Section E: Uranium Hexafluoride Release Assessment

Method E.1
Estimation of Inhaled Soluble Uranium Intake and Hydrogen
Fluoride Concentration After a Liquid UF; Release

Purpose

To estimate the soluble uranium uptake and the HF concentration at a given
downwind distance from a liquid UF release using default release and meteorological
parameters. '

Discussion

The estimations in this method are based on the following assumptions: average
meteorological conditions [D stability, 4 mph (1.8 m/s) wind speed, and no rain].
Release of 1 kg of liquid UFs combining with 0.1 kg of water results in the release of
0.88 kg of UO,F, (containing 0.68 kg of uranium) and 0.23 kg of HF (NUREG-1140,
p. 28). Fifty percent of the released uranium is assumed to become airborne,
producing a release fraction of 0.34 of the total liquid UF, release (NUREG-1140,

p. 32). Fifty percent of the HF formed is assumed to become airborne, producing 2
release fraction of 0.12 of the total liquid UFq release. A release time of 15 min
(NUREG-1140, p. 35) and breathing rate of 3.3 X 10~* m’/s, equivalent to adult light
activity (EPA-520/1-88-020, p. 10) were used. A Gaussian plume model is assumed

to approximate the distribution of the airborne fraction downwind.
Step 1

Estimate the amount of UFg released in metric tons (1 metric ton = 1000 kg). Obtain
an estimate from the licénsee or check the cylinder type in Table E-1.

Amount _of UF released or available for release (metric ton)
Step 2
Estimate the amount of inhaled soluble uranium. Consult Fig. E-2 to estimate the
intake of soluble uranium (IU,,) in grams for the downwind distances of interest from

a release of 1 metric ton of UFs. Multiply the JU., value from the graph by the
number of metric tons of UF released. .

IU,,; X tons UF, released =
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Section E: Uranium Hexafluoride Release Assessment

Step 3

Estimate HF concentration, x;z. Use Fig. E-3 to estimate the concentration of HF
(g/m®) in, the air downwind resulting from & release of 1 metric ton (1000 kg) of UF.
Multiply the value from the graph by the pumber of metric tons of UF released.

Xur X tons UF; released = g/m®

END
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Section E: Uranium Hexafluoride Release Assessment

Method E.2
Calculation of Inhaled Soluble Uranium Intake and Hydrogen
Fluoride Concentration After a UF; Release

Purpose

To project the soluble uranium uptake and the HF concentration at a given downwind
distance from a UF; release using incident-specific parameters and meteorology.

Discussion

When specific information is known about the accident conditions, the soluble
uranium uptake and HF concentration at a distance downwind can be calculated. A

. Gaussian plume model is assumed to approximate the distribution of the airborne
fraction downwind. This method allows the values of parameters in the formula to be
varied. '

If gaseous UF; is released, then the assumption that 100% of the UF¢ becomes
airborne and is incorporated in the plume is appropriate for the purposes of
performing a rough bounding calculation. Under this assumption, the release fractions
would be 0.68 for uranium and 0.23 for HF. ‘

Calculation of inhaled soluble uranium is covered in Steps 3 and 4. Steps 5 and 6 deal
with calculation of the HF air concentration.

Step 1

Estimate the amount of UF, released in grams (1 metric ton = 10° kg = 10° g).
Obtain an estimate from the licensee or check the cylinder type in Table E-1.

Amount of UF; released or available for release Qury _ g
Step 2
Determine the meteorological parameters. Dispersion close to the source
(<0.25 mile) is dominated by building and source wake; the dilution factor is the

same . for all stability classes.

Stability class (see Table F-8 or F-9) - .

Wind speed (D) m/s
Distance downwind (d) m '
Dilution factor (see Table F-10) (DF) m?
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Step 3

Estimate the release fraction for soluble uranium (RFy, ). The release fraction is the
fraction (by weight) of the uranium that is incorporated in the plume relative to the
weight of the total UF; inventory available for release. Use licensee estimates if
available or assume a release fraction of 0.34 for liquid UF (see discussion in
Method E.1) or 0.68 for UF, gas for bounding calculation.

Release fraction for soluble uranium (RFy,)

Step 4

Calculate the amount of soluble uranium inhaled (IU,,), over the entire duration of
plume passage, at 2 given downwind distance.

sz-‘, x RFy  x DF, x BR

U, = G

( g) = ( 8) X( ) x ( m-z) x ( mS/s)

( m/s)
where

IU, = total integrated inhaled intake of soluble uranium (g)

Qurs = UF, inventory in process or container available for release (g)

RF,, = uranium release fraction (default value 0.34 fo- liquid UF, 0.68 for
gas)

DF, = dilution factor (m?) at distance, d, from release for appropriate
stability class (Table F-10)

BR = breathing rate (m%/s) (default value 3.3 X 10~* m%/s from
EPA-520/1-88-020, p. 10)

U =  average wind speed (m/s) (default value 4 mph = 1.8 m/s)
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Section E: Uranium Hexafluoride Release Assessment

Step 5

Estimate the release fraction for HF. The release fraction is thé fraction (by weight)
of the total UF, inventory available for release that is released as HF. Use the ‘
licensee estimates if available or assume a release fraction of 0.12 for liquid UF; (see
- discussion in Method E.1) or 0.23 for gas for bounding calculation.

~ Release fraction for hydrogen fluoride (RFyz)

Step 6

- Calculate the HF concentra;ion at this downwind distatice.

Qur, * RF. x DF,

t,xff

Xur =

(_px( )x( mh
( @ (. 9 x( ms

where
XHF = HF concentration (g/m’) at distance d from the release
Ouws, = UFs inventory available for release (g)
RF,; = HF release fraction (default value 0.12 for liquid UFs, 0.23 for gas)
DF, = dilution factor (m~2) at distance, d, from release for appropriate
stability class (Table F-10)
U = average wind speed (m/s) (default value 1.8 m/s)
t, = UF, release duration (s) [default value 900 s (15 min) from

NUREG-1140, p. 35]
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Section E: Uranium Hexafluoride Release Assessment

Method E.3
Estimation of Committed Effective Dose Equivalent Resulting From
Inhaled Uranium After a Liquid UF, Release

Purpose

To estimate the radiological dose (committed effective dose equivalent) from inhaled
uranium at a given distance downwind from a release of liquid UF; using default
release and meteorological parameters.

Discussion

The calculations in this method assume the following: average meteorological
conditions [D stability, 4 mph (1.8 m/s) wind speed, and no rain]. Release of 1 kg of
UF, combining with 0.1 kg of water results in the release of 0.88 kg of UO,F,
(containing 0.68 kg of uranium) and 0.23 kg of HF (NUREG-1140, p. 28). Fifty
percent of the released uranium is assumed to become airborne, producing a release
fraction of 0.34 of the total UF release. A release time of 15 min (NUREG-1140, p.
35) and breathing rate of 3.3 X 10-4 m/s, equivalent to adult light activity

(EPA 520/1-88-020, p. 10) were used. A Gaussian plume model is assumed to
approximate the distribution of the airborne fraction downwind.

Step 1
Estimate the amount of UF released in metric tons (1 metric ton = 1000 kg). Gain
information from the licensee or check the process inventory or cylinder type in
Table E-1.

Amount of UF, released or available for release (metric ton)
Step 2
Estimate the committed effective dose equivalent (CEDE). Consult Fig. E4 to
estimate the CEDE in rem for the downwind distances of interest from a release of
1 metric ton of liquid UFs. The four curves correspond to different enrichment levels
(the percentage by weight of the 257 jsotope). Multiply the value from the graph by
the number of metric tons of UF released.

CEDE X tons UF, released = _ rem

———

END
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Method E.4 |
Calculation of Committed Effective Dose Equivalent Resulting From
Inhaled Uranium After a UF¢ Release

Purpose

To project the committed effective dose equivalent (CEDE) from the inhalation of
uranium at a given distance downwind after a UF; (gas or liquid) release using
incident-specific parameters and meteorology.

Discussion

A Gaussian plume model is assumed to approximate the distribution of the airborne
fraction downwind. This method allows the values of parameters in the formula to be
varied.

" If gascous UF is released, then the assumption that 100% of the UF4 becomes
airborne and is incorporated in the plume is appropriate for the purposes of
performing a rough bounding calculation. Under this assumption, the release fractions
would be 0.68 for uranium and 0.23 for HF.

Step 1

If you used Method E.2 to calculate soluble uranium intake, refer to the values
calculated in that method and skip to Step 5 (next page).

Estimate the amount of UF, released in grams (1 metric ton = 10° kg = 10° g).

Amount of UF; released or available for release (Qyr) g
Step 2

Determine the meteorological parameters. Dispersion close to the source
(<0.25 mile) is dominated by building and source wake; the dilution factor is the
same for all stability classes. . ' ,

Stability class (see Table F-8 or F-9)

Wind speed (0) m/sec

Distance downwind (d) m

Dilution factor (see Table F-10) (DF) m?
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Step 3

Estimate the release fraction for soluble uranium (RFy, ). The release fraction is the
fraction (by weight) of the uranjum that is incorporated in the plume relative to the
weight of the total UF inventory available for release. Use licensee estimates if
available or assume a release fraction of 0.34 for soluble uranium from a liquid UF,
release (see discussion in Method E.3) or 0.68 for release of UF, gas for bounding
calculation.

Release fraction for soluble uranium (RFy, o)

Step 4

Calculate the amount of soluble uranium inhaled JU,,) at this downwind distance.

O, x RF, x DF; x BR
v, - UF, u,,,ﬁ d

( @x( )yx( mhHx( _m?s)
( mfs)

( g =

3
1
0

total integrated inhaled intake of soluble uranium
Ows = UF, inventory available for release in process or cylinder (grams)

RFy,, = uranium release fraction (default value 0.34 for liquid UF; release,
, 0.68 for gas) ‘
DF, = dilution factor (m?) at distance, d, from release for appropriate

stability class (Table F-10)

BR = breathing rate (default value 3.3 X 10-4 m%/s from
EPA-520/1-88-020, p. 10) '

0 = average wind speed (m/s) (default value 4 mph = 1.8 m/s)

Step §
Determine the specific activity (SpA) of the uranium. Use licensee data or se¢ -

Table E-4 for single isotopes or Table E-5 for different enrichment levels. 2*U is the
major contributor to specific activity of enriched UF,. If a specific activity cannot be
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Section E: Uranium Hexafluoride Release Assessment

' obtained, using the specific activity for **U (6.19 X 10* xCi/g) will provide an
overestimate of CEDE. '

SpAy,, = pCilg
Step 6
Determine the dose conversion factor. Dose conversion factors, DCFg 5, for the
CEDE resulting from inhalation of soluble uranium isotopes are found in Table E-6.
Use the dose conversion factor given for 247 to approximate that for all isotopic
mixes. '

DCFg s, rem/pCi
Step 7

Calculate the CEDE at this downwind distance.
Hyy = I, x SpA x DCFyq

( rem=( ®x(. wCR)x( tem/pc

where
Hgs, = committed effective dose equivalent (CEDE) (rem)
"JU,, = total integrated inhaled intake of soluble uranium (g)
SpA = specific activity of uranium (Table E-4 or Table E-5).
DCFgy, = dose conversion factor for CEDE resulting from inhalation of
soluble 24U (Table E-6). '
END
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Table E-1. UF, cylinder data

Approximate tare weight Shipping limit?

Minimum 4 " Maximum :
. Nominal wall without valve protector enrichment {maximum UFg)
Cylinder  diameter  thickness (percent by
model (in.) (in.) ab) (metric ton?) weight 2U) (b) (metric ton?)
18 1.5 1/16 1.75 7.9E-04 100.0 1.0 4.5E-04
25 35 1/16 4.2 - 1.9E-03 100.0 4.9 2.2E-03
5A, 5B 5 7764 55 2.5E-02 100.0 55 - 2.5E-02
8A 8 1/8 120 5.4E-02 125 255 1.2E-01
12A, 12B 12. 3/16 185 8.4E—-02 50 460 2.1E-01
_30B° 30 5/16 1,400 6.4E-01 5.0¢ 5,020 2.3E+00
48A, 48X° 48 ' 122 4,500 - 2.0E4+00 4,54 A 21,030 9.5E+00
48F 48 12 5,200 2.4E+00 4.5¢ 27,030 1.2E+01
48G 48 1/4 2,600 1.2E+00 1.0% 26,840* 1.2E+01*
48Y* 438 172 5,200 2.4E+00 ' 454 27,560 1.3E+01
48H, 48HX 43 1/4 3,170 1.4E+00 1.0¢ 27,030 1.2E+01
480M 48 1/4 3,050 1.AE+00 1.0% 27,030 1.2E+01
M = e _ — ————

“Shipping limits are based on 250°F (121°C) maximum UF, temperature (203.3 Ib UF/f%), certified minimum internal volumes for all
cylinders, which provides a 5% ullage for safety. The operating limits apply to UF; with a minimum purity of 99.5%. More restrictive measures are
required if additional impurities are present. The maximum UF, temperature must not be exceeded.

b1 metric ton = 1000 kg = 1.0OE+06 g = 2205 Ib.

“This cylinder replaces the Model 30A cylinder.

“Maximum enrichments indicated require moderation control equivalent to a UF, purity of 99.5%. Without moderation control, the maximum
permissible enrichment is 1.0% by weight 2°U.

“Models 48X and 48Y replace Models 48A and 48F whose volumes have not been certified.

fin Model 48X, enrichment to 5.0% UF, by weight is safe with moderation control equivalent to UF, purity of 99.5%, but limited to 4.5% by
weight 23U for shipment. . : .

£Enrichment to 4.5% by weight is safe with moderation control equivalent to a UF, purity of 99.5%, but limited to 1.0% by weight U for
shipment.

PFor depleted uranium with UF, purity in excess of 99.5%, the shipping limit is 28,000 Ib for cylinders with 8,800-Ib water capacity or greater.

Source: Adapted from ORO-651, pp. 6, 25.
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Section E: Uranium Hexafluoride Release Assessment

Table E-2. Health effects of uranium intake

‘ Soluble uranium intake, U, '
® Health effect “
<0.005 None ‘
0.008 : Threshold for transient renal damage
0.050 Threshold for permanent renal damage
0.230 50% will die

Source: Adapted from NUREG-1391, p. 3.

Tableg-?. Health effects of hydrogen fluoride exposure

Airborne hydrogen
fluoride
concentration, Xur Exposure time
(g/m®)* (min) Health effect
0.0025 T - Detectable odor, but no health effect
0.004 60 Emergency Response Planning Guideline-1*
0.013 15 _ Irritation '
0.016 60 Emergency Response Planning Guideline-2°
0.024 30 Immediately Dangerous to Life and Health?
0.408 60 Emergency Response Planning Guideline-3°
0.100 1 Unbearable for 1 min
3.500 15 Lethal

sg/m’ = (ppm/1000) X (molecular weight/24.5).

¥Emergency Response Planning Guideline (ERPG)-1 (5 ppm) is the maximum airborne
concentration below which it is believed that nearly all individuals could be exposed forupto 1 h
without experiencing other than mild, transicnt adverse health effects or without perceiving & clearly
defined objectionable odor.

cERPG-2 (20 ppm) is the maximum airborne concentration below which it is believed that nearly
all individuals could be exposed for up 1o 1 h without experiencing or developing irreversible or other
serious health effects or symptoms which could impair an individual’s ability to take protective actions.

¢The Immediately Dangerous to Life and Health (IDLH) (30 ppm) was developed for respirator
use. It is the maximum concentration from which, in the event of respirator failure, onc could escape
within 30 min without a respirator and without experiencing any escape-impairing (e.g., scvere eye
irritation) or irreversible health effects.

¢ERPG-3 (50 ppm) is the maximum airborne concentration below which it is believed that nearly
all individuals could be exposed for up to 1 h without experiencing or developing life-threatening health
effects.

Sources: Adapted from NUREG-1 140, p. 39. IDLH value from NIOSH, p. 126. ERPG values
from ATHA.

-E-20
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Section E: Uranium Hexafluoride Release Assessment

Table E-4. Radioactive half-life and specific
activity for selected uranium isotopes

Radioactive half-life ~Specific activity |
Isotope (years) (uCi/g)

24y 248E+5 6.19E+3
- By 7.13E+8 2.14E+0
6y 2.39E+7 6.34E+1

Bty 4.51E+9 3.33E-1

Table E-5. Isotopic abundance and specific activity

for different enrichment levels

Enrichment Specific Percentage abundance

(% 2°U by activity?

_ weight) (uCilg) el »y 2y U
Depleted 0.4 0.0005 0.25 99.75
Natural 0.67 0.0006 - 0.72 '99.27
4.0 24 0.032 4.0 0.025 95.94
20.0 94 . 20.0
93.0 >93.0 <005 <50

~110 >2.0

®The specific activity of enriched uranium may depend somewhat on the history of
the material and the method of enrichment. As material is enriched in ®*U by gaseous
diffusion, the U concentration increases faster than the 25U concentration. U is
major contributor to the specific activity.

Sources: Sources of specific activities are EGG-2530, p. 2-8, for depleted;
ORO-651, p. 31, for natura!; and calculations from relative abundance and Table E-4 for
4%. Specific alpha activity for 20% enrichment was calculated using SpA = 04 +
0.38¢ + 0.0034¢? (uCi/g), where e is percentage #°U by weight (equation from
ORO-651, p. 31). Values given for 93% enrichment are noted in RTM-93 as measured.
Relative isotopic abundance for depleted and natural uranium from EGG-2530, p. 2-2.

RTM - 96
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Table E-6. Adult dose conversion factors for committed effective

dose equivalent from inhalation of soluble uranium isotopes

Dose conversion factor for committed
effective dose equivalent (DCFgs)*’

Isotope (rem/pCi) (Sv/Bqg) J\
| 2.7 7.4E-7
P 2.3 6.8E-7
26y 2.6 7.0E-7

24 6.6E-7

eCommitted effective dose equivalent (CEDE or H ) is the sum of the
effective dose equivalent over 8 §0-year period following intake.

b ung clearance

class (solubility class) is D.

Source: EPA-520/1-88-020, pp. 150-151.
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Section E: Uranium Hexafluoride Release Assessment

DISTANGE DOWNWIND (mile)

12 .
1 |
10 |

Fig. E-1
Distance downwind at which early health effects from HF éxposure
might occur or EPA PAGs could be exceeded.

EPA PAGs EXCEEDED (1 rem TEDE)
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HF CONCENTRATIONS (g/m3)

URANIUM INTAKE (g)

Fig. E-2
Aduit uranium intake resulting from release
of 1 metric ton of liquid UF,.*
1E-01 EEERE R
1E-02
et L e ST SIS
R e D R )
1E-03 ss=ZIsssz-dsSTeonosoEsIzsoIsIsliETsoszzocs
1E-04 ‘ ‘
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DOWNWIND DISTANCE (mi) '
*Assumptiors and default values are discussed in Method E.1.
Fig. E-3
Alir concentrations of hydrogen fluoride from release
of 1 metric ton of liquid UF.*
1E-01
1E-02 ¢
1E-03
1E-04
0 1 2 3 4 6
DOWNWIND DISTANCE (ml)

*Assumptions and default values are discussed in Method E.1.
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COMMITTED EFFECTIVE DOSE EQUIVALENT (rem) |

Fig. E4
Committed effective dose equivalent for adult downwind
from release of 1 metric ton liquid UF¢.“

H
I
1

- |-
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- depletsd U +4&% enriched U £ 20% enriched U & 83% enriched U

*Assumptions and default values are discussed in Method E.3.
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Section F: Early Phase Dose Projections

: Section F
Early Phase Dose Projections

Purpose

To provide methods to project the dose and assess the need to take urgent protective
action during the early phase. Methods are provided to project doses and evaluate
their potential for early health effects using (1) activity based on weight (mass),

(2) releases from an accident (i.e., fire), (3) dose from point sources, and (4) doses
for isotopic releases. Use Section E for assessment of 2 UF; release and Section C for
assessment of LWR accidents.

Discussion

The early phase of an accident extends from the identification of a release threat until
the release (or threat of the release) has ended and any areas of major contamination
have been identified. The early phase normally includes up to 4 days (100 h) of
exposure to deposition. To project the potential consequences from a radiological
accident the following steps must be performed: (1) estimate the amount of activity
released, (2) estimate the downwind dose from this material, and (3) determine the
impact of this dose in terms of health effects and PAGs.

This section provides methods for performing these steps for accidents involving
release of a simple isotopic mixture or exposure to a radioactive source. For complex
mixtures (e.g., reactor accidents), other methods such as those in Section C or the
RASCAL model (Section L) should be used. Remember that there are great
uncertainties associated with these methods or any dose projection code.

This manual does not provide methods to assess environmental measurements; these
methods can be found in the FRMAC Assessment Manual.

~ Step 1

Estimate the activity in a point source or the activity released or that may be released.
The following methods may be useful:

e If one knows the mass of the radioactive material involved but not the activity,
use Method F.1. '

e To estimate the potential rcléases from 'isotopes involved in a fire (typically the
worst case), use Method F.2.
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Step 2
Estimate the dose from the source or release using one of the following:

e To project the dose 0.25 mile and 1 mile downwind based on the estimated
activity released, use Method F.3. ‘ '

e To estimate dose and exposure rates from a point source, use Method F 4.
Step 3

If needed, the dose at 1 mile can be adjusted for longer distances or to consider

elevation or rain using Method F.5. Method F.6 can provide a quick estimate of the

maximum air concentrations or ground deposition at much greater distances from the
release. :

Step 4

Assess the potential for early health effects and for projected doses exceedihg early
phase PAGs using Section G.

END
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Method F.1 S
Calculation of Activity Based On Weight

Purpose

To determine the activity in microcuries of the radioactive material from the weight.
Discussion

The quantity of material involved in an accident may be specified by weight (mass).
The activity (rate of radioactive disintegration) is needed for dose calculation. The
total activity of an isotope is the product of the mass and the specific activity for that
isotope. (Method F.3 can be used to estimate dose.)

