS  BL WALL
ULT WALL ST WALL  OVARIES  TESTES SPLEEN UTERUS THYMUS THYROID  TOTAL

LOW LET (YR) 31.6 29.2 22.3 21,58 21,5 ‘21,4 21.4 21.5 21.5 21.5
21.8 21.% 21.% 21,8 21.5 21.5 21.4 28,2 23.7

HIGH LET ‘YR) 29.1 23.4 23.0 21.8 2].4 21,5 21.4 21.8 21.4 21.4
21.4 21.4 21.4 21.4 21.8 21,4 21.4 28.2 23.1

COMBINED (YR) 29.2 23.5 23.0 21.5 21.4 21,4 21.4 21.5 21.4 21,8
21.5 21.% 21.4 21.4 21.5 21.4 21.4 28.2 23.1

AVG LIFE LOSS FROM RADDN DAUGHTER EXPOSURE FOR LUNG 14.1 — -

AVG LIFE LOSS FROM ALL EXPOSURES FOR LUNG 23,0 Comlnlmuom. to these risks by pathway an

AVG LIFF LOSS FROM ALL EXPOSLRES (TOTAL) 23.0 (nuchda are given _in Tatitos 8 and 7.

FATAL CANCER RISK EQUIVALENT:

CANCERS: R MARROW ENDOST PULMNARY  BREAST LIVER ST WALL  PANCREAS LLT WALL KIDNEYS  BL WALL

ULY WALL ST WALL  OVARIES  TESTES SPLEEN UTERUS THYMUS THYROIY  TQTAL

(MREN/YR) .158 456 4,33 9.14£-01 .149 3.92¢-03 5.13E-02 9.59€-03 .83A 2.73€-02
6.39E-0) 3.85£-03 4.99E-02 6.05€-02 1.44 4.98€-02 5.06£E-02 9.02E-03 1.33

WHOLE BODY FATAL CANCER RISK EG(MREM/YR) <§;ga>—

LUNG RISK EQUIVALENT(MREM/YR) éon RADON DAUGHTER EXPOSURE 7 01k -02

WHOLE BODY RISK E£Q (MREM/YR) FROM RADON DAUGHTER EXPOSURE %.84E-03

PULMNARY RISK EQ (MREM/YR) FOR ALL EXPOSURES 4.35

WHOLE BODY R1SK EQ (MREM/YR) FROM ALL EXPOSWRES 1.34

GENETIC RISKS:

LOW LET (EFFECTS/BIRTH)  2.13E-08
HIGH LET (EFFECTS/BIRTH) 2.BOE-06
COMBINED (EFFECTS/BIRTH) 2.82E-06

GENETIC RISK EQUIVALENT:

2sanraa Jun ) ."0
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rEEEEETPY TUSS FRUM ALL EXPOSURES (TUTAL) 3.0

VALENT:
P AL AN R R ARGERS: R MARROW ENDOST  PULMNARY BREAST  LIVER ST WALL PANCREAS LLl WALL KIONEYS  BL WAL

WALL  OVARIES  TESTES SPLEEN UTERUS THYMUS THYROID  TOTAL .
(MREM/YR) 'iu,‘;8l MALL 3'.!;6 4.3 9.146-03 .149 3,92€-03 5,.13E-02 9,59€-01 .838 2.73€-0¢
6.39€-03 3.85£-03 4.99E-07 5.05€-02 1.44 4,98£.02 5.06E-02 9.02£-03 1,33
Y FATAL CANCER RISK EQ(MREM/YR) :
rm&tk?ga EQUIVALENT (MREM/YR) 9&04 RADON DAUGHTER EXPOSURE %
WHOLE BODY RISK EQ (MREM/YR) FROM RADON DAUGHTE” EXPOSURE 5.84E-03
PULMNARY RISK EQ (MREM/YR) FOR ALL EXPOSURES 4,35
WHOLE BODY RISK EQ (MREM/YR) FROM ALL EXPOSURES 1.34

GENETIC RISKS:

LOW LET (EFFECTS/BIRTH) 2.13£-.08
HIGH LET (EFFECTS/BIRTH) 2.80E-06
COMBIRED (EFFECTS/BIRTH) 2.82E-06

GENETIC RISK EQUIVALENT:
{MREM/YR) .470

EXAMPLE CASE
RISK/RISK EQUIVALENT SUMMARY

«ak MEAN INDIVIDUAL %aw Table values are the probability of a fatal
cancer in the user supplied population + the
LIFETIME FATAL CANCER RISK: user supplied population.
CANCERS: R MARROW ENDOST PULMNARY BREAST LIVER ST WALL  PANCREAS LLI WALL KIDNEYS BL WALL
ULT WALL ST WALL  OVARIES  TESTES SPLEEN UTERUS THYMUS THYROID  TOTAL

LOW LET 4.026-10 4.28E-11 9.026-10 4.49E-10 1.53t-10 8.20E-11 1.3)1E-10 6.90E-11 3,27€-1! 3,46L-11
3.89€-11 1.54E-11 1,42€-11 1.68€-11 1,76€-11 1,39E-11 1,74€-11 9,23E-11 2.52E-09

HIGH LET 3.97€-08 3.89E-09 5.18t-07 2.15€-09 2.59E-08 3.61E-11 6.54E-09 1,16€-09 3.336-08 9,35-10
1.92€-10 1,.62E-11 9,35€-10 9,35€-10 2.86€-08 9.35€-10 9.35€-10 4.55€-10 6.65€-07

TOTAL 4.0l1€-08 3.93t-09 5.19€-07 2.60E-09 2.60E-08 1.19E-10 6.67E-09 1.23E-09 3.33E-OR 9.69E-10

2.31€-10 3.17E-11 9.49E-10 9.51E-10 2.86E-08 9.4BE-10 9.526-10 5.47€-10 6.67€-07

LUNG CANCER RISX FROM RADON DAUGHTER EXPOSURE

3 42E.00
TOTAL FATAL CANCER RISK FROM ALL EXPOSURES 6. 71E-u (1" LOW LET TOTAL + HIGH LET TOTAL + Lung Risk from
Radon Daughter)

AVERAGE LIFE LOSS PER PREMATURE DEATH:
CANCERS: R MARROW ENDOST PULMNARY BREAST LIVER ST WALL  PANCREAS LLI WALL KIDNEYS BL WALL
UL1 WALL SI WALL  OVARIES  TESTES SPLEEN UTCRUS THYMUS THYROIO  TOTAL

LOW LET (YR) 31.4 29.0 22.4 21.8 21.5 21.4 21.4 21.5 21.5 21.5
21.5 21.5 21.% 21,8 21.8 21.5 21.4 28.2 22.8
HIGH LET (YR) 30.9 24.5 23.0 21.4 21.5 21.5 21.5 21.4 21.5 2..5
21.4 21.4 21.5 21.5 21.5 21.5 21.5 28.2 23.3
COMBINED (YR) 30.9 24,5 23.0 2l.4 21.5 2l.5 21.5 21.4 21.5 21.5 :
21.4 21.5 21.5 21.5 2i.5 21.5 21.5 28.2 23.3 s
AVG LIFE LOSS FROM RADON DAUGHTER EXPOSURE FOR LUNG 14.1
AVG LIFE LOSS FROM ALL EXPOSURES FOR LUNG 22.9
AVG LIFE LOSS FROM ALL EXPOSURES (TOTAL) 23.2

FATAL CANCER RISK EQUIVALENT:
CANCERS: R MARROW ENDOST PULMNARY BREAST LIVER ST WALL  PANCREAS LLI WALL KIDNEYS 8L WALL

U.1 WALL WALL  OVARIES  TESTES SPLEEN UTERUS THYMUS TAYROID  TOTAL

(MREW/YR) 1.238-02 (1.28E-02, B.55€-02 6.51€-04 1.67E-02 1,.376E-04 5.52E-03 1.776-03 9.58£-02 2.79E-03
6.66E-04 1.82F-04%5.45€-03 5.46E-03 .165 5.45E-03 5.47€-03 6.48E-04 3.19£-02

WHOLE BODY FATAL CANCER RISK EQ(MREM/YR) 3.19€-02 his risk equiyalent rate is « ziailed by nuclide

LUNG RISK EQUIVALENT(NREM/YR) FROM RADON DAUGHTER EXPOSURE 5.62E-04 and pathway in Table 9. )

WHOLE BODY RISK EQ (MREM/YR) FROM RADON DAUGHTER EXPCSURE 1.63€-04

DIB MMARY DICK €N /MICM/VD) £ND Atl FYDNASINFS _R.60E-02
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MREM/YR) 1.23t-02 (1.2%-0 .55k - .51E-
¢ 6.66E - .82t -04%5.45E-03 5.46E-03

SPLEEN UTERUS THYMUS THYROID  TOTAL
1.676-02 1.376-04 5.52€-03 1,77€-03 9,58E-02 2.79E-03

WHOLE BODY FATAL CANCER RISK EQ(MREM/YR)

LUNG RISK EQUIVALENT{MREM/YR) FROM RADON DAUGHTER EXPUSURE
WHOLE BODY RISK EQ (MREM/YR) FROM RADON DAUGHTER EXPOSURE
PULMNARY RISK EQ {MREM/YR) FOR ALL EXPOSURES

WHOLE B0DY RISK EQ (MREM/YR) FROM ALL EXPOSURES

. 165 5.456-03 &,47E-03 6.486-04 3,19E-02
3.19€-02 his risk eyuivalent rate is detailed by nuch‘@
§.62E-C4 and pathway in Table 8.
1.63E-04
8.60E-02
3.21E-02

GFNETIL RISKS:

~OM LET (EFFECTS/BIRTH) S.36E-10
HIGH LET (EFFECTS/BIRTH) 3.22E-07
COMBINED (EFFECTS/BIRTH) 3.22t-07

GENETIC RISK EQUIVALENT:
{MREN/YR) 5.37e-02

EXAMPLE CASE

RISK/RISK EQUIVALENT SUMMARY

**% COLLECTIVE POPULATION *** ( Tab values are I'.h‘ probability of a fatal c’"‘b fﬁs fatal cancer induction rate detailed vy
in the user supplied population. pathway and nuclide in Teble 11.
COLLECTIVE FATAL CANCER RISK:

CANCERS: R MARROW ENDOST PULMNARY /BREAST L1VER ST WALL  PANCREAS LLI WALL K%DN

YS  BL WALL

€
UL] WALL SI WALL _OVARIESp TESTES SPLEEN UTERUS THYMUS THYRO1D OTAL N

1.856-05 1.96€-06 (4. 13E- 2.06E-05 7.00E-06 3.78E-06 5.99€-06 3.16E-06 1.50E-06 1.59E-06
1.78E-06 7.07E-07 6.52€-07 7.69E-07 B.05€-07 6.35€-07 7.97€-07 4,23E-06 1.16E-04

1.826-03 1.78£-04 2,38€-02 9.86E-05 !.196-03 1.65€-06 3.00E-04 5.32€-05 1,52£-03 4.28E-05
8.81€-06 7.45€-07 4,28€-05 4.28E-05 1.31€-03 4.28E-05 4.28E-05 2.09E-05 3.05€-02

TOTAL (DEATHS/YR) ' 1i845-03 1.80€-04 2.3B€-02 1.195-04 1.19£-03 5.44E-06 3.06E-04 5.64E-05 1.53E-03 4.44E-05

LOW LET(DEATHS/YR)
HIGH LET(DEATHS/YR)

.06E-05 1.45¢-06 4.35£-05 4,36£-05 1.31€-03 4.35€-05 4.46E-05 2.51£-05 3.06E-02

Tablg 11
LUNG CANCER RISK(DEATHS/YR) FROM RAQON DAUGHTER EXPOSURE ' &lso given in Teb )
TOTAL FATAL CANCER RISK(DEATHS/YR) FROM ALL EXPOSURE Eg.oz. Contributions to this cancer risk by distance and
° is given in Table u>

FATAL CANCER RISK EQUIVALENT: direction away fzom the source is given in
CANCERS: R MARROW ENDOST  PULMNARY BREAST  LIVER ST WALL  PANCREAS LL[ WALL KIONEYS 6L WALL
Wy WALL S1 WAL. OVARIES TESTES  SPLEEN  UTERUS  THYMUS  THYROIO TOTAL ;
(PLRSON REN/YR) 9.5 4l.4 217. 211 54.2 .443 17.9 2,15 31, 9.04 :
2.16 591 17.7 17.7 534, 17.7 17.7 2.10 104.
WHOLE BODY FATAL CANCER RISK EQ(PERSON REM/YR) 108, o
LUNG RISK €Q. (PERSON REM/YR) FROM RADON DAUGHTER EXPOSLRE 1.82

WHOLE BODY RISK £Q (PERSON REM/YR) FROM RADON DAUGHTER EXPOSURE é§30 o
79. .

