
Section E: Uranium Hexafluoride Release Assessment 

Method E.1 

Estimation of Inhaled Soluble Uranium Intake and Hydrogen 

Fluoride Concentration After a Liquid UF6 Release 

Purpose 

To estimate the soluble uranium uptake and the HF concentration at a given 

downwind distance from a liquid UF6 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 I kg of liquid UF 6 combining with 0.1 kg of water results in the release of 

0.88 kg of U0 2F2 (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 UF6 release (NUREG-1140, 

p. 32). Fifty percent of the HF formed is assumed to become airborne, producing a 

release fraction of 0.12 of the total liquid UF6 release. A release time of 15 mn 

(NUREG-1140, p. 35) and breathing rate of 3.3 X 10-4 m3 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 UF6 released in metric tons (1 metric ton = 1000 kg). Obtain 

an estimate from the licensee or check the cylinder type in Table E-1.  

Amount of UF6 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 (IUa) in grams for the downwind distances of interest from 

a release of 1 metric ton of UF6. Multiply the IUa value from the graph by the 

number of metric tons of UF6 released.  

-IUs x - tons UFs released = g 
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Section E. Uranium Hexafluoride Release Assessment 

Step 3 

Estimate HF concentration, Xmf. Use Fig. E-3 to estimate the concentration of HF 

(g/m 3) in. the air downwind resulting from a release of 1 metric ton (1000 kg) of UF6.  

Multiply the value from the graph by the number of metric tons of UF6 released.  

X- x tons UF6 released "- g/m3 

END 
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Section E: Uranium Hexafluoride Release Assessment 

Method E.2 
Calculation of Inhaled Soluble Uranium Intake and Hydrogen 

Fluoride Concenatration After a UF6 Release 

Purpose 

To project the soluble uranium uptake and the HF concentration at a given downwind 

distance from a UF6 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 UF6 is released, then the assumption that 100% of the UF6 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 UF6 released in grams (1 metric ton = 103 kg = 106 g).  

Obtain an estimate from the licensee or check the cylinder type in Table E-1.  

Amount of UF 6 released or available for release (Q ) _- 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/s 
Distance downwind (d) _- m 
Dilution factor (see Table F-10) (DFd) 4 in 2 
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Step 3 

Estimate the release fraction for soluble uranium (RFu, ). The release fraction is the 

fraction (by weight) of the uranium that is incorporated in the plume relative to the 

weight of the total UF6 inventory available for release. Use licensee estimates if 

available or assume a release fraction of 0.34 for liquid UF6 (see discussion in 

Method E. 1) or 0.68 for UF6 gas for bounding calculation.  

Release fraction for soluble uranium (RFu,01) 

Step 4 

Calculate the amount of soluble uranium inhaled (IU,1J), over the entire duration of 

plume passage, at a given downwind distance.  

QUF, x RFu., x DFd x BR 

IUso= 

( g)=( *g)x( )x( -2) x( M3/s) 
( ms 

where 

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

QUF6  = 6 inventory in process or container available for release (g) 
RFu, -O uranium release fraction (default value 0.34 fo'" liquid UF6, 0.68 for 

gas) 
DFd = dilution factor (in 2) at distance, d, from release for appropriate 

stability class (Table F-10) 

BR = breathing rate (m3/s) (default value 3.3 x 10- rm3/s from 

EPA-520/1-88-020, p. 10) 
V = average wind speed (m/s) (default value 4 mph = 1.8 m/s) 

E-10 
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Step 5 

Estimate the release fraction for HF. The release fraction is the fraction (by weight) 

of the total UF6 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 UF6 (see 

discussion in Method E. 1) or 0.23 for gas for bounding calculation.

Release fraction for hydrogen fluoride (RFf) 

Step 6 

Calculate the HF concentration at this downwind distance.

Qu,6 x RFHF x DFd 
X ,HF U 

( g) x( )x( m'2) 
( s) x ( m/s)

where

X)F 
QUF6 
RFJF 
DFd 

t,

HF concentration (g/m 3) at distance d from the release 
UF6 inventory available for release (g) 

HF release fraction (default value 0.12 for liquid UF 6, 0.23 for gas) 

dilution factor (m- 2) at distance, d, from release for appropriate 
stability class (Table F-10) 

average wind speed (m/s) (default value 1.8 m/s) 

UF6 release duration (s) [default value 900 s (15 min) from 

NUREG-1140, p. 351

END 

E-I1 

RTM- 96



Section E: Uranium Hexafluoride Release Assessment 

Method E.3 

Estimation of Committed Effective Dose Equivalent Resulting From 

Inhaled Uranium After a Liquid UF6 Release 

Purpose 

To estimate the radiological dose (committed effective dose equivalent) from inhaled 

uranium at a given distance downwind from a release of liquid UF6 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 I kg of 

UF6 combining with 0.1 kg of water results in the release of 0.88 kg of U02 F2 

(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 UF6 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 52011-88-020, 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 UF6 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 UFP released or available for release _ (metric ton) 

Step 2 

Estimate the committed effective dose equivalent (CEDE). Consult Fig. E-4 to 

estimate the CEDE in rem for the downwind distances of interest from a release of 

1 metric ton of liquid UF 6. The four curves correspond to different enrichment levels 

(the percentage by weight of the nU isotope). Multiply the value from the graph by 

the number of metric tons of UF 6 released.  

CEDE x - tons UFs released = rem 

END 
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Method E.4 

Calculation of Committed Effective Dose Equivalent Resulting From 
Inhaled Uranium After a UFs Release 

Purpose 

To project the committed effective dose equivalent (CEDE) from the inhalation of 

uranium at a given distance downwind after a UF6 (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 gaseous UFs is released, then the assumption that 100% of the UF6 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 UF6 released in grams (1 metric ton = 103 kg = 106 g).  

Amount of UF6 released or available for release (Qu6) - 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) n
Dilution factor (see Table F-10) (DFd) --- 2 
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Step 3 

Estimate the release fraction for soluble uranium (RFu,,). The release fraction is the 

fraction (by weight) of the uranium that is incorporated in the plume relative to the 

weight of the total UF6 inventory available for release. Use licensee estimates if 

available or assume a release fraction of 0.34 for soluble uranium from a liquid UF6 

release (see discussion in Method E.3) or 0.68 for release of UF6 gas for bounding 

calculation.  

Release fraction for soluble uranium (RF,) 

Step 4 

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

Ovr, x RFu,. x DF, x BR 

U 

( g)= g) x( )x( m 2)x( m3/s) 
-( m/s) 

where 

IU,a = total integrated inhaled intake of soluble uranium 

Qw6  = UF6 inventory available for release in process or cylinder (grams) 

RFuit = uranium release fraction (default value 0.34 for liquid UF6 release, 

0.68 for gas) 
DFd = dilution factor (m2) 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 (mis) (default value 4 mph = 1.8 m/s) 

Step 5 

Determine the specific activity (SpA) of the uranium. Use licensee data or see 

Table E-4 for single isotopes or Table E-5 for different enrichment levels. 2U is the 

major contributor to specific activity of enriched UF 6. If a specific activity cannot be 

E-16 
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obtained, using the specific activity for 2'U (6.19 X 103 pCi/g) will provide an 
overestimate of CEDE.  

SpAua = /iCi/g 

Step 6 

Determine the dose conversion factor. Dose conversion factors, DCFE.5o, for the 

CEDE resulting from inhalation of soluble uranium isotopes are found in Table E-6.  

Use the dose conversion factor given for 2'U to approximate that for all isotopic 
mixes.  

DCF,5o rem/nuCi 

Step 7 

Calculate the CEDE at this downwind distance.  

HE'5 = lu,, x SpA x DCFFso 

( rein)=( g) ( pCi/g)x( xrem/pCi) 

where 

H&50o = committed effective dose equivalent (CEDE) (rem) 

IUw = total integrated inhaled intake of soluble uranium (g) 
SpA = specific activity of uranium (Table E-4 or Table E-5).  

DCFz5o = dose conversion factor for CEDE resulting from inhalation of 
soluble "-U (Table E-6).  

END 
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Table &-l. UF6 cylinder data 

Minimum Approximate tare weight Maximum Shipping limit" 

Nominal wall without valve protector enrichment (maximum UFJ) 

Cylinder diameter thickness (percent by 

model (in.) (in.) (lb) (metric ton1) weight IU) (Ib) (metric ton1) 

IS 1.5 1/16 1.75 7.9E-04 100.0 1.0 4.5E-04 

2S 3.5 1/16 4.2 1.9E-03 100.0 4.9 2.2E-03 

5A, 5B 5 7/64 55 2.513-02 100.0 55 2.5E-02 

8A 8 1/8 120 5.4E-02 12.5 255 1.213-01 

12A, 12B 12 3/16 185 8.4E-02 5.0 460 2.1E-01 

301W 30 5/16 1,400 6.4E.-01 5.0d 5,020 2.3E+00 

48A, 48XI 48 1/2 4,500 2.OE+00 4.54Jr 21,030 9.5E+00 

48F 48 1/2 5,200 2.4E+00 4.5d 27,030 1.2E+01 

48G 48 1/4 2,600 1.2E+00 1.0' 2 6 ,840W 1.2E+Ol0 

48YO 48 1/2 5,200 2.4E+00 4.5d 27,560 1.3E+01 

48H, 48HX 48 1/4 3,170 1.4E+00 1.0' 27,030 1.2E+01 

480M 48 1/4 3,050 1.4E+00 1.0' 27,030 1.2E+01 

"Shipping limits are based on 250"F (121 ") maximum UP, temperature (203.3 lb UF~/ft'), certified minimum internal volumes for all 

cylinders, which provides a 5% ullage for safety. The operating limits apply to UP6 with a minimum purity of 99.5%. More restrictive measures are 

required if additional impurities are present. The maximum UF6 temperature must not be exceeded.  
b1 metric ton - 1000 kg - 1.OE+06 g - 2205 lb.  
'This cylinder replaces the Model 30A cylinder.  

•Maximum enrichments indicated require moderation control equivalent to a UF6 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% UP6 by weight is safe with moderation control equivalent to UF6 purity of 99.5%, but limited to 4.5% by 

weight 2U for shipment.  
'Enrichment to 4.5% by weight is safe with moderation control equivalent to a UF6 purity of 99.5%, but limited to 1.0% by weight I'U for 

shipment.  
Apor depleted uranium with UF, purity in excess of 99.5%, the shipping limit is 28,000 lb for cylinders with 8,800-lb 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 uranimn intake 

Soluble uranium intake,/IUt elhefc 

< 0.005 None 

0.008 Threshold for transient renal damage 
0.050 Threshold for permanent renal Jdammageg 

0.230 50% will die 

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

Table E-3. Health effects of hydrogen fluoride exposure 

Airborne hydrogen 
fluoride 

concentration, XIF Exposure time 
(g/m3), (mrin) Health effect 

0.0025 - Detectable odor, but no health effect 

0.004 60 Emergency Response Planning Guideline-lb 

0.013 15 Irritation 

0.016 60 Emergency Response Planning Guideline-2c 

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 

'glm2 
- (ppm/1000) x (molecular weight/24.5).  

.Emergency Response Planning Guideline (ERPG)-l (5 ppm) is the maximum airborne 

concentration below which it is believed that nearly all individuals could be exposed for up to I h 

without experiencing other than mild, transient adverse health effects or without perceiving a clearly 

defined objectionable odor.  
"ERPG-2 (20 ppm) is the maximum airborne concentration below which it is believed that nearly 

all individuals could be exposed for up to I 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, one could escape 

within 30 min without a respirator and without experiencing any escape-impairing (e.g., severe 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 AIHA.  
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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) (ACilg) 

MU 2.48E+5 6.19E+3 
7.13E+8 2.14E+0 

2MU 2.39E+7 6.34E+ 1 
UU 4.51E+9 3.33E- I

Table E-5. Isotopic abundance and specific activity 
for different enrichment levels 

Enrichment Specific Percentage abundance 

(% msU by activity' 2u 2U 26U 2sU 

. weight) (9Ci/g) 

Depleted 0.4 0.0005 0.25 99.75 
Natural 0.67 0.0006 • 0.72 '99.27 
4.0 2.4 0.032 4.0 0.025 95.94 
20.0 9.4 20.0 
93.0 -110 >2.0 >93.0 <0.05 <5.0 

"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 mU by gaseous 
diffusion, the mU concentration increases faster than the mU concentration. 23U 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 natural; and calculations from relative abundance and Table E-4 for 
4%. Specific alpha activity for 20% enrichment was calculated using SpA - 0.4 + 
0.38e + 0.0034e (XCi/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.
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Section E: Uranium Hexftoride Release Assessment 

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 (DCF•s•)"b 

Isotope (remnACi) (Sv/Bq) 

WU 2.7 7.4E-7 
23sU 2.3 6.8E-7 2U 2.6 7.OE-7 

272.4 6.6E-7 

Cfommitted effective dose equivalent (CEDE or HLs) is the sum of the 

effective dose equivalent over a 50-year period following intake.  

bLung clearance class (solubility class) is D.  

Source: EPA-520/1-88-0
2 0 , pp. 150-151.  
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Fig. E-1 
Distance downwind at which early health effects from HF exposure 

might occur or EPA PAGs could be exceeded.
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1E-01

1E-02 

I1E-03

IE-04

Fig. E-2 
Adult uranium intake resulting from release 

of 1 metric ton of liquid UFg.a 
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Fig. E-3 
Air concentrations of hydrogen fluoride from release 

of 1 metric ton of liquid UF,."
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Fig. E-4 
Committed effective dose equivalent for adult downwind 

from release of 1 metric ton liquid UFp.  
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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 a UF6 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 FRAMAC 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: 

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

"* To estimate the potential releases from isotopes involved in a fir. (typically the 
worst case), use Method F.2.  

R274- 96 
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Step 2 

Estimate the dose from the source or release using one of the following: 

"* To project the dose 0.25 mile and 1 mile downwind based on the estimated 

activity released, use Method F.3.  

"* 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 exceeding early 

phase PAGs using Section G.  

END 
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Method F.1 
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.) 

Step 1 

Calculate the activity using the following equation: 

At =Wt x SpA 

103) = g) x ( CJ/•I) 

where.  

A1  = Activity (pCi) of isotope i available 
WM = Weight (g) 

SpA = Specific activity (jCi/g) from Table F-i 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 eejuations depending on the 

units in which the radiological half-life (Tm) is given., 

SpA(_2_) = 3.134 x 1015 

g T,,2(h) x AMN 

or 
1.306 X 1014 

g T,,r(days) x AMN 

or

RTM- 96
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SpA(in) 
g

3.578 x 1011 
T1n(years) x AMN

- Atomic mass number (the number of protons plus the number of 

neutrons in the isotope); for example, for 1I3l, the AMN is 131.  