Step1

Calculate the activity using the following equation:
A, = Wt x SpA

( pCi) = ( g) x( uCi/g)

where
A = Activity (uCi) of isotope i available
-We = Weight (g)
SpA = Specific activity (¢Ci/g) from Table F-1 or the formulas below

“The specific activity is the defined as activity per unit mass (e.g., Ci/g, pCi/g) of
material and can be calculated by one of the following edquations depending on the
units in which the radiological half-life (7},) is given,

Sp. A(uCi) _ 3134 x 10"
£ T,,(0) x AMN
or
. 14
SpA(”Cl) _ _ 1306 x 10
B - T (days) x AMN

or
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: 11
SpA( p(h) _ __ 3578 x 10
g T,p(years) x AMN
where
AMN = Atomic mass number (the number of protons plus the number of
neutrons in the isotope); for example, for *'I, the AMN is 131.
T, = radioactive half-life in hours, days or years, respectively

END

Source: PB-230 846, p. 103.
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. Method F.2
Estimation of the Activity Released by a Fire

Purpose

To estimate the quantity of radioactive material released from a fire and the rate of
release when the total activity is known.

Discussion

Filtering, plateout, or other mechanisms that can reduce the release of non-nobles are
not considered in this calculation. Therefore, this method should provide a reasonable
upper bound for most accidents involving radioactive material. This method is not
valid for reactor accidents. (To calculate the activity of the material from the weight,
use Method F.1. Method F.3 can be used to estimate the dose.)

Step 1
" Estimate the total activity or release rate using the following equations:

Total activity (xCi) released
Qn =4;x FRF,

( KCi) = ( pCi) % ( )

Release rate (nCi/s)

A, x FRF,
Qg =

( LCifs) = ( pCi) x € )
( 5)
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where
A = Activity (zCi) of isotope i available (in fire) _
FRF, = Fire release fraction for isotope i, from Table F-2 if the compound
form is known or Table F-3 if the compound form is unknown
Ty = Release duration (s)
o, = Release rate (uCi/s) for isotope i
Or: =

Total activity (uCi) of isotope i released

END

: . s
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| Method F.3
Downwind Dose Projection Based on Estimated Activity Released

Purpose
To estimate doses from a release where the isotopic composition is known.
Discussion

Two alternative approaches to calculate the downwind components of the acute dose

equivalent and total effective dose equivalent (TEDE) are provided: quick estimate or

fall calculation. The quick method is used to predict doses for ground-level releases

under average or unknown meteorological conditions. The full calculation method is

used when the meteorological conditions are fully understood or for isotopes not in
the tables.

Once the dose components are calculated, they are summed to obtain the desired
projected doses. These projected doses can then be compared to the thresholds for
early health effects and to the early phase PAGs-(Section G). For UF accidents,
chemical toxicity will dominate the risk; those accidents should be assessed using
Section E.

Step 1
Quick estimate method

This method uses precalculated doses at 0.25 and 1 mile from a 1 pCi release. A
ground-level release and average meteorological conditions (D stability, 4 mph wind
speed, and no rain) were assumed in calculating these doses. The doses represent the
maximum expected because the exposed individual is assumed to be at the centerline
of the plume without protection for the entire release. Initial calculations can be
adjusted to consider an elevated release and rain. The projections should be within a
factor of 10 for a reasonable range of stability classes and wind speeds.

Calculate the following doses for isotopes in the release: organ dose from inhalation
(D, (acute bone, acute lung, and thyroid); committed effective dose equivalent from
inhalation (CEDE, H, s); effective dose equivalent from external radiation from
immersion in plume (H,); and early phase (4-day) dose equivalent from exposure to
ground deposition (Dgz,) using Worksheet F-1 and the following equations:

RTM - 96 ' , .



Section F: Early Phase Dose Projections

Dose;; = Qn x RCF;

(  mrem) = ( uCi)x( m"""‘)

uCi
where
Dose; = Total dose equivalent (mrem) type j at specified distance from
release of isotope i
On = Total activity (uCi) of isotope i released
RCF, = Release conversion factor (mrem/pCi) from Table F-4 (0.25 mile) or

Table F-5 (1 mile) for 1 pCi of isotope i and dose type j
Go to Step 2 to sum the dose components.
Full Calculation Method

- Calculate the following doses for isotopes in the release: dose equivalent to organ
from inhalation (D;) (acute bone, acute lung, and thyroid); commiitted effective dose
equivalent from inhalation (CEDE, H, ;)); cffective dose equivalent from external
radiation from immersion in plume (H,); and early phase (4-day) dose equivalent from
exposure to ground deposition (Dgp,) using Worksheet F-2 and the following
equations: ‘ .

Air immersion: H,,

Q, x DF x DCF,; x Ty

H, = 5

(w8 x ( m'z)x( “m’h)x( 1)
(.mIS)

( =~ mrem) =

Inhalation: CEDE (H, ), organ dose (Dp—acute bone, acute lung, and thyroid

Q, x DF x DCF, g, x Ty

F-10 : ' RIM - 96



Section F: Early Phase Dose Projections

( mrem) =

S'Q, x DF x DCFy x T,
U

T

(  uCifs) x.( m-z)x( : ' ]X( h)
uCijm?3
( m/s)

Early phase ground: 'DE,.,,, from groundshine and resuspexision for 4 days

~ exposure

DEP‘, = Qp x GCF x DC_FEP‘i

( mreﬁn)=( uCi) x ( m'z)x[ m)

where
DCF,,
DCF, s

DCFpp

DCFy,

#Cifm?

Effective air immersion dose conversion factor [(mremlh)l(pCilm’)]
from Table F-6

CEDE dose conversion factor [(mrem/h)/(xCi/m*)] for isotope
from Table F-7

Dose conversion factor [(mrem)/(pCilm’)] for ground surface
deposition during the early phase (4 days) including resuspension
from Table F-6 :

Dose conversion factor [(mremlh)l(p,Ci/m’)] for inhalation dose for
various organs (acute bone, acute lung, and thyroid) and
commitment periods, from Table F-7

Dilution factor (m~2) from Table F-10 for projected distance from
source (Table F-8 or F-9 can be used to determine the stability class)
Ground concentration factor from Table F-11

Effective external dose (mrem) from isotope i from air immersion
Release rate (source term) (1Ci/s) of isotope i :
Total activity (xCi) of isotope i released

Exposure duration (assume release duration)(h)

Average wind speed (m/s)

RTM - 96
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Section F: Early Phase Dose Projections

Step 2

Calculate the total acute bone dose (TABD), total acute lung dose (TALD), and total
effective dose equivalent (TEDE) by summing the contributing doses calculated with
cither of the methods in Step 1 and using Worksheet F-3 and the equations below.
The acute thyroid dose is the committed dose equivalent to the thyroid from
inhalation.

Total Acute Bone Dose (TABD)

L4
TABD = L[H,, + Dgpy; + Dpfbone)]
i

Total Acute Lung Dose (TALD)

R
TALD = T[H, + Dgpy + Dy(lung)]
i

Total Effective Dose Equivalent (TEDE)

n
TEDE = Z(H,, + Dgpy + H, o)
i

( mrerﬁ) = i[( mrem) + ( mrem) + ( mrem)]
i .

Acute Thyroid Dose [Dy(thyroid)}

Dq(thyroid) = mrem (from Step 1)
where

Dgpyi = Early phase dose equivalent from 4 days exposure to
groundshine and resuspension of isotope i (calculated in Step 1)

Dy(organ) = Committed effective dose equivalent to organ (bone, lung, and
thyroid) from inhalation of isotope i in plume (calculated in
Step 1)

H, = Effective external dose equivalent (mrem) from isotope i due to

air immersion (calculated in Step 1)
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Section F: Early Phase Dose Projections

Step 3

Use Method F.5 to estimate the downwind dose or to consider rain or an elevated
release.

Step 4
Detenhine consequences.

e Is the projected TABD or TALD greater than or equal to the thresholds in
Table G-2? If yes, inform management immediately that early health effects are
possible. _

e s either the projected committed dose equivalent to thyroid greater than or equal
to early phase thyroid PAG or projected TEDE greater than or equal to the '
TEDE early phase PAG? If yes, inform management immediately that early phase
PAGs may be exceeded. (See Table G-1 for EPA early phase PAGs. Some States
may use State-specific PAGs; in these cases, use the State-specified values for
comparison.)
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Section F: Early Phase Dose Projections

Method F.4
Estimation of Dose and Exposure Rate from Point Source

Purpose
To estimate the exposure and dose from a point source.
Discussion

This method uses dose and exposure rates that have been precalculated at 1 m,
assuming no shielding, to estimate the dose at various distances. It can be used to
project doses to the public or emergency workers or to estimate instrument readings
(e.g., when searching for a source). Shielding can be considered, but the calculation
does not include build-up. Therefore if shielding is included, the result should be
considered the lower bound. : '

Two equations are given. The first is used to estimate the dose for comparison to
health effects thresholds and EPA PAGs. For contact dose (e.g., source in a pocket),
assume a distance (Dis) from the source of 1072 m (1 cm) (NUREG/BR-0024,

p. 157). The second equation, for exposure intensity, can be used to estimate the
instrument reading in a gamma field.

Step 1

Calculate the effective dose or exposure intensity using the following equations:

Effective Dose
s
A x DCF, x T, x (0.5%"1)
/ 2 Dis 2
| (DCF Distance)
( cm)
( uCi) x ( mr:g;!h) x ( h) x (0.5( ""))

(=]
i1m
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Section F: Early Phase Dose Projections

where
4, . = Activity (uCi) of isotope i :
DCF, = Point source dose conversion factor (mrem/pCi) from Table F-12
Dis = Distance (m) from source
HVL = Half-value layer (cm) from Table F-13
H, = Effective dose equivalent (mrem) from point source
T, = Exposure duration (h) . '
ST = Shielding thickness (cm)
Exposure Intensity |
ST
A, x ECF, x 0.5#"*
I= P
Dis 2
ECF distance
. )
(0D x ( m‘:g’h) x (o.s( w)-
( mRfb) = ' . 5
( m)
1m
where
4, - = Activity (uCi) of isotope i
Dis = Distance (m) from source
ECF, = Point source exposure conversion factor (mR/Ci) from Table F-12
HVL = Half-value layer (cm) from Table F-13
- = Exposure intensity (mR/uCi)
ST = Shielding thickness (cm)
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Section F: Early Phase Dose Projections

Step 2

Determine consequences.

Is the projected effective dose equivalent greater than or equal to the early effects
thresholds in Table G-2? If yes, inform management immediately that early health
effects are possible.

Is the projected effective dose equivalent greater than or equal to State early
phase PAGs? If yes, inform management immediately that early phase PAGs may
be exceeded. (See Table G-1 for EPA early phase PAGs. Some States may use
State-specific PAGs; in these cases, use the State-specified values for
comparison.)

END
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~ Section F: Early Phase Dose Projections

_ Method F.5
Adjusting 1-Mile Dose to Consider Distance, Elevation, and Rain

Purpose

To adjust the estimated total acute bone and thyroid dose for longer distances
downwind and can also be used to determine the effect of rain and release elevation
on the doses.

Discussion

This method requires an estimate of the dose at 1 mile from a ground-level release
under average meteorological conditions (D stability, 4 mph wind speed, and no rain).
Doses should be for the distances the plume has traveled, not the distance from the
release source. The estimates assume a constant wind direction and should represent
the maximum dose within a factor of 10 for a range of stability classes and wind
speeds.

Estimates of the acute bone dose or thyroid dose at 1 mile from a ground-level release
and no rain can be obtained using one of these suggested methods. The acute bone
and inhalation doses (acute lung or thyroid dose) at 1 mile can be found for reactor
accidents using the event trees in Section C, for spent fuel pool accidents using
Section D, or for isotopic releases using Method F.3.

Acute bone doses used as input should represent dose equivalent from cloudshine and
acute dose equivalent from inhalation and approximately 24 h of the resulting
groundshine to an adult performing normal activities with no sheltering or protection
(these are the assumptions used in Sections C and D and Method F.3). The thyroid
dose should be from inhalation of the plume alone.

Assume a ground-level release unless the release is from an isolated stack more than
2.5 times higher than nearby structures or if observation indicates that it has an
effective release height of 200 m or more. The elevated release height is assumed in
this case to be 200 m. NOAA recommends that the maximum effective release height
of a plume be assumed to be one-half of the mixing level. The assumed 200 m is one-
half of the typical nighttime mixing level.
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Section F: Early Phase Dose Projections

Step 1

Select the appropriate release conditions:

o ground-level release without rain
e ground-level release with rain

e elevated release without rain

¢ elevated release with: rain

Step 2

Estimate the downwind acute bone and thyroid doses at 1, 2, 5, 10 and 25 miles
using Worksheets F-4 and F-5, respectively. Each worksheet has conversion factors
that represent each of the four release conditions shown above. Figures F-1 and F-2
show the dose conversion factors for different release conditions as a function of
distance for acute bone marrow and thyroid doses, respectively.

END
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Section F: Early Phase Dose Projections

Method F.6
Quick Long-Range Estimation

Purpose

To produce a quick estimate of the maximum ground-level air concentrations and
deposition that can be expected for a given release amount at downwind distances
after travel times of 1-5 days after release.

Discussion

Because dose is a function of air and ground concentration, these concentrations can
also be used to estimate dose at great distances. The procedure used is a result of
analytical and experimental studies which are summarized in a simple nomogram
giving the normalized concentration as a function of travel time for a release within
the atmospheric boundary layer and for a release above the boundary layer.

A long-range non-depositing tracer experiment conducted from January through
March of 1987 showed that the maximum concentrations measured (Draxler et al.
1991, Fig. 10) during any 24 h sampling period followed the simple Gaussian model
form for an instantancous release (AP-26, Eq. 5.21),

x/Q = [0.5(21:)3”oxo,oz]'l
1

where it is assumed that o, = (2K1)* and that the vertical mixing coefficient X has an
average value of 5 m?/s in the atmospheric boundary layer (near the ground) and
about 1 m?/s in the upper regions of the atmosphere (Machta 1966). The along-wind
and crosswind dispersion coefficients are assumed both to be equal to 0.5 times the
downwind travel time in seconds (Hefiter 1965). The equation in this form has each
exponential term for the along-wind, crosswind, and vertical offset set to one to yield
the maximum ground-level concentration.

If the release occurs above the boundary layer, a correction of the form

exp[-0.5(H/o )'")

is applied to the normalized concentration to obtain an estimate of the ground-level
concentration.

An estimate of the maximum deposition can be obtained from Fig. F-3 by multiplying
the air concentration by the vertical dispersion parameter. This result would then
assume that all the material in the air is removed at that time. '
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Section F: Early Phase Dose Projections

Step 1

Determine if the release is at ground level or elevated. An elevated release may occur
when there is a large thermal source or explosion, resulting in most of the material
being ejected above the boundary layer. The calculations in this method assume an
average elevated release to be about 1500 m above ground. Normal stack emissions
are to be considered as a ground-level release. '

Step 2

Determine the time in days after the accidental release for which the estimate is
desired. Assume 4-mph wind speed if the average wind speed is not known. Other
analysis methods must be employed to determine the location of this estimate. For
instance, a simple trajectory or projection based upon wind speed might be sufficient,
depending upon the circumstances.

Step 3

Estimate air concentration and deposition based on total release

e Use Fig. F-3. Find the desired downwind travel time on the horizontal axis and
read the normalized concentration from the appropriate release height curve. The

concentration is in units of m™3.

Downwind travel time days
Normalized concentration (from Fig. F-3) m™>

e Determine the total amount of material emitted (in mass or activity units) and
multiply this by the normalized concentration. Do not use a release rate
(mass/time or activity/time) because the values in Fig. F-3 are based upon the
total emission. If the total release was given in Ci, the result is now Ci/m™>.

peak air concentration = total release X normalized concentration
e The dashed line on Fig. F-3 gives an estimate of the deposition (use the same
values on the vertical axis but units are m~3). It is assumed that all the airborne
material is available for ground deposit at each downwind time. Fractional

removal requires subsequent deposition and air concentrations to be adjusted
accordingly.

Normalized maximum deposition (from Fig. F-3) m™2

maximum deposition = total release X normalized maximum deposition
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. Section F: Early Phase Dose Projections

Estimate deposition or concentration based on near field measurements or model
projections

¢ Find the downwind travel times on the horizontal axis of Fig. F-3 corresponding
to the location of the near field and the long distance concentrations, depositions,
or doses of interest. Read the normalized concentration from the appropriate

release curve.
Downwind travel time to near field point days
Normalized concentration at near field point, C, (from Fig. F-3) _ -~ m™3
Downwind travel time to distant point days
Normalized concentration at distant point, C, (from Fig. F-3) m™3

¢ To estimate the long distance dose or concentration (V,), multiply the dose or
concentration at the near field location by the ratio of the long distance to near
field dose or concentrations.

Measured or calculated near field value, V, m™}
C,
V, =V, x =
G

Similar ratios can be used to estimate maxnmum deposition or dose (proportional
to deposition or concentration) at longer travel times when a near field value is
known.

Step 4

Ensure that the user understands the limitations of this method. It should be clear
from Fig. F-3 that there can be large variations in the estimate if the height of release
- is incorrect. These calculations assume a non-depositing material. With a non-
depositing material, ground-level estimates will always be the more conservative and
should be used. It should be noted that elevated releases of depositing material can
show much higher concentrations downwind than ground-level releases because of
their initial lack of deposition.

The estimates from Fig. F-3 are much more appropriate at longer downwind
distances, when the spreading of the material is comparable to the 24-h sampling time
that was used to verify this approach. At travel times less than 1 day, the average
dispersion parameters that were used are difficult to justify.

END
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Table F-1. Specific activity
Half-life, T}, Specific activity, SpA*
(h) (»Ci/g)
1.1E+05 9.7E+09
5.0E+07 4.5E+06

2.3E+04 6.3E+09
1.5E+01 8.7E+12

3.4E+02 29E+11
6.1E+02 1.6E+11

2.1E+03 4.3E+10
2.6E+09 3.3E+04

1.1IE+13 7.0E4+00.
1.2E+01 6.0E+12

3.9E+03 1.8E+10

2.0E+03 34E+10
4.1E+05 - 1.7TE+08

3.9E+02 1.7E+11
6.6E+02 9.2E+10

7.5E+03 1.7E+09
2.6E+00  22E+13

24E+04 2.4E+09
1.1E+03 5.0E+10

1.7E+03 3.2E+10
4.6E+04 1L.1IE+09

8.4E+05 5.9E+07
1.3E+01 3.9E+12
5.9E+03 8.2E+09
1.1IE+00 4.1E+13
6.9E+03 6.7E+09
2.9E+03 1.5E+10
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Table F-1. Specific activity (continued)

Half-life, T Specific activity, SpA°
(h) (rCi/g)
®Kr 94E+04 3.9E+08
) 4 4.5E+00 8.2E+12
¥Kr 1.3E+00 2.8E+13
8Ky 2.8E+00 1.3E+13
%Rb 4.5E+02 8.1E+10
¥Rb 4.1E+14 8.7E-02
BRb 3.0E-01 1.2E+14
®Sr 1.2E+03 2.9E+10
9Sr 2.6E+05 - 1.4E+08
SiSr 9.5E+00 3.6E+12
0oy 6.4E+01 54E+11
sy 1.4E+03 2.5E+10
Slay 8.3E-—01 42E+13
9Zr 1.3E+10 2.5E+03
Zr 1.5E+03 2.1E+10
%Nb 1.8E4+08 1.9E+05
SNb 8.4E+02 3.9E+10
Mo 6.6E+01 4.8E+11
®Tc 1.9E+09 1.7E+04
»=Te 6.0E+00 53E+12
13Ru 9.4E+02 3.2E+10
15Ru 4 .4E+00 6.7TE+12
106Ru 8.8E+03 3.3E+4+09
16Rh 8.3E-03 3.6E+15
15Cd 1.1E4+04 2.6E+09
‘_""Cd 1.2E405 2.3E+08
nomp g 6.0E+03 4.8E+09
. W=ln 1.2E403 2.3E+10
Bsn 2.8E+03 1.0E+10
188n 3.1E+03 8.2E4+09
12680 8.8E+08 2.'8B+04

F-26
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Table F-1. Specific activity (continued)

145h 1.4E+03 . 1.7E+10
) 3.0E+02 8.4E+10
1xmgh 3.2E-01 _ 7.9E+13
2184 9.2E+01 2.7E+11
1598b 4.3E+4+00 S.6E+12
iTe 9.4E+00 2.6E+12
12ImTe 2.6E+4+03 : 9.4E+4+09
15Te 1.2E+00 2.1E+13
1¥zTe 8.1E4+02 3.0E+10
Bie 4.2E-01 5.7E+13
BimTe 3.0E+01 8.0E+11
132Te 7.8E+01 3.0E+11
o _ 1.4E+4+03 1.7E+10
1295 1.4E+11 1.8E+02
| 1.9E+02 1.2E+11
1327 2.3E+00 1.0E+13
1331 2.1E+01 1.1E+12
4 8.8E-01 2.7E+13
1351 ' 6.6E+00 3.5E+12
Bimye 2.9E+02 - 8.4E+10
o 1.3E+02 1.9E+11
e C 5.3E+01 4.5E+11
135Ye 9.1E+00 . 2.6E+12 !I ’
Bmye 2.5E-01 9.1E+13
15%e 2.4E-01 . 9.6E+13
34Cs 1.8E+04 1.3E+09
s 2.0E+10 1.2E+03
136Cs 3.1E+02 7.3E+10
¥Cs 2.6E+05 8.7E+07
135Cs 5.4E-01 42E+13
3Ba - 9.4E+04 2.5E+08
BmBa 4.3E-02 S4E+14
WBa 3.1E4+02 7.3E+10

4.0E+01 5.6E+11
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Table F-l. Specific activity (continued)

Half-life, T, Specific act?vity, SpA*
Isotope - (h) (uCi/g)
“iCe 7.8E+02 2.8E+10
Ce 6.8E+03 3.2E+09
Wpr 2.9E-01 ' 7.6E+13
“ Wimpp - 1.2E-~01 : 1.8E+14
Pm 1.6E+05 1.4E4-08
“Pm 2.3E+04 9.3E+08 |
- ¥Sm © 93E+14 2.3E-02 u
1B1Sm 7.9E+05 2.6E+07
152Ey 1.2E+-05 1.8E+-08
14En 1.7TE+04 2.6E+08
1Eu 4.3E+04 4.7E+08

5.8E+03 3.5E+09
1.7E+03  LIE+I0
1.IE+07 - 1.8E+06
3.1E+03 . 6.0E+09
7.7E+02 2.4E+10

1.6E+04 , 1.1E+09
1.0E+03 _ 1.7E+10

2.8E403 6.3E+09

2.4E+01 7.0E+11
1.8E+03 9.2E+09

6.SE+01 2.4E+11
1.1E+03 1.4E+10
3.3E+04 4.6E+08
1.9E+05 7.7E+07

3.3E+05 ‘ 4.SE+07
1.2E4+02 1.2E+11
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_ Table F-1. Specific activity (continued)

Half-life, T, Specific activity, SpA®
(h) (uCi/g)

20pg 3.3E+03 4.5E+09
Z6Ra 1.4E+07 9.9E+05
ZiAc 1.9E+05 7.2E+07
ZEAC 6.1E4+00 2.2E+12
21Th 4.5E+02 3.1E+10
28Th 1.7E+04 8.2E+08
ZTh 6.7E+08 2.0E+04
BiTh 2.6E+01 5.3E+11
22Th 1.2E+14 1.1IE~-01
Bipa 2.9E+08 4.7E+04
B3pg 6.SE+02 2.1E+10
U-depleted® ' : 3.6E+01°
U-natural® ' 6.8E+01°
U-enr (4% 2°U)° 24E4+00°
U-enr (20% 2°U) 9.4E+00°
U-enr (93% 2*U) 1.1E+402°
Bp8 6.3E+05 . 2.1E+07
mye 1.4E+09 9.7E+03
el U1 2.1E+09 ' 6.3E4+03
e 6.2E+12 2.2E+00
Bt 2.0E+11 6.5E+01
BIYE - 3.9E+13 34E-01
BNp 1.9E+10 7.1E+02
2Np 5.7E+01 - 2.3E+11
Bspy 2.5E+04 5.3E+08
Bipy 7.7E+05 1.7E+07
Py 2.1E+08 6.2E+04
Xpy 5.7E+07 2.3E+05
Uipy 1.3E+05 1.0E4+08
2py : 3.3E+09 3.9E+03
BAm 3.8E+06 3.4E+06
WmAm 1.3E+06 9.7E+06
XAm 6.SE+07 2.0E+05
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Table F-1. Specific activity (continued)

Half-life, T, Specific activity, SpA*
() (Cilg)

RCm 3.9E+03 3.3E+09
®Cm 2.5E405 5.2E+07
%Cm 1.6E+05 8.1E+07
»Cm 74E+07 1.7E+05

2.3E+04 S5.4E+08

“Except where noted SpA (uCi/g) = 3.134E+15/[T(h) X atomic mass number]
from PB-230 846, p. 103.

bCaution: The chemical toxicity of uranium will be a problem before there are
radiological concerns.