PULMNARY RISr EQ (PERSON REM/YR) FOR ALL EXPOSURES
WHOLE BODY RISK €Q {PERSON REM/YR) FROM ALL EXPOSURES 104. :
GENETIC RISKS: K
LON LET(EFFECTS/YR) 2.46€-05 ‘

| HIGH LET(EFFECTS/YR) 1.47€-02

‘ COMB IXED(EFFECTS/YR) 1.4BE~02
GENETIC RISK EQUIVALENT:

i (PERSON REN/YR) 174,
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cancer risks and fatal cancer risk equivalents by organ or cancer for
selected individuals, mean individuals, and the collective population
susmmed over pathways and nuclides. Tables 6 and 7 are analogous to
Table 5 except that risks and risk equivalents are summed by pathways
(Table 6) and nuclides (Table 7).

2.4.2 Example detailed tables

An example of a type "a" table is displayed in Table 8. The factor
tabulated is the selected individual dose rate for low-LET exposure.
The values are for the ingestion paihway only and are susmmarized for
each organ and cancer. Column totals are given.

Table 9 is an example of table tyre "d." The risk equivalent is
tabulated for the mean individual for endosteal cancer. A iotal over
pathways and a total over nuclides is included. Table type "f" is
analogous to Table type "d,” except the weighted sum doses, total risks
or whole body risk equivalents are listed.

An example table type "e" is displayzd in Table 10. The fsctor is
the selected individual genetic dose at high-LET exposures for radio-
nuclide U-238. It is tabulated by pathways and organs. Table type "“g"
is similar to this table; the only difference is that the values are
summed over all nuclides.

Other example tables are given in Tables 11 and 12. Table 11 is
for the fatal cancer risk; note the separate summary for working level
values. Table 12 is for collective genetic effect-.

2.4.3 Example location tables

An example of a location table type "h" is Table 13. This parti-
cular table lists locations for the total risk. The locations are
defined at varied distances for 16 sectors of a circle surrounjing the
source.



Table 6. Pathway risk/risk equivalent summary (example case)

EXAMPLE CASE
PATHWAY RISK/RISK EQUIVALENT SUMMARY

**%* SELECTED INDIVIDUAL ww*
LIFETIME FATAL CANCER RISK:
PATHWAYS: INGESTION INHALATION AlR GROUND INTERNAL EXTERNAL  TQTAL

IMMERSION SURFACE
LOW LET 3.35€-11 1.3h-08 4.44£-12 8.91€-08 1.33€-08 8&.91€-08 /1,02E-07

HIGH LET 1.18€-07 2.77€-05 .0 .0 2.78€-05 .0 2.78E-05
TOTAL 1.186-07 2.776-05 4.44E-12 8.91E-08 2.78:-05 8.91E-08\2.79£-05
LUNG CANCER RISK FROM RADON DAUGHTER EXPOSURE 1,22E-07
TOTAL FATAL CANCER RISK FROM ALL EXPOSURES Contributions to these risks by cancer and
nuclicle are given in Tables 5 and 7.

FATAL CANCER RISK EQUIVALENT:
PATHWAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL  TOTAL
IMMERSION SURFACE

(MREM/YR) 5.67€-03 1.32 2.12€-07 4.26€-03 1.33 4.26€-03
WHOLE BODY RISK EQ(MREM/YR) FROM RADON DAUGHTER EXPOSURE 5.84E-03
WHOLE BODY RISK EQ (MREM/YR) FROM ALL EXPOSURES 1.34

GENETIC RISKS:
e eaam i amAmead waniAl A WYAL AarTn oA YNTCOMNAL  FYTEDNAL JIAYAL
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PATHWAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL  TOTAL
{MMERSION SURFACE
LOW LET 3.35€-11 1.33E-08 4.44E-12 8.91€-08 1.33t-08 8.91E-08 /1,02€-07
HIGH LET 1.186-07 2.77e-05 .0 .0 2.78E-05 .0 2.78E-05
TOTAL 1.18£-07 2.77E-05 4.44E-12 B8.91E-08 2.78£-05 8.91E-08 \2.79E-05
LUNG CANCER RISK FROM RADON DAUGHTER EXPOSURE 1.22€-07
TOTAL FATAL CANCER RISK FROM ALL EXFOSURES Contributions to these risk: by cancer an
. < nuclide are given in Tables 5 and 7.
FATAL CANCER RISK EQUIVALENT:
PATHWAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL  TOTAL
IMMERSION SURFACE
(MREM/YR) 5.67E-03 1.32 2.12€-07 4.26E-03 1.33 4,26E-03
WHOLE BODY RISK EQ(MREM/YR) FROM RADON DAUGHTCR EXPOSURE 5.84E-03
WHOLE BODY RISK EQ (MREM/YR) FROM ALL EXPOSURES 1.34
GENETIC RISKS:
PATHWAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL  TOTAL
IMMERSION SURFACE
LOW LET (EFFECYS/BIRTH) 3.33E-12 1.16E-11 1.04E-12 2.13E-08 1.49E-11 2.13E-08 2.13E-08
HIGH LET (EFFECTS/BIRTH) 2.71€-07 2.53t-06 .0 .0 2.80E-06 . 2.80€E-06
COMBINED (EFFECTS/BIRTH) 2.71€-07 2.53t-06 1.04E-12 2.13€-08 2.80E-06 2.13E-08 2.82E-06
GENETIC RISK EQUIVALENT:
(MREM/YR) 4.526-02 .422 1.74E-07 3.55€-03 .467 3.55£-03 .470
EXAMPLE CASE ‘
PATHWAY RISK/RISK EQUIVALENT SUMMARY
**«MEAN INDIVIDUAL ***
LIFETIME FATAL CANCER RISK:
PATHWAYS: INGESTION INHALATION AIR GROUND INTERNAL EXTERNAL  TOTAL
IMMERSION SURFACE
LOW LET 3.356-11 2.58£-10 9.28E-14 2,23E-09 2.92E-10 2.23E-09 2,52E-09
HIGH LET 1.18€-07 5.46E-07 .0 .0 6.65€-07 .0 6.6t -0/
TOTAL 1.186-07 65.476-07 9.28t-14 2.23E-09 6.65€E-07 2.23E-09 6.67€-07
LUNG CANCER RISK FROM RADCN DAUGHTER EXPOSURE 3.42€-09
TOTAL FATAL CANCER RISK FROM ALL EXPOSURES 6.71E-07
FATAL CANCER RISK EQUIVALENT:
PATHWAYS: [INGESTION INHALATION AlIR GROUND INTERNAL EXTERNAL  TOTAL
IMMERSION SURFACE
(MREM/YR) 5.67€-03 2.62E-02 4.45€-09 1.07C-04 3,18£-02 1.07E-04 3,.19E-02
WHOLE BODY RISK EQ(MREM/YR) FROM RADON DAUGHTER EXPOSURE 1.63E-04
WHOLE BODY RISK EQ (MREM/YR) FROM ALL EXPOSURES 3.21E-02
GENETIC RISKS:
PATHWAYS: INGESTION INHALATION AR GROUND INTERNAL EXTERNAL  TOTAL
IMMERSION SURFACE
LOW LET (EFFECTS/BIRTH)  3.33t-12 2.18€-13 2.18t-14 5,32€-10 3.85E-12 5.326-10 5.36E-10
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PATHWAYS: INGESTION INHALATION it IR GROUND

MMERSION SURFACE

LOW LET (EFFECTS/BIRTH)  3.336-12 2.18E-13 AT R 8. 32£-10
HIGH LET (EFFECTS/BIRTH) 2.71E-07 5.04E-08 .0

COMBINED (EFFECTS/BIRTH) 2.71€-07 5.04E-08 2.18BE-14 é.32E-10

GENETIC RISK tQUIVALENT
(MREM/YR) 4.526-02 8.39E-03 3.64E-09 8.87€-05

EXAMPLE CASE
PATHWAY RISK/RISK EQUIVALENT SUMMARY

*** COLLECTIVE POPULATIQON wiw

INTERNAL EXTERNAL  TOTAL

3.88E-12
3.22€-07
3.22€-07

5.36E-02

8.32E-10 8.36E-10

3.22€-07

5- 32E‘1° 3'22E'07

8.87€-05 5.37€-02

Details of the pulmonary cancer risk contriputing
COLLECTIVE FATAL CANCER RISK: to this risk are given in Table 11.

PATHWAYS: INGESTION INHALATION AlR GROUND
IMMERSION SURFACE

1.54E-06 1.19E-05 4.26E-09 1. 025-04

HIGH LET(DEATHS/YR) 5.43t-03 2.50E-02 .0

TOTAL (DEATHS/YR) 5.43e-03 2.51€-02 4.26E-09 1 OZE 04

LUNG CANCER RISK(DEATHS/YR) FROM RADON DAUGHTER EXPOSURE
TOTAL FATAL CANCER RISK(DEATHS/YR) FROM ALL EXPOSURE

FATAL CANCER RISK EQUIVALENT:
PATHWAYS: INGESTION INHALATION AlR GROUND
IMMERSION SURFACE
(PERSON REM/YR) 18.4 84.8 1.44E-05 .347

WHOLE BODY RISK EQ(PERSON REM/YR) FROM RADON DAUGHTER EXPOSURE
WHOLE BODY RISK EQ (PERSON REM/YR) FROM ALL EXPOSURES

GENETIC RISKS(PERSON REM/YR):
PATHWAYS: INGESTION INHALATION AlR GROUND
IMMERSION SURFACE
LOW LET(EFFECTS/YR) 1.83E-07 9.99€-09 1.00E-09 2,44E-05
HIGH LET(EFFECTS/YR)

1.24E-02 2.31€-03 .0 .0
COMB INED(EFFECTS/YR) 1.24E-02 2.31€-03 1.00E-09 2.44E-05
GENETIC RISK EQUIVALENT:

(PERSON REM/YR) 147. 27.2 1.186-05 .288

LOW LET(DEATHS/YR)

INTERNAL EXTERNAL

1,34E-05
3.05E-02
3.08e-02

1.57E-04
3.07€-02

INTERNAL

103.

.530
104.

INTERNAL

1.63E-07
1.47€-02
1.47€-02

174!
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TOTAL

1.02E-04
.0 3,05E-02
1.02€-04 3.06€-02

EXTERNAL  TOTAL
347 104,

EXTERNAL  TOTAL
2.44E-05 2.46E-05

0 1.47€-C2
2.44E-05 1.48E-02

.288 174,

N
£
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Table 7. Nuclide risk/risk equivalent summary (example case)

EXAMPLE CASE
NUCLIDE RISK/RISK EQUIVALENT SUMMARY

k% SELECTED INDIVIDUAL wew
LIFETIME FATAL CANCER RISK:

NUCLIDES: U-238 TH-234 U-234 TH-230  RA-226  PB-214 81-214 P0-210  TH-232
AC-2¢8  TH-228  TL-208  RN-222 RA-224  PB-210  PB-212 TOTAL

LOW LET 9.836-09 1.13£-09 2.68£-10 2.45€-10 3.05£-09 2.57E-19 1,33E-18 8.1]1E-12 2.22€-09
3.83t-08 2.25€-10 4.01E-08 2.41E-12 4,23E-10 3.11E-22 6 29-09 L. 02E-0D

HIGH LET 3.68£-07 .0 3.92€-07 5.526-07 4.43E-08 .0 SYE-U5_ 3.94E-07
5.19€-11 1.43E-07 .0 3.338-10 3.72E-12 1.66E-23 7 42E-18 47, /8E-05)

TOTAL 3.78E-07 1.13£-09 3.92E-07 §6.526-07 4.74E-08 2.57E-19 1,33t-18 {2 BUE-BE  3.96E-07
3.83t-08 1.44E-07 4.0lE-08 3.35€-10 4.27E-10 3,28E-22 6.295-09

LUNG CANCER RISK FROM RADON DAUGHTER EXPOSURE 1.22€-07

= Contributions to these risks by cancer and pnth
TOTAL FATAL CANCER RISK FROM ALL EXPOSURES @ B0E-05)= are given in Tables § and 6.