- 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 (uCi) released 

Qn =A x FRF, 

( Ci)=( 1Ci) x ) 

Release rate (pCIIs) 
A, x FRF, 

( Ci/s) ix () 
(,96s) 

RTM - 96 
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where

A1  = Activity (PCi) of isotope i available (in fire) 
FRFI = 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 

T• = Release duration (s) 
Q, = Release rate (,uCi/s) for isotope i 
Qn = Total activity (IACi) of isotope i released 

END 

F-8 
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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 

full 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 UF6 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 Ci 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,,_,); effective dose equivalent from external radiation from 

immersion in plume (H.); and early phase (4-day) dose equivalent from exposure to 

ground deposition (DEp,) using Worksheet F-1 and the following equations: 

RIM- 96 
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Section F: Early Phase Dose Projections

Dose,, = Qn x RCFjV 

mrem)=( AMi)x( mrem) 

where 

Doseq = Total dose equivalent (norem) type j at specified distance from 

release of isotope i 

Q =- Total activity (psCi) of isotope i released 

RCFU = Release conversion factor (Mnrem/Ci) from Table F-4 (0.25 mile) or 

Table F-5 (1 mile) for 1 1Ci 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 (DT) (acute bone, acute lung, and thyroid); committed effective dose 

equivalent from inhalation (CEDE, H,5); effective dose equivalent from external 

radiation from immersion in plume (H.); and early phase (4-day) dose equivalent from 

exposure to ground deposition (D~,) using Worksheet F-2 and the following 

equations: 

Air Immersion: H1, 

Q, x DF x DCF., x T~d 

( 1 i/s) x( m-2) x mr( x( h) 

torem)= ( m/s) 

Inhalation: CEDE (H,,,O), organ dose (DO)-acute bone, acute lung, and thyroid 

Q, x DF X DCF,,(of X Ted 

F-10 
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Section F: Early Phase Dose Projections 

D -Q x DF x DCF x Te, 

( M's) x. In -2) X ( emhx( h) 

( I. •i/m3) 
mrem)= ( mIs) 

Early phase ground: 'Dz,, from groundshine and resuspension for 4 days 

exposure 

Dug, Q7 x GCF x DCFEpgI 

( mrem)=( AiCi)x( n-2) x 
Ati/m2 

where 

DCFi = Effective air immersion dose conversion factor [(mremlh)/(zCi/m3)] 

from Table F-6 

DCFa.m = CEDE dose conversion factor [(mrem/h)/(uCi/m3)] for isotope i 

from Table F-7 

DCFE, = Dose conversion factor [(mrem)/I&Ci/me)1 for ground surface 
deposition during the early phase (4 days) including resuspension 
from Table F-6 

DCFn = Dose conversion factor [(mremlh)/I(Ci/m3)] for inhalation dose for 

various organs (acute bone, acute lung, and thyroid) and 

commitment periods, from Table F-7 

DF = 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) 

GCF = Ground concentration factor from Table F-1I 

Hw = Effective external dose (mrem) from isotope i from air immersion 

Q, =. Release rate (source term) (pCi/s) of isotope i 

Qn = Total activity (JCi) of isotope i released 

T•d -= Exposure duration (assume release duration)(h) 
U = Average wind speed (m/s) 

RIM- 96 
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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 

either of the methods in Step I 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) 
N 

TABD = [H, + DEpj + D7(bone)] 

Total Acute Lung Dose (TALD)

TALD, [He,+ DM,1 + D,(lung)]

Total Effective Dose Equivalent (TEDE) 

TEDE -- + D ÷ Hjx)

torem)=[( mrem) + ( mrem) + (

Acute Thyroid Dose [Dn(thyroid)]

Dr(thyroid) = mrem (from Step 1)

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

= Committed effective dose equivalent to organ (bone, lung, and 

thyroid) from inhalation of isotope i in plume (calculated in 
Step 1) 

- Effective external dose equivalent (mrem) from isotope i due to 

air immersion (calculated in Step 1)

RITM- 96 

F-12

where

mrem)]

Dr(organ) 

Hw

I II



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 

Determine consequences.  

0 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.  

* Is 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.) 

END 

RTM- 96 
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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 10-2 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 

ST 

H A x DCF, x T. x (0.5"L) 

( Dis 2 

CF Disance) 

mrem)lh Xc~x h) x (05( ) 
(C 1) m) 2 

m 
F-i

RTM - 96
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where

A1 f= Activity (pCi) of isotope i 
DCFP = Point source dose conversion factor (mrem/lpCi) from Table F-12 

Dis = Distance (in) from source 
HVL = Half-value layer (cm) from Table F-13 

HP = Effective dose equivalent (mrem) from point source 

Td -= Exposure duration (h) 

ST = Shielding thickness (cm) 

Exposure Intensity

IA x ECF, x (0.5 ) 

( ) 2 

ECF distanceC)

maC) x (x .5 CM)C)

Activity (uCi) of isotope i 
Distance (in) from source 

Point source exposure conversion factor (mR//zCi) from Table F-12 

Half-value layer (cm) from Table F-13 
Exposure intensity (mR/ACi) 
Shielding thickness (cm)

RTM- 96 
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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 

RTM- 96 
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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.  

RTM- 96 
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Step 1 

Select the appropriate release conditions:

0 

0 

0

ground-level release without rain 
ground-level release with rain 
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-i 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 

F-20 
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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 instantaneous release (AP-26, Eq. 5.21), 
X/Q = [0.5(2n)3"uaaY]Z

where it is assumed that a, = (2Kt)" and that the vertical mixing coefficient K has an 

average value of 5 m2/s in the atmospheric boundary layer (near the ground) and 

about 1 m2Is 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 (Heffter 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/ad112] 

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.  

RTM- 96 
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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 

"* 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-3 

" 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-3.  

peak air concentration = total release x normalized concentration 

"* 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-2). 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 

F-22 
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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
Downwind travel time to distant point _ days 
Normalized concentration at distant point, C2 (from Fig. F-3) _ m_ 3 

* To estimate the long distance dose or concentration (V2), 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_ 3 

C2 

Similar ratios can be used to estimate maximum 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! 
Isotope (h) Ci) 

'H 1.1E+O5 9.7E+09 

"1C 5.OE+t07 4.5E+06 

22Na 2.3E+04 6.3E+09 
"2Na 1.5E+01 8.7E+ 12 

"1P 3.4E+02 2.9E+11 
"up 6.1E+02 1.6E+ll 

"3S 2.1E+03 4.3E+ 10 

"MCI 2.6E+09 3.3E+04 

"4K l.1E+13 7.OE+OO.  
"cK 1.2E+01 6.OE+ 12 

"OCa 3.9E+03 1.SE+1O 

46SC 2.OE+03 3.4E+ 10 

"Ti 4.lE+05 1.7E+08 

"IV 3.9E+02 1.7E+l1 

"'Cr 6.6E+02 9.2E+10 

"RMn 7.5E+03 7.7E+09 
"sMn 2.6E+00 2.2E+ 13 

"WFe 2.4E+04 2.4E+09 
"1Fe l.1E+03 5.OE+ 10 

."CO 1.7E+03 3.2E+ 10 
'0Co 4.6E+04 1.1E+09 

"6Ni 8.4E+05 5.9E+07 

"6Cu 1.3E+01 3.9E+12 

"OZn 5.9E+03 8.2E+09 

"Ga Il.E+OO 4.IE+ 13 

"Ge 6.9E+03 6.7E+09 

*5Se 2.9E+03 1.5E+ 10 
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Table F-i. Specific activity (continued) 

Half-life, Tm Specific activity, SpA' 

Isotope (h) (jUCi/g) 

'5Kr 9.4E+04 3.9E+08 
nmr4.5E+00 9.2E+ 12 

C'Kr 1.3E+00 2.SE+13 

gqcr 2.8E+00 1.3E+13 

16Rb 4.5E+02 8.1E+1O 

rRb 4.1E+14 9.7E-02 

'8Rb 3.OE-O1 1.2E +14 

"~Sr 1.2E+03 2.9E+ 16 

"ISr 2.6E+05 1.4E+08 

9'1 r 9.5E+00 M.E +12 

WY6.4E+01 5.4E+ 11 

sy1.4E+03 2.5E+10 

ISY .3E-01 4.2E +13 

"3Zr 1.3E+ 10 2.5E+03 

'5Zr 1.5E+03 2.1E+1O 

"14Nb 1.SE+08 1.9E+05 

"5Nb 8.4E+02 3.9E+10 

"9MO 6.6E+01 4.BE+11 

"9 TC l.9E+09 1.7E+04 

"MTC 6.OE+OO 5.3E +12 

103Ru 9.4E+02 3.2E+ 10 

105Ru 4.4E+00 6.7E+ 12 

106Ru 8.8E+I03 3.3E+I09 

306 Rh 8.3E-03 3.6E+ 15 

109C 1.1E+04 2.6E+09 
11md1.2E+05 2.3E+08 

6.OE+03 4.8E+09 

Mmn1.2E+03 2.3E+ 10 

"'1Sn 2.8E+03 1.OE+ 10 

'nSn 3.1E+03 9.2E+09 

INSn 8.8E+08 2.8E+04 
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Table F-1. Specific adivity (continued) 

Half-life, T.~ Specific activity, SpA' 
Isotope (h) (UsCi/g) 

Imb1.4E+03 1.7E+10 
16S~b 3.OE+02 8.4E+ 10 

12fSb 3.2E-01 7.9E +13 
'rSb 9.2E+01 2.7E+11 
'29Sb 4.3E+00 5.6E +12 

We9.4E+00 2.6E +12 
'V.Te 2.6E+03 9.4E+09 

l"c .2E+00 2.lE+13 
I'nTe S.1E+02 3.OE+10 
"3 Tc 4.2E-01 5.7E +13 
13ImTe 3.OE+O1 8.OE+l1 
'nTe 7.8E+01 3.OEI+11 

1211.4E+03 1.7E+10 
1211 1.4E+11 1.8E+02 
"oil 1.9E+02 1.2E+11 

I 2.3E+00 1.OE+ 13 
1312.1E+O1 1.lE+12 
13188E-01 2.7E +13 

23"1 6.6E+00 3.5E+ 12 

"1"ixe 2.9E+02 8.4E+ 10 
"'Xe 1.3E+02 1.9E+ll 

13me5.3E+01 4.5E+11 
"I'Xe 9.1E+00 2.6E+ 12 

13te2.5E-01 9.1E+13 
"luxe 2.4E-01 9.6E +13 

INS1.8E+04 1.3E+09 
"mCs 2.OE+10 1.2E+03 
"'Cs 3.1E+02 7.3E+ 10 

17S2.6E+05 8.7E+01 
"1'CS 5.4E-01 4.2E +13 

03Ba 9.4E+04 2.5E+08 
'"~.4.3E-02 54E + 14 
'~a3.lE+02 7.3E+ 10 

"14La 4.OE+01 5.6E+11 
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Table F-i. Specific activity (continued) 

Half-life, Tm Specific activity, SpA' 
Isotope (h) (/,Ci/g) 

"11Ce 7.8E+02 2.8E+ 10 
'4"Ce 6.8E+03 3.2E+09 

""Pr 2.9E-01 7.6E+ 13 
14fPr 1.2E-01 1.8E+ 14 

'95pM 1.6E+05 1.4E+08 
•n 2.3E+04 9.3E+08 

14SM 9.3E+ 14 2.3E-02 
ISISm 7.9E+05 2.6E+07 
"Eu 1.2E+05 i.8E+08 
"Eu 7.7E+04 2.6E+08 
1Eu 4.3E+04 4.7E+08 

wGd 5.8E+03 3.5E+09 

I'b 1.7E+03 1.1E+10 

I'mHo 1.1E+07 1.BE+06 

17OTM 3.1E+03 6.OE+09 

tob 7.7E+02 2.4E+ 10 
17If 1.6E+04 i.1E+09 
"'Hf 1.OE+03 1.7E+10 

nla 2.8E+03 6.3E+09 
w 2.4E+01 7.OE+11 

JmIr 1.8E+03 9.2E+09 
'"Au 6.5E+01 2.4E+11 

2mHg 1.1E+03 1.4E+10 

M4Tl 3.3E+04 4.6E+08 

""°b 1.9E+05 7.7E+07 

=Bi 3.3E+05 4.5E+07 
21'Bi 1.2E+02 1.2E+11
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Table F-i. Specific activity (continued)

Half-life, Tm 
(h)

Specific activity, SpAl 
.(UCi/g)

210po 

=6Ra 
2vAC 
=Ac 
mms 

22 Th 
=Th 

•2Th 23ITh 

2npa 
23'pa

U-depleted& 
U-naturalb 

U-enr (4% MU)b 

U-enr (20% =U? 
U-enr (93% % 2 U) 

m2 Ub 
233Ub 
M4Ub 
n5Ub 
2MU• 
2NUb

236N? tm Pu 
•'Pu MIPu 

241Am 
242mAm 
2 3Am

RTM -96 
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3.3E+03 

1.4E+07 

1.9E+05 
6.1E+00 

4.5E+02 
1.7E+04 
6.7E+08 
2.6E+01 
1.2E+14 

2.9E+08 
6.5E+02

6.3E+05 
1.4E+09 
2.1E+09 
6.2E+ 12 
2.OE+ll 
3.9E+ 13 

1.9E+ 10 
5.7E+01 

2.5E+04 
7.7E+05 
2.1E+08 
5.7E+07 
1.3E+05 
3.3E+09 

3.8E+06 
1.3E+06 
6.5E+07

4.5E+09 

9.9E+05 

7.2E+07 
2.2E+ 12 

3.1E+10 
8.2E+08 
2.OE+04 
5.3E+11 
1.1E-01 

4.7E+04 
2.1E+10 

3.6E+01' 
6.8E+01c 
2.4E+00c 
9.4E+00Y 
1.1E+02e 

2.1E+07 
9.7E+03 
6.3E+03 
2'2E+00 
6.5E+01 
3.4E-01 

7.lE+02 
2.3E+11 

5.3E+08 
1.7E+07 
6.2E+04 
2.3E+05 
1.OE+08 
3.9E+03 

3.4E+06 
9.7E+06 
2.OE+05
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Table F-i. Specific activity (continued) 

Half-life, T,• Specific activity, SpA' 
(h) (pCi/g) 

MCm 3.9E+03 3.3E+09 
20Cm 2.5E+05 5.2E+07 
2MQm 1.6E+05 8.1E+07 
MCm 7.4E+07 1.7E+05 

aCf 2.3E+04 5.4E+08 

8Except where noted SpA (uCi/g) - 3.134E+ 15/[Tr•(h) x atomic mass number] 
from PB-230 846, p. 103.  

6Caution: The chemical toxicity of uranium will be a problem before there are 
radiological concerns.  

che 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 21U because the 2uU concentration increases with 211U enrichment and 
21U has a relatively high SpA. The INU concentration relative to the 2"U enrichment is 
assumed to be 4% enrichment, 0.032% 2U; 20% enrichment, 0.15% mU; and 
93% enrichment. 2% "'U.
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Section F: Early Phase Dose Projections

Table F-2. Fire release fraction by compound form 

Form of compound in fire" Fire release fraction, FRPJ 

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-volatile in non-flammable liquids 0.001 

Non-volatile solids 0.0001 

Oif the compound form is not known, use the fire release fractions in Table F-3.  
blhe fire release fraction is the fraction of the isotope released when the material is 

involved in a fire, FRF - [total activity released 4tCi)]I[activity involved in fire (pCi)].  