“The specific activity of natural and depleted uranium is based on 10 CFR 20
App. B, confirmed by calculations. For enriched uranium, SpA is dominated by the
concentration of P“U because the U concentration increases with #5U enrichment and
34U has a relatively high SpA. The 2*U concentration relative to the #°U enrichment is
assumed to be 4% enrichment, 0.032% ®*U; 20% enrichment, 0.15% 2*U; and
93% earichment, 2% P*U.
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Table F-2. Fire release fraction by compound form

Form of compound in fire” Fire release fraction,m
Noble gas 1.0
Very mobile form (i.e., particle attached to - 1.0
flammable trash in a fire)
Volatile and combustible compounds 0.5
Carbon - 0.01
Semi-volatile compounds 0.01
Non-volatile compounds ' 0.001 |
Uranium and plutonium metal 0.001
Non-volatile in flammable liquids | 0.005
Non-volatilc in non-flammable liquids 0.001

Non-volatile solids

0.0001

SIf the compound form is not known, use the fire release fractions in Table F-3.
PThe fire release fraction is the fraction of the isotope released when the material is
involved in a fire, FRF = [total activity released (xCi)}/[activity involved in fire (uCi)).

Source: NUREG-1140.
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Section F: Early Phase Dose Frojections

Table F-3. Fire release fraction by isotopé (continued)

Isotope” Fire release fraction, FRF®
¥Rb 1.00E-02
*Rb 1.00E-02
l &Rb 1.00E-02
®Sr 1.00E—-02
%Sr 1.00E-02
91Sr 1.00E-02
. wy 1.00E-02
oy 1.00E-02
Smry 1.00E-02
| nZr 1.00E-02
Zr 1.00E-02 :
“Nb 1.00E-02 l
 %Nb 1.00E—02
Mo 1.00E-02
¥Tc 1.00E-02
L 1.00E—02 |
1®Ru 1.00E—02 ‘
15Ru 1.00E—-02
1%Ru 1.00E-02
| 1%5Rh 1.00E-02 l
nospg 1.00E-02 |
19Cd 1.00E-02
‘ eCd 1.00E-02
l Wémin 1.00E-02 1
| gy 1.00E-02 |
! 1B8n 1.00E~-02 ‘
1 %8 1.00E~02 l
} 148b 1.00E-02
' 15h 1.00E-02
126agh - 1.00E-02 ‘
l g 1.00E—02 |
158b 1.00E-02
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Section F: Early Phase Dose Projections

Table F-3. Fire release fraction by isotope (continued)

ﬂ Isotope” Fire release fraction, FRF’ Jl

2Ey 1.00E—02
14y 1.00E-02
SSEY 1.00E—02
9Gd . 1LO0E-02
I0Th 1.00E—02
Iesmpio 1.00E-02
™Tm 1.00E—02
YD 1.00E—02
Iy : 1.00E—02
W . 1.00E-02
12T, 1.00E-03
ey © 1.00E-02
W 1.00E—03
Ay 1.00E—02
g 1.00E—02
| 1.00E—02
20pp 1.00E—02
g 1.00E—02
2B 1.00E-02
200pg | 1.00E—02
ZRa 1.00E—03
Zpc 1.00E—03
Zpc 1.00E—03
Zh 1.00E—03
=Th 1.00E—03
2Th 1.00E—03
e R 1.00E—03
ZTh 1.00E—03
Bipy 1.00E—03
Py 1.00E—03
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Section F: Early Phase Dose Projections

Table F-3. Fire release fractiod by isotope (continued)

Isotope® Fire release fraction, FRF®
my 1.00E-03
By : 1.00E-03
4y _ 1.00E-03
By 1.00E-03
By 1.00E-03
By _ 1.00E-03
ZINp 1.00E-03
29Np 1.00E—03
Bpy 1.00E-03
Bipy 1.00E-03
Py : 1.00E-03
Hpy 1.00E-03
%ipy 1.00E-03
¥py 1.00E-03

- ¥Am . 1.00E-03

WmAm . 1.00E-03

1.00E-03

- ®If the specific compound form of the isotope is known, use
Table F-2.
*The fire release fraction is the fraction of the isotope released when
the material is involved in a fire, FRF = [total activity released (uCD)/
[activity involved in fire ®Cl.

Sources: NUREG-1140, relationship to isotopes not listed in
NUREG-1140 from NUREG-1465, Table 3.7, p.12.
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Section F: Early Phase Dose Projections

Table F-4. Release conversion factor, RCF, in mrem/pCi,
<0.25 mile from source for 1-xCi release’

Inhalation®
Acute Acute Air
Isotope bone lung Thyroid CEDE  immersion® Ground?
3y 1E-08 1E-08 NC 2E-08¢  7E-13 6E—-13 H
uc 2E-07 2E-07 NC 4E-07 SE-13 1IE-11
2Na NC NC NC 1E-06 2E-07 SE-08
%Na 1E-07 8E-07 NC 2E-07 S5E-07 3E-08
2p 3E-06 2E-05 NC 3E-06 2E-10 2E-10
»p NC NC NC 4E-07 2E-12 1E-11
1g 3E-08 2E-06 NC SE-07 SE-13 1E-11
*Cl NC NC NC 4E-06 SE-11 1E-10
o NC NC NC 2E-06 2E-08 SE-09
or NC NC NC 3E-07 3E-08 2E-09
“Ca NC NC NC  1E-06 2E-12 3E-11
“Sc NC NC NC 6E—06 2E-07 7E-08
“Ti+4Sc NC NC "NC 2E-04 2E-07 S8E-08
sy NC NC NC 2E-06 3E-07 9E-08
SICr 1E-08 2E-07 NC 6E—-08 3E-09 1E-09
“Mn . SE-07 2E-06 NC IE-06  SE-08 3E-08 |
%$Mn NC NC NC 7E-08 2E-07 2E-09 ﬁ
SFe 1E-08  2E-07 NC - SE-07 0 1E-11
$Fe 8E-07 SE-06 NC 3E-06 1E-07 4E-08
$%Co 2E-07 3E-06 NC-  2E-06 1E-07 3E—08
“Co 6E—07 9E-06 NC 4E-05 3E-07 9E-08
ONi 2E-08  6E-07 NC 6E-07 0 1E-11
$Cu NC . NC NC SE-08 2E-08  1E-09 I
©Zn 3E-07 2E-06 NC 4E-06 6E—08 2E-08 F
©Ga NC 1E-07 NC 3E-08 1E—07 6E—10
8Ge+¥%Ga ~ NC 1E-07 NC 1E-05 1E-07 3E-08
NC 2E-06 4E-08 1E-08
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Section F: Early Phase Dose Projections

Table F-4. Release conversion factor, RCF, in mrem/Ci,
<0.25 mile from source for 1-pCi release (continued)

Inhalation®
Acute Acute Air
Isotope ~  bone lung Thyroid CEDE:- immersion® Ground’
| ®Rp 1IE-06  2E-06 NC  1E-06 1IE-08  3E—-09
YRb ~ NC NC NC = 6E-07 4E-12 2E-11
LRb NC NC NC 2E-08 7E-08  9E-11
®gy 2E-06  2BE-05 NC 8E-06 2E—10 3E—10
0y 3E—06  4E-05 NC.  2E-04 2E-11 6E—09
ugr NC NC NC  3E-07 7E-08 3E-09
oy 2E-07  6E-06 NC 2E-06 4E-10 1E-10
sty 9E-07  2E-05 NC 9E-06 SE-10  4E-10
olmy NC NC NC 7E—-09 SE-08  2E-10
%Zr " NC NC NC 6E—05 0 1E—09
5Zr 2E-06  7E-06 NC 4E-06 7E—08 3E-08
“Nb NC: 'NC NC 8E-05 2E—07 6E—08
SNb 3E-07  3E-06 NC 1E-06 8E-08  3E-08
"Mo+®Tc  3E-07  3E-06 NC TE-07 3E-08 6E-09
»Tc 3E-08  4E-06 NC 2E-06 3E-12  4E-11
e 1 2E-09  2E-08 NC 6E—09 1IE-08  4E-10
18Ry 3E-07  SE-06 NC 2E-06 SE—08 2E-08
105Ry NC NC NC 9E-08 8E—08 2E-09
6Ry+1%RL  2E-06  6E—05 NC 9E-05 2E-08 1E-08
15Rh NC NC NC NC - 2E-08  9E-13
Homp o 1IE-06  9E-06 NC. 2E-05 3E-07 1E-07
19Cd +PmAg NC NC NC 2E-05 .1E-09  2E-09
1acy NC NC NC  3E-04 1E—11 TE—09
| Wan NC NC NC  2E-05 9E-09  4E-09
3G 4 13wy NC NC NC  2E-06 3E-08 1E-08
1B NC NC NC 6E—06 8E-10 SE-10
126G 4 126G NC NC . NC 2E-05  6E-09 SE—08
1246 OE-07  2E-05 NC SE—06 2E-07 6E—08
128G}, NC ~NC NC 2E-06 3E—07 9E—08
126mg NC NC NC 6E—09 2E-07 3E—10
ingH NC NC NC 1E-06 7E-08 2E-08
1256} NC NC NC 1E-07 1E-07 3E-09
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Section F: Early Phase Dose Projections

Table F-4. Release conversion factor, RCF, in mrem/pCi,
<0.25 mile from source for 1-pCi release (continued)

#'— :
Inhalation®
Acute Acute o Air
Isotope - - bone lung Thyroid CEDE  immersion® Ground’
17T ~ NC NC NC 6E—08 SE~10  3E-11
127 2E-06  1E-05 NC 4E—-06 3E-10  SE-10 |
- ™Te NC NC NC. = 2E-08 6E-09  4E-11 f
129 Te 3E-06  2E-05 NC 4E-06 3E-09 1E—09
1BITe NC NC  2E-06 9E-08 4E—08 9E—-11 FI
pimre . 2E-07  2E-06 3E—05 1E-06 1IE-07  2E-08
mye  2E-07 - 1E-06 4E-05 2E-06 2E-08  6E—09
1251 1IE-08 2E-07 1E-04 SE-06 1IE-09  2E-09
9] 1IE-08 2E-07 1E-03 3E-05 8E-10  2E-09
131y 4E-08  SE-07 2E-04 6E-06 4E—08 1E—08 ‘
1321 IE-08 2E-07 1E-06 7E-08 2E—-07 3E—09 K
133 2E-08  6E-07 3E-05 1E-06  6E—08  6E-09
134 4E-09 1E-07 2E-07 2E-08 3E-07 1E-09 |
135] 4. 135mY e 2JE-08  3E-07 6E—06 2E—07 2E-08  SE-09
| e NC NC NC  NC 8E-10 7E-10
F 13Ye - NC NC "NC NC 3E~09 1E-09
1Bmye NC NC NC NC 3E—-09 8E—10
. 1B5%e NC NC NC NC 2E—08 1E-09
By - NC NC NC NC 4E-08  6E—11
vige NC NC NC NC 1E—07 1E-10
134Cs 2E—06  2E-06  NC 9E-06 2E—07  6E—08
135Cs 1E-07  3E-07 NC 9E-07 1IE-12  2E-11 |
16Cg 1IE-06  1E—06 - NC 1E—06 2E-07  TE-08
mCg+mBa  |E-06  2E-06 NC 6E—06 6E-08  2E-08
mcg - NC NC NC 2E-08 3E-07  6E-10
1584 NC NC NC 1E—06 4E—08 1E—08
13%R, NC NC NC NC  6E-08 1E-11
WBa 7E-07  1E-06 NC 7E-07 2JE-08  6E-09.
0] g 3E~-07  3E-06 NC 9E—-07 JE—07  4E-08
ice 1{E-07  G6E-06 NC 2E-06 7E-09  3E-09
WiCe4Wopr  1E-06  6E—05 NC 7E-05 2E-09  4E-09
Wipr NC NC NC 8E—09 4E-09  6E-12
14mpp NC NC NC ~ NC 6E-10  8E-13
WSpm NC NC NC 6E—06 1E—09 1E-
Wpm 1{E-07 3E-06 NC 7E-06 1E-12  2E-10 |
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" Section F: Early Phase Dose Projections

Table F-4. Release conversion factor, RCF, in mrem/xCi,
=<0.25 mile from source for 1-pCi release (continued)

—
Inhalation®
.  Acute Acute ' Air
Isotope bone . lung Thyroid CEDE  immersion® Ground’ ||
15 m NC NC NC 1E-02 0 3E-07
SISm - 3E-08  8E-07 NC  6E-06 8E-14  IE-10
12Ey 6E~07  8E-06 NC  4E-05 1E-07 4E—08
IMEy 8E-07  1E-05 NC  'SE-~05 1IE-07  4E-08
15Ey 1IE-07  3E-06 NC 8E-06  SE—09 2E-09
15Gd NC NC  NC  4E~06 8E-09 4E-09
1607, NC NC  NC  5E-06 1E-07  4E—08
166y, NC NC NC  1E-04 2E-07 7E-08 L}
™Tm NC  NC NC  SE-06 5¢-10 3E-10
19y 3E-07  5E-06 NC  2E-06 3E-08  1E-08 H
| myy NC NC NC  6E-05 8E-09 6E-09
BHf NC NC NC  3E-06 SE-08  2E~08
NC: NC NC 1E-07

NC NC NC SE-08
NC 8E-08
NC NC NC 4E-08
NC  NC NC 2E-08
NC - NC 1E-10

NC 1E-10

NC 2E-07
NC 7E-11

NC. ~ SE-13
NC TE-10

NC 1E-11
NC
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Section F: Early Phase Dose Projections

Table F-4. Release conversion factor, RCF, in mrem/pCi,
<0.25 mile from source for 1-pxCi release (continued)

Inhalation® ri
Acute Air ‘
Isotope bone lung Thyroid CEDE ° immersion® Ground?
ZTh 3E-04 6E-03 NC 3E-03 IE-08  7E~08
e 7E-04 1E—-02 NC 6E—02 2E-10 2E-06
oY 1IE-04  2E-03 NC 6E—02 4E-11 2E-06
BITp NC NC NC 2E-07 IE-09  2E-10
12T 1E-04  2E-03 NC 3E-01 2E-11 8E—06
Bip, 8E-05  2E-03 NC 2E-01 4E-09 6E—-06
wpy 'NC NC NC  2E-06 2E-08 7TE-09
| U-dep&nat™®  1E-05  2E-03 NC 2E-02 7E-12  6E-07
U-enric™ 1IE-05  2E-03 NC 2E-02 2E-11 6E—07
U-soluble®*  1E—05 1E-04 NC SE—04 2E-11 1E—-08
(UFo
By 1E-05 2E-03 NC 1E-01 - 3E-11 3E-06
e NC NC " NC 3E-02 3E-11 6E—07
e 1IE-05  2E-03 NC 2E-02 2E-11 6E—07
B 1IE-05  2E-03 NC 2E-02 1E-08 6E—07
B {E-05  2E-03 NC 2E-02 1E-11 6E—07
B3 1E-05  2E-03 NC 2E-02 7E-12  6E-07
ZINp 8E-05 2E-03 .NC 1E-01 2E-09  3E-06
ZNp 6E~-08  2E-06 NC 5E-07 2E-08 3E-09
B6py NC NC NC 3E—-02 1E-11 7E-07
nipy 9E-05  2E-03 NC 7E-02 1E-11 2E-06
9py 8E-05  2E-03 NC - 8E-02 9E-12  2E-06
u0py 8E-05  2E-03 NC 8E-02 1E-11 2E-06
uipy 2E-08  4E-07 NC 2E-03 2E-13  4E-08
wpy 8E-05  2E-03 NC 8E-02 8E-12  2E-06
Wam SE-05  2E-03 NC 8E-02 2E-09  2E-06
WmAm NC NC NC  8E-02 7E-11 2E-06
WAM 9E-05  2E-03 NC 8E-02 SE-09  2E-06
®Cm 1IE-04  2E-03 NC 3E-03 1E-11 8E—08
wem 1IE-04  2E-03 NC 6E—02 1E-08 1E-06
#Cm {E-04 2E=03 NC SE-02 1E-11 1E—06
: 9E-02 8E-09  2E-06

1E-11
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Section F: Early Phase Dose Projections

eRelease conversion factors (RCFs), when multiplied by the activity released (uCi), will give a dose estimate
for a ground-level release with no rain close to the source (<0.25 mile). The RCFs assume that the exposed
individual is at the center of the plume for the entire duration of the release. The daughters are included in all the
inhalation doses and in the external doses where noted (e.g., “Ti+*Sc). These RCFs should provide an upper
bound of the dose from ground-level releases nof involving rain and a range of stability classes and wind speeds.
(The derivation of the RCFs is shown below.)

bnhalation doses include daughters and are, &s recommended by EPA, for an adult performing light activity.
The RCFs given are the (1) organ dose [(D) for bone, lung, and thyroid) and (2) CEDE (Hg.x) from inhalation.
Entries marked “NC” were not calculated.

The air immersion dose equivalent is for a semi-infinite plume, thus maximizing the dose from cloudshine.

The ground exposure is for the early phase and includes external dose equivalent from groundshine and
CEDE from resuspension (non-arid arez, R, = 1E~6) from remaining on contaminated ground for 4 days. The
groundshine doses were corrected for ground roughness. .

¢CEDE from inhalation was doubled to account for skin absorption. A

fFor natural and depleted uranium, it is assumed a!l the release is #*U, and for enriched uranium it is
assumed all of the release is #*U. The specific activity of natural and depleted uranium is dominated by the
concentration of 2*U, and enriched uranium is dominated by the concentration of U (because of its high specific
activity). While releases of natural and enriched uranium will be composed principally of a mixture of wy, Y,
and 22U, the dose factors for U, *U, and B8] are within 10%, $0 it is reasonable to use a-single dose factor.

Caution: For uranium, the chemical toxicity is always more important than the radiation dose.

Rnhalation dose for the soluble form of 34y, which is the likely form in UF,.

Calculation of Release Conversion Factors
RCEF for acute bone marrow dose: RCF (bone) = DCF, X CF

t RCF for scute hung dose: RCF (lung) = DCFy % CF 1
l RCF for thyroid dose: RCF (thyroid) = DCFy, X CF
} RCF for CEDE dose: RCF (CEDE) = DCFyg X CF
“ RCF for air immersion dose: RCF (air) = DCF, X CF ‘ l

l RCF for ground exposure dose for early phase: !