FATAL CANCER RISK EQUIVALENT:
NUCLIDES: U-238 TH-234 U-234 TH-230 RA-226 PB-214 81-214 P0-210 TH-232
AC-228 TH-228 TL-208 RN-222 RA-224 PB-210 PB-212 TOTAL

{MREN/YR) 1.81€-02 5.41E-05 1.88E-02 2.64€E-02 2.27E-03 1.23E-14 6.38E-14 ] 1.89€-02
1.83E-03 6.876-03 1.92€-03 1.60E-05 2.04E-05 1.57E-17 3.01E-04

WHOLE BODY RISK EQ(MREM/YR) FROM RADON DAUGHTER EXPOSURE 5.84E-03

WHOLE BODY RISK EQ (MREM/YR) FROM ALL EXPOSURES 1.34

GENETIC RISKS:
NUCLIDES: U-238 TH-234 U-234 TH-230 RA-226 PE-214 B1-214 P0-210 TH-232

AC-228 TH-228 TL-208 RN-222 RA-224 P8-210 PB-212 TOTAL

LOW LET (EFFECTS/BIRTH) 5.50E-12 1.66E-10 3.67E-11 1.16E-11 8.21E-10 6.44C-20 3.18£-19 1.81E-12 6.93E-12
9.10E-09 2.96E-11 9.38E-09 1.38E-13 1.14E-10 8.52€-23 1 65€-09 2.13E-08

HIGH LET (EFFECTS/BIRTH) 4.84E-11 .0 5.44E-11 4.026-09 4,98E-09 .0 2.78E-06 3.71E-09
3.82E-12 8.73E-09 .0 N 2.82e-12 1.0E-21 2 09E-18 2,80E-06

COMBINED (EFFECTS/BIRTH) 5.39E-11 1.66E-10 9.11E-11 4.03c-09 5.80E-09 6.44E-20 3.18£-19 2.78£-06 3.71E-09
9.10E-09 8.76E-09 9.38£-09 1.38tE-13 1.176-10 9.52€-25 1.65E-09 2.82E-06

GENETIC RISK EQUIVALENT:
(MREM/YR) 8.98E-06 2.76E-05 1.52€E-05 6.72€-04 9.66E-04 1.076-14 5.30E-14 .463 6.19€-04
1.526-03 1.46E-03 1.56E-03 2,31€£-08 1.96E-05 1.59E-17 2,74E-04 ,470

EXAMPLE CASE
NUCLIDE RISK/RISK EQUIVALENT SUMMARY

was MEAN INDIVIDUAL we*

RA-228

3.73E-10
3.50E-09
3.87E-09

RA-228
1,85€-04

RA-228

5.84E-12
2.39E-09
2.40E-09

3.99E-04
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LIFETIME FATAL CANCER RISK:
NUCLIDES: U-238
AC-228

RA-226
RA-224

TH-234 u-234
TH-228 TL-208

TH-230
RN-222

JOW LET 1.96E-10 2.59C-11 23.16E-12 &.18E-12 6.30E-11
9.73E-10 5.55E-12 1.026-09 6.74€-14 1.09€-11
HIGH LET 7.346-09 .0 3.440-09 1.11€-08 1,55E-09
1.03e-12 2.87E-09 .0 9.31€-12 3.72€-12
TOTAL 7.53t-09 2.59e-11 3.75€-09 1,11£-08 1.61E-09
9.74€-10 2.87€E-09 1.02E-09 9.38E-12 1.46E-11
LUNG CANCER RISK FROM RADON DAUGHTER EXPOSURE 3.42€-09
TOTAL FATAL CANCER RISK FROM ALL EXPOSURES 6.71€-07
FATAL CANCER RISK EQUIVALENT:
NUCLIDES: U-238 TH-234 U-234 TH-230 RA-226
AC-228 TH-228 TL-208 RN-222 RA-224

(MREM/YR) 3.60E-04 1.24E-06 1,79E-04 5.31E-04 7.72E-05
4.66E-05 1.38E-04 4.88E-05 4.49£-07 6.99E-07
WHOLE BODY RISK EQ(MREM/YR) FROM RADON DAUGHTER EXPOSURE 1.63E-04
WHOLE BODY RISK EQ (MREM/YR) FROM ALL EXPOSURES 3.21E-02
GENETIC RISKS:
NUCLIDES: v-238 TH-234 u-234 TH-230 RA-226
AC-228 TH-228 TL-208 RN-222 RA-224

LOW LET (EFFECTS/BIRTH) 1.38E-13 4.19E-i2 5.32E-13 2.95E-13 1.33E-11
2.31E-10 7.82E-13 2.39E-10 3.88E-15 2.93E-12
HIGH LET (EFFECTS/BIRTH) 1.37€-12 .0 1.54€-12 8.32E-11 2,51E-09
7.62E-14 1.76E-10 .0 .0 2.82E-12
COMBINED (EFFECTS/BIRTH) 1.S0E-12 4.19E-12 2,08E-12 8.s5€-11 2.53E-09

2.31€-10 1.77€-10 2,39E-’Q 3.8BE-15 5.74E-12

GENETIC RISK EQUIVALENT:
(MREM/YR) 2.51€-07 6.98E-07 3.46E-07 1.396-05 4.21E-04

3.86E-05 2.95€-05 3.98F-05 6.46E-10 9.57€-07

tXAMPLE CASE
NUCLIDE RISK/RISK EQUIVALENT SUMMARY

*ht COLLECTIVE POPULATION ww¥

COLLECTIVE FATAL CANCER RISK:
NUCLIDES: U-238 TH-234 U-234 TH-230 RA-226
AC-228 TH-228 TL-208 RN-222 RA-224
8.99€-06 1.19€-06 1.4S€E-07 2.36E-07 2.89E-06
4.46E-05 2.55E-07 4.6RF-08 3.09E-09 4,99E-07
3.36t-04 .0 1.726-04 5.09€-04 7.11E-05
4.74E-08 1.326-04 .0 4,27e-07 1 715-07
3 45E-04 1.19€-06 1,72E-04 5.09E-04 7,40E-05
4.47E-05 1.32E-04 4.68E-05 4.30E-07 6 70E-07

LOW LET(DEATHS/YR)
HIGH LET(DEATHS/YR)
TOTAL (DEATHS/YR)

LUNG CANCER RISK FROM RADON DAUGHTER EXPOSURE 1.5
TOTAL FATAL CANCER RISK FROM ALL EXPOSURES 3.07e-02
FATAL CANCER RISK EQUIVALENT:

PR-214  BI-214  PO-210  TH-232  RA-228
PR-210 PB-212 TOTAL

6.54E-21 3,39E-20 2.12€-13 4.M4E-11 1,72E-1)
9.33t-24 1,.60E-10 ?2.52€-09

.0 .0 6.306-07 7.92£-09 2,66E-10
1.66€-23 7.42E-18 6.65E-07

6.50E-21 3,39E-20 6.30E-07 7.96E-09 2.83E-10

2.59€-23 1.60E-10 6.67E-07

pe-214 81-214 PO-210 TH-232 RA-228
P8-210 pB-212 TOTAL

3.13t-16 1.62E-15 3.01€-02 3.81E-04 1.36E-05
1.24€-18 7.66E-06 3.19E-02

PB-214 B1-214 P0-210 TH-232 RA-228
P8-210 pB-212 TOTAL
1.64E-21 8.0%E-21 4.87E-14 1.67E-13 1.89E-12
2 20€-24 4 19E-11 5.36E-10
3.18E-07 7.59E-11 6.75€-10
1 0lE-23 2 09-18 3.22E-07
1.64€-2]1 8.09E-21 3.18tE-07 7.61E-11 6.77E-10
1.23€-23 4.18E-11 3.22e-07

2.73E-16 1.35E~15 6.30E-02 1.27E-05 1.13€-04
2.04E-18 6.98E-06 §5.37€-02

PB-214 81-214 P0-210 TH-232 RA-228
PB-210 PB-212 TOTAL

3,00E-16 1.56f 1S 9,74E-09 2.04E-06 7.87E-07
4.286-19 7.34c-06 1,16E-04

.0 .0 2.89E-02 C 63E-04 1.22E-05
7.60E-19 3.40E-13 3.05€-02

3,00E-16 1,56E-15 2.89E- 02 3.65e-14 1.30E-05

1.19E-18 "7.34€-06 3.06E-0

-1 aaa




NUCLIDE RISK/RISK EQUIVALENT SUMMARY

¥k COLLECTIVE POPULATION **+

COLLECTIVE FATAL CANCER RISK:
NUCLIOES: U-238 TH-234 U-234 TH-230 RA-226 PB-214 Bl-214 P0-210 TH-232 RA-228
AC-228 TH-228 TL-208  RN-222 RA-224 P8-210  P8-212 TOTAL

LOW LET(DEATHS/YR) 8,.996-06 1.19€-06 1.45€-07 2.36E-07 2.89E-06 3.00E-16 1.56E-15 9,74E-09 2.04E-06 7.87E-07
4.46E-05 2.55E-07 4.6RE-CH 3.09E-09 4,99E-07 4.28E-19 7.34E-06 1,!6E-04

HIGH LET(DEATHS/YR) 3.36tE-04 .0 1,72E-04 5.09E-04 7,.11E-05 .0 .0 2.89E-02 3.63E-04 1.22€-05
4.74E-08 1.326-04 .0 4 27€-07 1 71E 07 7 GOE 19 3 40E-13 3,05€-02

TOTAL (DEATHS/YR) 3.45E-04 1.19€-06 1.72E-04 5.09E-04 1,56E-15 2.89E-02 3.65€-04 1.30E-05
4.476-05 1.326-04 4.68E-05 4.30E-07 6 70E 07 l 19E 18 7.34€-06 3,06L-02

LUNG CANCER RISK FROM RADON DAUGHTER EXPOSURE 1.57€-04

TOTAL FATAL CANCER RISK FROM ALL EXPOSURES 3.07€-02

FATAL CANCER RISK ECUIVALENT:
NUCL.DES: U-238 TH-234 U.234 TH-230 RA-226 PB-214 BI-214 P0-210 TH-232 RA-228
AC-228 TH-228 TL-208 RN-222 RA-224 PB-210 PB-212 TOTAL

(PERSON REM/YR) 1.17 4.02£-03 .682 1.72 . 251 1.02€-12 5.27E-12 97.8 1.24 4.40E-02
.151 .446 .158 1.46E-03 2.27€-03 4.02E-15 2.48E-02 104,
WHOLE BODY RISK EQ(PERSON REM/YR) FROM RADON DAUGHTER EXPOSURE .530
WHOLE BODY RISK EQ (PERSON REM/YR) FROM ALL EXPOSURES 104. able 12 repests this list giving the percent
ch number contributes to the TOTAL LOW LET n’:D

GENETIC RISKS:
NUCLIDES: U- 238 TH-234 U-234 TH 230 RA 296 PB 214 Bl 214 PO 2‘0 TH-232 RA-228
28

-208 N- -

LOW LET(EFFECTS/YR) 6. 33E 09 1, 92E 07 2.44E- 08 1.35£-08 6. 095-07 7. 51E 17 3. 7‘E 16 2. 23E 00 7.64E-09 8.65£-08
1.06E-05 3.58E-08 1.09E-05 1.78E-10 1,34E-Q7 0 : 46C -C

HIGH LET(EFFECTS/YR) 6.27e-08 .0 7.08E-08 3. 81 -06 1.15£-04 .0 .0 1.46E-02 3.48E-06 3.10€£-05
3.149€-09 8.08e-06 .0 -0 1.296-07 4.61E-19 9,59E-14 1,47€-02 .