Source: NUREG-1 140.
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Section F. Farly Pime Dose Projections

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

isotope Fire release ftction, FRF' 

mRb I.OOE-02 
vRb 1.00E-02 
uRb 1.00E-02 

"Sr LOOE-02 
IOSr 1.OOE-02 
91 Sr LOOE-02 

WY 1.00E-02 
gly 1.OOE-02 
gimy LOOE-02 

13Zr 1.OOE-02 
O'Zr LOOE-02 

14 Nb 1.00E-02 
I'M LOOE-02 

"MO LOOE-02 

WTC LOOE-02 
WWTC 1.OOE-02 

103 Ru LOOE-02 
'OsRu LOOE-02 
106Ru 1.OOE-02 

106 Rh LOOE-02 

I'OmAg LOOE-02 

ImCd 1.00E-02 
113mCd LOOE-02 

'It9n LOOE-02 

113 Sn LOOE-02 
mSn LOOE-02 
126Sn LOOE-02 

124 Sb LOOE-02 
126Sb LODE-02 

12&-Sb LOOE-02 
127scuo 1.00E-02 
129Sb LOOE-02 

R7M - 96 
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Section F: Early Phase Dose Projections

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

V isotope' Fire release fraction, FRFb
152Eu l.OOE-02 

134Eu1.OOE-02 
"~Eu 1.OOE-02 

153Gd 1.OOE-02 

'~Tb 1.OOE-02 

161'n~ol.OOE-02 

17OTM .OOE-02 

169Yb 1.OOE-02 

InHf l.OOE-02 
11"Hf .OOE-02 

"laTa 1.OOE-03 
187W l.OOE-02 

Mir 1.OOE-03 

lU&Au 1.OOE-02 

2MHg 1.OOE-02 

2MTl 1.OOE-02 
210pb1.OOE-02 

wBi 1.OOE-02 
21O~j l.OOE-02 

210po .OOE-02 

=Ra l.OOE-03 

2vAC 1.OOE-03 
=Ac l.OOE-03 

2vTh 1.OOE-03 
=Th i.ooE-03 

mn 1.OOE-03 
23ITh 1.OOE-03 
2mmr l.ooE-03 

331Pa l.OOE-03 
233Pa l.OOE-03 
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Table F-3. Fire release fraction by isotope (continued) 

isotope" Fire release fraction, FF 

"WU L.OOE-03 
2OU 1.00E-03 
MU 1.OOE-03 

IU 1.OOE-03 
2M U 1.00E-03 

MU L.OOE-03 

2 p 1.00E-03 

"lNp 1.001E-03 

MpU 1.OOE-03 
238pu 1.00E-03 
219pU 1.00E-03 

241pu 1.OOE-03 
U2pU 1.00E-03 

24Am 1.00E-03 
24mAm 1.00E-03 
U3Am 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 (aC]/ 
[activity involved in fire (CQ].  

Sources. NUREG-1 140, 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/FCi, 
-50.25 mile from source for l-pCi release4 

Inhalation" 

Acute Acute Air 

Isotope bone lung Thyroid CEDE immersionc Groundd 

III IE-08 1E-08 NC 2E-08e 7E-13 6E- 13 

"4C 2E-07 2E-07 NC 4E-07 5E-13 IE-11 

22Na NC NC NC IE-06 2E-07 8E-08 

2'Na IE-07 8E-07 NC 2E-07 5E-07 3E-08 

2p 3E-06 2E-05 NC 3E-06 2E- 10 2E-10 

up NC NC NC 4E-07 2E-12 IE-11 

3S 3E-08 2E-06 NC 5E-07 5E- 13 IE-11 

3CI NC NC NC 4E-06 5E-11 1E-10 
SNC NC NC 2E-06 2E-08 5E- 09 

cK NC NC NC 3E-07 3E-08 2E-09 

45Ca NC NC NC IE-06 2E-12 3E-11 

4
6Sc NC NC NC 6E-06 2E-07 7E-08 

"4Ti+44Sc NC NC NC 2E-04 2E-07 8E-08 

'SV NC NC NC 2E-06 3E-07 9E-08 

5tCr IE-08 2E-07 NC 6E-08 3E-09 1E-09 

-"Mn 5E-07 2E-06 NC IE-06 8E-08 3E-08 

16Mn NC NC NC 7E-08 2E-07 2E-09 

"•Fe IE-08 2E-07 NC 5E-07 0 IE-11 

"F•:e 8E-07 5E-06 NC 3E-06 IE-07 4E-08 

MCo 2E-07 3E-06 NC 2E-06 1E-07 3E-08 

WCo 6E-07 9E-06 NC 4E-05 3E-07 9E-08 

3Ni 2E-08 6E-07 NC 6E-07 0 IE-11 

"UCu NC NC NC 5E-08 2E-08 1E-09 

OZn 3E-07 2E-06 NC 4E-06 6E-08 2E-08 

"G'3a NC IE-07 NC 3E-08 IE-07 6E- 10 

"Ge+6Ga NC 1E-07 NC IE-05 1E-07 3E-08 

'nSe 4E-07 2E-06 NC 2E-06 4E-08 IE-08 
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Section F: Early Phase Dose Projections

Table F-4. Release conversion factor, RCF, in mrem/ljCi, 

50.25 mile from source for l-p&Ci release (continued) 

Inhalationb 

Acute Acute Air 

Isotope bone lung Thyroid CEDE" immersionc Groundd 

6Rb IE-06 2E-06 NC IE-06 IE-08 3E-09 
rRb NC NC NC 6E-07 4E-12 2E-11 

wRb NC NC NC 2E-08 7E-08 9E-11 

"9Sr 2E-06 2E-05 NC 8E-06 2E-10 3E- 10 

9°Sr 3E-06 4E-05 NC 2E-04 2E-11 6E-09 
"91Sr NC NC NC 3E-07 7E-08 3E-09 

Wy 2E-07 6E-06 NC 2E-06 4E-10 IE-10 
91y 9E-07 2E-05 NC 9E-06 5E-10 4E-10 
91my NC NC NC 7E-09 5E-08 2E-10 

"3Zr NC NC NC 6E-05 0 IE-09 

"•Zr 2E-06 7E-06 NC 4E-06 7E-08 3E-08 

"4Nb NC . NC NC 8E-05 2E-07 6E-08 
95Nb 3E-07 3E-06 NC 1E-06 8E-08 3E-08 

"Mo+91Tc 3E-07 3E-06 NC 7E-07 3E-08 6E-09 

"9 Tc 3E-08 4E-06 NC 2E-06 3E- 12 4E-11 

fTc 2E-09 2E-08 NC 6E-09 IE-08 4E-10 

03 Ru 3E-07 5E-06 NC 2E-06 5E-08 2E-08 

'05Ru NC NC NC 9E-08 8E-08 2E-09 
06Ru+ 106Rh 2E-06 6E-05 NC 9E-05 2E-08 IE-08 

106Rh NC NC NC NC 2E-08 9E- 13 

""mAg 1E-06 9E-06 NC. 2E-05 3E-07 1E-07 

'w'Cd+' •nAg NC NC NC 2E-05 IE-09 2E-09 
11_.C NC NC NC 3E-04 IE-I1 7E-09 

U4In NC NC NC 2E-05 9E-09 4E-09 

"3Sn+1 3 In NC NC NC 2E-06 3E-08 IE-08 

'2Sn NC NC NC 6E-06 8E-10 5E-10 

1'Sn+ '=Sb NC NC NC 2E-05 6E-09 5E-08 

'2Sb 9E-07 2E-05 NC 5E-06 2E-07 6E-08 
16Sb NC NC NC 2E-06 3E-07 9E-08 

'26mSb NC NC NC 6E-09 2E-07 3E- 10 

'2Sb NC NC NC IE-06 7E-08 2E-08 

"Sb NC NC NC IE-07 IE-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 l-jtCi release (continued) 

Inhalation' 

Acute Acute Air d lsotooe bone lung Thyroid CEDE iramersionc Groundd

RTM- 96

l7Te NC NC NC 6E-08 5E-10 3E-l1 
1 7Te 2E-06 1E-05 NC 4E-06 3E-10 5E-10 

Ine NC NC NC 2E-08 6E-09 4E-11 

l2t Te 3E-06 2E-05 NC 4E-06 3E-09 IE-09 
131Te NC NC 2E-06 9E-08 4E-08 9E-11 

1
31'Te 2E-07 2E-06 3E-05 1E-06 IE-07 2E-08 

'3Te 2E-07 1E-06 4E-05 2E-06 2E-08 6E-09 

I1E-08 2E-07 1E-04 5E-06 1E-09 2E-09 

MI 1E-08 2E-07 1E-03 3E-05 8E-10 2E-09 

11 4E-08 5E-07 2E-04 6E-06 4E-08 IE-08 

132 1E-08 2E-07 1E-06 7E-08 2E-07 3E-09 

13 2E-08 6E-07 3E-05 IE-06 6E-08 6E-09 

14 4E-09 1E-07 2E-07 2E-08 3E-07 IE-09 
1I4t35Xe 2E-08 3E-07 6E-06 2E-07 2E-08 5E-09 

33lmXe NC NC NC NC 8E-10 7E- 10 

133Xe NC NC NC NC 3E-09 IE-09 
33mXe NC NC NC NC 3E-09 BE-10 

'3Xe NC NC NC NC 2E-08 IE-09 

L-•Xe NC NC NC NC 4E-08 6E-11 

3'3 Xe NC NC NC NC 1E-07 IE-10 

13CS 2E-06 2E-06 NC 9E-06 2E-07 6E-08 

13cs IE-07 3E-07 NC 9E-07 IE-12 2E-11 

136Cs 1E-06 1E-06 NC 1E-06 2E-07 7E-08 

I3Cs+'"mBa IE-06 2E-06 NC 6E-06 6E-08 2E-08 

INCs NC NC NC 2E-08 3E-07 6E-10 

roBa NC NC NC IE-06 4E-08 IE-08 

""'nBa NC NC NC NC 6E-08 IE-11 

1'Ba 7E-07 1E-06 NC 7E-07 2E-08 6E-09 

1'Da 3E-07 3E-06 NC 9E-07 2E-07 4E-08 

14C IE-07 6E-06 NC 2E-06 7E-09 3E-09 

144.e+ 1pr 1E-06 6E-05 NC 7E-05 2E-09 4E-09 

,44pr NC NC NC 8E-09 4E-09 6E- 12 

I"lPr NC NC NC NC 6E-10 8E- 13 

'4pm NC NC NC 6E-06 1E-09 IE-09 

ImPm IE-07 3E-06 NC 7E-06 1E-12 2E- 10 
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Section F. Early Phase Dose Projections

Table F4. Release conversion factor, RCF, in mrem/zCi, 
:5.25 mile from source for 1-pzCi release (continued) 

Inhalationb 

Acute Acute Air 
Isotope bone lung Thyroid CEDE immersiond Groundd 

"OSm NC NC NC IE-02 0 3E-07 
""Sm 3E-08 8E-07 NC 6E-06 8E-14 IE-10 
'mEu 6E-07 8E-06 NC 4E-05 IE-07 4E-08 
WEU 8E-07 IE-05 NC "5E-05 IE-07 4E-08 

lEu IE-07 3E-06 NC 8E-06 5E-09 2E-09 
13Gd NC NC NC 4E-06 8E-09 4E-09 
'Ilh NC NC NC 5E-06 1E-07 4E-08 
ouo NC NC NC 1E-04 2E-07 7E-08 
17'Tm NC NC NC 5E-06 5e-10 3E-10 
169 Yb 3E-07 5E-06 NC 2E-06 3E-08 IE-08 
1Hf NC NC NC 6E-05 9E-09 6E-09 
"'Hf NC NC NC 3E-06 5E-08 2E-08 

roTs NC NC NC 8E-06 IE-07 4E-08 
n"W NC NC NC IE-07 5E-08 6E-09 
1Ir 6E-07 IE-05 NC 5E-06 8E-08 3E-08 

""Au NC NC NC 6E-07 4E-08 9E-09 

""Hg NC NC NC IE-06 2E-08 8E-09 
2Tl NC NC NC SE-07 1E-10 6E-11 
210pb 2E-06 7E-07 NC 3E-03 IE- 10 6E-08 

=Bi NC NC NC 4E-06 2E-07 SE-08 
210Bi NC NC NC 4E-05 7E-11 7E-10 
210po 6E-05 .2E-03 NC 2E-03 9E- 13 4E-08 

"mRa 7E-06 2E-03 NC 2E-03 7E-10 4E-08 
mAc NC NC NC IE+00 IE-11 3E-05 
"mAc NC NC NC 6E-05 IE-07 3E-09

FAQ 
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Section F: Early Phase Dose Projections

Table F-4. Release conversion factor, RCF, in mrem/lpCi, 
-0-75• mile from source for I-gtCI release (continued)

Inhalationb 

Acute Acute Air 

Isotope bone lung Thyroid CEDE * inmersionc Groundd

WTh 
m Th 
mn 
"Th 
mru* 

M'Pa 

U-dep&natd' 
U-enriC(-S 

U-solubleO-A 
(UF6) 
mu: 
mug 
MU: 

nmu: 2%Ut 

"SU: 

WNp 

n'Np 
2MpU 
MPu 
2mPu 
tmpu 

=•PU 
240pu 

324Am 
u•Am 
2 3Am 

UCm 

245CnM

3E-04 
7E-04 
1E-04 

NC 
1E-04 

8E-05 
NC 

IE-05 
IE-05 
IE-05 

1E-05 
NC 

IE-05 
1E-05 
IE-05 
IE-05 

8E-05 
6E-08 

NC 
9E-05 
8E-05 
8E-05 
2E-08 
8E-05 

9E-05 
NC 

9E-05 

1E-04 
IE-04 
1E-04 

NC 

NC

6E-03 
1E-02 
2E-03 

NC 
2E-03 

2E-03 
NC 

2E-03 
2E-03 
1E-04

2E-03 
NC 

2E-03 
2E-03 
2E-03 
2E-03 

2E-03 
2E-06 

NC 
2E-03 
2E-03 
2E-03 
4E-07 
2E-03 

2E-03 
NC 

2E-03 

2E-03 
2E-03 
2E-03 

NC 

NC

NC 
NC 
NC 
NC 
NC 

NC 
NC 

NC 
NC 
NC

NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 

NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 

NC 
NC 
NC 
NC 

NC

3E-03 
6E-02 
6E-02 
2E-07 
3E-01 

2E-01 
2E-06 

2E-02 
2E-02 
5E-04 

IE-01 
3E-02 
2E-02 
2E-02 
2E-02 
2E-02 

1E-01 
5E-07 

3E-02 
7E-02 
SE-02 
8E-02 
2E-03 
8E-02 

8E-02 
8E-02 
8E-02 

3E-03 
6E-02 
5E-02 
9E-02 

3E-02

IE-08 
2E- 10 
4E- 11 
1E-09 
2E-11 

4E-09 
2E-08 

7E-12 
2E-11 
2E"-11 

3E-11 
3E-11 
2E-11 
IE-08 
IE-11 
7E- 12 

2E-09 
2E-08 

IE-11 
IE-Il 
9E-12 
IE-11 
2E-13 
8E-12 

2E-09 
7E-11 
5E-09 

IE-11 
1E-08 
IE-11 
8E-09 

IE-11

7E-08 
2E-06 
2E-06 
2E- 10 
8E-06 

6E-06 
7E-09 

6E-07 
6E-07 
1E-08

3E-06 6E-07 
6E-07 
6E-07 
6E-07 
6E-07 

3E-06 
3E-09 

7E-07 
2E-06 
2E-06 
2E-06 
4E-08 
2E-06 

2E-06 
2E-06 
2E-06 

SE-08 
1E-06 
1E-06 
2E-06 

7E-07
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Secton F: Early Phase Dose Projections 

'Release conversion factors (RCFs), when multiplied by the activity released (JCi), 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., MTi+WSc). These RCFs should provide an 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.) 

blnhalation doses include daughters and are, as recommended by EPA, for an adult performing light activity.  