RCF (early phase ground) = DCFgp, X GCF X T,

where
‘ CF = Conversion factor = 1.56E—7 from CF = (Q X DF x T,)/0, based on (
| Method F.3 |
| DCF = Dose conversion factors from Tables F-6 and F-7 |
l DF = Dilution factor = 1E~3 m-2 for 0.25 mile from Table F-10 ' |
GCF = Ground concentration factor = 3.9E—8 for 0.25 mile from Table F-11 I
| 0 = Release rate = 2.8E—4 pCi/s (1 pCi/h) l
‘ T,, = Exposure duration = 100 h (4 days) for Dgp,
T, = Release duration =1h : ]
| 0 = Average wind speed = 1.8 m/s (4 mph) |

F-42 \ RTM - 96



Section F: Early Phase Dose Projections

Table F-5. Release conversion factor, RCF, in mrem/pCi,

at 1 mile downwind for 1-pCi release*
Inhalation®

Acute Acute Air

Isotope bone lung Thyroid CEDE  immersion® Ground?
H 6E-10 6E-10 NC  1E-0%  4E-14 3E-13
e 9E-09 9E-09 NC  2E-08  3E-14 6E-12
ZNa NC NC NC  8E-08  1E-08 4E—-08
¥Na §E-09 4E-08 NC  1E-08  2E-08  2E—08 H
::P 2E-07 8E-07 NC 2E-07 1IE-11 9E-11 ]
P NC NC NC  2E-08  SE-14 6E-12 r
g {E-09 OE-08 NC  2E-08  3E-M 6E-12
%Cl NC NC NC  2E-07  2E-12 7E~-11
“g NC NC NC  1E-07  9E-10 3E-09
<K NC NC NC  1E-08  2E-09 9E-10
“Ca NC NC NC  7E-08  1E-I3 2E~11
“sc NC NC NC  3E-07  1E-08 4E-08

“Ti+4Sc NC NC NC  1E-05  1E-08 SE-08
ay NC NC NC  1E-07  2E-08 SE~08
sicr 7E-10 1E-08 NC  3E-09  2E-10 6E-10
SMn 3E-08 OE-08 NC  7E-08  SE-09 2E-08
%Mn NC NC NC  4E-09  1E-08 1E—-09 H
SFe 6E-10 1E-08 NC  3E-08 0 TE-12
$Fe 4E-08 3E-07 ~ NC  1E-07  TE-09 2E-08 H
8Co |E-08 2E-07 NC  1E-07  SE-09 2E-08
©Co 3E-08 SE-07 NC  2E-06  1E-08 SE-08
ONi - {E-09 3E-08 NC  3E-08 0 8E—12
scy NC NC  NC  3E-09  1E-09  7E-10
“Zn JE—08 9E~08 NC  2E-07  3E-09 1E—-08
“Ga NC SE-09 NC  1E-09  SE-09 3E-10

#Ge+4Ga NC  8E-09 NC  SE-07  SE-09 2E-08

. NC  9E-08  2E-09
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Section F: Early Phase Dose Projections

Table F-5. Release conversion factor, RCF, in mrem/pCi,
at 1 mile downwind for 1-gCi release (continued)

Inhalation®

Acute Acute Air
Isotope bone lung Thyroid CEDE  immersion® Ground’
SKr NC NC NC NC 1E-11 SE-11
Sy NC NC NC NC 8E-10 2E-10
¥Kr NC NC NC NC S5E—09 3E-10
8Kr+%Rb NC NC NC NC 2E-08 2E-09
%Rb 7E-08 1E-07 NC 7E-08 5E-10" 2E—09
YRb NC NC NC - 3E-08 2E-13 1IE-11
©Rb NC NC NC SE-10 4E-09 SE—11
®Sr 9E-08 1E-06 NC 4E-07 9E-12 1E-10
0y 2E-07 2E-06 NC 1E-05 8E-13 3E-09
sigr NC NC NC 2E-08 4E-09 2E-09
wy ' {E-08 3E-07 NC 9E-08 2E-11 8E-11
sy  SE-08 1E-06 NC S5E—07 3E-11 2E-10
Slmy NC NC NC 4E-10 3E-09 1E-10
©Zr NC NC NC 3E—06 0 8E-10
"Zr 1E-07 4E-07 NC 2E-07 4E-09 1E-08
%Nb NC NC NC 4E-06 9E-09 3E-08
*Nb 1E-08 1E-07 NC 6E—08 4E-09 1E-08
“Mo+¥"Tc 1E-08 2E-07 NC 4E-08 1E-09 3E-09
»Tc 1{E-09 2E-07 NC SE-08 2E-13 2E-11 |
e 1IE-10 1E-09 NC 3E-10 7E-10 2E-10 |
Ry 1E-08 3EB-07 NC 9E—08 3E-09 9E-09
1Ry NC NC NC S5E—09 4E-09 1E-09
%Ru+4'*Rh 9E-08 3E-06 NC - SE-06 1E-09 SE-09
WeRh NC NC NC NC 1E-09  SE-13
Nomp o 6E-08 SE-07 NC 8E-07 2E-08 - SE-08
1904 4+ 19=Ap NC NC NC 1E-06 SE-11 9E-10
acd NC NC NC 2E-05 8E-13 4E-09
L ™ NC NC NC 9E-0Q7 S5E-10 2E-09
135 4113 NC NC NC 1E-07 1E-09 SE—09
g NC NC NC 3E-07 SE-11 2E-10
1265 4 126G NC NC NC 1E-06 3E-10 3E-08
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Section F: Early Phase Dose Projections

Table F-5. Release conversion factor, RCF, in mrem/pCi,

at 1 mile downwind for 1-xCi release (continued)

Inhalation®
Acute Acute Air
Isotope bone lung Thyroid CEDE immersion® Ground’
1245h ~ SE-08 8E-07 NC  3E-07 1E-08 3E-08
H 1268b NC NC NC 1E-07 2E-08 SE-08
126mSh NC NC NC 3E-10 . 8E-09 1E-10
l 1278b NC NC NC 6E—08 4E-09 9E-09
f 138b NC NC NC 6E—09 8E-09 2E-09
12Te NC NC NC 3E-09 3E-11 1E-11
127mTe 9E-08 6E-07 NC 2E-07 2E-11 3E-10
15Te NC NC NC 9E-10 3E-10 2E-11
1%0Te 2E-07 1E-06 NC 2E-07 2E-10 8E-10
BiTe NC NC 1E-07 SE-09 2E-09 SE-11
BinTe 9E-09 8E-08 1E-06 GE—08 8E-09 1E-08
132Te IE-08 SE-08 2E-06 1E-07 1E-09 3E-09
121 6E-10 SE-09 8E-06 2E-07 6E—11 9E-10
151 7E-10 8E-09 6E-05 2E-06 4E-11 SE-10
By 2E-09 2E-08 1E-05 3E-07 2E-09 6E—-09
12 SE-10 1E-08 6E-08 4E-09 1E-08 1IE-09
1391 {E-09 3E-08 2E-06 GE-08 3E-09 3E-09
| 2E-10 SE-09 1E-08 1E-09 1E—-08 6E-10
135] 4 1¥5mXe g§E-10 2E-08 3E-07 1E-08 1E-09 3E-09
BimYXe NC NC NC NC 4E-11 4E-10
113Xe NC NC NC NC 2E-10 7E-10
e C NC NC NC NC 2E-10 4E-10
135Xe NC NC NC NC 1E-09 6E-10
15mye NC NC NC NC 2E-09 3E-11
138Xe NC NC NC NC 6E—-09 7E-11
134Cs 9E-08 1E-07 NC SE-07 8E-09 3E-08
1%Cs 8E-09 2E-08 NC SE-08 6E—-14 1E-11
136Cs 6E—08 TE-08 NC 7E-08 1E-08 4E-08
l g4 BBy SE—08 8E-08 NC 3E-07 3E-09 1E-08
F 136Cs NC NC NC 1E-09 1E-08 3E-10
1¥Ba NC NC NC 8E—-08 2E-09 8E-09
H 15mBa NC NC NC NC 3E-09 7E-12
Ba 4E-08 6E-08 NC 4E-08 1E-09 3E-09
F WLa 2E-08 2E-07 NC SE-08 1E-08 2E-08
NC 9E-08 4E-10 1E-09

NC

1E-10

2E-09
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Section F: Early Phase Dose Projections

Table F-5. Release conversion factor, RCF, in mrem/pCi,

at 1 mile downwind for 1-uCi release (continued)

Inhalation®
Acute Acute Air

Isotope bone lung Thyroid CEDE immersion® Ground’
W4py NC NC NC 4E-10 2E-10 3E-12
Wimpy NC NC NC NC 3E-11 4E-13
“Spm NC " NC . NC 3E-07 8E-11 7E-10
Wpm 6E-09 1E-—07 NC 4E—07 8E-14 1E-10
ISm NC NC NC  8E-04 0 2E-07
151§m 2E-09 4E-08 NC 3E-07 4E-15 8E-11
125y 3E-08 4E-07 NC 2E-06 6E—09 2E-08
14Ey 4E-08 7TE-07 NC 3E—06 7E-09 2E—08
ISEy g8E-09 1E-07 NC 4E-07 3E-10 1E-09
19Gd NC NC NC 2E-07 4E-10 2E-09
19T NC NC NC 3E-07 6E—09 2E-08
166np gy NC NC NC SE—~06 9E-09 4E-08
™Tm NC NC NC  3E-07  2E-1l 2E-10
19Yp 2E-08 3E-07 NC 8E—08 1E-09 6E—09
mYf ~ NC NC NC 3E-06 S5E—10 3E—09
ISIgf NC NC NC  2E-07 3E-09 1E-08
18T, NC NC NC S5E—07 7E-09 2E-08
1y 'NC NC ~ NC 6E—09 3E—09 3E-09
192]p 3E-08 6E—07 NC 3E-07 4E-09 2E-08
Ay NC NC NC 3E—08 2E—09 SE—09
g NC NC NC  7E-08 1E-09 4E-09
2047 NC NC NC 2E-08 6E—12 3E-11
20py, {E-07 4E-08 NC 1E-04 6E-12 3E—08
7g; NC  NC NC 2E-07 8E—09 3E-08
20B; NC NC NC 2E~-06 4E-12 4E-10
210pg, 3E-06 1E-04 NC 9E-05 5E-14 2E-08
26Ra 4E-07 1E-04 NC 9E-05 4E-11 2E-08
ZiAc NC’ NC NC 7E-02 7E-13

2E-05 \

ZAc . NC NC ‘NC 3E-06 SE-09 2E-09 |}
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Section F: Early Phase Dose Projections

Table F-5. Release conversion factor, RCF, in mrem/pCi,
- at 1 mile downwind for 1-uCi release (continued)

Inhalation®

Acute Acute Air

Isotope bone  ‘lung Thyroid CEDE  immersion®  Ground’ |
o'Th 2E-05 3E-04 NC 2E-04 SE-10 4E-08
2Th 4E~-05 6E~04 NC 3E-03 1E-11 9E-07
Th 6E-06 IE-04  NC 3E-03 2E-12 8E-07
BITH NC NC NC 9E-09 6E-11 1E-10
BITh 6E-06 1E-04 NC 2E-02 1E-12 4E-06
Bip, 4E-06 1E-04 NC 1E-02 2E-10 3E-06
Bpy NC NC - NC 1E-07 1E-09 4E-09

U-dep&nat“ NC 1E-04 NC 1E-03 4E-13 3E-07
U-enric™ | 6E-07 1E-04 NC 1E-03 9E-13 3E-07
U-sol/UF{#* 6E-07 6E -06 NC 3E-05 9E~13 7E-09
B e TE-07 1E-04 NC 7E-03 2E-12 2E-06
BIYE NC NC NC 1E-03 2E-12 3E-07
Bage 6E—07 1IE-04 NC 1E-03 9E-13 3E-07
By SE-07 1E-04 NC 1IE-03 .8E-10 3E-07
Beye 6E-07 1E-04 NC 1E-03 6E-13 3E-07
nEye SE-07 1E-04 NC 1E-03 4E-13 3E-07
3'Np 4E-06 1E-04 NC SE-03 1E-10 1E-06
2'Np 3E-09 9E-08 NC 3E-08 9E-10 2E-09
Bépy NC NC NC 1E-03 7E-13 4E-07
Bipy SE-06 1E-04 NC 4E-03  SE-13 1E-06
2%y 4E-06 1E-04 NC 4E-03 SE-13 1E-06
Hopy 4E-06 1E-04 NC 4E-03 SE-13 1E-06
Uipy 9E—10 2E-08 NC 8E-05 8E-15 2E-08
Wpy 4E-06 = 1E-04 NC 4E-03 4E-13 1E-06

XAm SE-06 1E-04 NC 4E-03 .= 9E-11 1E-06

%mAm NC NC NC 4E~-03 4E-12 1E-06
WAm SE-06 1E-04 NC 4E-03 2E-10 1E-06
%Cm SE-06 1E-04 NC 2E-04 6E-13 4E-08
¥Cm SE-06 1E-04 NC 3E-03 7E-10 8E-07
¥4Cm SE-06 1E-04 NC 2E-03 SE-13 6E-07
%Cm

NC NC NC 5E—03 4E-10 1E-06
NC NC  NC 6E-13
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Section F: Early Phase Dose Projections

®Release conversion factors (RCFs), when multiplied by the activity released (xCi), will give a dose estimate
for a ground-level release with no rain at 1 mile downwind from the source. The RCFs assume that the exposed
individual is at the center of the plume for the entire duration of the release. The daughters are included in all the
inhalation doses and in the externa) doses where noted (e.g., #Ti+*Sc). These RCFs should provide a upper
bound of the dose from ground-level releases not involving rain and a range of stability classes and wind speeds.
(The derivation of the RCFs is shown below.)

Pjnhatation doses include daughters and are, as recommended by EPA, for an adult performing light activity.
The RCFs are for the (1) organ dose [(Dy) for bone, lung, and thyroid] and (2) CEDE (H, s from inhalation.
Entries marked *NC” were not calculated. .

“The air immersion dose equivalent is for a semi-infinite plume, thus maximizing the dose from cloudshine.

#The ground exposure is for the early phase and includes external dose equivalent from groundshine and
CEDE from resuspension (non-arid area, R, = 1E~6) from remaining on contaminated ground for 4 days. The
groundshine doses were corrected for ground roughness. .

¢CEDE from inhatation was doubled to account for skin absorption.

fror natural and depleted uranium, it is assumed all the release is 32U, and for enriched uranium it is
assumed all of the release is U, The specific activity of natural and depleted uranium is dominated by the
concentration of 2*U, and enriched uranium is dominated by the concentration of Y (because of its high specific
activity). While releases of natural and enriched uranium will be composed principally of & mixture of iy, Wy,
and 23U, the dose factors for 24U, #°U, and ™U are within 10%, 8o it is reasonable to use a single dose factor.

£Caution: For uranium, the chemical toxicity is always more important than the radiation dose.

Mnhalation dose for the soluble form of ®4U, which is the likely form in UF,.

Calculation of Release Conversion Factors

RCF for acute bone marrow dose: RCF (bone) = DCF,, X CF

RCF for acute lung dose: RCF (lung) = DCF, X CF

| RCF for thyroid dose: RCF (thyroid) = DCF,, X CF
RCF for CEDE dose: RCF (CEDE) = DCFgs, X CF

| RCF for sir immersion dose: RCF (air) = DCF, X CF
RCF for ground exposure dose for carly phase:

RCF (early phase ground) = DCF, X GCF X Ty

Conversion factor = 1.56E—7 from CF = (Q X DF X T,)/U, based on
Method F.3

DCF = Dose conversion factors from Tables F-6 and F-7

DF = Dilution factor = 5.4E—5 m™2 for 1 mile from Teble F-11

GCF = Ground concentration factor = 2.1E~8 for 1 mile from Table F-11
o = Release rate = 2.8E—4 kCi/s (1 uCi/h) :

T, = Exposure duration = 100 h (4 days) for Dy,

T, = Releaseduration=1h

U = Average wind speed = 1.8 m/s (4 mph)
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Section F: Early Phase Dose Projections

Table F-6. Early phase deposition and air immersion dose conversion factors

" 4-day EDE fro
External  Extenal deposition®, DCF,,, ~ Extemal EDE
. 1] {3 .
exposure rate EDE rate Ers rate from air
from from Non-arid Arid immersion®*,
deposition®,  deposition®?, resuspension  resuspension DCF,
ECFy DCF (R, = 1E-6) (R, =1E-4)
(meh)  (memn) (m=m)  (ERR) G
Isotope prlm’ uClIm ;zCl/m2 prlm’ pCim* |
H 1.5E-05 1.5E-03 4.4E-06
uc 2.15—07 l.SE—07 2.6E-04 2.5E-02 3.0E-~06
ZNa 2.7E-02 2.0E-02 1.9E+00 2.0E+00 1.4E+00
%Na 4.7E-02 34E-02 7.2E-01 7.2E~01 2.9E+00
2p 3.8E-05 2.7E-05 4.1E-03 1.7E-01 1.3E-03
¥p S5.8E-07 4.2E-07 3.0E-04 2.6E—02 1.1IE-05
xS 2.2E~-07 1.6E-07 3.1E-04 2.9E-02 3.2E-06
%1 8.8E-06 6.3E-06 3.3E~-03 2.6E-01 3.0E-04
oK 1.9E-03 . 14E-03 14E-01 2.8E-01 1.1E-01
“K 3.5E-03 2.5E-03 4.4E-02 4.7E-02 1.5E-01
“Ca 6.0E-07 4.3E-07 8.3E~04 7.9E-02 1.1IE-05
“ge » 2.5E-02 1.8E-02 1.8E+00 2.1E4+00 1.3E+00
“Ti+4Sc 2.9E-02 2.1E-02 2.2E+00 1.4E+01 1.5E+00
ay 3.6E-02 2.6E-02 2.4E+00 2.5E+00 1.9E4+00
SiCr 4.0E-04 2.9E-04 2.TE-02 3.1E-02 2.0E-02
%Mn 1.1E-02 7.6E-03 7.5E-01 8.3E-01 5.4E-01
%Mn 2.1E-02 1.5E-02 S.SE-02 S.SE-02 1.1E4+00
Fe ‘ 0 0 3.2E-04 3.2E-02 0
SFe 1.5SE-02 1.0E-02 1.0E+00 1.2E+00 7.9E-01
%Co 1.2E-02 8.9E-03 8.7E-01 9.9E-01 6.3E-01
“Co 3.1E-02 2.2E~-02 2.2E+00 4.8E+00 1.7E+00
ONi 0 0 3.7E-04 3.7E-02 0
“Cu 2.4E-03 1.7E-03 3.2E-02 3.2E-02 1.2E-01
$Zn 7.2E-03 5.2E-03 5.1E-01 7.5E-01 3.9E-01
#Ga 1.2E-02 8.8E-03 1.4E-02 1.4E-02 6.1E-01
8Ge+%Ga 1.2E-02 . 8.8E~03 8.8E-01 1.5E+00 6.1E-01
BSe 4.9E-03 3.5E-03 3.5E-01 4.5E~-01 2.5E-01
SKr 3.4E-05 2.5E-05 2.5E-03 2.5E-03 1.6E-03
gy 2.0E-03 1.4E-03 9.1E-03 9.1E-03 9.9E-02
¥Kr 9.6E~03 6.8E-03 1.2E-02 1.2E-02 S$.SE-01
BKr+%Rb 3.0E~02 "2.2E-02 8.9E-02 8.9E~02 1.8E+00
¥Rb 1.2E-03 8.7E~04 8.1E-02 1.5E-01 6.4E-02
¥Rb 1.1E-06 8.2E-07 4.7E-04 3.9E-02 2.4E-05
7.8E-~03 5.5E-03 2.4E~03 2.4E-03 4.5E-01
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Section F: Early Phase Dose Projections

Table F-6. Early phase deposition and air immersion
dose conversion factors (continued)

4-day EDE from :
External External deposgon"’ DCFgp, ' Externa!l EDE
exposure rate EDE rate Ere! rate from air
- from from Non-arid Arid jmmersion®,
deposition®c, _deposition®?, resuspensxon resuspension DCF,
ECF DCFy = lE~6) (R, = 1E-4)
= e (m) (=) es>
Isotope pCi/m? #Ci/m? #Ci/m? pCi/m? uCi/m®
5gr 3.0E-05 2.1E-05 6.9E-03 4 8E-01 1.0E-03
©Sr 3.7E-06 2.6E-06 1.6E-01 1.6E+01 1.0E-04
9iSr 8.8E-03 6.3E-03 1.3E-01 1.3E-01 4.6E-01
oy 6.9E-05 5.0E-05 3.6E-03 6.5E-02 2.5E-03
ny 7.5E-05 S$.4E-05 1.1E-02 5.8E-01 3.5E-03
my 6.8E-03 4 9E-03 5.8E-03 5.8E-03 3.4E-01
%7Zr 0 0 3.8E-02 3.8E+00 ]
_”Zr 9.4E-03 "6.7E-03 6.6E-01 9.3E-01 4.8E-01
%Nb 2.0E-02 1.4E-02 1.5E4+00 6.4E+00 1.0E+00
$Nb . 9.8E-03 7.0E-03 6.7TE-01 7.4E-01 5.0E-01
“Mo+%"Tc - 3.5E-03 2.5E-03 1.6E-01  1.8E-01" 1.8E-01
*Tc 1.0E-06 7.3E-07 . 1.1E-03 1.0E-01 " 2.2E-05
¥=Tc 1.6E-03 1.1IE-03 . 9.8E-03 9.8E-03 7.8E-02
1BRy 6.0E-03 4.3E-03 4,2E-01 5.2E-01 3.0E-01
SRy 1.0E-02 7.2E-03 4,6E-02 4,6E~-02 5.1E~01
Ru+!%Rh 2.8E-03 2.0E-03 25E-01 = S5.9E+00 1.4E-01
I5ph 2.8E-03 2.0E-03 2.4E-05 2.4E-05 1.4E-01
Nomp o 3.5E-02 2.5E-02 2.5E+00 3.4E+00 1.8E400
19Cd 4% Ag - 4,2E-04 3.0E-04 4.4E-02 1.4E+4+00 6.5E-03
13aCq 3.4E-06 2.5E-06 1.8E-01 1.8E+4+01 9.2E-05
Wy 1.2E-03 8.5E-04  9.3E-02 1.1E+00 5.6E-02
F 13gn 4 113°]n 3.7E-03 2.6E-03 2.6E-01 .3.8E-01 1.7E-01
gy 1.1IE-04 7.8E-05 1.2E-02 3.9E-01 5.4E-03
126gn 4 135=Sh 2.0E-02 4.1E-02 1.4E+00 2.6E+00 2.9E+00
124gh 2.2E-02 1.6E-02  1.6E+00 1.8E400 = 1.2E+00
1265h 3.6E-02 2.6E-02 2.3E+00 2.4E400 1.8E+00
126agh 2.0E-02 1.4E-02 6.SE-03 6.5E~03 1.0E+00
177gh 8.8E-03 6.3E-03 44E-01 4.9E-01 4 4E-01
1gh 1.8E-02 1.3E-02 8.5E-02 8.5E-02 9.5E-01
1 7e - 6.8E-05 4.8E-05 6.6E~04 1.2E-03 3.2E-03
Z=Te 1.5E-04 1.1E-04 1.3E-02 2.6E-01 2.0E-03
12Te 7.8E-04 5.6E-04 9.4E-04 9.SE-04 3.7E-02
#mTe ' 4.9E-04 9.1E—-04 6.7E-02 3.3E-01 58E~-02 |
BiTe 54E-03 3.8E-03 2.3E-03 2.3E-03 2.7E-01 r]
BimTe 1.8E-02 1.3E-02 ~ 5.5E-01 S.9E-01 9.3E-01