COMB INED(EFFECTS/YR) 6.90E-08 1.92E-07 9.52E-08 3.83E-06 1.1uE-04 7.51E-17 3.71E-16 1.46E-02 3.49€-06 3.i0E-05

1.06€-05 8.12€-06 1.09€-05 1.78E-10 2.63E-07 5.62E-19 1.92E-06 1.48E-02

GENETIC RISK EQUIVALENT:
(PERSON REM/YR) 8.14€-04 2.27¢-03 1.12e-03 4.51€-02 1,37 8.86E-13 4,38tE-12 172, 4.11E-02 . 366
128 9.57e-02 .129 2.106-06 3.:1£-03 6.63E-15 2.26E-02 174,


file:///sech

Table 8. Individual dose rate (mrad/yr) (example case)

EXAMPLY CASE
IND'VIDUAL DOSE RATE (MRAD/YEAR}
LOM LET

ess FOR PATHWAY: INGESTION

“RGAN R MAR ENDOST  *PUL* MUSCLE  LIVER © WALL  PANCREAS Lil WALt KIDNEYS  BL WALL
ULT WALL S1 WAL!  OVARIES  TESTES  SPLEEN  JTERUS  THYMUS  THYRO!D

WUCL1DES

U-238 2.76£-08 5.61€-08 3.92€-)1 2.02f-10 1.74€-10 1 73€-09 1.93t-10 2.79¢.07 1.70€-08 1.31f-10
£.9%.-08 4.527-09 4.156-10 1.736-10 1.89€-10 2.22-10 1.75€-10 1.72€-10

T OF TOTAL INGES ION .532 .546 9.14£-01 3.14E-02 3.4%€-07 .283 1.000-07 1.7% 2.70 2. 780-07
1.20 .45] 4.5€E-02 3.37€-07 3.87F-.] 1.340-012 3.51€-02 3.67E-0?

X OF TuTAL INTeRNAL 9.57¢-02 9.%3-02 1.15t-06 3.21€£-03 1.73f-03 1.5%0€£-0; 2.16£-03 .337 . 220 5.92f-03
.168 $.7-02 9.83£-03 6.88£-01 2.39€-03 © 42£-03 1.38£-03 3.35€-03

X OF TOTAL 5.72€-04 1.050-03 S.14€-07 4.52(.06 4&4.47€-.06 3.:76-05% 4.54€-06 8.31€-03 4 ,54F.04 3.30£-06
1.15€-03 1.290-04 1.286-05 4 476-06 4,.69E-06 7.03-06 4.40£-06 3.96E-06

TH-234 1.05(-09 9.38T.1¢ 3.77€-11 2.94f-.10 3,49f-10 B.79€.0& 2 9€-10 3.80€-06 3.10€-10 7.12€-10
1.30E-06 2.25(-07 2.41:-09 2.0RE-10 2.4BE-10 1.026-C9 -.BSE-11 3,82E-11

% OF TOTAL INGESTION 2.03t-02 9.09C-03 8.79£-03 4.56£-02 6.91¢£-02 20.2 4,65€-02 ?23.% 4,926.02 .15])
1.6 22.5 . 265 4.05F.07 4.R¥.02 .154 9.72€-01 R.15€-03

X OF TO.AL INTERNAL 3.65€-03 1.59£-03 1.11€-06 4.67t.03 3.5%0F-03 1.07 3.35-.03 4.58 4,01£-03 3.22F .02
a.4] 2.86 §,21€-02 R.270.01 3.15€-03 ».96(-02 3.83(-08 7.43€-04

% OF TOTAL 2.18-05 1..060-0% 4.98C-0° 6. SB[-06 R.97F-u6 2.33€-03 7.02E-06 .1113 8.29€£-06 1.80€-0%
3.02L-02 6.410-03 7.45€-05 5.37-06 6.176-06 1.74€-05 1.226-06 R.80L.07

t-734 2.66E-10 ME-0% 1.68£-12 1.63(-,1 8.96f-12 3.01E-09 1.22t-11 1.33-07 4.22€-10 1,61F.1)
4.26€-08 .93€-09 3.43F-10 7.876..2 9.F1F-12 2.50£-11 5.860-17 5. 44[-12

¥ OF TOTAL 'NGESTION 5.130-03 1.0BE-02 3.910-04 ».5%4F-u3 |.787.03 .692 1.90£-03 .§3] R.28E-C? 1,42[-03
1.08 792 3.772€-02 1.53t-03 1.91€-01 1.76£-03 1.176-03 1.16f-03

X OF TOTAL INTI~NAL 9. 24F-04 }.RYE-03 4.92[-08 2.60(-04 8,99(-0% 1.66€-07 1,37€-04 160 6,750, '3 7.29€-04
151 .10 8.136-03 1.13F.08 1.724(.08 7.72€-04 4.63[-05 1.06E-N4

X OF TOTAL Eu2f-06 2.096-05 2.20£-08 3.66fE-07 P2 . 31E-07 K. 00E-05 ?2.8BE-G7 3.94€-03 1.40f -0% 4 06f-(/
1.030-03 2.265-04 1.060-05% 2.03(.072 2.44F-07 7.91F-07 1.470-07 11.25%-07

1H-230 5.66€-10 3.03t-09 4.216-12 :.R4E 11 8.93t-11 1.47¢-06 2.ROF-11 6.84L-08 2.66f-1] 2. °]r-}1
2.16f-08 3.81€-09 1.71€-10 ¢.28E-11 2.54r-11 4.55-11 2.00€-11 1,98f-1]

¥ OF TOTAL INGESTION 1.090-02 7.95(-07 9.80E-08 4.8'€-03 1.77€-02 .33R 4.37€-03 .404 4.226-07 5.90[-07
.524 . 3R0 1.880-02 4.430-03 4.94€-03 6.84,-03 4.01£.03 4.22(-03

% OF TOTAL INTERNAL 1.966-03 5.150-03 1.23£-07 4.526.04 4.97€-08 1.796-02 3.1S€.04 7.77€-02 1.44E.04 1.76[-0)
7.32€-07 4.R3-0? 4.04(-03 9.07{-04 3.03E-04 1 31£-03 '.SRt-04 V. BSE-D4

% OF TOTAL 1.17-05 5.70£-0% &5.51€-08 6.36£-07 2.300-06 3.91€-05 4&.60E-07 1}.92€-03 7.1}' o7 /.0lL-07
S.01£.08 1.086-08 S.79-06 &.8RE-07 6.327-07 1.44€-06 & 03€-0/ 4.55€-07

RA-226 4.136-06 8.25(-06 13.116-07 3.696-07 2.46£-07 2..26-07 1.4RE-07 6.75€-06 3.27€-07 2.87€.07
1.31€-06 4.20£-07 4.82€-07 ?2.70£-07 2.54€-07 2.8%(-0’ 2.20f-07 ?2.42£-07

¥ OF TOTAYL INGESTION 9.7 80.3 72.4 §7.4 48,7 45 .6 64,2 42.12 51.9 54.6
31.9 41.9 53.0 52.6 49,1 12.9 44. .0 51.8

T OF TOTAL INTERNAL 14.3 14.0 9.12(-0) : %A 2.47 2.5 1.9 R.14 4.23 11.6
4.4 5.3 11.4 10.8 1.22 B.23 1.74 4.72

T OF TOTaL 8.56E-0c .15 4.076-03 R.276-03 6.376-03 .61€-03 8.191-03 .?0] R.74€-03 6.49%-01
3.04£-0?7 1.20£-02 1.49f-.02 6.98€-03 6.317-03 9.01£-03 &,52€-03 5,58t-03

PB-214 .0 .0 .0 .0 .0 e .Q .0 .0 .0
.0 .0 0 .0 .0 0 0 .0

X OF TOTAaL INGESTION .0 .0 .0 .0 .0 .0 0 .0 .0 A
.0 .0 0 n 0 .0 .0 .0

o« OF I0Ta: INTEQNAI s Py Py 0 P T Y, MY . S Sy T
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TH-230

X OF TOTAL
X OF TOTAL
X O TOTAL

RA-226

% OF TOTAL
X OF TOTAL
X OF TOTAL

PB-214

% OF TOTAL
X OF TOTAL
1 OF TOTAL

81.214

X OF TOTAL
4 OF TOTAL
X OF TOTAL

PO 21

X OF TOTAL
X OF TOTAL
X OF TOTAL

TH-232

X OF ToTaL
% OF TOTAL
¥ OF TOTAL

RA-228

X OF TOTAL
¥ OF TOTAL
£ OF TOTAL

AC-228

INGEST 10N
INTERNAL

INGESTION
INTERNAL

INGEST 10N
INTERNAL

INGESTION
INTERNAL

INGEST 10N
INTERNAL

INGESTION
INTERNAL

INGEST]ON
INTERNAL

X OF TOTAL INGESTION

X OF TOTAL INTERNAL

% OF TOTAL

.- .- . - J.66€-07 2.31€-07 B.00€-05 2.88E-07 3.94E-03 1.4(£-05
1.03f-03 2.26E-04 1.06E-05 2.03€-07 2.44E€-07 7.91E-07 1.47F-07 1,25€-0°

$.66£-10 3.03t-09 4.21€-12 2.84E-11 B.93-11 1,476-09 2.80E-))1 6.44E-08B 2.66E-1]
2.16t-08 3.81€-09 1.71€-10 2.28£-11 2.%4€-11 4.55€-11 2,00E-11 1,98€-11

1.09€-02 2.95C-02 9.80E-04 4.41E-03 1.77€-02 .338 4,376-03 .404 4,228-0)
.524 .380 1.88€-02 4.43€-03 4.94€-03 6.84E-03 4.010-03 4.22E-C2

1.96€-03 5.15€-0) 1.23t-07 4.52€-04 8,97€-08 1.79€-02 ..15€-04 7,77€-02 3.44E-D4
7.32x-02 4.B3E-02 4.05€-03 9,076-04 3.23F-04 1.31E-03 1.58£-04 1.85E€-04

1.17€-05 S5.706-0% 5.51€-08 6.36€-07 2.30E-06 3,91E-05 6.60€-07 1,926-03 7,11£-0/
5.0le-04 1.08BE-08 5,29tE-06 5.88€.07 6.32€-07 1.44E-06 5.03E-07 4,55£-07

4.13€-06 B8.25(-06 3.11€-07 3.69€-07 2.46€-07 7.12€-07 3.48c-07 6,75¢-06 1,?27t.07
1.\e-06 4.200-07 4.82€-07 2.70E-07 2.54t-07 2.8S5E-07 2.20! .07 2.42€-07

19.7 30.3 2.4 57.4 48.7 18,6 54,2 42.3 51.9
1.9 4l1.% 53.0 52.6 49.3 42.9 44,0 51.8

14.3 14.0 9.12£-03 5.88 2.47 2.5 3.91 8.14 4.23
4.45 5.3 11.4 10.8 3,22 £.23 1.74 4,72

8.56£-02 .155 4,07£-03 8.27€-03 6.326-03 5.61€-03 8.19%-0) .20 8.74
3.045-02 1.20£-02 1.49E-02 6.98t-03 6.21L-03 9.01€-03 5.52€-03 5.58£-03

.0 0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 Y .0 .0

.0 0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0 .0 .0

.0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0 0 .0

.0 0 .0 .0 .0 .0 .0 .0 0
.0 0 .0 .0 .0 .0 v 0

.0 .0 .0 .0 .0 .0 .0 0 .0
.0 .0 .0 .0 .0 .0 .0 0

.0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0 .0 .0

.0 .0 .0 .0 .0 .0 .0 .0 .0
.0 .0 .0 .0 .0 .0 .0 .0

.0 .0 0 .0 .0 .0 .0 0 .0
.0 .0 0 o} .0 .0 .0 .0

3.26E-10 2.07E-10 1.97f-10 ?.44F-10 5.37F-10 4 ,51E-10 6.43F-10 1, 38F-09 ).2R€-NQ
9.08E-10 7.03t-10 7.30£-10 1.85€-10 1.97¢-09 6.00E-10 2.63t-10 1,39E-10
6.29€-03 2.01C-03 4.58£-02 3.80€£-02 .106 104 .100 8.45€-03 ,203
2.20£-02 7.0l1E-02 8,03E-02 3.59€-02 .382 9.03t-07 5.28t.02° 2.98E-02
1.13€-03 3.51€-04 5.76€£-06 3.89£-03 5.39€-03 5.48E.03 7.21€-03 1.83tE-0) 1.66E-02
3.7€-03 P.91€-03 1.73€-02 7.35-03 2.49¢-02 1.73t-07 2.08€-03 2.71£-03
6.76£-06 3.89€-06 2.58(-06 5.47E-06 1.38E-05 1,20€-05 Ll.S1E-05 4.0l€E-05 3.42€-05
2.10£-05 2.00£-05 2.26€-05 4.77F-06 4.B9€-05 ].90£-0% 6.61€-06 3.21E-06

1.79€-09 4.8%-09 1.32€-10 1,71E-10 1.83E-10 1.00E-09 1.59€-10 4.17€-08 1.64t-10
1.386-08 2.54£-09 2.5s-!'0 i.1BE-10 1.30E-10 1.44g-10 1.226-10 1.12€-10