The RCFs given are the (1) organ dose [(Dr) for bone, lung, and thyroid] and (2) CEDE (Hsj) 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.  

dThe ground exposure is for the early phase and includes external dose equivalent from groundshine and 

CEDE from resuspension (non-arid area, R, - IE-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.  

fFor natural and depleted uranium, it is assumed all the release is bU, and for enriched uranium it is 

assumed all of the release is 23U. The specific activity of natural and depleted uranium is dominated by the 

concentration of =U. and enriched uranium is dominated by the concentration of n'U (because of its high specific 

activity). While releases of natural and enriched uranium will be composed principally of a mixture of DU, MU, 

and mU, the dose factors for wU, 3U, and mU are within 10%, so it is reasonable to use a single dose factor.  

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

"Inhalation dose for the soluble form of wU, which is the likely form in UF6.

F-42 
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Calculation of Release Conversion Factors 

RCF for acute bone marrow dose: RCF (bone) , DCFt x CF 

RCF for acute lung dose: RCF (lung) " DCFw x CF 

RCF for thyroid dose: RCF (thyroid) = DCFt, X CF 

RCF for CEDE dose: RCF (CEDE) = DCF,.o x CF 

RCF for air immersion dose: RCF (air) = DCF. x CF 

RCF for ground exposure dose for early phase: 

RCF (early phase ground) =DCFp,, x GCF x T, 

where 

CF = Conversion factor = 1.56E-7 from CF = (Q x DF x T, 1I0, based on 

Method F.3 

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

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-I1 

Q = Release rate = 2.8E-4 pCi/s (1 tCi/h) 

= Exposure duration - 100 h (4 days) for Dv, 

Tf = Release duration = 1 h 

0 = Average wind speed = 1.B mIs (4 nph)



Section F: Early Phase Dose Projections 

Table F-S. Release conversion factor, RCF, In mrem/IpCi, 
at 1 mile downwind for 1-pCi release 

Inhalationb 

Acute Acute Air 

Isotope bone lung Thyroid CEDE immersiond Grounde S6E- 

10 6E- 10 NC 1E- 09e 4E - 14 3E- 13 

1C 9E-09 9E-09 NC 2E-08 3E-14 6E-12 

"•Na NC NC NC 8E-08 IE-08 4E-08 

uNa 8E-09 4E-08 NC IE-08 2E-08 2E-08 

2p 2E-07 8E-07 NC 2E-07 IE-11 9E-11 

UP NC NC NC 2E-08 9E-14 6E-12 

3S 1E-09 9E-08 NC 2E-08 3E- 14 6E- 12 

3CI1 NC NC NC 2E-07 2E-12 7E-11 

""K NC NC NC 1E-07 9E-10 3E-09 

'K NC NC NC 1E-08 2E-09 9E- 10 

'OCa NC NC NC 7E-08 IE-13 2E-11 

41Sc NC NC NC 3E-07 IE-08 4E-08 

"Ti+"Sc NC NC NC IE-05 1E-08 5E-08 

UV NC NC NC IE-07 2E-08 5E-08 

51Cr 7E-10 1E-08 NC 3E-09 2E- 10 6E-10 

AMn 3E-08 9E-08 NC 7E-08 5E-09 2E-08 

'UMn NC NC NC 4E-09 IE-08 IE-09 

'2Fe 6E- 10 IE-08 NC 3E-08 0 7E-12 

SFe 4E-08 3E-07 NC 1E-07 7E-09 2E-08 

N E-08 2E-07 NC 1E-07 5E-09 2E-08 

6Co 3E-08 SE-07 NC 2E-06 1E-08 5E-08 

ONi 1E-09 3E-08 NC 3E-08 0 BE-12 

"4Cu NC NC NC 3E-09 IE-09 7E-10 

SZn 2E-08 9E-08 NC 2E-07 3E-09 IE-08 

aGa NC SE-09 NC IE-09 5E-09 3E- 10 

uGe+aGa NC 8E-09 NC 5E-07 5E-09 2E-08 

"nSe 2E-08 SE-08 NC 9E-08 2E-09 7E-09 
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Section F.- Early Phase Dose ProjectI~u

Table F-S. Release conversion factor, RCF, in mrenmlCi, 
at 1 mile downwind for 1-,%Ci release (continued)

Inhalatiore

Acute Acute 
limno

Isotope bone 

"OKr NC 
wm.r NC 
'7Kr NC 

'3Kr+ Rb NC 

"6Rb 7E-08 
vRb NC 
PRb NC 

9Sr 9E-08 
9OSr 2E-07 
"Sr NC 

WY" IE-08 
gly 5E-08 

gl-y NC 

"3Zr NC 
""Zr IE-07 

"Nb NC 
"Nb IE-08 

"Mo+"Op'c IE-08 

"gTc 1E-09 
"-Tc IE-10 

10 3Ru 1E-08 
IWRu NC 

"06Ru+'11Rh 9E-08 

106Rh NC 

"!1Ag 6E-08 

'O1Cd+,mAg NC 
'"•xlNC 

"114mln NC 

"113Sn+1-In NC 

'2Sn NC 
'26Sn+' 2•mSb NC

Thyroid

NC 
NC 
NC 
NC 

1E-07 
NC 
NC 

IE-06 
2E-06 

Nc 

3E-07 
IE-06 

NC 

NC 
4E-07 

NC 
1E-07 

2E-07 

2E-07 
1E-09 

3E-07 
NC 

3E-06 

NC 

5E-07 

NC 
NC 

NC 

NC 
NC 
NC

Air 
CEDE immaersionf

NC 
NC 
NC 
NC 

NC 
NC 
NC 

NC 
NC 
NC 

NC 
NC 
NC 

NC 
NC 
NC 
NC 

NC 

NC 
NC 

NC 
NC 
NC 

NC 

NC 

NC 
NC 

NC 

NC 
NC 
NC

Ground&
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NC NC 
NC 
NC 

7E-08 
3E-08 
8E-10 

4E-07 
IE-05 
2E-08 

9E-08 
5E-07 
4E-10 

3E-06 
2E-07 

4E-06 
6E-08 

4E-08 

8E-08 
3E- 10 

9E-08 
5E-09 
.5E-06 

NC 

SE-07 

1E-06 
2E-05 

9E-97 

IE-07 
3E-07 
1E-06

IE-11 
8E-10 
5E-09 
2E-08 

5E- 10 
2E-13 
4E-09 

9E-12 
8E-13 
4E-09 

2E-11 
3E-11 
3E-09 

0 
4E-09 

9E-09 
4E-09 

IE-09 

2E-13 
7E-10 

3E-09 
4E-09 
1E-09 

1E-09 

2E-08 

5E-11 
SE-13 

5E-10 

1E-09 
5E-1i 
3E-10

5E-11 
2E-10 
3E-10 
2E-09 

2E-09 
IE-11 
5E-11 

IE-10 
3E-09 
2E-09 

BE-11 
2E-10 
IE-10 

8E-10 
1E-08 

3E-08 
IE-08 

3E-09 

2E-11 
2E-10 

9E-09 
1E-09 
5E-09 

5E-13 

5E-08 

9E-10 
4E-09 
2E-09 

5E-09 
2E-10 
3E-08

I



Section F: Early Phase Dose Projections

Table F-S. Release conversion factor, RCF, In mrem/tpCi, 
at I mile downwind for 1-puCi release (continued)

Inhalationb

Air

Isotope bone lung Thyroid CEDE inumersiond Groundt

i

"14Ce 
"rAce +' Tepr

124Sb 
mSb 
'1Sb 
127Sb 

129Sb 

t21Te 

129mTe 
r2oTe 
13'Te 
131T1 
132TC 

1251 

1291 
1311 

1331 
1341 

"1I + '5Xe 

133Xe 'mXe 

'•5Xe mXe 

'13 Xe 

u35cs 
'•Cs 
L16CS 

'37Cs + 07OBa 

133Ba 
1'7Ba 

,EBa

5E-08 
NC 
NC 
NC 
NC 

NC 
9E-08 

NC 
2E-07 

NC 
9E-09 
1E-08 

6E-10 
7E-10 
2E-09 
5E- 10 
IE-09 
2E-10 
BE-10 

NC 
NC 
NC 
NC 
NC 
NC 

9E-08 
8E-09 
6E-08 
5E-08 

NC 

NC 
NC 

4E-08 

2E-08 

7E-09 
5E-08

8E-07 
NC 
NC 
NC 
NC 

NC 
6E-07 

NC 
IE-06 

NC 
8E-08 
5E-08 

8E-09 
8E-09 
2E-08 
1E-08 
3E-08 
5E-09 
2E-08 

NC 
NC 
NC 
NC 
NC 
NC 

IE-07 
2E-08 
"7E-08 
8E-08 

NC 

NC 
NC 

6E-08 

2E-07 

3E-07 
3E-06

3E-07NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 
NC 

IE-07 
IE-06 
2E-06 

SE-06 
6E-05 
lE-05 
6E-08 
2E-06 
BE-08 

3E-.07 

NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 

NC 

NC 
NC

1E-08IL
3E-07 
IE-07 
3E- 10 
6E-08 
6E-09 

3E-09 
2E-07 
9E-10 
2E-07 
5E-09 
6E-08 
1E-07 

2E-07 
2E-06 
3E-07 
4E-09 
6E-08 
IE-09 
IE-08 

NC 
NC 
NC 
NC 
NC 
NC 

5E-07 
5E-08 
7E-08 
3E-07 
IE-09 

8E-08 
NC 

4E-08 

5E-08 

9E-08 
4E-06
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IE-08 
2E-08 
8E-09 
4E-09 
8E-09 

3E-.ll 
2E-11 
3E- 10 
2E-10 
2E-09 
8E-09 
1E-09 

6E-11 
4E-11 
2E-09 
IE-08 
3E-09 
1E-08 
IE-09 

4E-11 
2E-10 
2E- 10 
IE-09 
2E-09 
6E-09 

8E-09 
6E-14 
1E-08 
3E-09 
1E-08 

2E-09 
3E-09 
1E-09 

IE-08 

4E- 10 
IE- 10

• Section F: Early Phase Dose Projections

I
3E-08 
5E-08 
IE- 10 
9E-09 
2E-09 

IE-11 
3E-10 
2E-11 
8E-10 
5E-i1 
IE-08 
3E-09 

9E- 10 
9E-10 
6E-09 
1E-09 
3E-09 
6E- 10 
3E-09 

4E-10 
7E-10 
4E-10 
6E-10 
3E-11 
7E-11 

3E-08 
IE-11 
4E-08 
lE-08 
3E-10 

8E-09 
7E- 12 
3E-09 

2E-08 

IE-09 
2E-09



Section F: Early Phase Dose Projections 

Table F-S. Release conversion factor, RCF, in mrem/IzCi, 

at I mile downwind for 1-pCi release (continued) 

InhalationP 

Acute Acute Air 

Isotope bone lung Thyroid CEDE immersiond Groundd 

'4Pr NC NC NC 4E- 10 2E-10 3E-12 

14 mpr NC NC NC NC 3E-11 4E- 13 

1'4pm NC NC NC 3E-07 SE-11 7E-10 
"'Ppm 6E-09 IE-07 NC 4E-07 8E-14 IE-10 

14SM NC NC NC 8E-04 0 2E-07 

"'Sm 2E-09 4E-08 NC 3E-07 4E-15 SE-11 

mEu 3E-08 4E-07 NC 2E-06 6E-09 2E-08 

15EU 4E-08 7E-07 NC 3E-06 7E-09 2E-08 

"'Eu SE-09 1E-07 NC 4E-07 3E-10 IE-09 

"1Gd NC NC NC 2E-07 4E- 10 2E-09 

lwn NC NC NC 3E-07 6E-09 2E-08 

6tHo NC NC NC 8E-06 9E-09 4E-08 

17ljm NC NC NC 3E-07 2E-11 2E-10 

16fb 2E-08 3E-07 NC 8E-08 1E-09 6E-09 

7 rHf NC NC NC 3E-&6 5E- 10 3E-09 

"'Hf NC NC NC 2E-07 3E-09 1E-08 

I'Ta NC NC NC 5E-07 7E-09 2E-08 

WNC NC NC 6E-09 3E-09 3E-09 

"21r 3E-08 6E-07 NC 3E-07 4E-09 2E-08 

'"Au NC NC NC 3E-08 2E-09 5E-09 

2Hg NC NC NC 7E-08 IE-09 4E-09 

2'Tl NC NC NC 2E-08 6E- 12 3E-11 

210pb 1E-07 4E-08 NC 1E-04 6E-12 3E-08 

=Bi NC NC NC 2E-07 8E-09 3E-08 

21OBi NC NC NC 2E-06 4E- 12 4E-10 

210po 3E-06 1E-04 NC 9E-05 5E-14 2E-08 

=Ra 4E-07 1E-04 NC 9E-05 4E-11 2E-08 

VAc NC' NC NC 7E-02 7E- 13 2E-05 

mAc NC NC -NC 3E-06 5E-09 2E-09 
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Section F: Early Phase Dose Projections

Table F-5. Release conversion factor, RCF, in mremIn4Ci, 
at I mile downwind for 1-/pCi release (continued) 

Inhalatione 

Acute Acute Air 

Isotope bone lung Thyroid CEDE inumersionc Groundd 

=Th 2E-05 3E-04 NC 2E-04 5E- 10 4E-08 
mnTh 4E-05 6E-04 NC 3E-03 IE-11 9E-07 

mn 6E-06 IE-04 NC 3E-03 2E- 12 8E-07 
231M NC NC NC 9E-09 6E-11 IE-10 

mTh 6E-06 1E-04 NC 2E-02 IE-12 4E-06 

23Pa 4E-06 1E-04 NC IE-02 2E-10 3E-06 
MPa NC NC NC 1E-07 1E-09 4E-09 

U-dep&mate NC IE-04 NC IE-03 4E-13 3E-07 
SU-enricf" 6E-07 IE-04 NC IE-03 9E- 13 3E-07 

U-sol/UFI-hA 6E-07 6E-06 NC 3E-05 9E- 13 7E-09 

MUS 7E-07 1E-04 NC 7E-03 2E- 12 2E-06 

2U9 NC NC NC IE-03 2E-12 3E-07 
WUS 6E-07 1E-04 NC 1E-03 9E- 13 3E-07 
=•U 5E-07 1E-04 NC IE-03 .SE-10 3E-07 
2US 6E-07 IE-04 NC IE-03 6E- 13 3E-07 
nSUt 5E-07 1E-04 NC IE-03 4E-13 3E-07 

2Np 4E-06 1E-04 NC 5E-03 1E-10 1E-06 

"9'Np 3E-09 9E-08 NC 3E-08 9E- 10 2E-09 

MPu NC NC NC IE-03 7E-13 4E-07 

=Pu SE-06 IE-04 NC 4E-03 5E- 13 IE-06 

Zpu 4E-06 IE-04 NC 4E-03 5E- 13 IE-06 

MPU 4E-06 IE-04 NC 4E-03 5E-13 IE-06 
24Pu 9E-10 2E-08 NC 8E-05 8E- 15 2E-08 

=PU 4E-06 IE-04 NC 4E-03 4E- 13 IE-06 

""Am 5E-06 IE-04 NC 4E-03 9E-11 IE-06 

U2mAm NC NC NC 4E-03 4E- 12 1E-06 
UAm 5E-06 IE-04 NC 4E-03 2E-10 IE-06 

MCm 5E-06 IE-04 NC 2E-04 6E-13 4E-08 
113CM 5E-06 IE-04 NC 3E-03 7E- 10 8E-07 
2"Cm 5E-06 IE-04 NC 2E-03 5E- 13 6E-07 
20Cm NC NC NC 5E-03 4E-10 IE-06 

=Cf NC NC NC 2E-03 6E- 13 4E-07 
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Section F: Early Phase Dose Projections

'Release conversion factors (RCFs), when multiplied by the activity released (pCi), 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 external doses where noted (e.g., "TiT Oc). 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.) 