12Te 3.0E-03 - 2.1E-03 1.4E+00 1.5E+00 1.4E-01
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Section F: Early Phase Dose Projections

Table F-6. Early phase deposition and air immersion
dose conversion factors (continued)

External  External de,;‘;’;i’ofﬁs o External EDE |
exposure rate  EDE rate o Eh rate from air
from from Non-arid Arid immersion®¢,
deposition®c,  deposition®“, resuspension resuspcnsion DCF,
(men) - (et (mem)  (EER) Do
uCi/m? #Ci/m? A\ pCi/m?¥ - polIm2 pCi/m®
5.6E-04 40E-04 4.2E-02 3.2E-01 6.9E-03
3.4E-04 2.4E-04 - 4.SE-02 2.1E+00 5.1E-03
4.9E-03 3.5E-03  3.0E-01 6.2E~01 2.4E-01
2.9E-02 2.1E-02 6.8E~-02 6.8E~02 1.5E+00
7.8E-03 5.6E-03 1.6E-01 1.8E-01 3.9E-01
3.3E-02 2.4E-02 3.0E-02 3.0E-02 1.7E+00
2.0E-02 14E-02 - 14E-01 1.4E-01 ‘1.1E+00

2.7E-04 1.9E-04 1.7E-02 1.7E-02  5.2E-03
6.0E-04 4.3E-04 3.3E-02 3.3E-02 2.1E-02

53E-04  3.8E-04  2.1E=02  2.1E-02 1.8E—02
32E-03  23E-03  3.0E-02  3.0E-02 1.6E-01
sSE-03  40E-03  1.5E-03  1.5E-03 2.7E-01
13E-02  9.6E-03  3.3E-03  3.3E-03 7.7E-01
2.0E-02 14E~02  14E+00  2.0E+00 1.0E+00
43E-07  3.JE-07  SSE-04  S.SE-02 7.5E—06
2.7E-02 1.9E-02  1.7E+00  1.8E+00 1.4E+00
7.6E-03  S.SE-03  S5.5E-01  9.3E-01 3.8E-01
20E-02  20E-02  1.6E-02  16E-02  1.6E+00 J
§2E-03  3JE-03  3JE-01  4.6E-0l 2.4E-01
7.6E-03  SSE-03  33E-04  3.3E-04 3.8E-01
23E-03  1JE-03  LIE+00  1.1E+00 1.IE-01
28E-02  2.0E-02  9.6E-01  9.9E-01 1.6E+00
9.6E-04  69E-04  6JE-02  1.7E-01 4.6E—02
74E-04  6.JE-04  OJE-02  4.SE+00  4.1E-02
49E-04  3.5E-04  15E-04  1.5E-04 2.6E-02
1.7JE-04 12E-04  2.1E-05  2.1E-05 3.7E-03
.43E-04  3.0E-04  34E-02  3.9E-01 9.4E-03 |
44E-07  32E-07  4JE-03  4.7E-01 9.2E—06

0 0 9.0E+00  9.0E+02 . 0
66E-08  4JE-08  3.6E-03  3.6E-01 4.8E-07
1.4E-02 10E-02  10E400  3.7E+00 7.5E-01
1.6E-02 1.1E-02  1.1E+00  4.SE+00 8.2E—01
77E-04  S5SE-04  60E=02  S.5E-01 3.3E-02
14E-03  99E-04  10E-01  3.8E-0l 4.9E—02
1.4E-02 1.0E-02  99E-01  1.3E+00 74E-01 |

) 1.6E—02 1.7E+00 1.1E+01 1.1E+00 T
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Section F: Early Phase Dose Projections

Table F-6. Early phase deposition and air immersion
dose conversion factors (continued)

4-day EDE from
External External dcpositg'on"-”, DCF External EDE
exposure rate  EDE rate Ere! rate from air
from from Non-arid Arid immersion®¢, -
deposition®®,  deposition®?,  resuspension resuspension DCF,;
ECF:{ : DCF‘[ (R, = 15-6) (R, - 15-4)
(Rb) (momyy)  (mem) () (SRR
Isotope uCi/m? pCi/m? pCi/m? pCi/m? uCi/m’
™Tm 7.7E-05 5.5E-05 8.6E-03 3.2E-01 3.0E-03
18Yp 4.0E-03 2.8E-03 2.7E-01 3.6E-01 1.7E-01
Ry 1.SE-03 1.1IE-03  1.4E-01 3.9E+00 5.4E-02
8§ 7.1E-03 - 5.1E-03 4.9E-01 6.7E-01 3.5E-01
RTy 1.6E-02 1.1E-02 1.1E+00 1.7E+00 8.5E-01
oy 6.1E-03 4 4E-03 14E-01 - 1.4E-01 3.0E-01
92y 1.0E-02 7.5E-03 7.4E-01 1.1E+00 $.2E-01
1A $.2E-03 3.7E-03 2.3E-01 2.5E-01 2.6E-01
WHe 3.0E-03 2.2E-03 2.1E-01 2.9E-01 1.SE-01
247] 1.9E-05 1.4E~-05 1.7E-03 3.0E-02 7.4E-04
20py 3.2E-05 2.3E-05 1.6E+00 1.6E+02 7.SE-04 xi
wp{ 1.9E-02 1.4E-02 1.4E+00 1.6E+00 1.0E+00
3og; 1.4E-05 9.8E-06  1.9E-02 1.8E+00 4 4E-04
10pg 1.1E-07 7.7E-08 1.1E+00 1.1E+02 5.5E-06
2Ra 8.4E-05 6.0E-05 1.4E+00 1.0E+02 4.2E-03
Tpc 2.0E-06 1.SE=-06 8.0E+02 = B8.0E+04 7.7E-05
ZiAc 1.2E-02 8.7E-03  .8.0E-02 4,0E-01 6.4E-01
Ly 1.4E-03 9.7E-04 1.9E+00: 1.8E+02 6.SE-02
BTh 3.1E-05 2.2E-05 4.1E+01. 4.1E+03 1.2E-03
¥OTh 9.8E-06 7.0E-06 3.9E+01 3.9E+03 2.3E-04
DiITH 2.4E-04 1.7E-04 6.0E-03 9.5E-03 6.9E-03
mTh 7.2E-06 5.1E-06 2.0E4+02 2.0E+04 1.2E-04
Dipy 5.3E-04 . 3.8E-04  1.5E+02 1.5E+04 2.3E-02
™py 2.5E-03 1.8E-03 1.7E-01 2.8E-01 1.2E-01
my 1.3E-05 9.4E—-06 7.9E+01 7.9E+03 1.9E-04
my 9.3E-06, 6.TE-06 1.6E+01 1.6E+03 2.2E~04
iy 9.8E-06 7.0E-06 1.6E+01 1.6E+03 1.0E~04
wsyf 1.9E-03 1.4E-03 1.SE+01 1.SE+03 9.6E-02
Beyy 8.SE—06 6.1E-06 1.SE+01 1.5E+03 6.7E~05
myf 7.2E-06 $.1E-06 1.4E+01 1.4E+03 4.5SE-05
- U-dep&nat™® 7.2E-06 $.1E-06  1.4E+01 1.4E+03 4,SE-05
U-earich# 9.8E-06 7.0E-06 1.6E+01 1.6E+03 1.0E-04
BUy.gol /US4 9.8E-06 - 1.0E-06 3.2E-01 3.2E+01 1.0E-04
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Section F: Early Phase Dose Projections

Table F-6. Early phase deposition and air immersion
dose conversion factors (continued)

' 4-day EDE from ' ||
External External deposition‘-”, DCFEPgi Externa! EDE

exposure rate EDE rate rate from air

from from Non-arid Arid immersion®*,

deposition®©,  deposition®¥, resuspension  resuspension DCF,,
ECF, DCF, (R, =1E-6 ®=I1E-4 -

nxn)  (memd)  (mmn) o (EEm) (S
Isotope pCi/m? pCi/m? pCi/m? -\ pCi/m? pCi/m®

DINp 3.7E-04 2.7E~04 6.5E+01 6.5E+03 14E-02
Np 2.1E—O3 IJE.—03 . 8.BE-02 1.0E-01 °~ 1.0E-01
Bépy - 13E-05 9.1E-06 1.7E+01 1.7E+03 8.4E-05
Bipy 1.1IE-05 7.8E-06 4.7E+01 4.7E4+03 6.SE-05
Bpy 4.8E-06 34E-06 . S.1E4+01 - S5.1E+03 5.6E-05
Wopy 1.0E~05 7.5E-06 5.1E4+01 S.1E+03 6.3E-05
“ipy 2.5E--08 1.8E—-08 9.9E~01 9.9E4+01 9.6E-07
*2py 8.7E-06 6.2E~06 479E+01 4.9E+03 S.3E-05
¥aAm 3.6E-04 2.6E-04 5.3E+01 5.3E403 1.1E~-02
MmAm 3.9E~-05 2.8E-05 S.1E+01 S.1E+03 4.2E-04
WAm 7.0E-04 5.0E-04 5.3E+01 5.3E+03 2.9e-02
¥Cm - 1.2E-05 8.9E-06 - 2.1E4+00 2.1E4+02 7.6E-05
Cm 1.6E-03 - 1.2E-03 3.7E+01 3.7E+03 7.8E-02
#¥Cm 1.1IE-05 8.2E-06 3.0E+01 3.0E+03 6.5E-05
#Cm 1.1E-03 8.1E~04 S.5E+01 5.5E+03 5.3E-02
9.4E-06 6.7E-06 1.9E401 1.SE+03 6.7E-05

¢External dose equivalent from deposition and CEDE from inhaled resuspension from remaining on
contaminated ground for 4 days. The dose is calculated for two different resuspension factors. Daughters are
included in inhalation doses and in external doses as indicated.

bExternal doses from deposition are corrected by a factor of 0.7 for ground roughness. Contribution of
daughters is included in external doses where noted (¢.g., #Ti + “Sc). '

Exposure rate at 1 m above ground from a 1-uCi/m? deposition of given isotope.

“Effective dose equivalent rate at 1 m above ground level from a 1-uCi/m?® deposition of given isotope.

*Effective dose equivalent from immersion in a semi-infinite cloud of uniform given isotope concentration.
Contribution of daughters included where indicated.
Caution: The chemical toxicity of uranium is more important in producing early health effects than radiation
dose. ' :

SFor natural and depleted uranium it is assumed all the release is By and for enriched uranium it is
assumed all of the release is 2*U. The activity of enriched uranium is dominated by the concentration of ‘U
(because of its high SpA). While releases of natural and enriched uranium will be composed principally of &
mixture of U, U, and #U, the dose factors are all within 10% so it is reasonable to use & single factor.

#The D (day) lung clearance class was used in estimating early phase inhalation dose because the uranium in
UF; is in a soluble form.
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Section F: Early Phase Dose Projections

_ Calculation of Exposure and Dose Conversion Factors 1
| Exposure conversion factor from groundshine:
ECF, = DCECSD x SiCF x GRCF x 1.4

(EDE is multiplied by 1.4 to estimate external exposure rate as recommended by

EPA 400-R-92-001. Early phase assessment methods in the FRMAC Assessment |
Manual can be used to calculate ECF, for other isotopes or for different
assumptions.)

Dose conversion factor from groundshine: DCF, = DCECGS X SiCF X GRCF

(Early phase assessment methods in the FRMAC Assessment Manual can be used to
calculate DCF, for other isotopes or for different assumptions.)

Dose conversion factor for early phase (4 days) from deposition:
DCFg, = DCF, + CEDE (from resuspension)
The FRMAC Assessment Manual contains a full description of how DCF, is
calculated and carly phase assessment methods to calculate DCF,, for other lsotop&
or other resuspension factors.) E u

Dose conversion factor air: DCF, = DCAS x SiCF

(Early phase assessment methods in the FRMAC Assessment Manual can be used
calculate DCF, for isotopes not listed or for different assumptions.)

where -

DCAS = dose coefficients for air immersion from EPA-402-R-93-081,
Table 1111, pp. 51-73

DCECGS = dose conversion for exposure to contaminated ground surface factor
from EPA-402-R-93-081, Table I1I.3, pp. 93-109

GRCF = ground roughness correction factor, 0.7

SiCF = conversion factor from SI units, see below

or o SVIs 3.6 x 10°s _ 10° mrem Bg . 1.33 x 10" mrem
S e g X F T TR ZCi/m?
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Section F: Early Phase Dose Projections

Table F-7. Early phase inhalation dose conversion factors in (mrem/h)/(xCi/m®)°

DCF,

II "Se 1.02E+01 2.26E+00

9.77E+00

NC

Isotope DCF, g} Acute bone® Acute lung® Thyroid CDE? "
*H 1.53E-01° 7.10E—-02 7.10E-02 NC¢
“c 2.50E+00 1.02E+00 1.02E+00 NC
2Na 9.19E+00 NC NC NC
¥Na 1.45E+00 9.32E-01 5.33E+00 NC
2p 1.86E+01 2.04E+01 9.77E+01 NC
Bp 2.78E+00 NC NC NC
»s 2.97E+00 1.78E-01 1.07E+01 NC
%Cl 2.63E+01 NC NC NC
“K 1.48E+01 NC NC NC
K 1.63E+00 NC NC NC
“Ca 7.95E+00 NC NC NC
“Sc 3.56E+01 NC NC NC
“Ti 1.22E+03 NC NC NC
“y 1.23E+01 NC NC NC
S'Cr 401E~01  7.99E-02 1.33E+00 NC i
%Mn 8.04E+00 3.42E+00 1.07E+01 NC
%Mn 4.53E-01 NC NC NC
¥Fe 3.22E+00 7.10E-02 1.33E+00 'NC
*Fe 1.78E+01 5.33E+00 3.51E+01 NC
%Co 1.31E+01 1.51E+00 2.00E+01 NC
®Co 2.62E+02 3.91E+00 5.77E+01 NC
©Ni 3.73E+00 1.38E-01 . 4.13E+00 NC
“Cu 3.32E-01 NC NC NC
©Zn 2.45E+01 2.09E+00 1.07E+01 NC
©Ga 1.66E-01 NC - 9.32E-01 NC
“Ge 6.22E+01 NC 9.32E-01 NC
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Section F: Early Phase Dose Projections

Table F-7. Early phase inhalation dose ednversion factors

in (mrem/h)/(xCi/m?% (continued)
DCF,,
Isotope ‘DCF,V o’ Acute bone* Acute lung* Thyroid CDE?

7.32E-04 7.32E-04 NC NC
4 .68E-04 4.68E~04 NC NC
1.56E-03 1.56E-03 NC NC
3.:725-—03 3.72E-03 NC NC
7.95E4+00 7.99E+00 1.33E+01 NC
3.88E+00 NC NC NC
1.00E-01 . NC NC NC
4 ,97E+01 1.02E+01 1.38E+02 NC
1.56E+03 2.09E+01 2.80E+02 NC
1.99E+00 2.76E--01 NC NC
1.01E+01 1.25E4+00  4.13E401 NC

5.86E+01 5. 77E+00 1.47E+02 NC A
4.36E—-02 NC NC NC
3.85E+02 NC NC NC
- 2.80E+01 1.20E+01 4.17E+401} NC
4 97E4+02 NC NC NC
6.97E+00 1.78E+00 1.78E+01 NC
4.75E+00 1.69E+00 1.91E+01 NC
9.99E+00 1.73E--01 2.44E+4+01 NC
3.91E-02 1.38E--02 1.38E-01 NC
1.07E+01 1.78E+4+00 3.06E+01 NC
5.46E-01 NC NC NC
- NC NC NC NC
5. 73E+02 1.02E+01 3.95E+02 NC
9.63E+01 7.10E+00 5.77E+01 NC
1.37E+02 NC NC NC
1.83E403 NC NC NC
1.07E4+-02 NC NC NC
1.28E+01 NC NC NC
3.90E+01 NC NC NC

1.19E+02 NC NC NC ._.J_i
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_Section F: Early Phase Dose Projections

in (mrem/h)/(zCi/m®) (continued)

Table F-7. Early phase inhalation dose conversion factors

DCF,

Isotope DCF, ' Acute bone® - Acute lung® Thyroid CDE?
124Sb 3.02E+01 5.77E+00 9.77E+01 NC:
126Sb 1.41E+01 NC NC NC
1%mSb 4.07E-02 NC NC NC

!I 121Sb 7.24E+00 3.96E-01 NC NC
1¥Sb 7.73E-01 5.52E-02 NC NC
171Te 3.82E-01 4.68E-03 NC NC
1imTe . 2.58E+01 1.07E+01 6.66E+-01 NC
15Te 1.07E-01 1.33E-02 NC NC
129%0Te 2.87E+01 1.82E+01 1.15E+02 NC
BiTe 5.73E-01 NC NC 1.17E+01

BimTe 7.68E+00 1.02E+00 9.77E+00 1.60E+02
12Te 1.13E+01 1.24E+00 6.22E+00 2.79E+02
| 2.90E+01 7.55E-02 4.44E-01 9.59E+02
1] 2.08E+02 8.44E-02 9.77E-01 6.93E+03
By 3.95E+01 2.40E-01 2.89E+00 1.30E+03
1321 4.57E-01 6.22E-02 1.20E+00 7.73E+00
133 7.02E+00 1.20E-01 3.64E+00 2.16E+02
e O 1.58E-01 2.71E-02 6.22E-01 1.28E+00
1351 1.47E+00 9.77E-02 1.95E+00 3.76E+01

Bimye NC NC NC NC
133Xe 1.92E-03 1.92E-03 NC NC
18mye NC NC NC NC
135Xe 2.52E-03 2.52E-03 NC NC
1mXe NC NC NC NC
1%Xe NC NC NC NC
134Cs 5.55E+01 1.02E+01 1.24E+01 NC
135Cs 5.46E+00 9.32E-01 1.82E+00 NC
136Cs 8.79E+00 6.66E+00 8.88E+00 NC
¥Cs 3.83E+01 6.22E+00 9.77E+00 NC
1%Cs 1.22E-01 NC NC NC
13Ba 9.37E+00 NC NC NC
1¥mBa NC NC NC NC
Ba 4.48E+00 4.44E4+00 7.10E+00 NC
b 1 5.82E+00 2.04E+00 1.86E+01 NC
MiCe 1.07E+01 8.44E-01 3.73E+401 NC

4 .48E+02 6.22E+00 3.60E+02 NC
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Section F: Early Phase Dése Projections

Table F-7. Early phase inhalation dose conversion factors
in (mrem/h)/(xCi/m’) (continued)
DCF;, ﬂ
DCF, s Acute bone® Acute lung® Thyroid CDE’
5.19E-02 NC NC NC
NC NC NC NC
3.65E+01 NC NC NC
4.71E+01 6.66E—01 1.73E+01 NC
8.97E+04 NC NC NC .
3.60E+01 2.09E-01 4.88E+00 NC
2.65E+02 4.04E+400 4.88E+01 NC
3.43E+02 5.33E+00 8.44E+01 NC
4.97E+01 9.32E—01 1.64E+01 NC
2.85E+01 NC NC NC
3.00E+01 NC . NC NC
9.28E+02 NC NC NC
3.16E+01 NC NC NC
9.68E+00  -2.22E+00 3.11E+01 NC
3.82E+02 NC NC NC
1.85E+01 NC NC NC
5.37E+01 NC NC NC
7.41E-01 NC ~ NC NC
3.38E+01 3.64E+00 6.66E+01 NC
3.94E+00 NC NC NC
8.79E+00 NC NC NC’
2.89E+00 NC NC NC
1.63E+04 1.33E+01 4.80E+00 NC
2.40E+01 NC NC NC
2.35E+02 NC NC NC
210p,, 1.13E+04 3.77TE+02 1.20E+04 NC
6Ra 1.03E+04 4.44E+401 1.15E+04 NC
e 8.04E+06 NC NC NC
A 3.70E+02 NC NC NC
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~ Section F: Early Phase Dose Projections

in (mrem/h)/(xCi/m®) (continued)

Table F-7. Early phase inixalation dose conversion factors

DCFy,
Isotope DCF, 5 Acute bone* Acute lung* Thyroid CDE?
Ty 1.94E+04 2.23E+03 3.70E+04 NC
287 4.10E+05 4.45E+03 7.57TE+04 NC
20T 3.91E+05 7.55E+02 1.33E+04 NC
BITH 1.05E+00 NC NC NC
BTH 1.97E+06 6.66E+02 1.15E404 NC
Bipy 1.54E+06 4.89E+02 1.42E+04 NC
B3py 1.1SE+401 NC NC NC
L 7.90E+05 8.01E+01 1.60E+04 "'NC "
BIe 1.63E+05 NC NC NC
Bagge 1.59E+05 7.11E+01 - 1.33E+04 NC
Bsy 1.47E+05 6.41E+401 1.25E+04 NC
Boge 1.51E+05 6.67E+01 1.29E4+04 NC
B 1.42E+05 6.39E+401 1.21E+04 NC
U dep & natt* 1.42E405 6.39E+01 1.21E+04 NC
U enrich®* 1.59E+05 7.11E+401 1.33E4+04 NC
B4y sol (UFEH  3.20E+03 7.11E401 6.7E+02 NC
2INp 6.48E+05 4.90E+02 1.16E+04 NC
ZNp - 3.01E+00 4.00E-01 1.07E+01 NC
Bepy 1.74E+05 NC NC NC
Bipy, 4.71E+05 5.77E4+02 1.5SE+04 NC
29py 5.15E+05 5.33E+402 1.47TE+04 NC t
wpy . 5.15E+05 5.33E+02 1.47E+04 NC
uipy 9.90E+03 1.07E-01 2.84E+00 NC
wpy 4.93E+05 = 5.33E+02 1.38E+04 NC
MAm  5.33E+05 5.78E+02 1.33E+04 NC
WmAm 5.11E405 NC NC NC
®WAm 5.28E+05 5.81E+02 1.29E+04 NC
®Com 2.07E+04 6.22E+402 1.38E+04 NC
®Cm 3.69E+05 6.24E+02 1.42E+04 NC
%Cm 2.97E+05 6.22E+02 1.42E+404 NC
%Cm 5.46E+405 NC NC NC
mOf 1.88E+05 1.15SE+04 NC NC
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Section F: Early Phase Dose Projections

¢Dose conversion factors are provided in terms of mrem acquired in 1 h breathing an air concentration of
1xCi/m®. To arrive at these DCFs, the breathing rate of an adult performing light activity (1.2 m*h) was
assumed. Contribution from daughters is included in all the inhalation doses. The lung class giving the highest
dose was assumed except for UF,. . . :

dCommitted effective dose equivalent (CEDE) dose factor, DCF, o is the committed dose equivalent for
50 years.

cAbsorbed dose for 30 days after the isotope has been inhaled.

dCommitted dose equivalent to thyroid from radioiodine.