3.45€-02 4.71€-02 3.08€-02 2.65€-02 3.63E-02 230 2.48£-02 .26] 2.60£-02
336 . 2583 2.83C-07 2.296-02 2.53€-02 2.166-02 2.45€-02 2.40€-02

6.21€-01 8,23¢-03 3.88E-06 2.71€-03 1.84E£-03 1,22£-02 1.78E-03 5.02€-02 2,12€-03
4.69£-02 .22E-02 6.11€-03 4,69t-03 1.65£-03 4.15£-03 9.66£-04 ?2,18E-0)

3.71E-08 11E-05 1.73t-06 3.R2E-06 4.71E-06 2.66E-05 3.74E-06 1.24£-03 4.38E-06
3.21E-04  7,23e-05 ?7.97£-06 3.04E-06 3.24E-06 4.55€-06 3.07E-06 2.48£-06

1.02€-06 1.96£-06 1.18€-07 2.71£-07 2.55t-07 1.247-.07 2.91E-07 4.09%€-06 2.82€-07
1.25€-06 3.18£-07 4,04£-07 2.40€-07 2.57€-07 3.71E-07 2.78E-07 2.75E-07

19.6 19.0 27.4 42.1 $0.6 28.6 45.3 25,7 44,7
30.3 n.? 4.4 46.8 49.8 §5.8 §5.7 48.1

3.83 3.3 3.45¢-03 4.3) 2.56 1.51 .27 4.94 1.6%
.24 4.03 9.58 9.57 3.25 10.7 2.20 4.38

2.116-02 3.68£-02 1.54£-03 6.,07€-03 6.57€-03 3.306-03 6.B56-03 .122 7.53t-03

2.90£-02 9.05t-0} 1.25¢-02 6.21E-03 6.38t-03 1.17€-02 6.98t-03 5.19€-03

1.206-18 4.206-19 2.86€-19 B8.02E-19 9.78€-19 2.05€-17 1,7S€-18 6.076-i7 1.35€-18
7.93-17 3.696-17 5.08E-18 3.706-19 1.17€-18 2.94E-18 1.06E-19 3.27€-20
2.326-11 4.08F-)7 &.95(-11 1.766-10 1.94E-10 4.70£-00 2,736-10 3.80E-10 2.14E-10
1.92€-09 3.6B€-09 5.SRE-10 7.20E-11 2.78E-10 4.426.10 2.136-11 6,98f-12
A176-12 7.13E-13 7.49€-15 1.78E-11 O9.810-12 2.49F-10 1.97F-11 7.326-11 1.78F-11
2.69E-10 4.67E-10 1.20£-10 1.47(-11 1.49E-11 R.40F.11 8.41F-13 6.37(-13
5 a9f-14 7. 9E-15 3.)4E-16 1.ROE-14 2.52(-14 §.480-11 4.12(-14 1.81E-17 3.61€-14
1.88€-17 1.0&E-12 1 57¢-13 9.58(-15 2.9l1f-14 9 30(-.14 ?2.67(.1% 7.53)-16

4.08c-07

2.18E-11

1.26€-02
7.01€-07

?2.57¢£-07
54.6
11.6
6.49€-03

© o ©» o

3.28E-10
6.97€-02
1.49€-02
8.28E-06

9.69€-11
2.06£-02
4,39€-03
2.45£-06

2.06£-07
43,8
9.3
§.20€-03

1.42€-18
3.00E-10
6.42€-11
3.58€-14
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% OF TOTAL INGESTION
X OF TOTAL INTERNAL

X OF TOTAL

TH-228

% OF TOYAL INGESYI1ON
X OF TOTAL INTERNAL
X OF TOTAL

TL-208

% OF TOTAL INGESTION
X OF TOTAL INTERMAL
% OF TOTAL

RN-222

X OF TOTAL INGESTION
X OF TOTAL INTERNAL
£ OF TOTAL

RA-224

X OF TOTAL INGESTION
X OF TOTAL INTERNAL
X OF TOTAL

P8-210

% OF TOTAL INGESTION
% OF TOTAL INTERNAL
X OF TOTAL

PB-212

%X OF TOTAL INGESTION
X OF TOTAL INTERNAL
X OF TOTAL

TOTAL

2.3R€-11 4.08E-12 5.95(-11 1.25t.10

1.926-09 3.68£-09 5.58€-10 7.20€-11

4.17€-12 7,13E-13 7.49E-15 1.28E-1)

2.69E-10 4.676-10 1.206-10 1.47¢.1)
2.49€-14 7.89€-15 3.34E-15 1.R0C-]4
1.84E-12 1.08€-12 1.57€-13 9.55E-1%

3.68E-09 2.61E-09 2.83-10 1.71E-09
8.676-08 1.39%€-08 1,4BE-08 1.77e-09
7.09€-02 2.54E-02 6.60E-02 .266

2.10 1.39 1.63 . 344
1.28€-02 4.43t.03 B.J1E-06 2.72E-02
.2 An . 350 7.03€-02

7.62¢-05 4.90E-05 3.71€-06 3.83E-05
2.00E-03 3.97€-04 4.57€-04 4.56E-05

.0 .0 .0 .0
.0 .0 .0 .0
.0 .0 0 .0
.0 .0 .0 .0
.0 .0 .0 .0
.0 .0 .0 .0
.0 0 .0 .0

.0 .0 .0 .0
.0 .0 0 .0
.0 .0 .0 .0
.0 .0 .0 .0
.0 .0 .0 .0
.0 .0 0 0
.0 .0 0 0
.0 .0 .0 .0
.0 .0 .0 .0

1.32¢-09 1.206-09 1,43t-10 6.60£-10
3.90£-08 5.2BE-09 4,44E-09 6.20£-10
2.64E-02 1.17€.02 13.32€-02 .103

947 .52R .488 121
4.74E-03 2.05€-03 4.18t-06 1.05E-02
132 6.70E-02 .105 2.47€-02

2.83E-0% 2.27€-0% 1.87e-06 1.48£.0%
9.04E-04 ]1.50£-04 1.37£-08 1.60£-0%

3.41E-19 9.18£-19 5.BAE-22 9.96€-21
2.41€-20 3.05£-21 1.01E-20 9.70E-21}
6.576-12 8.93t-12 1,36E-13 1,55E-12
5.84E-13 3.05€-13 1.11€-12 1.89t-12
1.18€-12 1.56E-12 1.710-17 1.58E-]13
8.16E-14 3.87E-14 2.39E-13 3.860-13
7.066-15 1.73E-1¢ 7. 66£ 18 2.23-16
5.58€-16 8.70€-17 2. 11€-16 2.S1E-16

7.986-15 8.04E-15 1,28E-15 13,.71E-15
3.61€-13 1.07€-13 2,14E-14 2.61E-15
1.546-07 7.83-08 2.98€-07 5.76E-07
8.76E-06 1.07€-05 2.35€-06 5.09€-07
2.77€-08 1.37€-08 3.75€-11 5.90£-08
1.226-06 1.)6E-06 5.06E-07 1.04E-07
1.65£-10 1.51€-10 1.68E-11 8.30€-1]
8.376-v9 3.05t-09 6.60E-10 6.75€-11

$5.19€-06 1.0)6-05 4.29€-07 6.44E-07
4.12€-06 1.00€-06 9.09%-07 5.14€-07

1.946-10 4.706-09 ?,73€- 10 J.80E-10 2.14E-10
6,98€-12

2.286-10 4.42€-10
9.81£-12 2.49L-10
1.49€-11 8.49€-11
2.52E-14 5.44f-13
?.91€-14 9.30E-14

1.03€-09 3.60€-09
1.13t-09 §5.33t-09
204 .827

219 . 802
1,03E-02 4.37E-02
1.43€-02 154
2.655-05 9.55€-05
2.80E-05 1.69t-04

.0 .0
.0 .0
.0 .0
.0 .0
0 .0
.0 .0
.0 .0
.0 .0
.0 .0
.0 .0
.0 .0
.0 0
.0 .0
.0 .0
.0 .G
.0 .0

7.98(-10 9.71L-10
5.14L.10 1.82E-09
.18 .223
9,99t-02 .274
8.02£-03 1.18£-02
6.52-03 5.26E-02
2.05€-05 2.58E-05
1.28£-05 §.76€-05

2,5LE-19 1,32t-21
9.49t-21 9.83t-21
4.99t-11 3.02E-13
1.84E-12 1.48E-12
2.53t-12 1.60£-14
1.,20E-13 2.84E-1)
6.47-15 3,50E-17
2.36E-16 3.11E-16

1.52€-14 3.R8E-14
3.80E-15 1,06E-14
3.01E-06 8,90€-06
7.39€-07 1.60€-06
1.53€-07 4.71€-07
4.82E-08 3.08£-07
3.91€-10 1.03E-09
9.45t-11 1.37€-10

5.04E-07 4,36E-07
5.15€-07 6.65£-07

2.67€-15

1.10€-09

2,55¢-10
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5,11€-02
1,24E-02
2.02€.03
2.59€ -05
6.41E-08

.0
.0
.0
.0
.0
0

o-

.0

0

o- D

o -

.

0
0

o -

.0

5.84£-10
2.57E-10
9.09% -02
5.15€-02
6.55€-03
2.03e-03
1.378-08
6.46E-06

1,02t -20
9.84€-21
1.59%€-12
1.97€-]12
1.14E-13
7.78E-14
2.40E-16
2.47€-16

5,45€-15
1.49€-15
8.48¢-07
2.98€-07
6.11€-08
1.18£-08
1.286-10
J.NaE-11

6.43€-07
4.99€-07

7.326-11 1.75£-11
6,37¢-11
1.8l1€-12 3.61E-14

7.53-16
6.45€-07 1.426-09
1.60€-10
4,04 ,228
3,41€-02
778 1.83E-02
3.11€-03
1.92£-02 3,79€-C5
0 0
.0
.0 .0
.0
.0 0
.0
.0 0
.0
.0 .0
.0
.0 0
.0
0 .0
.0
.0 .0
.0

1.79€-10

920 k)|
J,82€-02

A7 1.07€-02
1.48£-03

4.37€-03 2.20£-0%
4.12¢ .06

1.13t-19 1.18E-19
9.85€-21

7,10e-13 1.87€-11
2.10€-12

1.37€-13 1.82f-)2
1.92E-13

3.37€-15 3,1SE-15
2.27€-16

4.186-13 1.18E-14
9.17t-16

2.626-06 1,R7€-06
1.96£-07

5.04E-07 1.53€-07
1.78€-08

1.24E-08 3.16E-10
2.11t-11

1,60£-05 6.31€-07
4.69t-07

3.01€.10
6.42¢.11
3.%6E-14

4.88E-09
1.04
221
1.,23€-04

o O o o

OO.C)O

1.45€-09
. 308

6.56£-07
3.66E-05

4,91€-21
1.04€-12
2,22%-)1)
1.24€-16

6,37€-15
1,5€-06
2.88£-07
1.6]€E-10

4. NE-07

92




Table 9.
EXAMPLE CASE
MEAN INDIVIDUAL RISK EQ. RATE({MREM/YEAR)
**+FQR CANCER :ENDOST
NUCLLDES u-238 T™H-234  U-234 TH-230
AC.228  TH-228  TL-208  RN-222
PATHWAYS
INGESTION 1.176-06 9.34(-10 2.98£-06 1.41€-04
1.076-17 1.26£-05 .0 .0
X OF INTERNAL 28.6 42.9 65.6 3.61
1.88£-09 .762 .0 .0
X OF ALL PATHWAYS 28.5 5.14£-02 63.8 3.6l
1.85e-11 762 0 .0
INHALAT[ON 2.91E-06 1.026-09 1.56E-06 3.76€-03
5.79£-07 1.64t-03 B8.02€-13 4.82£-08
% OF INTERNAL 7.4 52.1 34,4 9.4
100. 9.2 100, 100.
X OF ALL PATHWAYS 20.9 5.59£-02 133.4 96,4
998 99.2 1.476-06 97.9
AR MMERSION 1.,47€-13 1.480-11 2,06£-13 1.50E-12
1.88£-09 $.82€-12 2.28E-09 1,05€-09
X OF EXTERNAL 5.80£-04 B8,15€-04 1.59€-04 1.64€-03
3.276-03 2.586-03 4.19€-03 100.
% OF ALL PATHWAYS 3.58£-06 8.15£-04 4.406-06 3,85E-08
3.240-03 3.526-07 4.19%6-03 2.13
GROUND SURFACE 2.54E-08 1.82E-06 1.29€-07 9,14£-08
5.75€-05 2.25€-07 5.44€-05 .0
X OF EXTERNAL 100. 100, 100, 100,
100. 100, 100. .0
% OF ALL PATHWAYS .619 99.9 2.76 2. ME-03
9.0 1.366-02 100. .0
INTERNAL 4.08€-06 1.95€-09 4.55€-06 3.90£-03
5.79£-07 1.65£-03 8.02E-13 4.82E-08
X OF ALL PATHMAYS 99.4 A0 97.2 100.
.998 100. 1.47€-06 97.9
EXTERNAL 2.54£-08 1.826-06 1.29-07 9.14£-08
5.75¢-05 2.25€-07 S.44E-05 1.05€-09
X OF ALL PATHWAYS .619 99.9 2.76 2.34E-03
99.0 1.366-02 100, 2.13
TOTAL OVER ALL PATHMAYS 4.106-D6 1.82E-06 4.68€-06 3.90£-03

RA-226
RA-224

1,24£-03

2.89E-06
99.1

100,
93.8

78.3

1.188-05
.0
. 944
.0
941
.0
1.12e-11
.0
3.20€-04
0

8.88E-07
.0

3.49%-06

8,02€-07
100.