"6Inhalation doses include daughters and are, as recommended by EPA, for an adult performing light activity.  

The RCFs are for the (1) organ dose [(Dr) for bone, lung, and thyroid] and (2) CEDE (HLY) from inhalation.  

Entries marked 'NC" were not calculated.  
Mlhe air immersion dose equivalent is for a semi-infinite plume, thus maximizing the dose from cloudshine.  

dThe ground exposure is for the early phase and includes external dose equivalent from groundshine and 

CEDE.from resuspension (nbn-arid area, R, - IE-6) from remaining on contaminated ground for 4 days. The 

groundshine doses were corrected for ground roughness.  
9CEDE from inhalation was doubled to account for skin absorption.  

AFor natural and depleted uranium, it is assumed all the release is 2mU, 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 2mU, and enriched uranium is dominated by the concentration of 31U (because of its high specific 

activity). While releases of natural and enriched uranium will be composed principally of a mixture of 3U. nU, 

and =U, the dose factors for 23U, 
2"U, and =U are within 10%, so it is reasonable to use a single dose factor.  

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

lnhalation dose for the soluble form of 3U, which is the likely form in UF&.  

Calculation of Release Conversion Factors 

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

RCF for acute lung dose: RCF Oung) = DCF., x CF 

RCF for thyroid dose: RCF (thyroid) DCF.  x CF 

RCF for CEDE dose: RCF (CEDE) = DCFp,1 x CF 

RCF for air immersion dose: RCF (air) = DCF, x CF 

RCF for ground exposure dose for early phase: 

RCF (early phase ground) = DCF., x GCF xTdd 

where 

CF - Conversion factor - 1.56E-7 from CF = (Q x DF x Td•1/, 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 I mile from Table F-1i 

GCF = Ground concentration factor = 2.1E-8 for 1 mile from Table F-11 

Q = Release rate = 2.SE-4 tCi/6 (1 I&Ci/h) 
Exposure duration - 100 h (4 days) for De, 

Ted = Release duration - I h 
= Average wind speed - 1.8 m/s (4 mph) 

RTM - 96
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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 from Etra D 
External External depositioetb, DCFEPi Etra D 

exposure rate EDE rate rate from air 

from from Non-arid Arid immersion"t, 

depositionb-c, depoSitionb~d, resuspension resuspension DCFd 
ECFgj DCFs1  (R, - IE-6) (R, - 1E-4) 

Iwirn& In2 rrem/h) 

Isotope (,C-i/;?) 140/m13?) pC1imI jot 5 (ga/im?'
II.

'H 0 0 1.5E-05 1.5E-03 4.4E-06 

"1C 2.lE-07 1.5E-07 2.6E-04 2.5E-02 3.OE-06 

"~Na 2.7E-02 2.OE-02 1.9E+00 2.OE+00 1.4E+00 
"24Na 4.7E-02 3.4E-02 7.2E-01 7.2E-01 2.9E+00 

3P3.8E-05 2.7E-05 4.lE-03 1.7E-01 1.3E-03 
"3p 5.SE-07 4.2E-07 3.OE-04 2.6E-02 LIlE-05 

"WS 2.2E-07 1.6E-07 3.lE-04 2.9E-02 3.2E-06 

"Cl B.8E-06 6.3E-06 3.3E-03 2.6E-01 3.OE-04 

"WK 1.9E-03 l.4E-03 l.4E-0l 2.SE-0l LIlE-0l 
42 K 3.5E-03 2.5E-03 4.4E-02 4.7E-02 1.9E-01 

"43Ca 6.OE-07 4.3E-07 8.3E-04 7.9E-02 LIlE-05 

"4Sc 2.5E-02 1.8E-02 l.BE+00 2.lE+O0 1.3E+00 

"Ti+"Sc 2.9E-02 2.lE-02 2.2E+00 1.4E+01 1.5E+00 

"V 3.6E-02 2.6E-02 2.4E+00 2.SE+00 1.9E+00 

SIcr 4OE-04 2.9E-04 2.7E-02 3.lE-02 2.OE-02 

"-Mn 1LIE-02 7.6E-03 7.5E-01 9.3E-01 5.4E-Ol 

"Mn 2.1E-02 1.5E-02 5.5E-02 5.5E-02 LIlE+00 

"5Fe 0 0 3.2E-04 3.2E-02 0 

"~Fe 1.5E-02 L.OE-02 l.OE+O0 1.2E+00 7.9E-01 

"Co 1.2E-02 9.9E-03 9.7E-01 9.9E-01 6.3E-01 

"WCo 3.1E-02 2.2E-02 2.2E+00 4.8E+00 1.7E+00 

"NIM 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 

"wZn 7.2E-03 5.2E-03 5.1E-01 7.5E-01 3.9E-01 

"~Ga 1.2E-02 8.SE-03 l.4E-02 l.4E-02 6.lE-01 

"Ge+aGa 1.2E-02 S.BE-03 8.SE-0l 1.5E+00 6.IE-01 
75Se 4.9E-03 3.5E-03 3.5E-01 4.5E-01 2.5E-01 

"MKr 3.4E-05 2.5E-05 2.5E-03 2.5E-03 1.6E-03 
""sKr 2.OE-03 l.4E-03 M.E-03 9.lE-03 9.9E-02 

9,r9.6E-03 6.BE-03 1.2E-02 1.2E-02 5.5E-01 

"uKr+uRb 3.OE-02 2.2E-02 8.9E-02 8.9E_02 l.BE+00 

"Rb 1.2E-03 8.7E-04 8.1E-02 1.5E-01 6.4E-02 
17 Rb 1.1E-06 8.2E-07 4.7E-04 3.9E-02 2.4E-05 

"uRb 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

4-day EDE fro External WED 
External External depositionamb, DCFp,,# rt fo i 

exposure rate EDE rate rate___from___air 

from from Non-arid Arid immersionb*,.  
depositionb~c, depositioebd, resuspension resuspension DCF.  

ECFgii DCFj RA l E-0) (R, -1E-4) 

Isotop ~ A (- ionm2 factors (continued)(mr~mI~ 

Isoopejzi/v1 z~iM Ci/r?2 pUC me

"5 Sr 
'Wsr 
"91Sr 

'ly 

U1Zr 

"9 mo+990TC 

,OTC 

'wRu 
x'sRu 

"wRu+w'~Rh 
"'6Rh 

"~ Ag 

'1'Sn+ 113Sb 

124 Sb 
1'~Sb 

'vSb 
129Sb 

WTC

.OE-OS 2.111-05 
1.711-06 2.6E-06 
3.BE-03 6.3E-03 

5.911-05 5.0E-05 
7.511-05 5.4E-05 
6.BE-03 4.9E-03 

0 0 
9.4E-03 6.711-03 

2.OE-02 1.4E-02 
9.SE-03 7.OE-03 

3.5E-03 2.511-03 

1.OE -06 .7.3E-07 
1.6E-03 1.1E-03 

6.OE-03 4.311-03 
1.OE-02 7.2E-03 
2.SE-03 M.E-03 

2.811-03 2.OE-03 

3.5E-02 2.5E-02 

4.2E-04 3.OE-04 
3.411-06 2.5E-06 

1.213-03 8.5E-04 

3.7E-03 2.6E-03 
1.1E-04 M.E-05 
2.011-02 4.111-02 

2.2E-02 1.6E-02 
3.6E-02 2.6E-02 
2.OE-02 1.411-02 
8.811-03 6.3E-03 
1.8E-02 1.3E-02 

6.8E-05 CGE-05 
1.5E-04 1.IE-04 
7.BE-04 5.6E-04 
4.9E-04 9.1E-04 
5.4E-03 3.SE-03 
1.SE-02 1.3E-02 
3.OE-03 -2.1E-03

6.9E -03 
1.6E-01 
1.3E-01 

3.6E-03 
1.113-02 
5.8E-03 
3.811-02 
6.6E-01 
1 .5E+00 
6.7E-01 
1 .E-01 
1.1E-03 
9.811-03 
4.2E-01 
4.6E-02 
2.511-01 
2.4E-05 

2.511-00 
4.4E-02 
1 .8E-01 
9.3E-02 
2.6E-01 
1 .2E-02 
1.4E+00 
1.6E+00 
2.3E+00 
6.5E -03 
4.4E1-01 
8.5E-02 
6.6E-04 
1 .3E-02 
9A4E-04 
6.7E-02 
2.311-03 
5.5E1-01 
1 .E+00

1 .6E+01 
1.3E-01 
6,5E-02 
5.8E-01 
5.811-03 
3.811+00 
9.3E-01 
6.4E+00 
7.411-01 
1 .SE-01 
1 OE-01 
9.811-03 
5.2E-01 
4.6E-02 
5.9E+00 
2.4E -05 
3.4E+00 
1.4E+O0 
1.8E+01 
1.1E+00 
.3.811-01 
3.9E3-01 
2.611+00 
1.BE+O0 
2.4E+00 
6.511-03 
4.9E-01 
8.5E-02 
1 .2E-03 
2.6E-01 
9.5E-04 
3 .3E-01 
2.3E-03 
5.9E-01 
1.5E+00

1.OE-04 
4.6E-01 

2.5E-03 
3.5E-03 
3.4E1-01 

0 
4.8E-01 

1.OE+00 
5.OE-01 
1 .8E-01 
2.213-05.  
7.811-02 
3.OE-01 
5.12-01 
1 .E-01 

1.4E-01 
1 .8E+00 
6.5E-03 
9.213-05 
5.6E-02 
1 .7E-01 
S.4E-03 
2.9E+00 
1.211+00 
1 .8E+00 
1.OE+00 
4.4E-01 
9.511-01 
3.2E-03 
2.OE-03 
3.7E,-02 
S.SE-02 
2.711-01 
9.311-01 
1 .E-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 ~ W 

exposure rate EDE rate c1pstrate from air 
from from Non-arid Arid immersionb 

d~xsitionb-c, depositionbdf, resuspension resuspension DCF,, 
ECFg, DCF,, (R, - 1E-6) (R, - 1E-4) 

isotope (Fcm2n) k(pCi/m2) ,sll ;-ie Ci/rn 

"125 5.6E-04 4.OE-04 4.2E-02 3.2E-01 6.9E-03 
1"I 3.4E-64 2.4E-04 4.5E-02 2.1E+OO 5.1E-03 

1311 4.9E-03 M.E 03 3.OE-Ol 6.2E-01 2.4E-Ol 
MI2 2.9E-02 2.1E-02 6.8E-02 6.8E-02 1.5E+OO 

"133 7.8E-03 5.6E-03 l.6E-O1 l.8E-Ol 3.9E-01 

"LUI 3.3E-02 2.4E-02 3.OE-02 3.OE-02 1.7E+00 

MI+uMMXe 2.OE-02 1.4E-02 l.4E-O1 l.4E-Ol l.lE+OO 

"IXe 2.7E-04 l.9E-04 1.7E-02 1.7E-02 5.2E-03 
-
13 Xe 6.OE-04 4.3E-04 3.3E-02 3.3E_02 2.1E-02 

"Xe5.3E-04 3.8E-04 2.IE-02 2.1E-02 1.BE-02 
LVe3.2E-03 2.3E-03 3.OE-02 3.OE-02 1.6E-Ol 

lS.rXe 5.5E-03 4.OE-03 1.5E-03 1.5E-03 2.7E-01 
lMC .3E-02 9.6E-03 3.3E-03 3.3E-03 7.7E-01 

"1'Cs 2.OE-02 l.4E-02 1.4E+00 2.OE+OO l.OE+OO 
"'s4.3E-07 3.E-07 5.SE-04 5.5E-02 7.5E0 

"L'CS 2.7E-02 1.9E-02 1.7E+00 l.BE+OO 1.4E+00 

fLwCs+I 37EBa 7.6E-03 5.5E-03 5.5E-01 9.3E-01 3.8E-Ol 
"1180 2.9E-02 2.OE-02 l.6E-02 l.6E-02 1.6E+00 

"1'Ba 5.2E-03 3.7E-03 3.7E-01 4.6E-01 2.4E-O1 
7.6a E-03 5.5E-03 3.3E-04 3.3E-04 3.8RE-O1 

"1'OBa 2.3E-03 1.7E-03 1.lE+0O l.lE+0O l.IE-Ol 

"MLA 2.BE-02 2.OE-02 9.6E-01 9.9E-O1 1.6E+00 

Nice 9.6E-04 6.9E-04 6.7E-02 1.7E-01 4.6E-02 

"'Ce+,"Pr 7.4E-04 6.7E-04 9.7E-02 4.5E+00 4.1E-02 

"'~Pr 4.9E-04 3.5E-04 1.5E-04 1.5E-04 2.6E-02 
"'4 4 1 1

f 1.7E-04 1.2E-04 2.1E-05 2.lE-OS 3.7E-03 

14SpM 4.3E-04 3.OE-04 3.4E-02 3.9E-01 9.4E-03 

"WPM 4.4E-07 3.2E-07 4.7E-03 4.7E-01 9.2E-06 

"WSm 0 0 9.OE+O0 9.OE+02 0 
"ism 6.6E-08 4.7E-08 3.6E-63 3.6E-01 4.BE-07 
132Eu l.4E-02 L.OE-02 1.OE+00 3.7E+00 7.5E-01 