¢CEDE dose factor from inhalation was doubled to account for skin absorption.

MNot calculated.

£Caution: For uranium, chemical toxicity is always more important than the dose for early health effects.

For natural and depleted uranium it is assumed all the release is #*U, and for enriched uranium it is
assumed all of the release is 24, The specific activity of enriched uranium is dominated by the concentration of
4y (because of its high SpA). While releases of natural and enriched uranium will be composed principally of &
mixture of 24U, U, and 2*U, the dose factors are all within 10% so it is reasonable to use a single factor.

iThe day lung clearance class (soluble) was assumed because the uranium in UF; is in 2 soluble form.
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- Section F: Early Phase Dose Projections

Calculation of Dose Conversion Factors

Committed dose equivalent conversion factor: DCF, 5, = EDCF,;, X BR X CF
Acute bone marrow dose conversion factor:

DCFy(bone) = [ABM-AD 4, X QF + ABM-ADyJ] X BR X CF
Acute lung dose conver_sion factor:
“ DCF,(Iur'zg) = [AL-AD 4 X QF + AL-ADgyJ] X BR X.CF

Thyroid committed dose equivalent: DCFy(thyroid) = EDCFy X BR X CF

where

Acute bone marrow absorbed dose (high or low LET) in Gy/Bq (adult,
30 day) from NRPB-R162, Table A:4, p. 40. Most conservative lung
clearance class was used.

AL-AD = Acute lung absorbed dose (high or low LET) in Gy/Bq (adult, 30 day)
from NRPB-R162, Table A:5, p. 43. Most conservative lung clearance
class was used.

BR = Breathing rate for an adult performing light activity, 0.020 m*/min X
60 min/h = 1.2 m*/h, from EPA 520/1-88-020, p. 10. This breathing
rate overestimates the average daily rate (see Table 3.10). :

EDCF,,, = Exposure to committed effective dose equivalent conversion factor, i
from EPA-520/1-88-020, Table 2.1, "effective” column, pp. 121-153. r

Exposure to committed dose equivalent conversion factor for thyroid,

from EPA-520/1-88-020, Table 2.1, "thyroid" column, pp. 121-153.

QF = Quality factor. The dose equivalent was computed using a quality
factor of 10 to better represent the acute dose.

CF = Conversion factor for units, given below.

ABM-AD

EDCF;

Sv 10° mrem Bq _ 3.7 x 10° mrem
Bq Sv. 2.7 X 107 uCi #Ci/m?

Early phase assessment methods in the FRMAC Assessment Manual can be used to
calculate DCFs for isotopes not listed or for different assumptions. -
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Section F: Early Phase Dose Projections

Table F-8. Stability class description and relationship to standard
deviation of wind direction and lapse rate

Standard deviation of ~ Lapse rate, A;“ :

| horizontal wind _"_Lm)

Class* Description direction, ¢,, at 10 m 100
A Extremely unstable conditions 25° < -0.19
B Moderately unstable conditions 20° -19to —-1.7
C Slightly unstable conditions 15° -1.71t0 —-1.5
D Neutral conditions 10° -1.5t0 —0.5
E  Slighty stable conditions 50 —0.5101.5
F Moderately stable conditions 2.5° 1.5 10 4.0

Spasquill turbulence types.

Source: DOEITIC-27601, p. 591.

Table F-9. Relationship of stability class to weather conditions
—_——————

Daytime insolation Day or
(solar radiation) Nighttime conditions* night
Surface
wind Thin overcast
speed o or >4/8 <3/8 Heavy
(m/s) Strong Moderate Slight - cloudiness cloudiness overcast
<2 A A-B B - _ D
A-B B C E F 'D
B B-C C D . E D
C C-D D D D D
>6 C D D D D D

*The degree of cloudiness is defined as that fraction of the sky above the local apparent horizon
that is covered by clouds.

Source: DOE/TIC-27601, p. 591.
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Table F-10. Dilution factors, (xﬁ)/Q, in m~?

Distance” Stability class® |

(mile) A B C D E F

<025 10E-3 1.0E-3 10E-3 10E-3 1.0E-3 1.0E-3
1 1.0OE-6 6.0E—-6 1.7E-5 54E-5 1.1E-4 25E-4
2 7.0E-7 1.5E-6 S5.0E-6 20E-5 4.0E-5 1.0E-4 |
3 45E-7 6.5E-7 22E-6 12E-5 25E-5 6.0E-5
4 3.5E~7 45E-7 12E-6 8.0E-6 1.6E-5 4.0E-5
5 3.0E~7 4.0E-7 9.5E-7 5.0E-6 1.1E-5

10 1.7E-7 2.2E-7 3.0E-7 20E-6 S5.0E-6
15 12E-7 15E-7 20E-7 1.0E-6 2.6E-6
' 1.7E-7 17.0E-7 2.0E-6
13E-7 4.5E-7 14E-6

*Pasquill turbulence types. Dilution factors are for center line of ground-level release at a
vertical dispersion limit-of 1000 m.

®Distance downwind of source on center line of plume. .

“These factors are dominated by building wake; in this table they are assumed to be constant
and independent of stability class.

Sources: Values for 0.25' mi are based on interpretation of NUREG/CR-5055, Figs. 5-7,
Pp. 25-27; others, AP-26, Figs. 3-5a-3-5f.

- Table F-11, Ground concentration factors

Distance Ground concentration factor®, GCF
(mile) (m™?
0.25% 3.9E-08
1.0 2.1E-08
2.0 1.4E-08
5.0 6.3E—-09
10.0 2.8E-09

*GCFs provide an estimate of the activity deposited as a function of
distance from a ground-level release (1Ci/m? per xCi released). Factors
were based on RASCAL calculations and consider building wake effects.
Average meteorological conditions (D stability) were assumed. The
deposition velocity assumed was 0.3 cm/s. This is considered reasonable
for dry deposition for most depositing isotopes. A higher deposition
velocity is ofien assumed for jodine, but for most accidents the majority of
the iodine is assumed to be bound to & particle so the 0.3-cm/s deposition
velocity should provide a reasonable estimate for iodine also.

3GCF (0.25 mile) = GCF (1 mile) X [DF(0.25 mile)/DF(1 milc)]
where DF is dilution factor from Table F-10.
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Table F-12. Point source dose rate and exposure rate factors

Exposure

conversion rate

at 1 m from source

Effective dose equiv.
rate conversion

Bone dose equiv.
rate conversion

factor, ECF, ~ factor, DCF, factor, DCF,,

‘ (mrem) {mremlh

J Isotope pCi pCi A\ pCi

'I 'H 0 0 0
uc 0 0 0
2N, 1E-03 8E-04 7E-04
%Na 2E-03 1E-03 1E-03
up 0 0 0
3P 0 0 0 ,
g 0 0 0 H
*Cl “8E-08 1E-09 2E-11 f]
“g 8E-05 6E-05 SE-05
e 1E-04 1E-04 9E-05

- Ca 2E-11 3E-13 6E-15

%S¢ 1E-03 8E-04 7E-04
“Tj 1E-04 4E-05 2E-05
ay ' 2E-03 1E-03 1E-03
SICr 7E-05 1E-05 1E-05
$Mn 6E—04 3E-04 3E-04
$Mn 9E-04 6E—04 6E—-04
%Fe - 8E-05 1E-06 2E-08
SFe 7TE-04 4E—04 4E-04
$8Co 6E—04 4E-04 3E-04
“Co 1E-03 9E-04 8E-04
ONj 0 0o 0
$Cu 2E-04 7E-05 6E-05
&Zn SE—-04 2E-04 2E-04
©Ga 6E-04 4E-04 _ 3E-04
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Table F-12. Point source dose rate and exposure rate factors
at Im from source (continued)

' Exposure Effective dose equiv. Bone dose equiv.
conversion rate rate conversion rate conversion
factor, ECF, factor, DCF, factor, DCF,,
S e P |
Isotope pCi #Ci pCi
©Ge+9Ga 8E-04 4E-04 3E-04
"Se SE-04 1E-04 . 1E-04
SKr 1E-06 8E-07 8E-07
BaKr 1IE-04° 6E-05 4E-05
UKr 4E-04 3E-04 3E-04
#Kr+%Rb 1E-03 9E—~-04 7E-04
“Rb SE-05 4E-05 3E-05
-¥Rb 0 0 0
#Rb 2E-04 2E-04 2E-04
®Sr ~ 8E—-08 SE-08 SE—-08
%St 0 -0 0 '
gy 4E-04 3E-04 2E-04 l
. oY 0 0 0
Yy 2E-06 1E-06 1E-06
Slary 3E-04 2E-04 2E-04
SZr 0 0 0
SZr 4E-04 3E-04 3E-04
%“Nb 9E-04 6E-04 SE-04
*Nb 4E-04 ‘ 3E-04 3E-04
*Mo 1E-04 o 6E-05 ' 5E-05
"Tc 2E-10 2E-10 SE-11
$=Tc 8E-05 4E-05 3E-05
BRh 1IE-04 8E-05 7E~-05
DRy 3E-04 , - 2E-04 2E-04
WRu SE-04 3E-04 3E-04
15Ru 3E-05 SE-06 1IE-06"
1%“Ru+!*Rh 3E-05 SE-06 1E-06
1E-03 : 9E—-04
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Table F-12. Point source dose rate and exposure rate factors
at 1 m from source (continued)

e

Exposure Effective dose equiv. Bone dose equiv.
conversion rate rate conversion rate conversion
factor, ECF, factor, DCF,
(n_xrem
Isotope pCi pCi )
105Cq 4+ 1¥mAg 1E-03 6E-04
WeCd 0 0
Waln 1E-04 4E-05
3gn 2E-04 1E-05
188n 4E-06 3E-06
126G 4 122Sh 8E-05 2E-05
1245h 1E-03 TE-04
12%68h 2E-03 1E-03
1%agh 3E-06 2E-06
Ingh 4E-04 3E-04
128b S8E-04 SE-04
2Te 4E-05 2E-05
1=Te 4E-05 6E-06
2Te 2E-04 2E-04
122Te 4 BTe 3E-04 2E-04
BiTe 3E-04 2E-04
Bl=Te SE-04 SE-04
2Te 2E-04 S8E-05
125§ 1E-04 2E-05
| - 8E-05 1E-05
LD | 2E-04 1E-04
B 1E-03 9E-04
3] 4E-04 2E-04
_ 134 2E-03 1E-03
135] 4 135X e 2E-03 1E-03
pimye 6E—05 1E-05
13Xe 7E-05 2E-05
BayXe 8E-05 2E-05
135¥e 1E-04 9E-05
138Ye 6E-04 4E-04
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Section F: Early Phase Dose Projections

Table F-12. Point source dose rate and exposure rate factors
at 1 m from source (continued)

‘ Exposure Effective dose equiv. Bone dose equiv.
conversion rate rate conversion rate conversion
factor, ECF, factor, DCF, factor, DCF,,,
) ey (o
Isotope pCi pCi pCi

B4Cs 9E-04 6E—-04 SE-04
. 16Cs - 1E-03 S8E-04 . 7E-04
1B1Cs4-13"mBa 4E-04 2E~-04 2E-04

138Cs 2E~-05 1E-05 1E-05
LB, 3E-04 2E-04 1E-04
“’“‘Bg 4E-04 2E-04 2E-04
WRa 2E-04 TE-05 6E-—-05

0] 3 1E-03 9E-04 8E-04 ||

SE-05 ' 3E-05 2E-05
‘4E-05 1E-05 6E-06
1E-04 1E-05 3E-06
2E-05 SE-06 1E-06
7E-05 1E-05 3E-06
2E-09 1E-09 7E-10

4E-07 S8E-09 4E-10 .
7TE-04 4E-~04 4E-04
7E-04 SE-04 4E-04
6E-05 2E-05 1E-05
2E-04 - 4E-05 2E-05
TE-04 ' 4E-04 - 4E-04
1E-03 6E-04 SE-04
2E-05 2E-06 - TE-07
4E-04 1E-04 7E-05
2E-04 8E-05 7E-05
4E-04 2E-04 2E-04
8E-04 SE-04 4E~04
3E-04 2E-04 _ 2E-04
SE-~-04 3E-04 3E-04
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Table F-12. Point source dose rate and exposure rate factors
at 1 m from source (continued)

.Exposure Effective dose equiv. Bone dose equiv.
conversion rate rate conversion rate conversion
factor, ECF, factor, DCF, factor, DCF,.,
(mremlh {mrem/h
pCi pCi \ uCi

2E-04 2E-04 1E-04
2E-04 8E-05 7E-05
4E-06 ~ 4E-07 2E—-07
1E-04 3E-06 3E-07
1E-03 6E—-04 SE-04

0 0 0
SE-09 3E-09 3E-09
8E-—-06 2E-06 2E-06
8E-06 1E-07 2E-08
8E-04 4E-04 3E-04
3E-04 4E-05 3E-05
6E-05 1E-06 4E-07
SE-05 9E-07 S8E-—08
3E-05 9E-07 6E—-08 l
SE-05 8E-07 4E-08 F
3E-04 2E-05 9E-06
2E-04 6E-05 SE-05
6E-05 . 8E—-07 2E-08
7E-05 1E-06 4E-08 -
8E-05 © 1E-06 6E—-08
3E-05 4E-07 SE-08
TE-05 ~ 1E-06 4E-08
3E-04 SE-05 4E-05

0 0 0
6E-05 8E-07 2E-08
2E—-04 1E-05 SE-06

0 0 0
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Table F-12. Point source dose rate and exposure rate factors
at 1 m from source (continued)

Effective dose equiv. Bone dose equiv. II

3E-05

1E-06

SE-08

Exposure
' conversion rate rate conversion rate conversion
factor, ECF, factor, DCF, factor, DCF,,,
(Mh) rem/h (mrem)
Isotope pCi pCi \ pCi
Bopy 4E-0S 1E-06 7E-08
BEpy 3E-05 1E-06 6E-08
3Py 1E-05 4E-07 3E-08
Wpy 3E-05 1E-06 6E—08
#py .0 0 - 0
*py 3E-05 SE-07 SE-08
. ¥Am 1E-04 1E-05 3E-06
WAm 9E-05 3E-06 - 2E-07
WAm - 1E-04 2E-05 - 8E—-06
¥Cm 3E-05 1E-06 6E—~08
*Cm 2E-04 SE-05 3E-05

SFor natural and depleted uranium it is assumed all the material is *U, and for enriched
uranium it is assumed all of the material is #‘U. The specific activity of enriched uranium is
dominated by the concentration of ®‘U (because of its high SpA). While releases from natural
and enriched uranium will be composed principally of a mixture of U, #5U, and U, the dose
factors are all within 10% so it is reasonable to use 2 single factor,

Source: Calculated using CONDOS II program at 1 m with no shielding.
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Section F: Early Phase Dose Projections

Table F-13. Half-value layer for selected materials

Half-value layer®, HVL

. (cm)
Isotope Lead® Iron® Aluminum®* Water’  Air Concrete’
r *H 0 0 0 0 0 0
P‘ e 0 0 0 0 0 0
] 2N, 067 138 3.85 9.4 7,940 4.35
r %Na 132 214 6.22 1475 12,678 6.88
zp 0 0 0 0 ()} 0
»p 0 0 (] 0 0 0
xg 0 0 0 0 0 0
3%Cy o 001 002 0.04 39 0.02
j oK 1.15 1.8 4.99 1197 10,192 5.63
T K 1.18 184 5.1 1221 10414 5.75
9 ©Ca 001 003 0.1 0.24 212 0.11 #
“Sc 08 148 42 984 8472 4.66 ,}
“Tj 004 021 0.6 141 1,247 0.67
“y 0.8 1.48 4.18 995 8,503 4.67
SICr 0.17 082 2.38 569 4,980 2.68 H
%Mn 068 133 3.8 9 7,703 4.22
%Mn 094 165 4.78 11.13 9,664 5.27
$Fe 0 0.02 0.05 0.12 102 0.05
%Fe 0.94 1.59 4.51 10.58 9,097 5.02
“Co 1 1.66 4.65 10.99 9,421 5.2
©Nj 0 0 0 ()} 0 0
“Cu 041  1.08 3.01 761 6,320 3.43
©Zn 087 153 4.34 10.15 8,740 4.81
“Ga 042 109 3.04 767 6,376 3.47
#Ge+%Ga’ 042 109 3.04 761 6,376 3.47
“Ge 001  0.03 0.08 0.18 160 0.09
Se 012 062 1.79 426 - 3,742 2.01
F-70
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Section F: Early Phase Dose Projections

Table F-13. Half-value layer for selected materials (continued)

Half-value layer’, HVL

J

A (cm)

Isotope Lead® ‘Iron® Al Water” Air Concrete® “

5Ky 041 107 3 759 6,305 343 |

Bogy 0.1 05 . 146 346 3,046 1.64

TKr 0.8  1.67 4.84 1146 9,922 5.36
2Ky +8Rb? 117 1.89 5.51 12.74 11,132 6.05

®Kr 120 195 5.71 132 11,575  6.25

“Rb 087 153 4.35 10.13 8741 4.81

®Rb 1.17  1.89 5.51 1274 11,132 6.05

®Sr 074 1.4 4 9.35 8,050 4.42

05y 0 0 0 0 0 0

uSy 071 138 3.94 931 7,980 4.38

sy 096  1.62 4.57 10.74 9,226 5.09

%Zr 0 0 0 0 0

"Zr 06 126 3.58 861 17,314

%Nb 064 130 3.70 884 7,538

"Nb - 062 128 3.63 82 1416
SMo+®Tc! 049  LI11 3.16 76 6483

%Mo 049 111 3.16 76 6483

®Tc 005 025 0.73 1.73 1,529

it 007 = 039 1.13 268 2,367

1WRY 04  1.06 2.97 753 6,253

1SRy 048  1.16 3.28 798 6,774

Ry 0 0 0 0 0
WRu+RK 049 117 3.29 8.16 6,837

105Rh 049 117 3.29 8.16 6,837

1omp g 071 138 3.91 936 7,979

1Cq 001 0.6 0.18 0.43 380

1acq 0 0 0 0 0

ey 2.14 518 4,447
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Section F: Early Phase Dose Projections

Table F-13. Half-value layer for selected Ea_terials (continued)

Half-value layer’, HVL

A (cm)
Isotope Lead®  Iror’ Al Water” Air  Concrete® |
g 002 009 027 065  ST1 0.31
g 088 153 436 10.16 8767  4.83
mgppogpd 048 115 327 799 6755  3.68
125G 004 019 055 13 1,148 062
gy 083 155 439 1049 8979 49
135gh 0.52 119 337 g21 6951  3.79 Tl
sagh 048 LIS 327 799 6755  3.68
mgh 047 114 324 792 6695 3.5
| 129gh 072 14 398 045 8092 443
| =T 001 008 023 054 476 026
| o 033 093  2.63 653 5504 2.9
e 038 082 233 565 4785 2.6l
iare 065 131 374 888  7.612 417
mre 01 053 15 366 3223 173
125 001 008 023 0.54 47 0.26
129 002 009 025 06 526 028
o 025 093 267 65 5587 3.0
Y 12 063 131 37 g91 7514 4.4
] 047 115 323 805 6735  3.67
14 072 14 398 943 8081  4.43
1y 098 166 4.7 1106 9,526 523
| e 098 166 4.1 1106 9526 523
| o= o2 01 029 07 616 033
9%e 003 016 047 111 980 053
maye 005 025 0.3 172 1519 082
155%e 0.4 0712 21 499 438 236
tmye 041 107 299 754 6271 341
HeXe 09 164 479 1109 9723 526
e 057 124 35 g5 7,8 393
1%Cs 065 132 376 886 7623 418
wCs o 0 0 0 0 0
mos4™pad 053 119 335 82 6916 37
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Half-value layer”, HVL