100.
2n

217

1,26E-03
2.89E-06
99.7
78.3

3.4%-06
8.02£-07
n
2.7

1.26£-03

$.80£-05 1.65€-03 5.44E-05 4.92£-08 3.70€-06

PB-214
P8-210

356-17

=505
8

o

o- O~
o

o

.0
1,35€-17
.0
94.4

4,606-16
8.10£-19
100,
5.64

4,60E-16
1.44E-17

81-214
PB-212

.0
4.58E-12
.0
100.
.0
3.65€-08
.0
.0
.0

.0
.0

o

.0
0
.0

.0

1.88€-15
1.25E-08

0
0

.0
4,58€-12

.0
3.65E-0%

1.88E-15
1,250-08
100,

100,

1,.88E-15
1,25€-05

Mean individual risk equivalent rate (mrem/yr) (example case)

P0-210 TH-232
TOTAL

2.09€-03 1.09L-04
J.75E-03

.3 3.4

29.7

84.3 3.40
29.4

J.ABE-04 3.08£-0)
8.89£-03

15.7 96.6
0.3

15.7 96.6
69.6

1.49€-11 4,95€-13
5.26E-09

128 1.36£-03
4.01£-03

6.04€-07 1,550-08
4,11£-05

1.16£-08 3,63£-08
1.31€-04
99.9 100.

100.
4,71€-04 1,14£-03
1.03

2.47€-03 3.19¢-03
1.26E-02
00. 100.
99.0

1.17e-08 3.63€-08
1.31E-04

4.71E-04 1, 14£-03
1.03

daEd "

RA-228

1.52£-04
94.7
u.7

8.60t -06
5.34
5.34

9.90¢-21
2.21E-04
6.18L-1%

4,48€-15
100.
2.79€-09

1.61£-04
100.

4,48¢-15
2.79%€-09

1.61E-04

L.

X4
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Table 10. High-LET individual genetic dose (mrad) (example case)

For nuclide: U-238

gonad pathways Testes Ovavries Average
Ingestion 2.06E-08 2.05E-08 2.06E-08
Percent of internal 0.852 0.854 0.851
Percent of all pathways 0.852 0.854 0.851
Inhalation 2.40E-06 2.38E-06 2.40E-06
Percent of internal 99.1 99.1 99.1
Percent of all pathways 99.1 99.1 99.1
Air immersion 0 0 0
Percent of external 0 0 0
Percent of all pathways 0 0 0
Ground surface 0 0 0
Percent of external 0 0 0
Percent of all pathways 0 0 0
Internal 2.42E-06 2.40E-06 2.42E-06
Parcent of all pathways 100 100 100
External 0 0 0
Percent of all pathways 0 0 0
Total over all pathways 2.42E-0v 2.40E-06 2.42E-06
Percent of total 1.73E-03 1.72E-03 1.73e-03




Table 11.

Low LET fatal cancer rate (death/yr) (example case)

(37 L8
FATAC. CARCER RATE (OFATH/YR) orthe veer spaciTiod populerion)

LOM LEY
*+oFGR CANCER :PULWNARY

WICLIDES
PATHMAYS
INGESTION

X OF INTERWAL

X OF ALL PATHWAYS

[NHALATION
X OF INTERNAL
T OF ALL PATHMAYS

AIR [MMERS |98
4 OF EXTERNAL
X OF ALL PATHMAYS

GROUND SURFACT
X OF EXTERWAL
X OF ALL PATHWAYS

INTERNAL
X OF ALL PATHUWAYS

EXTERMAL
% OF ALL PATHMAYS

TOTAL OVER ALL PATHMAYS

(DEATH/YR)

u-238 TH-234 u-2)4 TH-2J0  RA-226  P8-214 81-214  PO-210  TH232
AC-228  TH-228  TL-208  RN-222 RA-224 P8.210  P8-212 TOTAL

6.99€-12 1,085€-11 J.B6E-13 7.21E-13 5,19€-08 .0 5,48E-11 1.¢7E-1)
7,09€-20 7.83-11 .0 .0 3.96€-11 l 08€-22 3.87¢-16 8.13€-08
?.83E-0% 3.A70-0) S5.29€-04 1.92E-04 96.1 .0 22.8 8,43-04
3,009 9.4)E-02 .0 .0 100. lm. 100. .608

7,805 2,75€-03 4.47€-04 1.69E-04 8,%0 .0 0 1.87 8.41€-04
$.436-13 6.826-02 .0 .0 2.88£-02 128 1.748-08 197

8.9)-06 1.58£-07 7.)0€-08 1.84€-07 2.11€-09 .0 0 1,87€-10 1,98€-08
2.26€-09 8.J1£-08 1.09€-11 2,20€-09 .0 .0 .0 1.17€-08

100. 100. 100. 100. .9% 0 0 77.4 100.
100. 9.9 lOO‘ 100. .0 .0 .0 99.)

100. 4. w,2 M5 .0 .0 8.42 9.8
1.80€-02 72.4 B 09(-05 9.7 .0 .0 .0 28.4

1.49€-14 1.85€-12 2.49€-14 1.96E-13 1.)9€-12 .0 .0 3. 46-12 6.02-14
4.26-10 8.32€-13 S.70£-10 2.26C-10+.0 .0 .0 1,24E-09
6.64E-04 8.246-04 1.87€-04 1.72€-03 13, 22(-0‘ .0 0 128 1,48£-0)
.JE-03 2.64€-0) 4,23E-03 100, .0 .0 \ 4.18

1.67€-07 4.8)-04 Z 8B8E-05 1.00E-04 2.9)6-04 .0 .0 1 3.03€-08
3.31€-03 7,25€-04 4.2X6-03 9.33 .0 .0 .0 2,99

2.24E-09 2.25€-07 1.3)-08 1.14T-08 5.56€-07 8.85€-17 4.576-16 2,67€-09 4,1X-09
1. NE-08 3.15€-08 1,3%€-05 .0 1.40€.07 8.48£-20 2,0SE-08 2.95€-0%

100, 100, 100. 100. 100, 100. 100. 99.9 100.
100. 100. 100. .0 100. 100. 100, 100,

2.51€-02 54.7 15.4 S.84 9Nn.2 100. 100, 9.6 . 208
100. 2.8 100. .0 100, 9.9 100. N.4

8.93-06 1.58E-07 7.)06-08 1.84€-07 S5,40.-u8 .0 .0 2.42E-10 1.98€-06
lZ.lE-M 8.32€-08 1.09€-11 2.20€-09 3.98E-11 1.08£-22 J.57€-16 1.186-05

00. 41.) 84.6 9.2 8.8% 0 .0 8.29 99.8
1.80€-02 2.5 8.09€-05 90.7 2.858-02 .12% 1.4£-08 28.6

2.24E-09 2.2SE-07 1.33E-08 1.14E-08 5,56E-07 8.55€-17 4.57E-16 2.68E-09 4.13€-09
1.31E-05 3,15€-08 1.3SE-06 2.26£-10 1.406-07 B.48£-20 2,08€-06 2.95(-0%
2.51€-02 58.7 15.4 5.84 9.2 100, 100, 9.7 . 208
100. 2.5 100. 9.1 100. 99.9 100, .4

RA-228

2,920-08
8.82
8.62

3.108-07
9.4
9.4

1.50€-2)
2.20C-04
4,44E-1)

6.84L-16
100,
2.02€-07

3,39€-07
100.

6.84€-16
2.026-07

8.93€-06 3.8)E-07 8.63-08 1,95€-07 6.10£-07 8.58€-17 4.S7E-16 = 1.99€-06 1.39%-07
1.31€-05 1.15€-07 1.35€-05 2.42€-09 1.40€-07 8,50€-20 2.08€-06

RADOR DAUGHTER EXPOSURE RISK:
1.57€-04

62
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Table 12. Low LET collective genetic effect (effect/yr) (example case)

EXAPLE CASE
COLLECTIVE GEMETIC EFFECT(EFFECTIVE/VR)
LOW LET

**» FOR ALL PATHNAYS:

GONAD : AVERAGE
MUCLIDES

u-238 6.33%-09
£ OF TOTAL 2.586-02
TH-234 1.92€-07
£ OF TOTAL .782
U-234 2.ME-08
£ OF TOTAL 9.93£-02
™-230 1.35€-08
£ OF TOTAL 5.50E-02
RA-226 6.09€-07
£ OF TOTAL 2.48
PB-214 A 7.51E-17
£ OF TOTAL 3.06€-10
BI-214 3.71E-16
£ OF TOTAL 1.51E-09
P0-210 2.23-09
£ OF TOTAL 9.09€-03
TH-232 7.64E-09
% OF TOTAL 3.11€-02
RA-228 8.656-08
% OF TOTAL .382
AC-228 1.06€-05
% OF TOTAL 43.2
TH-228 3.58£-08
% OF TOTAL .146
TL-208 1.09€-05
% OF TOTAL “.5
/N-222 1.78€-10
% OF TOTAL 7.23E-04
RA-224 1. 4E-07
% OF TOTAL .546
P8-210 1.01€-19
% OF TOTAL 4.11€-13
P8-212 1.92£-06
% OF TOTAL 7.81

TOTAL 2.46E-05




FOR RADIONUCLIDE : WLSWM

Table 13.

TEST CAst

FATAL CANCER RATE (DEATH/YR) (in the user specified populstion)

COMB . LET

AND ORGAN/CANCER :3UM
AND PATWMAY : ALL

DIRECTIONS:

DISTANCE

(METERS):

750
1500
3500
7500

15000
30000
60000

DISTANCE

(METERS):

750
1500
3500
7500

15000
30000
60000

0.0
0.0
&, 802E-ON
5.065E-08
2.3548-03
8.397E-04
2.010E-04

3.986E-03

S

0.0
0.0
$.0THE-0N
1,027€-03
8.551E=-08
S .590E-04
1.553E-04

3.104E-03

SSW

1 . ”lE-o.
4,206E-04
$.782E-05
6.736E-05
1,71SE=-00
8.197E-05
6.124E-05

1.049E-03

°‘°
0.0
5.332E-00
$.325E-04
8, 489E-08
1.914E-04
1, 14TE=0%

1.821E-03

2.960E-004
2.621E-04
2. 192E-04
§.828E-05
2.880E=05
3.972E-05
2 . .085-05

9.098E-04

3.682E-04
¥, 339E-04
§,273E-04
1.817€-04
1, 781E=04

2.278E-03

0.0
3 . 39’!‘0.
8, 196E-05
0.0

7.022E-05
2.%97E-0N
2.656E-04

9.672E-04

Test case - fatal cancer rate (death/yr)

0.0
0.0
1.921E=04
1.205E-04
3.273E-04
5.047E-04
1.5192-04

1.3042-03

0.

o.

9. 169E-06
5.897E-0S
3.830E-04
1.726E-04
2.794E-04

9.031E-04

0
0
1

+367E-05
9.367E-05
1. 11 7E-04
$.673E-0%

3.477E-04

0
0
0
S

0.0

4.983E-04
1.217E-04
4.115E-04
1.244E-03
2.490E-04
2, 499E-04

2.774E-03

0.0
0.0
3

+9TSE-0N
7.903E-0%5
9.966E-05
1,731E=04
6.032e-0%

8- 096!-0.