"'Eu 1.6E-02 l.1E-02 L.E+0O 4.5E+00 9.2E-01 

wEu 7.7E-04 5;5E-04 6.OE-02 5.5EOl 3.3E-02 

"wGd l.4E-03 9.9E-04 1.OE-0l 3.8E-O1 4.9E-02 

'G)Tb 1.4E-02 L.OE-02 9.9E-01 1.3E+00O 7.4E-O1 

IE6"Ho 2.2E-02 1.6E-02 1.7E+00 1.1E+Ol 1.1E+0O 
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Section F: Early Phase Dose Projections

Table F-6. Early phase deposition and air immnersion 

dose conversion factors (continued) 

Extrna Eteral4-day EDE from External EDE 
fxtrnam fxtrom l depoSitiona~b, DCF~, rtefrm i 

exposure rate EDE rate rate___from___air 

fofrm Non-arid Arid immersionkeS 
deposjtionbc1, depositionb-d, resuspension resuspension DCFj 

ECFsj DCF,3  (R, - IE-6) (14 - 1E-4) 

1Vm7.7E-05 5.511-05 4.6E-03 3.211-01 3.5E-O1 

"2"Ta 1.6E-02 LIlE-02 l.lE+OO 1.7E+00 9.5E-01 

1 6.IE-03 4.4E-03 1.411-01 1.411-01 3.OE-Ol 

1C. OE-02 7.511-03 7.E-Ol 1.1E+00 5.211-01 

'"Au 5.2E-03 3.7E-03 2.3E-01 2.5E-01 2.613-01 

=H9 3.OE-03 2.211-03 2.l11-01 2.911-01 1.51101 

1.9 IE-05 l.4E-05 1.711-03 3.OE-02 7A4E-04 

2Ob3.2E-05 2.3E-05 1.6E+00 1.6E+02 735E-04 

='Bi 1.9E-02 1.411-02 1.411+00 1.6E+00 L.OE+00 

210BI l.4E-05 9.SE-06 1.9E-02 1.8E+OO 4.4E-04 

210p0  LIlE-07 7.711-08 11E+OO l.l11+02 5.511-06 

8.4 SE-O5 6.OE-05 1.4E+00 L.OE+02 4.2E-03 

wc2.OE-06 1.5E-06 8.0E4-02 B.OE4-04 7.7E-05 

=mAc 1.2E-02 8.713-03 B.OE-02 4.OE-Ol 6.411-01 

wn 1.4E-03 9.7E-04 1.9E+00O l.8E+02 6.5E-02 

nsTh 3.lE-05 2' 2E-05 4.1E+0-1 4.1E+03 1.2E-03 

Mnh 9.8E-06 7.OE-06 3.9E+01 3.9E+03 2.311-04 
2337b 2.411-04 1.7E-04 6.011-03 9.511-03 6.9E-03 

23 7bl 7.2E-06 S.lE-06 2.011+02 2.OE+04 1.211-04 

n~a5.3E-04 3.811-04 1.5E+02 1.511+04 2.3E-02 

m"Pa 2.5E-03 L.8E-03 1.7E-01 2.8E-O1 1.2E-01 

=mtf 1.3E-05 9.411-06 7.9E+01 7.9E+03 1.9E-04 

Muf 9.311-06 . 6.E-06 1.6E+01 1.6E+03 2.2E-04 

3L 9.811-06 7.OE-06 1.6E+01 1.6E+03 L.OE-04 

l.9 IE-03 1.411-03 1.511+01 l.511+03 9.6E-02 

2MLUf 8.511-06 6.I11-06 1.5E+01 1.5E+03 6.7E-05 

=LV 7.2E-06 5.1E-06 1.4E+01 1.4E+03 .4.5E-05 

U-dep~nd' 7.2E-06 5.l11-06 l.4E+O1 1.411+03 4.511-05 

U-enricw's 9.8E-06 7.OE-06 1.6E+01 1.6E+03 L.OE-04 

23UbsolIUF/59h 9.BE-06 7.OE-06 3.2E-01 3.2E+01 L.OE-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 deouitiona.b, DCFro External EDE 
exposure rate EDE rate _____________ rate from air 

from from Non-arid Arid immersion', 
depositionbc, depositionb,, resuspension resuspension DCF, 

ECF,1  DCF, (R, - IE-6) (R, - IE-4) 

Isotope i/mi)I? (jLCi/m) (ILCi/m2) k rime] 
MNp 3.7E-04 2.7E-04 6.5E+01 6.5E+03 l.4E-02 

"2Np 2.1E-03 1,5E-03 8.8E-02 L.OE-01 L.OE-01 
2pU 1.3E-05 9.IE-06 1.7E+01 1.7E+03 8.4E-05 

1PU.LIE-05 7.8E-06 4.7E+01 4.7E+03 6.5E-05 

MPU 4.8E-06 3.4E-06 5.1E+01 5.1E+03 5.6E-05 

fPu L.OE-05 7.5E-06 5.1E+01 5.1E+03 6.3E-05 
U2Pu 2.5E-08 L.8E-08 9.9E-01 9.9E+01 9.6E-07 
3QPu 8.7E-06 6.2E-06 4.9E+01 4.9E+03 5.3E-05 

u'Am 3.6E-04 2.6E-04 5.3E+01 5.3E+03 L.IE-02 

u'2Am 3.9E-05 2.8E-05 5.1E+01 5.1E+03 4.2E-04 
2  rAm 7.OE-04 5.OE-04 5.3E+01 5.3E+03 2.9E-02 

U2Cm 1.2E-05 8.9E-06 2.1E+00 2.1E+02 7.6E-05 
UCM 1.6E-03 1.2E-03 3.7E+01 3.7E+03 7.8E-02 

L"Cm l.1E-05 8.2E-06 3.OE+01 3.OE+03 6.5E-05 

UCm .LIE-03 8.1E-04 5.5E+01 S.5E+03 5.3E-02 

mCf 9.4E-06 6.JE-06 1.9E+01 1.9E+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.  

•External doses from deposition are corrected by a factor of 0.7 for ground roughness. Contribution of 

daughters is included in external doses where noted (e.g., "Ti + '"Sc).  
'Exposure rate at I m above ground from a l-#Ci/m2 deposition of given isotope.  
'Effective dose equivalent rate at 1 m above ground level from a 1-;tCi/mh 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.  
ACaution: The chemical toxicity of uranium is more important in producing early health effects than radiation 

dose.  
5For n atural and depleted uranium it is assumed all the release is "'U, and for enriched uranium it is 

assumed all of the release is mU. The activity of enriched uranium is dominated by the concentration of MuU 

(because of its high SpA). While releases of natural and enriched uranium will be composed principally of a 

mixture of mU, UwU, and mU. the dose factors are all within 10% so it is reasonable to use a single factor.  

kne D (day) lung clearance class was used in estimating early phase inhalation dose because the uranium in 

UFg is in a soluble form.
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Section F: Early Phase Dose Projections

Calculation of Exposure and Dose Conversion Factors 

Exposure conversion factor from groundshine: 

ECFj = 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 SLCF x GRCF 

(Early phase assessment methods in the FMAC 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: 

DCFE4 = DCFv + CEDE (from resuspension) 

The FRMAC Assessment Manual contains a full description of how DCFFJ, is 
calculated and early phase assessment methods to calculate DCFP for other isotopes 
or other resuspension factors.) 

Dose conversion factor air: DCF, = DCAS x SZCF 

(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 1II.1, pp. 51-73 

DCECGS = dose conversion for exposure to contaminated ground surface factor 
from EPA-402-R-93-081, Table 111.3, pp. 93-109 

GRCF = ground roughness correction factor, 0.7 
SfCF = conversion factor from SI units, see below 

-Svl 3.6 x 105 s x 105 mrem x Bq 1.33 x 1013 mrem 
iF q/m h Sv 2.7 x 10- 5Ci pCil0m,
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Section F: Early Phase Dose Projections

Table F-7. Early phase inhalation dose conversion factors in (mrem/h)/(uCilm'Y 

DCFn 

Isotope DCF,.x Acute bonec Acute lung" Thyroid CDEd 

'H 1.53E-01" 7.10E-02 7.10E-02 NCf 
1C 2.50E+00 1.02E+00 1.02E+00 NC 

"nNa 9.19E+00 NC NC NC 
24Na 1.45E+00 9.32E-01 5.33E+00 NC 

12p 1.86E+01 2.04E+01 9.77E+01 NC 
"3P 2.78E+00 NC NC NC 

"3S 2.97E+00 1.78E-01 1.07E+01 NC 

M'C1 2.63E+01 NC NC NC 

ly 1.48E+01 NC NC NC 
lK 1.63E+00 NC NC NC 

'Ca 7.95E+00 NC NC NC 

"16Sc 3.56E+01 NC NC NC 

"Ti 1.22E+03 NC NC NC 

"av 1.23E+01 NC NC NC 

S'Cr 4.01E-01 7.99E-02 1.33E+00 NC 

"14Mn 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.OOE+01 NC 
ODCo 2.62E+02 3.91E+00 5.77E+01 NC 

"3Ni 3.73E+00 1.38E-01 4.13E+00 NC 

""Cu 3.32E-01 NC NC NC 

"wZn 2.45E+01 2.09E+00 1.07E+01 NC 

"aGa 1.66E-01 NC 9.32E-01 NC 
68Ge 6.22E+01 NC 9.32E-01 NC 

"7'Se 1.02E+01 2.26E+00 9.77E+00 NC
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Section F: Early Phase Dose Projections

Table F-7. Early phase inhalation dose conversion factors 
in (mrem/h)/(IACim/) (continued) 

DCFyI 

Isotope DOC b Acute bone€ Acute lunge Thyroid CDEd

'5Kr 
SwmKr 
•Kr *Kr 

6Rb 
I7Rb 
PRb 

"Sr 
90Sr 
"Sr 
9-y 

gay 

9lmy 

"3Zr 
"5Zr 

"Nb UNb, 

"MO 

"TC 
WMTC 
13Ru 

'SRu 

- l06Rh

mCd

7.32E-04 
4.68E-04 
1.56E-03 
3.72E-03 

7.95E+00 
3.88E+00 
1.OOE-01 

4.97E+01 
1.56E+03 
1.99E+00 

1.O1E+01 
5.86E+01 
4.36E-02 

3.85E+02 
2.80E+01 

4.97E+02 
6.97E+00

7.32E-04 
4.68E-04 
1.56E-03 
3.72E-03 

7.99E+00 
NC 
NC 

1.02E+01 
2.09E+01 
2.76E-01 

1.25E+00 
5.77E+00 

NC 

NC 
1.20E+01 

NC 
1.78E+00

4.75E+00 1.69E+00 

9.99E+00 1.73E-01 
3.91E-02 1.38E-02

1.07E+01 
5.46E-0i 

* NC 

5.73E+02 

9.63E+01 

1.37E+02 
1.93E+03 

1.07E+02 

1.28E+01 
3.90E+01 
1.19E+02

1.78E+00 
NC 

NC 

1.02E+01 

7.10E+00 

NC 
NC 

NC 

NC 
NC 
NC

NC 
NC 
NC 
NC 

1.33E+01 
NC 
NC 

1.38E+02 
2.80E+02 

NC 

4.13E+01 
1.47E+02 

NC 

NC 
4.17E+01 

NC 
1.78E+01 

1.91E+01 

2.44E+01 
1.38E-01 

3.06E+01 
NC 

NC 

3.95E+02 

5.77E+01 

NC 
NC 

NC 

NC 
NC 
NC

NC 
NC 
NC 
NC 

NC 
NC 
NC 

NC 
NC 
NC 

NC 
NC 
NC 

NC 
NC 

NC 
NC 

NC 

NC 
NC 

NC 
NC 

NC 

NC 

NC 

NC 
NC 

NC 

NC 
NC 
NC
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-Section F: Early Phase Dose Projections

Table F-7. Early phase inhalation dose conversion factors 
in (mrem/h)I(uCi/m3) (continued)
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Section F: Early Phase Dose Projections 

Table F-7. Early phase inhalation dose conversion factors 
in (mre•m)/(uCi/m3) (continued) 

DCF7 

Isotope DCF,. Acute bonee Acute lunge Thyroid CDE' 

'T 1Pr 5.19E-02 NC NC NC 

"1".Pr NC NC NC NC 

"Opm 3.65E+01 NC NC NC 

tCpm 4.71E+01 6.66E-01 1.73E+01 NC 

'1Sm 8.97E+04 NC NC NC 
is, 3.60E+01 2.09E-01 4.88E+00 NC 

'1Eu 2.65E+02 4.04E+00 4.88E+01 NC 

14Eu 3.43E+02 5.33E+00 8.44E+01 NC 

'"Eu 4.97E+01 9.32E-01 1.64E+01 NC 

'mGd 2.85E+01 NC NC NC 

"0Tsq 3.OOE+01 NC NC NC 

10mHo 9.28E+02 NC NC NC 

Tm 3.16E+01 NC NC NC 

"'1Yb 9.68E+00 2.22E+00 3.11E+01 NC 

7Hf 3.82E+02 NC NC NC 

"1Hf 1.85E+01 NC NC NC 

IOU 5.37E+01 NC NC NC 

1"W 7.41E-01 NC NC NC 

3.38E+01 3.64E+00 6.66E+01 NC 

19Au 3.94E+00 NC NC NC 

X3Hg 8.79E+00 NC NC NC 

,Tl 2.89E+00 NC NC NC 

210pb 1.63E+04 1.33E+01 4.80E+00 NC 

2"Bi 2.40E+01 NC NC NC 

21oBi 2.35E+02 NC NC NC 

2tO 1.13E+04 3.77E+02 1.20E+04 NC 

'Ra 1.03E+04 4.44E+01 1.15E+04 NC 

mAc 8.04E+06 NC NC NC 

=Ac 3.70E+02 NC NC NC 
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Section F: Early Phase Dose Projections

Table F-7. Early phase inhalation dose conversion factors 

in (mrem/h)l(jCi/m) (continued) 

DCFn 

Isotope DCF,.Oa Acute bonec Acute lung' Thyroid CDEd 

'Th 1.94E+04 2.23E+03 3.70E+04 NC 
22•Th 4.10E+05 4.45E+03 7.57E+04 NC 

rOTh 3.91E+05 7.55E+02 1.33E+04 NC 
21Th 1.05E+00 NC NC NC 
mm 1.97E+06 6.66E+02 1.15E+04 NC 
"'1Pa 1.54E+06 4.89E+02 1.42E+04 NC 
M Pa 1.15E+01 NC NC NC 

mUg 7.90E+05 8.01E+01 1.60E+04 NC 
2"Us 1.63E+05 NC NC NC 

lUS 1.59E+05 7.11E+01 1.33E+04 NC 
2"Us 1.47E+05 6.41E+01 1.25E+04 NC 

lUS 1.51E+05 6.67E+01 1.29E+04 NC 
"SUS 1.42E+05 6.39E+01 1.21E+04 NC 

U dep & nats' 1.42E+05 6.39E+01 1.21E+04 NC 
U enrichs'h 1.59E+05 7.11E+01 1.33E+04 NC 

mU sol (UF•)h'' 3.20E+03 7.11E+01 6.7E+02 NC 
237Np 6.48E+05 4.90E+02 1.16E+04 NC 

09Np 3.01E+00 4.00E-01 1.07E+01 NC 
MPu 1.74E+05 NC NC NC 
nPu 4.71E+05 5.77E+02 1.55E+04 NC 
wPu 5.15E+05 5.33E+02 1.47E+04 NC 
24Pu 5.15E+05 5.33E+02 1.47E+04 NC 
24pU 9.90E+03 1.07E-01 2.84E+00 NC 
MPu 4.93E+05 5.33E+02 1.38E+04 NC 

2IAm 5.33E+05 5.78E+02 1.33E+04 NC 
24Am 5.111E+05 NC NC NC 
2OAm 5.28E+05 5.81E+02 1.29E+04 NC 

MCM 2.07E+04 6.22E+02 1.38E+04 NC 
20Cm 3.69E+05 6.24E+02 1.42E+04 NC 
2"Cm 2.97E+05 6.22E+02 1.42E+04 NC 
20Cm 5.46E+05 NC NC NC 
=a 1.88E+05 1.15E+04 NC NC
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Section F: Early Phase Dose Projections 

dDose conversion factors are provided in terms of mem acquired in 1 h breathing an air concentration of 

1#Ci/m0. To arrive at these DCFs, the breathing rate of an adult performing light activity (1.2 0i/h) was 

assumed. Contribution from daughters is included in all the inhalation doses. The lung class giving the highest 

dose was assumed except for UF6.  

bCommitted effective dose equivalent (CEDE) dose factor, DCFjso, is the committed dose equivalent for 

50 years.  
eAbsorbed dose for 30 days after the isotope has been inhaled.  