Table F-13. Half-value layer for selected materials (continued)

l“Pr
l““‘Pr

0.02

0.02
0.06

. 0.01

0.66
0.74
0.04

0.03
0.68
0.45
0.03
0.06
0.27

0.8
043
0.24
0.29
0.14

0.1
0.11
0.34
0.03
1.32
1.38
0.23
0.18
1.35
1.09
0.18
0.3

0.86
1.39
1.03
0.92
0.97
0.73

0.28

0.31
0.99

0.09

3.73
3.91
0.66

0.51
3.84
3.1
0.51
0.87
2.41
3.94
2.91
2.64
2.74
2.13

0.67

0.74
2.35

0.21

8.84
9.24
1.56

121
9.01
7.46
1.21
2.05
6.02
9.26
717
6.42
6.77

5.04

588

656
2,075

182

7,592
7,924
1,373

- 1,065

7,770
6,374
1,064
1,808
5,074
1,972
6,038
5,521
5,746
4,443

(cm)
Isotope Lead®  Iron® AP Water® Air  Concrete®
13¥Ba 0.16 0.67 1.92 4.63 4,023 2.17
151mBa 0.53 1.19 3.35 8.2 6,916 3.77
1B 0.33 0.96 2.69 6.72 5,645 3.06
Wla 0.93 1.64 4.63 11.04 9,468 5.19
WiCe 0.07 0.37 1.07 2.52 2,225 1.2
e 4 1hapd 0.05 0.28 0.82 1.95 1,722 0.93

0.32

0.35
1.12

0.1

4.17
4.35
0.74

0.57
4.26
3.48
0.57
0.97
2.75
4.39
329
2.98
3.11
2.39
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Section F: Early Phase Dose Projections

Table F-13. Half-value layer for selected materials (continued)

_Half-value layer®, HVL
(cm) ‘
Lead® Iron® AP Water?  Air Concrete® u
' 0.03 0.18 0.53 1.27 1,117 0.6
0.01 0.05 0.15 0.35 311 0.17
0.65 1.3 3.68 8.79 7,503 4.11
0 0 0. 0 0 0
0.65 131 373 888 7,581 4.5
0.09 0.48 14 3.32 2,930 1.58
0.01 0.08 0.22 0.52 457 0.25
0.67 1.35 3.84 9.05 7,786 4.27
0.11 0.58 1.69 4.01 3,525 1.9
0.02 0.13 0.37 0.88 713 0.42
'0.01 0.05 0.14 0.34 302 0.16
0.01 0.04 0.12 0.28 248 0.13
0.09 046 135 32 2,816 1.51
0.01 0.04 0.12 0.29 259 0.14
0.01 0.06 0.16 0.39 344 0.18
0.01 0.04 0.12 0.28 242 0.13
0.09 0.46 1.35 3.19 2,814 1.51
0.01 0.04 0.11 0.27 236 0.13
0.03 0.12 0.41 0.98 862 0.46
0.01 0.04 0.11 0.27 239 0.13
0.01 0.04 0.11 0.27 237 0.13
0.01 0.04 0.12 0.29 258 0.14
0.01 0.04 0.11 0.27 237 0.13
0 0 0 0 0 0
0.01 0.04 0.11 . 0.27 237 0.13
0.02 0.12 0.35 0.82 727 0.39
0.01 0.04 0.13 0.3

- 1.24

003 018  0.52
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Section F: Early Phase Dose Projections

Table F-13. Half-value layer for selécted materials (continued)

Half-value layer*, HVL
(cm) ,

Isotope Lead®  Iror® Al® ‘Water? Air  Concrete®
*Cm 0.01 0.04 0.12 0.28 248 0.13
¥*Cm 0.08 043 = 126 2.98 2,626 1.41
#Cm 0.01 0.04 0.12 0.28 247 0.13
Cm 0.05 .0.27 0.79 1.86 1,643 0.88

Bt 0.01 0.04 0.12 0.3 261 . 0.14

€The HVL is the thickness of a substance, which when introduced in the path of a beam of
radiation, reduces the exposure rate by one-half. Values are given for "good geometry® where build-up
of secondary radiation is not important. o '

dValues less than 0.01 were set equal to zero.

€Values less than 0.99 were set equal to zero.

#Values given are the higher of the two.

Source: Values calculated with CONDOS II with no build-up.
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Fig. F-1 ‘ | _

Conversion factors needed to adjust total acute bone dose (TABD)

or total effective dose equivalent (TEDE) at 1 mile
for other distances and other release conditions.

Convarsion Factor

1.0E+92

. 1.0E4+01
| 1n§+m -
1.0501 -

1.0E-02 -

1.0E03

3619111315111921
Distance (miles)

- Qround - No Rain <+ Ground - Rain 3 Eleveted - No Rein & Elevatad - Rain
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Section F: Early Phase Dose Projections

Fig. F-2
Conversion factors needed to adjust thyroid dose at 1 mile resulting from
" inhalation of plume for other distances and other release c_onditions.

Convarsion Factor
1.0E+01

1.0E-01 -

1.0E-02 —
1.0E-03
1.0E-04 -
1.0E-05 -

1.0E-08

1.0E-07 T T T T T — T T T ‘ T

1 3 8 7 g 11 18 % 17 19 21 28 25

Distance (miles)

< Ground - No Rain + Ground - Rain 3 Elevated - No Rain & Elevatsd - Rain
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Section F: Early Phase Dose Projections

Figo F'3
Normalized peak concentrations as a function of downwind travel time
for a near-ground and elevated release.

Normalized Peak Concentrations
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Section F: Early Phase Dose Projections

Worksheet F-1. Isotopic contributions to dose components
(Method F.3, Step 1, quick estimate method).

Number: Date: Time
Analyst: Sample location:
Step 1
Column A Column B Column D
' On RCF, Dose
Isotope i (uCi) (mrem/pCi) (mrem)
X 1=
X =
X =
X =
X =
X =
X =
X =
X =
X =
X =
Notes: Column C (sum)
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Section F: Early Phase Dose ijectioﬁs

Worksheet F-2. Isotopic contributions to dose components
(Method F.3, Step 1, full calculation method).

Number: Analyst: Date: Isotope i:
Time: Sample location:
Air Immersion H;
Q, x DF x DCF, x T
o™ =
U
( -‘f‘—)x( m")x[ mrc-mll:)x( h)
( m) = = ‘C‘Im
(%)
Inhalation Dy, or H, gy
Q, x DF x DCF o, x Ty
H,g = —
U
Q,xDFxDCF,,de
n " -
U
( -“—f—i)X( m")x[ E—e,.h%]x{ h)
( mrem) = - e
| (%)
Ground Dgpy
Dypy = @n x GCF x DCFyp,
shn?
( mrem) = ( uCi)x[ %]x[ -i"ﬂc.,,)
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Section F: Early Phase Dose Projections

Worksheet F-3. Summation of dose components (Method F.3, Step 2).

Number: : Date: Time
Analyst: Sample location:
Step 2
Column A Column B Column C Column D
Dy, (bone) ‘ TABD
or : or
Dy(lung) TALD
or or
_ H, H, sy Dgpy TEDE
Isotope i (rem) (rem) (rem) (rem)
+ + =
+ + =
+ + =
+ + =
+ | + =
+ + =
+ + =
+ + =
+ + =
+ + =
+ + =
Notes: Column C (sum)
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Section F: Early Phase Dose Projections

Worksheet F-4. Adjusting TABD for distance, elevation,
and rain (Method F.5, Step 2).

Ground-level release without rain

Dose at 1 mile Conversion factor Doses at...
X | 1.0E+00 1 mile
x | 6.7E-01 2 miles
% | 3.2E-01 5 miles
x | 1.4E-01 10 miles
x | 3.5E-02 25 miles
Ground-level release with rain
Dose at 1 mile Conversion factor Doses at...
X | 1.1E+01 1 mile
x | 4.5E+00 2 miles
x | 4.9E-01 S miles
x | 29E-02 10 miles
x | 3.6E-03 25 miles
Elevated release without rain
Dose at 1 mile Conversion factor Doses at...
x | 4.0E-02 1 mile
x | 5.2E-02 2 miles
x | 7.7E-02 S miles
x | 5.5E-02 10 miles
x | 2.0E-02 25 miles
Elevated release with rain
Dose at 1 mile Conversion factor Doses at...
x | 1.4E+401 .1 mile
% | 5.5E+00 2 miles
x | 9.2E-01 S miles
x | 9.2E-02 10 miles
x | 2.3E-03 25 miles
RTM - 96
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Section F: Early Phase Dose Projections

Worksheet F-5. Adjusting thyroid dose for distance, elevation,

Ground-level release without rain

and rain (Method F.5, Step 2).

Dose at 1 mile Conversion factor Doses at...
x | 1.0OE+00 = 1 mile
x | 6.6E-01 = 2 miles
x § 2.9E-01 = 5 miles
X | 1.3E-01 = 10 miles
x | 4.0E-02 = 25 miles
Ground-level release with rain
Dose at 1 mile Conversion factor Doses at...
x | 5.8E+01 = 1 mile
% | 2.2E-01 = 2 miles
x | 1.9E-02 = 5 miles
x | 5.5E-04 = 10 miles
x | 2.9E-07 = 25 miles
Elevated release without rain
Dose at 1 mile Conversion factor Doses at...
x | S4E-04 = 1 mile
X | 2.0E~02 = 2 miles
x | 6.4E-02 = 5 miles
x | 4.9E-02 = 10 miles
x | 2.0E~02 = 25 miles
Elevated release with rain
Dose at 1 mile Conversion factor Doses at...
x | 3.9E-04 = 1 mile
x | 1.0E-02 = 2 miles
x { 1.2E-02 = S miles
% | 1.8E-03 = 10 miles
x | 5.3E-06 = 25 miles
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Section G: Early Phase Protective Action Assessment

Section G
Early Phase Protective Action Assessment

Purpose
To assess public (offsite) protective actions in support of the State.
Discussion

The early phase is the period at the beginning of a nuclear incident when immediate
decisions for effective use of protective actions are required and must therefore
usually be based primarily on the status of the nuclear facility (or other incident site)
and the prognosis for worsening conditions. This phase may last from hours to days.
For the purpose of dose projection, it is assumed to last for 4 days. Radiation doses
may accrue from both airborne and deposited materials. Early phase dose calculations
normally include the dose from any airborne plume and up to 4 days (~100 b) of
exposure to deposited radioactive material.

Protective actions must be taken during the early phase of an emergency to

e prevent early health effects (deaths and injuries) by keeping the short-term
external dose equivalent below 50 rem and keeping the acute inhalation dose
equivalent below the early health effects thresholds for the thyroid, lung, and
bone marrow and '

® reduce the risk of delayed health cffects (primarily cancer and genetic effects)

by implementing protective actions in accordance with EPA Protective Action Guides
(PAGS). ' '

For reactor accidents it may be necessary to take actions based on plant conditions
before or shortly after a release to meet these goals. Meeting these protective action
goals during or after a major release may require prompt field monitoring to identify
areas of high exposure rates and sources of high inhalation dose. For some accidents
(e.g., dispersion of plutonium), it may be very difficult to measure the inhalation dose
~ promptly. In these cases, estimates of the isotopic mix should be used to relate the
field measurements to the inhalation dose. Methods for assessing environmental
measurements can be found in the FRMAC Assessment Manual.

Federal recommendations should be made only if there is a major concern or if the
State has requested Federal assistance. Do not allow offsite officials to wait for a
Federal assessment before taking action. Do not do anything to interfere with ongoing
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Section G: Early Phase Protective Action Assessment

implementation of protective actions. In commercial reactor accidents, licensees
recommend actions and the offsite officials make decisions based on these
recommendations. Mechanisms are already in place for prompt decision making and
for warning the public 24 h per day. Revising the preplanned actions may delay the
response. Federal recommendations to extend the area for protective actions can be
made after the initial protective actions have been started. (The emergency plans at
most fuel conversion/fabrication facilities consider the need for protective actions, but
they do not specify predetermined protective actions.)

Step 1

Review the protective action criteria in the licensee and State or local emergency
plans and procedures.

Step 2

Assess the protective actions based on the accident type. Consult with representatives
from HHS, USDA, and EPA, if possible.

o Severe LWR core damage or loss of control of plant. If the event is a reactor
accident involving severe core damage or loss of control, use Fig. G-1 to make
the initial assessment.

¢ Release of radioactive material or after the initial assessment of protective
“actions for an LWR accident. If the event involves release of radiological
material, use the EPA early phase PAGs in Table G-1. Give priority to areas
where early health effects are possible (Table G-2). (For most reactor accidents,
the distance to which PAGs are exceeded will be determined by the thyroid dose.)

Note that some States may use their own PAGs. If this is the case, the State
PAGs should be considered in the assessment.

e Uranium hexafluoride (UF,) release. Use Section E, Uranium Hexafluoride
Release Assessment. Evaluate the chemical hazards of uranium hexafivoride
before estimating the effects of exposure to the radioactive uranium in the
uranium hexafluoride. '

Step 3

If your assessment agrecs with the licensee’s recommendations and the State and local
actions, go to Step 5. If there is disagreement, continue with Step 4.
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Section G: Early Phase Protective Action Assessment

Step 4
Discuss assessment differences with licensee and/or offsite technical contacts and
determine the basis for their protective action recommendations. Do not do anything

to interfere with ongoing implementation of protective actions. If offsite technical
contacts cannot be contacted within a reasonable period of time, move on to Step 5.

Step 5§

Prepare a briefing for the Executive Team (ET) or Director of Site Operations (DSO)
using the following checklist:

A comparison of the recommendations or actions of the licensee, offsite
officials and your assessment.

The results of your discussions with licensee and offsite officials (or the fact
that these parties could not be contacted).

The title, name, and phone number of the licensee and offsite protective
action decision-makers.

The existing emergency plan predetermined protective action decision-making
criteria.

The offsite radiological conditions, if known.

Any local conditions that affected decisions (i.e., local weather or
impediments on evacuation routes).

Any consultation with the Advisory Team for Environment, Food, and

Health (Advisory Team) during assessment. (Advisory Team members
include EPA, HHS/FDA, and USDA, at a minimum).

~Step 6

Provide verbal assessment to the ET Director and DSO immediately. Follow with a
written assessment.

Step 7

Consult with and brief the representatives of other appropriate Federal agencies, such
as DOE and FEMA, as time permits. |
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Step 8

Continue to reassess plant and radiological conditions until the situation stabilizes. If
there has been a release, consider the need for intermediate phase protective actions
(Section H) or protective measures for the ingestion pathway (Section D.

The magnitude of protective actions and the geographic areas affected can always be
expanded and/or adjusted. Do not recommend that protective actions be relaxed until
the threat of a release is over and any ground contamination has been characterized
and thoroughly discussed with State officials.

END

Source: EPA 400-R-92-001.
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Table G-1. Early phase Protective Action Guides (PAGs)

Protective action PAG (projected dose) Comments

Evacuation (or sheltering)® 1-5 rem’® Evacuation (or for some
situations, sheltering)® should
normally be initiated at 1 rem.

Administration of stable iodine 25 rem thyroid* Requires approval of State
medical officials.

*Sheltering may be the preferred protective action when it will provide protection equal to or greater than
evacuation, based on consideration of factors such as source term characteristics, and temporal or other site-
specific conditions. For further guidance, see EPA 400-92-001, Sect. 2.3.1.

*The sum of the effective dose equivalent (EDE) resulting from exposure to external sources and the
committed effective dose equivalent (CEDE) incurred from all significant inhalation pathways during the early
phase. Committed dose equivalents to the thyroid and to the skin may be 5 and 50 times larger, respectively.

“Committed dose equivalent (CDE) to the thyroid from radioiodine.

Source: Adapted from EPA 400-R-92-001, p. 2-6.
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Table G-2. Early health effects of exposure to radiation

(rad/h) (rad) Acute health effects Onset?

Whole body >6 50 Threshold for vomiting 3 h (100-200 rem)

(external and diarthea 2 h (200-600 rem)

effective dose) >6 200 50% have vomiting and 1 h (600-1000 rem)
diarrhea

Thyroid 20,000 Threshold for acute Within 2 weeks

radiation thyroiditis
120,000 50% have acute

radiation thyroiditis
Lung 1000 700 Threshold for deaths®
100 2000 Threshold for deaths
50 4000 Threshold for deaths
Marrow {(WB) 21000 150 (230  Threshold for deaths® Within 2 months (200-1000 rem)
’ 5 220 (330)  Threshold for deaths Within 2 weeks
5 440 (660)  50% deaths (1000-5000 rem)
1 500 (750)  Threshold for deaths H
Skin >6 300 Threshold for erythema  Erythema in 2-6 days
>6 1000 Threshold for (2000-3000 rad, single dose); in J

transepithelial injury or 12-17 days (1000-2000 rad,
moist desquamation’ single dose, or 2000-4000 rad

' @200 rad/day).

Moist desquamation that heals in
30-50 days (2000-2400 rad,
single dose, or 4500-5000 rad
@200 rad/day).

*Effective dose equivalent from external sources (cloud and ground shinc) is approximatcly equal to bone
marrow and whole body (WB) dose.

PThyroid doses are due to PI1. Others are external doses.

€A threshold is the lowest dose at which an effect might occur. Occurrences at this level are unlikely.
Thresholds are dose-rate dependent.

4Onsets are generally dose and dose rate dependent. (One rem dose equivalent corresponds to & 1rad
absorbed dose for g and vy radiation.) .

¢Deaths due to pulmonary syndrome.

#The first values represent minimal treatment (first aid in a clean environment). The sccond values are
appropriate when there is supportive medical treatment (normal hospital care without heroic treatment, such as
bone marrow transplants or use of colony stimulating factors).

SDeaths due to marrow syndrome.

*_ow LET irradiation of 50-100 cm’ area.

#Moist shedding of outer layers of skin in scales or small sheets equivalent to second degree thermal burn
in which blisters form in the epidermis.

Sources: NUREG/CR-4214, Rev. 1, Part I (externa!l effective, p. 11-21; thyroid, p. II-61; lung, p. 55;
marrow, pp. II-38, II-39; skin, pp. 11-67, II-68); IAEA Tech. Rep. #152 (onset of vomiting and diarrhea and
onset of deaths from whole body exposure, p. 45).
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_ Fig. G-1
Protective actions in the event of severe core damage or loss of control of facility.

NO
Actual or projected severe
core damage® or loss of
control of facility.

Evacuate a 2 mile radius and
8 miles downwind unless
conditions make evacuation
dangerous and advise
remainder of plume EPZ to
go indoors to monitor EBS
broadcast.

(see notes b, ¢, d, €}

L

Continue assessment basad v
on all available plant and fleld
monitoring Information.

2

Modify protective actions!
&s necessary. Locate and
evacuate hot spots. Do not
relax protective actions until
the source of the threatis
clearly under control.

*Severe core damage is indicated by (1) loss of critical functions required for core protection (e.g., loss of
injection combined with loss of cooling accident); (2) high core temperatures (PWR) or partially uncovered cor
(BWR); or (3) very high radiation levels in area or process monitors.

*Distances are approximate—actual distances will be determined by the size of the preplanned sub-areas,
which are based on geopolitica! boundaries.

<If there are very dangerous travel conditions, initially shelter rather than evacuate the population until
conditions improve. :
*Transit-dependent persons should be advised to remain indoors until transportation resources arrive, if
possible.’ i .

*Shelter may be the appropriate action for controlled releases of radioactive material from the containment if
there is assurance that the release is short term (puff release) and the area near the plant cannot evacuated before
plume arrives.

IConsider EPA PAGs (Table G-1) in modifying initial protective actions.

Source: NUREG-0654, Suppl. 3.
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Section H: Intermediate Phase Protective Action Assessment

Section H
Intermediate Phase Protective Action Assessment

Purpose
To provide guidance on the assessment of intermediate phase protective actions.
Discussion

The intermediate phase is the period beginning after the incident source and releases
have been brought under control and reliable environmental measurements are
available for use as a basis for decisions on additional protective actions and
extending until these protective actions are terminated. This phase may overlap the
-early and late phases and may last from weeks to many months. For the purpose of
dose projection, the intermediate phase is assumed to last for 1 year. In some
accidents (e.g., a reactor core damage accident) there may be ongoing small releases
even after the threat of a major release has passed. These small releases should not
delay the intermediate phase assessments.

Two radiation exposure pathways are of primary concern during the intermediate
phase: (1) exposure to deposited material (direct exposure and inhalation of
resuspendcd material) and (2) ingestion. The evaluation of the mgestlon pathway is
discussed in Section I.

EPA has published PAGs for relocation of the general population to avoid exposure to
deposited material. Areas where projected doses are equal to or greater than the
intermediate (relocation) PAGs are called restricted zones. There are two aspects to
intermediate phase assessment: (1) relocation PAGs for the first year (Table H-1) and
(2) long-term dose objectives (Table H-2).

Identification of areas where the PAGs may be exceeded can be difficult. Field and
aerial radiation measurements can help identify such areas (see the FRMAC
Assessment Manual), but resuspension and drifting of radioactive material, complex
deposition patterns, and unidentified hot spots may produce higher radiation levels in
small portions of the surrounding area. The restricted area identified should be
expanded to include a buffer zone until the radiological situation is evaluated and
confirmed. The relocation zone may also be adjusted by State or local officials so that
local terrain features and landmarks define the area to be investigated.

The EPA PAG mahual recommends unrestricted return of evacuees when external
radiation levels do not exceed twice background, but areas meeting this criterion may
be hard to identify. If, however, the inhalation dose from resuspension is not the
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Section H: Intermediate Phase Protective Action Assessment

principal exposure pathway, as is likely the case for reactor accidents, 2 0.1-mR/h.
exposure rate will result in less than one-half of the relocation PAG (2 rem the first
year), even if no decay or weathering is assumed. An exposure rate of less than

0.1 mR/h is recommended as an area suitable for “low background” screening of
evacuees. Persons working in areas inside the restricted zone should operate under the
* controlled conditions normally established for occupational exposure.

If there is a shortage of food or water and contaminated food and/or water cannot be
completely eliminated from the diet, the committed effective dose equivalent from
ingestion of this food and water should be added to the projected dose from other
exposure pathways for decisions on relocation.