0.0
0.0

5.488E-05
2,067E-04
2,464E-03
1,026E-03
4,950E-04

4,247E=-03

st

0.0
0.0
1.230C-04
7.1612-0%
6.7192-05
8.9612-05
1,227€-04

4,350E-04

0.0
2.0
4.637L-08
5.010E-04
2.388€-03
1.019E-03
1.8152-08

§,.553E-03

sUM

7.9398-04
2.211E-03
3.586€-03
4.166£-03
1.1912=02
5.2702-03
2.809€-03

(3.075¢2-09

ontributions to this cancer risk from esch

cancer, pathwey, and nuciide are given in Tables

5,6,and 7.

&
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3. PROGRAM SPECIFICATIONS

The DARTAB program is written in FORTRAN IV. Computing is done in
single precision. Individual subprograms and COMMON regions are de-
fined in this section. A prograa listing and sample run are contained
in the attached microfiche.

3.1 Subroutine Descriptions
MAIN

The MAIN routine reads in user input options and sets up default
values. The input options are described in the next section. The
routines called from MAIN are ROSTOR, CHLOC, PREPOR, PREPHR, PREPRF.

RDSTOR

This subroutine reads, from unit 25, the dosimetric and health
effects data file consisting of information on the dose rates, health
ris*. and risk equivalent factors for each radionuclide. The factors
requestc for the appropriate radionuclides are stored for use ia later
calculations.

FACOUT

This routine prints out the conversion factors used in the calcu-
lations.

CHLOC

This rostine reads, from unit 26, in the exposure and intake data
(as derived from the environmental transport code). If a specific per-
centage location for individual factors i1s to be used in the calcula-
tions, the total risk is summed and order:d to choose the location cor-
responding to the selected percentile of total risk. This routine
calls VSORTP, an IMSL (1977) routine, to sort the total risks.

PREPDR

This routine sets up the dose rates conversion factor and titles -
for producing the tables for individual, mean individual, or collective
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group dose rates. If necessary, the low- and high-LET dose rates are
combined. MULT is called by this routine.

PREPRF

This routine sets up the risk equivalent factors, conversion fac-
tors, and titles necessary for producing tables of risk equivalent
factors. MULT is called by this routine.

PREPHR

This routine sets up the health risk, conversion factors, and
titles necessary for producing tables of health risks. The low- and
high-LET risks are combined if requested. MULT is called by this
routine.

WLt

The factors set up by PREPDR, PREPRF, or PREPHR are multiplied and
transferred to DRTAB to produce the .tables. This routine calls DRTAB.

DRTAB

This routine takes the factors that have been calculated and out-
puts the tables requested. Row and/or column sums are calculated and
printed along with different percentiles.

ORGFAC

This routine reads the organ dose weighting factors to use in sum-
ming dose rates.

SUMMRY
This routine calculates and prints the dose rate summary tables.
SUMMR2

This routine calculates and prints the health risk/risk equivalent
summary tables.
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3.2 Common Regions

/COMEX/EXPP(20,20,40,4), POP(20,20),POPFAC,TOTFAC,NOL,NOU,NRL ,NRU,
IDIST(20),IL0C,JLOC

EXPP the exposure values dimensionecd by distance from the source,
sector, nuclide and pathway;

POP the population values dimensioned by sector and distance from
the source;

POPFAC the reciprocal value of the population at position ILOC,JLOC;
TOTFAC the reciprocal value of the total population;
NOL beginning index of sector for simulation;
NOU end index of sector for simulation;
NRL beginning index of distance for simulation;
NRU end index of distance for simulation;
IDIST values of distance frow the source for the simulations;
ILOC sector of the single location used for individual calculations;
JLOC distance of the single location used for individual calcula-
tions.
/COMOR/ORGN(20) ,NORGN , TIME(20) ,DOSE(20,40,4,2) ,DTABLE(7)
ORGN alphanumeric organ names;
NORGN number of organs;
TIME exposure time to use for the organ;
DOSE dose factors dimensioned by organ, nuclide, pathway, and LET;
DTABLE indicator for which dose rate tables are to be printed.

/LETFAC/HLET(20),LLET(20)
HLET relative biological effectiveness for the high-LET dose rates;
LLET relative biological effectiveness for the low-LET dose rates.
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/COMCA/CANC(20) ,NCANC ,RELABS(20),RISK(20,40,4,2),RTABLE(7),AGEX,
YRLL(20,40,4,2)

RISK

RTABLE
AGEX
YRLL

alphanumeric organ names;
number of cancers;

indicator for using vclative or absolute risk for a particular
cancer;

health risk factors dimensioned by cancer, radionuclide, path-
way, and LET;

indicator for which health risk tables are to be printed;
average life expectancy;

total years of life lost.

/COMRF /REF(20,40,4) ,FTABLE(7)

REF

FTABLE

risk equivalent factors dimensioned by cancer, radionuclide,
and pathway;

indicator for which risk equivalent factor tables are to be
printed.

/COMNU/NUCLID(40),NONCLD,PSIZE(40) ,RESP(40) ,GIABS(4,40), INDPOP

NUCLID
NONCLD
PSIZE
RESP
GIABS
INDPOP

alphanumeric radionuclide names;

number of nuclides;

particle size for radionuclide;

respiratory clearance class for radionuclide;
GI absorption factor for radionuclide;

indicator for individual or population run.

/COMLOC/RNLOC(10),0GLOC(10),PTLOC(10),FALOC(10),HLLOC(10),
LTABLE(10),NTLOC

RNLOC

radionuclide for location tabile;

O0GLOC organ/cancer for location table;

PTLOC pathway for location table;




FALOC
LTABLE

NTLOC

37

factor to be printed for location table;

indicator for selected individual, mean 1ndividual, or collec~
tive group;

nuaber of location tables.

/COMGEN/GEN(3) ,NGEN .GDOSE(3,40,4,2)GRISK(3,40,4,2) ,GENEFF,
GRFAC(2)REPPER,GLLET(3),GHLET(3),GREF(3,40,4)

GEN

GRISK
GENEFF
GRFAC
REPPER

GLLET

GHLET
GREF

genetic organ names;

number of organs to be considered for gernectic effect;
genetic dose factors;

genz2tic risk factors;

indicator fer output of genetic effects;

genetic risk conversion factors;

replacement rate for population;

relative biological effect factor to use for low-LET genetic
dose;

same as above for high-LET;

genetic risk equivalent factors.

/COMRN/OREP(20) ,RREP(20),CREP(20) ,WLRN(20,20)RRISK,RREF(2),
RYRLL,NOREP ,NRREP ,NCREP

OREP
RREP
CREP
WLRN
RRISK
RREF
RYRLL
NOREP

organs to consider for working level exposures;
radionuclides to consider for working level exposures;
cancers to consider for working level exposures;
working level exposures;

risk due to working level exposures;

risk equivalent due to working level exposures;

years of life lost duz to working level exposures;

number of organs in ORCP;
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NRRE® nuber of radionuclides in RREP;

NCREP number of cancers in CREP.

/COMUS/

This common region is defined differently deps.iding on the sub-
routine. It allows arrays which are only needed within a subroutine to
share the same allocation of core.

3.3 User Input for DARTAB

This input to the code provides the user with control of the
processing of the exposure, dosimetric data, and tabulations of cutput.
The nput is typically through "NAMELIST" format. An example of the
input is shown in Table 14.

1. Veriables: TITLE
Format: 20(A4)

TITLE is a descriptive title to be included at the head of each table.

2. Variables: ILOC,JLOC,PLOC,AGEX,ILET,DTABLE,RTABLE,FTABLE,QUTPUT,
GSCFAC

Format: Namelist INPUT

ILOC, JLOC are the i and j location (direction and distance) indices
for the desired of the exposure array to use for the individual tables.
If both are .ero, then the location will be chosen according to PLOC.
(Defauit: 0,0)

PLOC is the percentile of the total risk to use in choosing the loca-
tion for the exposure array used for the indiviuual (ables. If PLOC=p,
then the location used will be the one associated with the [p/100] th
ordered va’'ue of the risk array. (Defaulc: 100)

AGEX is the average 1'fetime expectancy in years. (Default: 70.7565)

JLCT is an array dimcnsioned by 2. ILET(I) = O indicates that only
separate high- and low-LET tatles will be output; 1 indicates only a
combined table will be output; 2 indicates both sets of .able will De
outyut. For ILET(1), dose rate tables are output accordingly, and for
ILET(2), health risk tables are output. (Default: 1,1)
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Table 14. Sample input file

/7% JOB CARD

//%CLASS CPU91=100S, I0=5.0, REGION=580K , PRINT=25

// EXEC FORTHCLG,REGION.FORT=S30K,

// PARM.GOz'EUz-1,DUMP=1' REGION.GO=580K

//FORT.SYSIN DD *

=DARTASB . NEW

/7% FILE 25 IS DOSE AMD RISK FACTOR FILEZ

//G0.FT25F001 DD UNIT=TAPEGZ,DISP=(OLD PASS),

// VOL=SER=X14301,LABEL=(1,SL),DSN=S.SY017603.NALL ,

1/ DCB=(RECFM=VBS,LRECL=280,BLESIZE=2330, DEN:8)

/7% FILZ 26 IS OUTPUT FROM AIRDOS-EPA

//G0.FT26F001 DD UNIT=TAPES,DISP=(OLD,PASS),

// VOL=SER=X06517 ,LABEL=(1% L),

/7 DCB={RECFM=VBS,BLKSIZE=13030,LRECL=13026,DEN=2)

//60.FTOSF001 DD @
TEST CASE

&INPUT PLOC=100.,ILET=1,1,DTABLE=8.8 &,8,8 8.8,

RTABLE=A,8 8,8, 8 & &, FYABLE=N 8 8.8, 8, 8,8 &EWD

SORGAN MORGN=18,0RGN="LUNGS °.°R MAR °.'LIVER °,

'S MALL ',°'LLI WALL','KIDNEYS °,

*SPLEEN ',’THYROID','MUSCLE °.'T BODY °*,

'RES LYM ',*SI WALL ',’ULT WALL','OVARIES ',’BONE  °,'ENDOST °,
*TESTES ','UTERUS °,
TIME=70,70,70,70,70,70,70,70,70,70,70,70,70,70,70,70,70, TOSEND
&OFACTR HLET=20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,20,
LLET=1,1,1,1,1,1,1,0,9,1,1,1,9,1,1,1,1,1,4END

SCANCER NCANC=18,CANC='R MARROW',’ENDOST ',.’PULMMARY’,'BREAST ',’LIVER '
*ST WALL ',°PANCREAS®,'LLI WALL®,'KIDNEYS',

*BL WALL ',"ULI WALL','SI WALL °,'OVARIES °,

'TESTES ',°SPLEEX ','UTERUS °,

‘THYMUS ', 'THYROID °,
RELABS=1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1, 1,4END

SGENTIC GENEFF=.TRUE.,GEM=z"TESTES ','OVARIES ',’AVERAGE ',
NGEN=3,GRFAC=200,20000, REPPER=.018133 ,GLLET=1,1,1,
GHLET=20,20,20,&END

SRNUCLD=17 ,MUCLID='U-238 ','TH-238 °*,'U-238 °*,'TH-230 °','RA-226 °,
"PB-218 !,'BI-218 ','PO-210 °,'TH-232 ','RA-228',

'AC-228 ,'TH-228 °','TL-208 °',‘'RN-222 ' "RA-228 ',

'PB-210 ', °PB-212 ',PSIZ2E=1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,
lu?:"','!','Y','Y',"',"','U','U','Y','U','H',"',

Ty 180 vy tyr Tyt GIABS=0,,002,0,0,0,.0002,0,0,0,.002,0,
0,.0002,0,0,0, 2,0,0,0,.2,0,0,0,.05,0,0,0,.1,0,0,0,.0002,0,0,
0,.2,0,0,0,.0,1,0,0,0,.0001,0,0,0,.95,0,0,0,0,0,0,0,.2,0,0,
0,.2,0,0,0,.2,0,0,4END

&LOCTBL NTLOC=3,RNLOC='SUM *,'WORKLEVL','WLSUM ',

OGLOC3 ' SUM ', 7SUM ',

'SUM ' PTLOCz7,7.7,FALOC=2,2,2,MLLOCs1,1,1,LTABLE=3,3, 3,4END
SORGANF WORGB:10,0RGBz'R MAR  °,'PULMNARY’,'LUNGS ',

'MUSCLE ','LLI WALL','S WALL ','KIDNEYS ','LIVER ',

*SPLEEN ','THYROID °’,IPATHs5,1,2,5,5,5,5.5,5,5,5,

ORGDAT=. 169, .208,.208,.208,.104,. 104, ,0521,,0521,,0521,.0521,&END
/I

17

2pose and risk factor file produced by RADRISK documented in ORNL/
TM-7105. The WRITE statements are in the subroutines OUTPUT (in the DO

loop ending with the statement number 95) and RISK (statements numbered
36 through 40).

bAIRDOS-EPA is documented in ORNL-5532. The outpn.. “or DARTAB is
produced by the subroutire DOSN in lines 3820, 3835, and 3858.
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DTABLE, RTABLE, and FTABLE all indicate which tables are to be output
for dose rates, health risks, and risk equivalents. They are each
dimensioned by 7, for each of the possible tables {Table 1). The value
of each position indicates the type of tables also:

TABLE(I) = none of this type of table are to be output,

0
1 output the table for an individual,

2 output the table for a mean individual,

3 output the table for the collective group,
4 output all three types of the above table.