'Committed dose equivalent to thyroid from radioiodine.  

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

iNot calculated.  
8Caution: For uranium, chemical toxicity is always more important than the dose for early health effects.  

"kFor natural and depleted uranium it is assumed all the release is uU, and for enriched uranium it is 

assumed all of the release is 23U. The specific activity of enriched uranium is dominated by the concentration of 

2 1U (because of its high SpA). While releases of natural and enriched uranium will be composed principally of a 

mixture of 23
4U, =U, and uU, the dose factors are all within 10% so it is reasonable to use a single factor.  

'The day lung clearance class (soluble) was assumed because the uranium in UF6 is in a soluble form.  
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Section F: Early Phase Dose Projections

Calculation of Dose Conversion Factors 

Committed dose equivalent conversion factor: DCFso = EDCF,,- x BR x CF 

Acute bone marrow dose conversion factor: 

DCFr(one) - [ABM-AD(, x QF + ABM-ADdJ x BR x CF 

Acute lung dose conversion factor: 

DCF.lung) = [AL-ADw x QF + AL-AD¢J x BR x, CF 

Thyroid committed dose equivalent: DCFf(thyroid) = EDVCF x BR x CF 

where 

ABM-AD = 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/IBq (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 r 3/min X 
60 min/h = 1.2 m2/h, from EPA 520/1-88-020, p. 10. This breathing 
rate overestimates the average daily rate (see Table 3.10).  

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

EDCFT = 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.  

$Sv 103 mrem X Bq 3.7 x 109 mrem 
Bq Sv 2.7 x 10-5 JUCi ptCi/m 2 

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, At 

horizontal wind or %) 

Classe Description direction, as, at 10 m .  

A Extremely unstable conditions 250 < -0.19 

B Moderately unstable conditions 20 -1.9 to -1.7 

C Slightly unstable conditions 150 -1.7 to -1.5 

D Neutral conditions 10o -1.5 to -0.5 

E Slightly stable conditions 50 -0.5 to 1.5 

F Moderately stable conditions 2.5° 1.5 to 4.0 

sPasquill turbulence types.  

Source: DOEMTIC-27601. p. 591.  

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

Daytime insolation 
Day or 

(solar radiation) Nighttime conditions' night 

wind 
Thin overcast 

speed 
or >4/8 i3/8 Heavy 

(m/s) Strong Moderate Slight cloudiness cloudiness overcast 

<2 A A-B B 
D 

2 A-B B C E F D 

4 B B-C C D E D 

6 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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Secion F: Early Phase Dose Projections 

Table F-10. Dilution factors, (xU)/Q, in m-.2 

Distance' Stability class' 

(mile) A B C D E F 

:0.25c 1.0E-3 1.OE-3 1.OE-3 1.0E-3 1.0E-3 1.0E-3 
1 1.0E-6 6.OE-6 1.7E-5 5.4E-5 1.1E-4 2.5E-4 
2 7.0E-7 1.5E-6 5.OE-6 2.OE-5 4.OE-5 1.OE-4 
3 4.5E-7 6.5E-7 2.2E-6 1.2E-5 2.5E-5 6.OE-5 
4 3.5E-7 4.5E-7 1.2E-6 8.OE-6 1.6E-5 4.OE-5 

5 3.OE-7 4.0E-7 9.5E-7 5.0E-6 1.1E-5 3.OE-5 
10 1.7E-7 2.2E-7 3.0E-7 2.OE-6 5.0E-6 1.2E-5 
15 1.2E-7 1.5E-7 2.0E-7 1.OE-6 2.6E-6 7.OE-6 
20 9.5E-8 1.1E-7 1.7E-7 7.OE-7 2.0E-6 5.0E-6 
25 8.OE-8 9.OE-8 1.3E-7 4.5E-7 *1.4E-6 4.OE-6 

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

6Distance downwind of source on center line of plume.  

eTbese 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-Sa-3-Sf.  

Table F-11. Ground concentration factors 

Distance Ground concentration factor", GCF 
(mile) (mI) 

0.25b 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 (uCi/m2 per tCi 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 often assumed for iodine, but for most accidents the majority of 
the iodine is assumed to be bound to a particle so the 0.3-cm/s deposition 
velocity should provide a reasonable estimate for iodine also.  

hGCF (D.25 mile) - GCF (1 mile) x [IDF(0.25 mile)/DF(1 mile)] 
where DF is dilution factor from Table F-10.
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Section F: Early Phase Dose Projections 

Table F-12. Point source dose rate and exposure rate factors 
at I m from source 

Exposure Effective dose equiv. Bone dose equiv.  

conversion rate rate conversion rate conversion 

factor, ECF, factor, DCF, factor, DCF,.  

Isotope 
.\ • eCi I__m 

3H 0 0 0 

"14C 0 0 0 

7Na IE-03 8E-04 7E-04 

2Na 2E-03 IE-03 IE-03 

UP0 0 0 

•"P 0 0 0 

"S 0 0 0 

"36Cl &E-08 IE-09 2E-11 

48E-05 6E-05 5E-05 

S1E-04 IE-04 9E-05 

"5Ca 2E-11 3E-13 6E- 15 

"41Sc IE-03 SE-04 7E-04 

"Ti IE-04 4E-05 2E-05 

"49V 2E-03 IE-03 IE-03 

"SICr 7E-05 IE-05 IE-05 

'4Mn 6E-04 3E-04 3E-04 
"s6Mn 9E-04 6E-04 6E-04 

"Fe SE-05 IE-06 2E-08 

"Fe 7E-04 4E-04 4E-04 

"Co 6E-04 4E-04 3E-04 

loCo 1E-03 9E-04 SE-04 

"G3Ni 0 0 0 

"Cu 2E-04 7E-05 6E-05 

"6Zn 5E-04 2E-04 2E-04 

"Ga 6E-04 4E-04 3E-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, ECFI factor, DCF. factor, DCF,,b 
hmem/hlbp l 

Isotope -4) • Ci) I Ci 
"Gee+aGa 8E-04 4E-04 3E-04 

7Se 5E-04 IE-04 1E-04 

"R'Kr 1E-06 8E-07 8E-07 
tnKr IE-04 6E-05 4E-05 
"Kr 4E-04 3E-04 3E-04 

"8Kr+"Rb IE-03 9E-04 7E-04 

"6Rb 5E-05 4E-05 3E-05 
"Rb 0 0 0 
",Rb 2E-04 2E-04 2E-04 

"Sr 8E-08 5E-08 5E-08 
"Sr 0 0 0 
"O'Sr 4E-04 3E-04 2E-04 

WY 0 0 0 
gly 2E-06 IE-06 IE-06 
II.y 3E-04 2E-04 2E-04 
"3Zr 0 0 0 
"IZr 4E-04 3E-04 3E-04 
"4Nb 9E-04 6E-04 5E-04 
"Nb 4E-04 3E-04 3E-04 

"Mo IE-04 6E-05 5E-05 

'9Tc 2E-10 2E- 10 9E-11 
"M"TC SE-05 4E-05 3E-05 
IRh IE-04 8E-05 7E-05 
"WRu 3E-04 2E-04 2E-04 

IwRu 5E-04 3E-04 3E-04 
mRu 3E-05 5E-06 1E-06 

W6R+'O'Rh 3E-05 5E-06 IE-06 

ImAg 2E-03 IE-03 9E-04
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Section F: Early Phase Dose Projections

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

Exposure Effective dose equiv. Bone dose equiv.  

conversion rate rate conversion rate conversion 

factor, ECFp factor, DCF, factor, DCF,& 
b ire -M1 

FIsotope ýp (in) recip 

'0Cd+109mAg IE-03 6E-04 5E-04 

"1 k-1 Cd 0 0 0 

"114-In 1E-04 4E-05 3E-05 

"3Sn 2E-04 IE-05 3E-06 
'2Sn 4E-06 3E-06 2E-06 

mSn+12"Sb 8E-05 2E-05 IE-05 

IuSb 1E-03 7E-04 6E-04 

,26Sb 2E-03 IE-03 9E-04 

1
26mSb 3E-06 2E-06 2E-06 

'2Sb 4E-04 3E-04 2E-04 

'2Sb 8E-04 5E-04 5E-04 

127Te 4E-05 2E-05 2E-05 

'wTe 4E-05 6E-06 IE-06 

'Tne 2E-04 2E-04 IE-04 

12Te+ Te 3E-04 2E-04 IE-04 
13Te 3E-04 2E-04 1E-04 

U
1 'tTe SE-04 5E-04 5E-04 

tnTe 2E-04 8E-05 6E-05 

11E-04 2E-05 4E-06 

1211 8E-05 IE-05 2E-06 

1311 2E-04 IE-04 1E-04 

IE-03 9E-04 8E-04 
133 4E-04 2E-04 2E-04 

13I 2E-03 1E-03 9E-04 

13I+1"xe 2E-03 IE-03 1E-03 

'31,Xe 6E-05 1E-05 2E-06 
'•Xe 7E-05 2E-05 6E-06 
'3Xe 8E-05 2E-05 9E-06 

1Xe IE-04 9E-05 7E-05 

LuXe 6E-04 4E-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 I m from source (continued) 

Exposure Effective dose equiv. Bone dose equiv.  
conversion rate rate conversion rate conversion 

factor, ECF. factor, DCF, factor, DCFZ 
hn/h P em/hlPbrmh Isotope F.UCi) FI-Ci) 14-0i 

"-Cs 9E-04 6E-04 5E-04 
"6Cs 1E-03 8E-04 7E-04 

mCs+t37Ba 4E-04 2E-04 2E-04 
18 2E-05 1E-05 IE-05 

tuBa 3E-04 2E-04 IE-04 

T-tBa 4E-04 2E-04 2E-04 
4Ba 2E-04 7E-05 6E-05 

*•tLa IE-03 9E-04 8E-04 

"'Ce 5E-05 3E-05 2E-05 

U4Ce+'"Pr 4E-05 1E-05 6E-06 

1mPr IE-04 1E-05 3E-06 
'"Pr 2E-05 5E-06 1E-06 

"WPm 7E-05 1E-05 3E-06 
llpn 2E-09 IE-09 7E-10 

"ISm 4E-07 8E-09 4E-10 

nEu 7E-04 4E-04 4E-04 

"'%Eu 7E-04 5E-04 4E-04 
"'Eu 6E-05 2E-05 1E-05 

LGd 2E-04 4E-05 2E-05 

""Tlb 7E-04 4E-04 4E-04 

166-Ho 1E-03 6E-04 5E-04 

""Tm 2E-05 2E-06 7E-07 

16Yb 4E-04 1E-04 7E-05 

Iff 2E-04 8E-05 7E-05 
"1Hf 4E-04 2E-04 2E-04 

'ETa 8E-04 5E-04 4E-04 

I 3E-04 2E-04 2E-04 

19r 5E-04 3E-04 3E-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, 

J -mremhj P(mrerlh) Isotope \c )zi P -'-• )I 

'"Au 2E-04 2E-04 IE-04 

3mHg 2E-04 8E-05 7E-05 

2Wri 4E-06 4E-07 2E-07 

"OPb IE-04 3E-06 3E-07 

=Bi 1E-03 6E-04 5E-04 
21OBi 0 0 0 

21opo 5E-09 3E-09 3E-09 

='Ra BE-06 2E-06 2E-06 

2Ac 8E-06 IE-07 2E-08 

"=Ac 8E-04 4E-04 3E-04 

wrTh 3E-04 4E-05 3E-05 

mTh 6E-05 IE-06 4E-07 

rth 5E-05 9E-07 8E-08 

"=1Th 3E-05 9E-07 6E-08 

=Th 5E-05 8E-07 4E-08 

z1pa 3E-04 2E-05 9E-06 

2% 2E-04 6E-05 5E-05 

U-dep & nat- 6E-05 SE-07 2E-08 

U-enrich" 7E-05 IE-06 4E-08 

8U 8E-05 IE-06 6E-08 

=U 3E-05 4E-07 5E-08 
2MU 7E-05 IE-06 4E-08 

UU 3E-04 5E-05 4E-05 
2MU 0 0 0 

mU 6E-05 8E-07 2E-08 

rNp 2E-04 IE-05 5E-06 

2"Np 0 0 0 
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Section F: Early Phase Dose Projections 

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

Exposure Effective dose equiv. Bone dose equiv.  
conversion rate rate conversion rate conversion 

factor, ECF. factor, DCF. factor, DCFJ,, 

Isotoee) m/ht 
M6Pu 4E-05 IE-06 7E-08 
MN 3E-05 1E-06 6E-08 

lIPU IE-05 4E-07 3E-08 
24Pu 3E-05 1E-06 6E-08 
2.PU 0 0 0 
MPu 3E-05 9E-07 5E-08 

u1Am 1E-04 1E-05 3E-06 
=Am 9E-05 3E-06 2E-07 
U3Am 1E-04 2E-05 SE-06 

OCm 3E-05 1E-06 6E-08 
2Cm 2E-04 5E-05 3E-05 
2UCm 3E-05 1E-06 5E-08 

"For natural and depleted uranium it is assumed all the material is 2mU, and for enriched 
uranium it is assumed all of the material is 3U. The specific activity of enriched uranium is 
dominated by the concentration of 23'U (because of its high SpA). While releases from natural 
and enriched uranium will be composed principally of a mixture of 23 U, 2sU. and 3U, the dose 
factors are all within 10% so it is reasonable to use a 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. HWal-value layer for selected materials 

Half-value layer', HVL 
(CM) 