Step 1

Evaluate whether the intermediate phase has begun by determining if a subsequent
major release is possible. Consider the following: '

« Is there radioactive material inventory capable of being released and causing
offsite consequences?

« Are the barriers to a release threatened by

fire,

facility under control of others,

hydrogen or other explosive gas, _

reactor core melt with possible containment failure at the time the vessel
melts through,

pressure build-up (loss of decay heat removal), or

isolation failure.

« Is the reactor shutdown (subcritical) and can it go critical?
"« s the reactor core being cooled? Is decay heat removal threatened?

If the threat of a major release has passed, continue with the intermediate phase
assessment.

Step 2

Determine the exposure rate at 3 ft (1 m) above ground level, the isotopic mixture
(relative abundance) of the ground surface deposition, and air concentrations.
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Step 3

Using the intermediate phase assessment methods in the FRMAC Assessment Manual
or similar methods, identify the areas where the relocation PAGs may be exceeded
(restricted zone). Recommend relocation of population in the restricted zone, with
priority given to those in the areas with the highest exposure rates. Access to the
restricted zone should be controlled. Monitoring and decontamination stations should
be established at the boundaries of the zone to check any people, material, or
agricultural products coming out of the restricted zone. :

Step 4

In general, after reactor accidents, people who were initially evacuated may be able to
return if exposure rates are less than 0.1 mR/h. However, if inhalation of resuspended
activity is important or deposited material could drift into reoccupied or still-occupied
areas, occupancy should be restricted until the situation is analyzed and dose
projections are confirmed.

Step 5§

Evaluate the second-year and 50-year dose (use the intermediate phase methods in the
FRMAC Assessment Manual or RASCAL “Field Measurements to Dose* option).
Evaluate the effectiveness of simple decontamination techniques and of sheltering (due
to partial occupancy of residences and work places) in reducing the expected dose.
Persons evacuated from higher dose rate areas may return once field measurements
confirm ‘that the objectives of the intermediate phase PAGs will be met. If it is
impractical to meet the long-term objectives of the Intermediate PAG (Table H-2)

through decontamination, consideration should be given to relocation at a lower
projected first-year dose than that specified by the intermediate (relocation) PAG.

Step 6
Data should be gathered to establish long-term radiation protection criteria for
recovery and to determine the effectiveness of various decontamination or other

recovery techniques. Operations to recover contaminated property in the restricted
zone should begin. Contamination screening levels are listed in Tables H-3 and H-4.

END

Source: EPA 400-R-92-001.
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Table H-1. Relocation Protective Action Guides (PAGs)*

, Protective Action Guide
Protective action (projected first-year dose)’ Comments
Relocate the general 22,000 mrem Beta dose to skin may be up to
population.© _ 50 times higher.
Apply simple dose <2,000 mrem These protective actions should
reduction techniques.? be taken to reduce doses to as
low as practicable levels.

apAGs for exposure to deposited radioactivity during the intermediate phase of a nuclear incident.

bThe projected sum of effective dose equivalent from external gamma radiation and committed effective
dose equivalent from inhalation of resuspended materials, from exposure or intake during the first year.
Projected dose refers to the dose that would be received in the absence of shiclding from structures or the
application of dose reduction techniques. These PAGs may not provide adequate protection from some long-
lived radionuclides; see Table H-2 or EPA 400-R-92-001, Sect. 4.2.1, for further restrictions.

“Persons previously evacuated from areas outside the relocation zone defined by this PAG may return to
occupy their residences. Cases involving relocation of persons at high risk from such action (e.g., patients
under intensive care) should be evaluated individually. _ ‘

4Simple dose reduction techniques include scrubbing and/or flushing hard surfaces, soaking or plowing
soil, minor removal of soil from spots where radioactive materials have concentrated, and spending more time
than usua! indoors or in other low exposure rate areas.

Source: Adapted from EPA 400-R-92-001, Table 4.1, p. 4-4.

Table H-2. Long term objectives for intermediate phase’

ﬂ Time period Objective’

Second year <500 mrem
(or any succeeding year)
50 years _ <5000 mrem

®For reactor incidents, if the PAG of 2,000 mrem is met in the first year, the
long-term objectives should be met through radioactive decay, weathering, and normal
pant-time occupancy of structures. If the release consists primarily of long-lived
radionuclides, decontamination may be required during the first year in areas outside
the restricted area. If decontamination is not practical in these situations, relocation &t
a lower first-year projected dose than 2,000 mrem should be considered.

*The projected sum of effective dose equivalent from external gamma radiation
and committed effective dose equivalent from inhalation of resuspended materials,
from exposure or intake during the indicated time period. '

Source: EPA 400-R-92-001, p. 4-4.
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Table H-3. Recommended surface contamination screening levels for

emergency screening of persons and other surfaces at screening
or monitoring stations in high background radiation areas (0.1-5 mR/h)*

Geiger-counter shielded-

Condition window reading Recommended action I
Before e  <2X background and Unconditional release.
decontamination <0.5 mR/h above '

background : .

e >2x background or Decontaminate. Equipment
>0.5 mR/h above may be stored or disposed of
background as appropriate.

| After e <2X background and Unconditional release.
decontamination <0.5 mR/h above
background
e  >2Xx background or Continue to decontaminate or
‘ >0.5 mR/h above refer to Jow background

background monitoring and
4 decontamination station.
Equipment may also be stored
for decay or disposed of as
appropriate.

€Monitoring stations in these high exposure rate areas are for use only during the early phase of an -
incident involving major atmospheric releases of particulates. In other cases, usc Table H4.

" Source: Adapted from EPA 400-R-92-001, Table 7-6, p. 7-23.
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Table H-4. Recommended surface contamination screening levels for persons and other
surfaces at monitoring stations in low background Eadiation areas (< 0.1 mR/b)

_—

Geiger counter thin- - :
Condition window” reading . Recommended action
Before ¢  <2X background Unconditional release.
decontamination ¢  >2X background Decontaminate.
After simple ¢ <2X background Unconditional release.
decontamination® e  >2X background Full decontamination*
effort -
After full e  <2X background ~ Unconditional release.
decontamination® . ¢  >2X background Continue to decontaminate persons.
effort ¢ <0.5mRM Release animals and equipment.
After additional full e <2X background Unconditional full release.
- decontamination ¢ >2X background Send persons for special evaluation.
 effort ¢ <0.5mR/M Release animals and equipment.
¢« >05mRh - Refer, or use informed judgement on
' further control of animals and

equipment.

*Window thickness of approximately 30 mg/cm? is acceptable. Recommended limits for open window
readings are expressed as twice the existing background (including background) in the area where
measurements are being made. Corresponding levels, expressed in units related to instrument designations, may
be adopted for convenience. Levels higher than twice background (not to exceed the meter reading
corresponding to 0.1 mR/h) may be used to speed the monitoring of evacuees in very low background areas.

Flushing with water and wiping is an example of 2 simple decontamination effort.

Washing or scrubbing with soap or solvent followed by flushing is an example of a full
decontamination effort. :

dClosed shield reading including background.

 Source: Adapted from EPA-400-R-92-001, Table 7-7, p. 7-24.

RTM - 96 H-9






e

——

s om

.,,-mf*""' ’

>

=

~

@]

Sy B .
B o o i
@]
j .
T

m




Section I
Quick Reference Guide

Ingestion pathway protective action assessment
Section I tables




Section I: Ingestion Pathway Protective Action Assessment

Section I
Ingestion Pathway Protective Action Assessment

Purpose
To assess ingestion pathway protective actions.
Discussion

This section is used only to determine if protective actions are warranted to protect
the public from ingestion of food, milk, and water that have been contaminated as a
result of an accident. This procedure should be performed by the Advisory Team for .
Environment, Food, and Health (composed of EPA, HHS, and USDA, at a minimum)
in support of the State.

The assessments are based on the HHS guidance for ingestion in EPA 400-R-92-001.
Two levels of PAGs are provided: emergency and preventive (Table I-1). '
Recommended protective actions for each PAG level are shown in Table I-2. For
large reactor releases involving core damage, milk-producing animals within 10 miles
should immediately be sheltered, if possible, and placed on stored feed and protected
water.

The PAGs apply only to short-term exposure from consumption of contaminated food
and milk. They do not apply to the consumption of water; however, because guidance
for water is still under development, the HHS PAGs are also being used for water.

The ingestion PAGs are intended to assess concentrations measured in food. '
However, it will be virtually impossible to analyze all potentially contaminated food.
The goal, therefore, is to identify an area where the levels of radioactivity in food
could exceed HHS PAGs. This identification must be made on the basis of readily
measured quantities (e,g., exposure rate or surface deposition). Analysis of food
samples will be used to confirm the areas of concern. The FRMAC Assessment
Manual provides methods for evaluating environmental data to identify where the
ingestion PAGs may be exceeded and for analyzing food, water, and milk samples.

Step 1

Using the methods in the FRMAC Assessment Manual or similar methods, determine
the area where HHS ingestion PAGs may be exceeded based on either (1) gross
gamma measurements (for a reactor accident before the isotopic contamination
mixture is known) or (2) ground surface deposition.
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Step 2
Obtain the analyses of food, water, and milk samples from the area where results

from Step 1 indicate that the ingestion PAGs may be exceeded. Other areas of
suspected contamination should also be sampled. '

Step 3
Recommend protective actions in accordance with State or Federal guidance. (Federal
guidance is summarized in Tables I-1 and 1-2.) Results from samples taken around the

perimeter of the identified areas may indicate whether the area of analysis needs to be
expanded, reduced, or shifted.

Step 4

Coordinate a working group to develop guidance and a program for.long-term
ingestion controls to protect the public from ingestion of contaminated foods.

END

Source: EPA 400-R-92-001.
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Table I-1. Ingestion Protective Action Guides

Projected dose commitment “

Protective action Organ of interest (mrem)
Preventive® e Whole body, bone 500
| (Lower impact) marrow, or any other
organ
¢ Thyroid 1,500
Emergency” ¢  Whole body, bone 5,000
marrow, or any other
organ '
¢  Thyroid 15,000
— -

Preventive PAGs are applicable to situations where protective actions causing minimal impact on the
food supply are appropriate. A preventive PAG establishes & level at which responsible officials should take
protective actions having minima} impact to prevent or reduce the concentration of radioactivity in food or
animal feed,

SEmergency PAGs are applicable to incidents where protective actions of great impact on the food supply
are justified because of the projected health hazards. An emergency PAG establishes a level at which
responsible officials should isolate food containing radioactivity to prevent its introduction into commerce, and

" at which the responsible officials must determine whether condemnation or another disposition is appropriate.

Source: 47 FR 47073, p. 47081, as incorporated into EPA 400-R-92-001, Chapter 3.
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Table I-2. Ingestion pathway protective actions®

Contaminated item ' Protective action “

At preventive PAG

Pasture ¢  Remove lactating (milk-producing) dairy animals from pasture and
* substitute uncontaminated feed.
FI e  Substitute uncontaminated water. l
Milk «  Withhold contaminated milk from market to allow decay of short-lived T
: radionuclides.
e Divert fluid milk to production of dry whole milk, non-fat dry milk,
butter, cheese or evaporated milk.
“ Fruits and e  Wash, brush, scrub, or peel to remove surface contamination. 1
vegetables ¢ Preserve by canning, freezing, dehydration, or storage to permit decay F
of short-lived radionuclides.
Grains ¢ Mil
¢  Polish
Other foods e  Process to remove surface contamination.
At emergency PAG

All food ¢ Isolate food to prevent introduction into commerce and determine
whether condemnation or other disposition is appropriate.

Before taking
action consider the
following:

Availability of other possible protective actions.

Relative proportion of contaminated food in total diet by weight.
Importance of the food in nutrition and availability of uncontaminated
substitutes. :

s . Contribution of other foods and other radioisotopes to total projected
dose.

“Time and effort required to implement corrective action.

Exposure of food processing workers. J

SHHS has published guidance on the protective actions that should be considered if the ingestion of
contaminated food may produce doses that exceed the PAGs. This guidance is summarized here.

Source: 47 FR 47073, p. 47083, as incorporated into EPA 400-R-92-001, Chapter 3.
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Section J: Use of Potassium lodide and Thyroid Monitoring

Section J
Use of Potassium Iodide and Thyroid Monitoring

Purpose

To provide information on the use of potassium iodide (KI) to protect the thyroid
from radioactive jiodine intake.

Discussion

KI, -administered orally, can be used effectively as a thyroid blocking agent to reduce
the accumulation of radioiodine in the thyroid gland. The radioiodine enters the body
through inhalation or ingestion. KI is not an adequate substitute for prompt evacuation
or sheltering of the general population near a plant for a severe reactor accident. The

- decision to use KI to protect the public rests with the State and local health
authorities. EPA early phase PAGs recommend evacuation or sheltering to avoid a
total effective dose equivalent of 1-5 rem and administration of KI to avoid a
committed dose equivalent from radioiodine to the adult thyroid of 25 rem

(Table G-1).

Step 1

Consult with the representatives of involved State(s) and other Federal agencies
(FEMA, HHS, EPA) before making any recommendations.

Step 2
Refer to the following information to answer questions:

Federal Position. The Food and Drug Administration (FDA) has evaluated the
medical and radiological risks of administering KI for thyroid blocking under nuclear
emergency conditions. FDA guidance states that risks from the short-term use of
relatively low doses of KI for thyroid blocking in a radiation emergency are lower
than the risk of radioiodine-induced thyroid nodules or cancer at a projected
committed dose equivalent to the thyroid gland of 25 rem or more. FDA has
approved the over-the-counter sale of the drug for this purpose.

Federal policy recommends the stockpiling or distribution of KI during emergencies
for emergency workers and institutionalized persons but does not recommend
requiring predistribution or stockpiling for the general public.
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Effectiveness. The effectiveness of L. in blocking uptake of radioiodine by the
thyroid depends strongly on the timing of the dose of KI relative to the exposure to
radioactive iodine. KI is most effective when taken just before or within 1-2 h after
exposure to radioiodine. Taking the recommended dosages of KI just before or at the
time of exposure can provide greater than 90% blocking of radioactive jodine uptake
by the thyroid (Fig. J-1). If K1 is taken approximately 3-4 h after acute exposure,
about 50% blocking could still occur. Once radioactive iodine has concentrated in the
thyroid, KI is not effective at removing it.

Dosage. The FDA recommended dosage of KI is 130 mg/day for adults and children
above 1 year, and 65 mg/day for children below 1 year of age (130 mg of KI contains
100 mg of stable iodine) given shortly before or just after the intake of radioactive
iodine. KI should be administered for at least 3 days after an acute exposure because
it takes approximately 48 h for most of the radioiodine to be excreted in the urine.

Thyroid Monitoring. Thyroid dose resulting from 131] can be estimated by taking a
measurement with a gamma radiation detector held horizontally next to the thyroid
(immediately below the Adam’s apple). From the count rate, an approximation of the
thyroid uptake can be obtained. Several detectors have been evaluated using this
technique; the average count rate per pCi of I in the thyroid is given in Table J-1.
The projected dose to the thyroid (in rem) is found by multiplying the estimated 0 |
uptake in pCi by the appropriate dose conversion factor: adult (6.50 rem/pCi),
5-year-old child (19.1 rem/pCi), or 2-year-old child (36.0 rem/uCi).

The minimum detectable thyroid dose commitment, assuming all the radioiodine has
reached the thyroid, ranges from 0.01 rem (adult thyroid, scintillation counter) to

4.3 rem (2-year-old child thyroid, GM detector). This thyroid screening procedure is
recommended only for emergency personnel at completion of their final mission
involving direct exposure to 2 plume or for evacuees who were exposed to the plume
for a significant time before evacuation. If this procedure suggests 8 projected thyroid
dose greater than 10 rem, the individual should be sent to 2 hospital or laboratory for

a more accurate determination of radioiodine uptake.

END

Sources: 50 FR 30258; 47 FR 28158; FDA £3-8211; (dose estimation) FEMA-REP-2, Sect. 5.6.
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Table J-1. Approximate response to radioiodine in the thyroid for different detectors
e = —

Detector response’
(net cpm per pCi 'l in thyroid)

Thyroid D-103* D-103 6306° 6306
model #1 #2 #1 #2 489-49  489-55¢ SPA-3 RD-22¢

ANSI - 152 151 1,149 1,232 . 258 75,780 53,570 '54,970
standard = £33 +26 477 +159 +117 16,244 £2950 +1,324
adult

Adult 124. 123 668 682 149 45,840 32,490 30,270
+23 14 4£51 110 +31  £2,056 +173 1996

S-yéar- 224 231 1,390 1,580 321 18,140 58,100 56,830

old +52 20 +61 53 +79 13,0600 4,917 12,521

child ,

2-year- 227 274 - 1,640 1,910 381 102,120 72,980 73,020

old +53 146 £234 %115 +79 £5428 +£3,791 13,830

child

*The first number for each instrument is the average of a series of 10 tests; the second is the standard
deviation. :

5Civil defense mode] OCD-D-103 GM detector.
“Victoreen model 6306 GM detector (organic quench gas, bismuth cathode, and special lead and copper
shield). '

“Victoreen model 4894 GM detector (organically quenched).

Victoreen model 489-55, 3.2 X 3.8 cm NaK(Tl) crystal.

fEberline model SPA-3, § X 5 em Nal(Tl) crystal.
SEberline model RD-22, 5 X 5 cm NaI(T1) crystal (with #*'Am check source for use with stabilized assay
meter). :

Source: FEMA-REP-2, p. 5-16.
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Fig. J-1
Percentage of thyroid blocking by 130 mg of KL

T DO B B I I

o 4 0 0 -0 0 10 0 N A
(BEFORE) : HOURS BEFORE OR AFTER (AFTER)
SLUG INTAKE OF RADIOACTIVE IODINE

Source: AEC-r-7536, p. 224.
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Section K
Extraordinary Nuclear Occurrence

Purpose

To provide the Commission with an assessment of whether an event is an
extraordinary nuclear occurrence in accordance with 10 CFR 140.81-140.85.

Discussion

An extraordinary nuclear occurrence determination does not mean that a particular
claimant will recover on a claim. If there has been an extraordinary nuclear
occurrence determination, the claimant must still proceed (in the absence of
settlement) with a tort action, but the claimant’s burden is substantially eased.

Any affected person, lxcensee, person with whom an indemnity agreement is
executed, or a person providing financial protection may petition the Commission for
a determination for whether or not there has been an extraordinary nuclear
occurrence. If within 7 days of the event’s occurrence the Commission does not have
enough information to make a determination, it will publish a Federal Register notice
requesting persons to submit information concerning the event. If the Commission
publishes a notice in the Federal Register and does not make a determination within
90 days, the alleged evcnt will not be deemed an extraordinary event.

Step 1

Determine if there has been a substantial release of radioactive material and/or
substantial radiation levels offsite. There has been & substantial release if, as a result
of an event of one or more related happenings, radioactive material is released from
its intended place of confinement or radiation levels occur offsite and either criterion
A or B are met:

A. - One or more persons offsite were, could have been, or might be exposed to
radiation or to radioactive material resulting in a dose or a projected dose
exceeding one of the levels in Table K-1.

B. Surface contamination of at least a total of any 100 m? of offsite property has
occurred as the result of a release of radioactive material from a production or
utilization facility in levels exceeding one of the values in Column 1 or Column 2
of Table K-2.

or
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Surface contamination of any offsite property has occurred as the result of a
release of radioactive material in the course of transportation in levels exceeding
one of the values in Column 2 of Table K-2.

Step 2

If the conditions in Step 1 are not met, no extraordinary nuclear occurrence has
occurred; go to Step 3. If the conditions in Step 1 were met, continue with Step 2.

Determine if the event has resulted or will probably resuilt in substantial damages to
persons offsite or property offsite. This is indicated if either criterion C or D below is
met.

C. Death or hospitalization, within 30 days of the event, of five or more people
located offsite showing objective clinical evidence of physical injury from
exposure to the radioactive, toxic, explosive, or other hazardous properties of
source, special nuclear, or byproduct material.

D. Any of the following offsite damages has been or will probably be sustained:
1. $2,500,000 or more by any one person,
2. $5 million or more in the aggregate; or

3. $5,000 or more by each of 50 or more persons, resulting in $1 million or .
more in the aggregate.

Damages shall be based upon estimates of the following: (1) total cost to put affected
property back into use; (2) loss of use of affected property; (3) value of affected
property where not prac ical to restore to use; (4) financial loss resulting from
protective action appropriate to reduce or avoid exposure to radiation or radioactive
materials. '

Step 3

Prepare a report for the Commission based on your findings in Steps 1 and 2. The

-

Commission can find that an extraordinary nuclear occurrence exists if the criteria in
Step 1 and Step 2 are met.

Source: 10 CFR 140.81-140.85.
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Section K: Extraordinadt Nuclear Occurrence

Table K-1. Total projected radiation doses
for extraordinary nuclear occurrence

, - Dose®
. Critical organ (rems)
Thyroid 30
Whole body ' 20
Bone marrow 20

| Skin 60

Other organs or tissues 30

*Doses from the following types of radiation
sources are included: (1) radiation sources external to
the body and (2) radioactive material that may be
taken into the body through its occurrence in air,
water, or food or on terrestrial surfaces.

Source: 10 CFR 140.84.

Table K-2. Total surface contamination leveis for
extraordinary nuclear occurrence®

Type of emitter ' ‘Column 1° Column 2¢
Alpha emission from 3.5 puCi/m* 0.35 pCi/m?

transuranic isotopes

Alpha emission from isotopes 35 pCi/m? 3.4 pCi/m?
other than transuranic isotopes

Beta or gamma emission 40mradh at 1 cm® 4 mrad/h at 1 cm?

*The maximum levels (above background), observed or projected, 8 h or more after
initial deposition.

b0ffsite property, contiguous to site, owned or leased by person with whom an
indemnity agreement is executed.

€Other offsite property.

éMeasured through not more than 7 mg/cm? of total absorber.

Source: 10 CFR 140.84.
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S}ection L
Quick Reference Guide

Use of RASCAL
Description

Section L figure
Section L worksheets