(Default: DTABLE FTABLE: 0,0,0,0,0,0,0,RTABLE: 0,0,0,0,0,4,0)

OUTPUT is a logical variable which governs whether the dose factors
will be output. (Default: .TRUE.)

GSCFAC is a ground surface correction factor. All ground surface quan-
tities are multiplied by this factor to account for surface roughness.

3. Variables: ORGN,NORGN,TIME
Format: Namelist ORGAN

MNORGN is the number of organs to be considered in the dose rate tables.
(Default: 0)

ORGN are the alphanumeric names (double word - 8 characters) of the
NORGN organs. (Default: Blank)

TIME is the time (years) associated with the dose commitment factor.
(Default: 70 year dose commitment)

4. Variables: HLET,LLET
Format: Namelist QFACTOR
HLET is the relative biologicci effect factor to use for the high-LET
dose rates to convert absorbed Jose to dose equivalent (rem).
(Default: 20)
LLET is the relative bio..gical effect factor to use for the low-LET

dose rates to convert absorbed dose to dose equivalent (rem).
(Default: 1)

5. Variables: CANC NCANC,RELABS
Format: Namelist CANCER

NCANC is the number of cancers to be output for the risk and risk
equivalent factors. (Default: 1)




q)
CANC are the alphanumeric names (double word length) of the NCANC can-
cers. (Default: W BODY)

RELABS indirdates whether the absolute (=1) or relative (=2) risk model
is to be vsed for each cancer. (Default: 1)

6. Variables: GENEFF ,GEN,NGEN,GRFAC ,RUPPER,GLLET ,GHLET
Format: Namelist GENTIC

GENEFF is a logica) variable which indicates whether or not genetic
effects are to be output.

GEN are the alphanumeric names (double word length) of the organs to be
considered for genetic effects.

NGEN is tihe number of organs identified in GEN.

GRFAC are the risk conversion factors (genetic effects per rad/million
births). GRFAC(1) is for low-LET doses; GRFAC(2) is for high-LET doses.

REPPER is the replacement rate for the population (year !). (Default:
0.014133)

GLLET is the relative biological effect factor to use for the low-LET

genetic doses to convert absorbed dose to dose equivalents (rem), NGEN
vaiues for the GEN organs.

GHLET is the relative biological effect factor to use for the high-LET

genetic doses to convert absorbed dose to dose equivalents (rem), NGEN
values for the GEN organs.

7. Variables: NUCLID,NONCLD,PSIZE,RESP,GIABS
Format: Namelist RNUCLD
NONCLD is the number of radionuclides to be considered.

NUCL1D are the alphanumeric names (doub‘'e word) of the NONCLD radio-
nuclides.

PSIZE is the activity median aerodynamic diameter (AMAB) of aerosol
distribution associated with each radionuclide.

RESP is the respiratory clearance class associated with each radio-
nuclide.

GIABS are the GI absorption factors (f, parameter tor each segment of
the gastrointestinal tract to be assoc]ated with each radionuclide.
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8. Variables: NTLOC,RNLOC,0GLOC,PTLOC,FALOC, HLLOC,LYABLE
Format: Namelist LOCTAB

NTLOC is the number of location tables to be output. (s510). For each
table, the following factors need to be defined.

RNLOC is the radionuclide to use; specifying SUM will result in the sum
of all nuclides in the run, specifying WORKLEVL will result in working
level calculations, specifying WLSUM will result in the total risk for
all nuclides, including those based on the working level.

OGLOC is the organ or cancer to use, specifying SUM will result in the
sum of all cancers (weighted sum for organ).

PTLOC is the pathway to use.
FALOC is the factor to be printed, i.e.,

HLLOC = 0 both high- and low-LET table,

HLLOC = 1 only combined LET table,

HLLOC = 2 al) three tables.
LTABLE indicates whether the table is for the selected individual
(LTABLE=1), mean individual (LTABLE=2), or the collective group
(LTABLE=3).
9. Variables: NORGB,O0RGB,ORGDAT,IPATH

Format: Namelist ORGAN F

NORGB is the number of organ dose weights to use to combine dose rates.
ORGB are the NORGB organs to be used in combining the dose rates.
ORGDAT arv the organ dose weighting factors.
IPATH is the exposure pathway affected (1 = ingestion; 2 = inhalation;
= air immersion; 4 = ground surface; 5 = all pathways).
3.4 Input Required for Dose Rates, mealth Risks, and Risk

Equivalent Factors

The dose ana risk factor data are contained in the unformatted
file read from unit 25. The records are grouped in blocks. The first
record of the block contains the nuclide identifier for the block; the
remaining records contain the dose and risk factor data.
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Record 1
Variable Tisu:

NUC,SIZEIN,RESPIN,GIIN, TIMIN, IND

Variabie Type Description
NUC REAL*S 8-character nuclide name
SIZEIN REAL*4 AMAD (pm) for particulates.

Particle size (AMAD) in pa for
inhaled particles. Set to ¢. if not
used.

RESPIN REAL*4 Lung clearance class (Y,W,D) for
inhaled particles. Gases indicated
by *. Blank if not used.

GIIN REAL*4 4 value array for GI absorption
factors for stomach, small intestine,
upper large intestine, and lower
large intestine, dimensionless.

Only GIIN(2) is used for matching.

TIMIN REAL*4 Age of which intake dose rate factor
is calculated. Set to 0. for exter-
nal dose rate factors and to 110.0
for risk factors.

IND indicator variable for re..ord type in the block. Table 15

lists the possible values of IND. Note that values 0 and 1 are for
exposure/intake reccrds rather than dose or risk factors.

Record 2 dosimetric factors

Variable 1ist: NO,ILET,(0(1),I=1,NO)

NO INTEGER*4 Number of organs for which names and
factors are included

INLET INTEGER*4 INLET = 1 If only low-LET factors
are included, ILET = 2 if both low-
and high-LET factors are included

0 REAL*8 8-character alphanumeric organ or
tissue names
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Table 15. Possible values of indicator variable

Indicator . .
variable Information which follows
0 Individual concentrations and rates from AIRDOS
1 Population concentrations and rates from AIRDOS
2 Ingestion dose conversion factors
3 Inhalation dose conversion factors
4 Air immersion dose conversion factors
5 Ground surface dose conversion factors
12 Absolute health risk, years of life loss, and risk equivalent
conversion factors for cancers due to ingestion
13 Absolute health risk, years of life loss, and risk equi: ~lent
conversion factors for cancers due to inhalation
22 Relative health risk, years of life loss, anc risk equivalent
conversion factors for cancers due to ingestion
23 Relative health risk, years of life loss, and risk equivalent
conversion factors for cancers due to inhalation
14 Absolute health risk, years of life loss, and risk equivalent
conversion factors for cancers due to air immersion
15 Absolute health risk, years of life loss, and risk equivalent
conversion factors for cancers due to ground surface exposure
24 Relative health risk, years of life loss, and risk equivalent
conversion factors for cancers due to air immersion
25 Relative health risk, years of life loss, and risk equivalent
conversion factors for cancers due to ground surface exposure
33 Relative health risk, years of life loss, and risk equivalent
conversion factors in terms of working levels for Rn-222
96 Genetic dose conversion factors for ground surface exposures
97 Genetic dose conversion factors for air immersion
98 Genetic dose conversion factors for inhalatinn
99 Genetic dose conversion factors for ingestion
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Kecord 2 risk factors

Variable list: NC, ILET, (C(I),I=1,NC)

NC INTEGER*4 Number of cancers for which =~k
factors are listod

ILET INTEGER*4 TLET

C REAL*8 8 character alphanumeric cancer
names

Recoird 3 dose rate and genetic dose factors

Variable list: ((D(I,J),I=1,ILET), J=1,NO)

D REAL*4 IND UNIT
2 rad/pCi
3 rad/pCi
4 (rad/yr)/(pCi/cc)
5 (rad/yr)/(uCi/cm?)
96 rad/(pCi/cm?)
97 rad/(pCi/cc)
98 rad/(pCi/yr)
99 rad/(pCi/yr)

The dose factor D(1,J) is for the organ or tissue 0(J).

Record 3 risk factors

Variable list: ((R(I,J), I = 1, ILET), J = 1,NC)

R REAL*4 IND UNIT
12,22 Effects/(10% person-pCi/yr)
13,23 Effects/(10° person-pCi/yr)
14,24 Effects/(105 person-pCi/cc)
15,25 Effects/(105 person-pCi/cm?)
33 Effects/(person-WL)

Recorcd 4 risk factors

Variable list: ((YRLL(I,J),I=1,ILET),J=1,NC)

Total life loss factor



YRLL REAL*4 IND UNITS

; 12,22 yr/(10% person-pCi/yr)

| 13,23 yr/(10% person-pCi/yr)
14,24 yr/{10% person-pCi/cc)
15,25 yr/(105 person-pCi/cm?)
33 yr/(person-WL)

Record 5 risk factors

Variable list: (RF(J), J=1,NC+1) risk equivalent factor

RF REAL*4 IND UNITS
12,22 mrem/(pCi/yr)
13,23 mremn/(pCi/yr)
14,24 mrea/(pCi/cc)
15,29 mren/(pCi/cm?)
33 (mrem/yr )L

RF(NC+1) is the whole body risk equivalent factor.

3.5 Input Required for Exposures

There are four types of records required for the radionuclide
exposure data. The data are unformatted and are read from unit 26.

Record 1
Variables: NUC,SIZEIN,RESPIN,GIIN,TIMIN, IND

The first record is exactly comparable to the first record required for
dose rate, health risk, and risk equivalent factors, except that GIIN(1)
is the GI absorption value for inhalation, GIIN(2) is the value for
ingestion, and GIIN(3) and GIIN(4) equal zero.

Record 2

Variables: NOL,NOU,NRL,NRU,(IDIST(I),I=NRL,NRU)

NOL is lower bound of the direction index considered in the
assessment.

NOL = 1 indicates NORTH and increases counterclockwise to 16 = NNE.

NOU is the upper bound of the direction index.
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NRL is the lower bound of the distance index considered in the
assessment.
NRU is the upper bound of the distance index.

IDIST are distances from the scurce in meters for indices NRL to
NRU.

Record 3

Variable: (CONC(I1),I=1,1I)

CONC are radionuclide exposure values for air concentration, sur-
face concentration, ingestion and inhalation for a specific loca-
tion. This record is repeated for each location in the type
assessment.

1I1=4 unless NUC = Rn-222 for which II=2.
For NUC # Rn-222

CONC(1) REAL*S Air concentration (Ci/cm3)

TONC(2) REAL*4 Ground surface concentration (Ci/cm2)
CONC(3) REAL*a Collective ingestion rate (pCi-person/yr)
CONC(4) REAL*4 Collective inhalation rate (person-pCi/yr)

For NUC = Rn-222
CONC(1) REAL*4 Fraction of equilibrium
CONC(2) REAL*4 Radon daughter CONC(person-WL)

There are k=(NRU+1-NRL)*(NOU+1-NOL) records of type 3 for each
record group.

Record 4

Variable: ((PMP(1,J),I=NRL,NRM),J=NOL,NOU)
POP (REAL*3) are number of persons at each location. This record is
not written for IND=0 (individual assessment).

The input .tream for the example tables is given in Table 14.
Additional listings can be found in the attached microfiche.
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