Isotope Ladb Iron' Aluminunm' Water' Aire Concrete'

0 0'H 

"14C 

"2Na 
"2Na 

32p "P 

3Ss 
"3Cl 

"K 

"ZCa 
46Sc 

"Ti 

"OV 

"s1cr 

"S4Mn 
"5Mn 
SSFe 
"Fe '9Fe 

WCo 

"63Ni 

"Cu 

"6Zn 

"Ga 

"G•3e+"Gae 

"uGe 

"7Se

0 

0.67 
1.32 
0 
0 

0 

0 

1.15 
1.18 

0.01 

0.82 

0.04 

0.8 

0.17 

0.68 
0.94 

0 
0.94 

1 

0 

0.41 

0.87 

0.42 

0.42 
0.01 

0.12

0 

1.38 
2.14 

0 

0 

0 

0.01 

1.8 
1.84 

0.03 

1.48 

0.21 

1.48 

0.82 

1.33 
1.65 

0.02 
1.59 

1.66 

0 

1.08 

1.53 

1.09 

1.09 
0.03 

0.62

0 
0 

3.85 
6.22 

0 
0 

0 

0.02 

4.99 
5.1 

0.1 

4.2 

0.6 

4.18 

2.38 

3.8 
4.78 
0.05 
4.51 
4.65 

0 

3.01 

4.34 

3.04 

3.04 
0.08 

1.79

0 
0 

9.4 
14.75 

0 
0 

0 

0.04 

11.97 
12.21 

0.24 

9.84 

1.41 

9.95 

5.69 

9 
11.13 

0.12 
10.58 

10.99 

0 

7.61 

10.15 

7.67 

7.67 
0.18 

4.26

U 
0 

7,940 
12,678 

0 
0 

0 

39 

10,192 
10,414 

212 

8,472 

1,247 

8,503 

4,980 

7,703 
9,664 

102 
9,097 

9,421 

0 

6,320 

8,740 

6,376 

6,376 
160 

3,742
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I
U 
0 

4.35 
6.88 

0 
0 

0 

0.02 

5.63 
5.75 
0.11 

4.66 

0.67 

4.67 

2.68 

4.22 
5.27 

0.05 
5.02 

5.2 

0 

3.43 

4.81 

3.47 

3.47 
0.09 
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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) 

Isotope Leadb Irob AMb Waterb Aire Concrete 

2Kr 0.41 1.07 3 7.59 6,305 3.43 

•Kr 0.1 0.5 1.46 3.46 3,046 1.64 
VKr 0.83 1.67 4.84 11.46 9,922 5.36 

'Kr+ORbd 1.17 1.89 5.51 12.74 11,132 6.05 

nKr 1.20 1.95 5.71 13.2 11,575 6.25 

96Rb 0.87 1.53 4.35 10.13 8,741 4.81 

uRb 1.17 1.89 5.51 12.74 11,132 6.05 

"gSr 0.74 1.4 4 9.35 8,050 4.42 

I°Sr 0 0 0 0 0 0 

"9ISr 0.71 1.38 3.94 9.31 7,980 4.38 

91Y 0.96 1.62 4.57 10.74 9,226 5.09 

"3Zr 0 0 0 0 0 0 

9'Zr 0.6 1.26 3.58 8.61 7,314 4 

"141Nb 0.64 1.30 3.70 8.84 7,538 4.13 
9 Nb 0.62 1.28 3.63 8.72 7,416 4.06 

9%1o + Te 0.49 1.11 3.16 7.6 6,483 3.54 

"Mo 0.49 1.11 3.16 7.6 6,483 3.54 

"Tc 0.05 0.25 0.73 1.73 1,529 0.82 

fTc 0.07 0.39 1.13 2.68 2,367 1.27 

103Ru 0.4 1.06 2.97 7.53 6,253 3.4 

I•Ru 0.48 1.16 3.28 7.98 6,774 3.69 
106Ru 0 0 0 0 0 0 

w'Ru+°6 Rh' 0.49 1.17 3.29 8.16 6,837 3.73 

'06Rh 0.49 1.17 3.29 8.16 6,837 3.73 

Ue=Ag 0.71 1.38 3.91 9.36 7,979 4.38 

"109Cd 0.01 0.06 0.18 0.43 380 0.2 
"113 mQd 0 0 0 0 0 0 

0.23 0.75 2.14 5.18 4,447 2.41 
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Section F: Early Phase Dose Projections 

Table F-13. hW-value layer for selected materials (continued) 
Half-value layere, HVL 

(cm) 

Isotope Lea~d Iron" Alb Water" Air' Concrete1 

'13Sn 0.02 0.09 0.27 0.65 571 0.31 
12Sn 0.88 1.53 4.36 10.16 8,767 4.83 

1`Sn+'2SbV 0.48 1.15 3.27 7.99 6,755 3.68 
126Sn 0.04 0.19 0.55 1.3 1,148 0.62 

12ASb 0.83. 1.55 4.39 10.49 8,979 4.9 

'2Sb 0.52 1.19 3.37 8.21 6,951 3.79 

'wSb 0.48 1.15 3.27 7.99 6,755 3.68 

rSb 0.47 1.14 3.24 7.92 6,695 3.65 
'3 Sb 0.72 1.4 3.98 9.45 8,092 4.43 

'•Te 0.01 0.08 0.23 0.54 476 0.26 
1
2 9Te 0.33 0.93 2.63 6.53 5,504 2.99 

'9Te 0.38 0.82 2.33 5.65 4,785 2.61 
1
31

.Te 0.65 1.31 3.74 8.88 7,612 4.17 

r3Te 0.1 0.53 1.5 3.66 3,223 1.73 

125 0.01 0.08 0.23 0.54 477 0.26 

129 0.02 0.09 0.25 0.6 526 0.28 

1311 0.25 0.93 2.67 6.5 5,587 3.02 

tn 0.63 1.31 3.7 8.91 7,574 4.14 

13 0.47 1.15 3.23 8.05 6,735 3.67 

134 0.72 1.4 3.98 9.43 8,081 4.43 

13l 0.98 1.66 4.7 11.06 9,526 5.23 

wI+lWaXed 0.98 1.66 4.7 11.06 9,526 5.23 

1Mxe 0.02 0.1 0.29 0.7 616 0.33 

luXe 0.03 0.16 0.47 1.11 980 0.53 
13Xe 0.05 0.25 0.73 1.72 1,519 0.82 
1•Xe 0.14 0.72 2.1 4.99 4,380 2.36 

'1Xe 0.41 1.07 2.99 7.54 6,271 3.41 

Mxe 0.9 1.64 4.79 11.09 9,723 5.26 

13Cs 0.57 1.24 3.5 8.5 7,186 3.93 

Ima 0.65 1.32 3.76 8.86 7,623 4.18 

137CS 0 0 0 0 0 0 

11CS+ 1mBa 0.53 1.19 3.35 8.2 6,916 3.77 
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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) 

Isotope Leadb Iron' Ab Water' Air" Concrete 

'1Ba 0.16 0.67 1.92 4.63 4,023 2.17 

I' 7DBa 0.53 1.19 3.35 8.2 6,916 3.77 

14'Ba 0.33 0.96 2.69 6.72 5,645 3.06 

'1La 0.93 1.64 4.63 11.04 9,468 5.19 

"14Ce 0.07 0.37 1.07 2.52 2,225 1.2 

'"Ce+ 144rW 0.05 0.28 0.82 1.95 1,722 0.93 

•"pr 
14fPr 0.02 0.1 0.28 0.67 588 0.32 

'4Pm 0.02 0.11 0.31 0.74 656 0.35 
17m 0.06 0.34 0.99 2.35 2,075 1.12 

147Sm 

ISISm 0.01 0.03 0.09 0.21 182 0.1 

LEu 0.66 1.32 3.73 8.84 7,592 4.17 

%Eu 0.74 1.38 3.91 9.24 7,924 4.35 

I5SEu 0.04 0.23 0.66 1.56 1,373 0.74 

153Gd 0.03 0.18 0.51 1.21 1,065 0.57 

Iwb 0.68 1.35 3.84 9.01 7,770 4.26 

16'Ho 0.45 1.09 3.1 7.46 6,374 3.48 

I7Ti 0.03 0.18 0.51 1.21 1,064 0.57 

"19Yb 0.06 0.3 0.87 2.05 1,808 0.97 

"'Hf 0.27 0.86 2.41 6.02 5,074 2.75 

raTa 0.8 1.39 3.94 9.26 7,972 4.39 

Ipw 0.43 1.03 2.91 7.17 6,038 3.29 

12r 0.24 0.92 2.64 6.42 5,521 2.98 

""Au 0.29 0.97 2.74 6.77 5,746 3.11 

=Hg 0.14 0.73 2.13 5.04 4,443 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) 

Isotope Leadb Iron' AP Waterb Airc Concreteb 

S0.03 0.18 0.53 1.27 1,117 0.6 
210Pb 0.01 0.05 0.15 0.35 311 0.17 

=Bi 0.65 1.3 3.68 8.79 7,503 4.11 
2lOBi 0 0 0. 0 0 0 

210Po 0.65 1.31 3.73 8.88 7,581 4.15 

=Ra 0.09 0.48 1.4 3.32 2,930 1.58 

W"Ac 0.01 0.08 0.22 0.52 457 0.25 

"=Ac 0.67 1.35 3.84 9.05 7,786 4.27 

WTh 0.11 0.58 1.69 4.01 3,525 1.9 

mTh 0.02 0.13 0.37 0.88 773 0.42 

M1 ~h "0.01 0.05 0.14 0.34 302 0.16 

mruTh 0.01 0.04 0.12 0.28 248 0.13 

3'Pa 0.09 0.46 1.35 3.2 2,816 1.51 

mU 0.01 0.04 0.12 0.29 259 0.14 

mU 0.01 0.06 0.16 0.39 344 0.18 
2U 0.01 0.04 0.12 0.28 242 0.13 
mU 0.09 0.46 1.35 3.19 2,814 1.51 
mu 0.01 0.04 0.11 0.27 236 0.13 

2WNp 0.03 0.12 0.41 0.98 862 0.46 

MPu 0.01 0.04 0.11 0.27 239 0.13 

msPu 0.01 0.04 0.11 0.27 237 0.13 

21:pU 0.01 0.04 0.12 0.29 258 0.14 
4pu 0,01 0.04 0.11 0.27 237 0.13 

24Pu 0 0 0 0 0 0 

MPu 0.01 0.04 0.11 0.27 237 0.13 

U'Am 0.02 0.12 0.35 0.82 727 0.39 

2Am 0.01 0.04 0.13 0.3 267 0.14 
=m 0.03 0.18 0.52 1.24 1,090 0.59 
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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) 

Isotope Lead' Iron APb Waterb Air' Concreteb 

wCm 0.01 0.04 0.12 0.28 248 0.13 

U0m 0.08 0.43 1.26 2.98 2,626 1.41 
3"Cm 0.01 0.04 0.12 0.28 247 0.13 
MCm 0.05 .0.27 0.79 1.86 1,643 0.88 

mf 0.01 0.04 0.12 0.3 261 0.14 

MThe HML 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.  
bValues 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 11 with no build-up.  
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Set•ton F: Early Phase Dose Projections

Fig. F-i 
Conversion factors needed to adjust total acute bone dose (TABD) 

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

Converilon Factor

8 6 7 9 11 13 15 17 19 21 23 25

Distnc (MiOe) 
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Section F: Early Phase Dose Projections 

Fig. F-3 

Normalized peak concentrations as a function of downwind travel time 

for a near-ground and elevated release.
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Section F: Early Phase Dose Projections

Worksheet F-I. 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 

Qn RCF4  Dose 

Isotope i (uCi) (mrem/tsCi) (mrem) 

x 

x 

x 

x 

x 

x 

x= 

x 

x 

x 

x

Notes: Column C (sum)
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Section F: Early Phase Dose Projections 

Worksheet F-2. Isotopic contributions to dose components 

(Method F.3, Step 1, full calculation method).

Air Immersion Hd
Qj x DF x DCF. x Td v

x M )-2) XaCx( x h) 

= CMr ) -

tz-ii)

Inhalation DR or Hu
Q, x DF x DCF,.= x Td 

H.X -v

Q, x DF x DCF, x Td D R w-

x- ( -ýh)

Ground Dt,

DKPI . Qv x GCF x DCFv
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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 

Coluhm A Column B Column C Column D 

D,(bone) TABD 
or or 

Dn(lung) TALD 
or or 

He He.5& Dwp 7WE 

Isotope i (rem) (rem) I (rem) (rem) 

+ + 

+ + 

+ + = 

+ + = 

+ + 

+ + = 

+ + = 

+ + _= 

+ + 

+ + _ 

+ + = 

Notes: Columh 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).  

Ground4evel release without rain 

Dose at 1 mile Conversion factor Doses at...  

x 1.OE+00 I 1 mile 

x 6.7E-01 = 2 miles 

x 3.2E-01 = 5 miles 

x 1.4E-01 1 10 miles 

x 3.5E-02 = 25 miles 

Ground-level release with rain 

Dose at I mile Conversion factor Doses at...  

x 1.IE+01 1 1 mile 

x 4.5E+00 = 2 miles 

x 4.9E-01 5 miles 

x 2.9E-02 1 10 miles 

x 3.6E-03 f 25 miles

Elevated release without rain

Dose at 1 mile Conversion factor Doses at...  

x 4.OE-02 I= 1 mile 

x 5.2E-02 "2 miles

_____ 

K 2 miles x 5.2E-02 _______________ i-I 5.5E-02 =
10 miles 

25 miles

F x

x

7.7E-02

II 2.OE-02 =

Elevated release with rain

RTM - 96 
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Section F: Early Phase Dose PrdiectionS 

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

Ground-level release without rain 

Dose at I mile Conversion factor Doses at...  

x 1.OE+00 1 mile 

x 6.6E-01 = 2 miles 

x 2.9E-01 -5 miles 

X 1.3E-01 = 10 miles 

x 4.OE-02 = 25 miles

Ground-level release with rain

Dose at I mile Conversion factor Doses at...  

"x 5.BE+01 = I mile 

"x 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 5AE-04 1 mile 

"x 2.OE-02 = 2 miles 

"x 6.4E-02 - 5 miles 

x 4.9E-02 = 10 miles 

x 2.OE-02 - 25 miles

Elevated release with rain

Dose at 1 mile Conversion factor Doses at...  

x 3.9E-04 1 mile 

x 1.OE-02 2 miles 

x 1.2E-02 = Smiles 

x 1.8E-03 = 10 miles 

x 5.3E-06 - 25 miles

F-83
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Section G: Earty 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 h) of 
exposure to deposited radioactive material.  

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

" 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 effects (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 

RTM -6 G-
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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.  

"* 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.  

"* Uranium hexafluoride (UF6) release. Use Section E, Uranium Hexafluoride 

Release Assessment. Evaluate the chemical hazards of uranium hexafluoride 

before estimating the effects of exposure to the radioactive uranium in the 

uranium hexafluoride.  

Step 3 

If your assessment agrees with the licensee's recommendations and the State and local 

actions, go to Step 5. If there is disagreement, continue with Step 4.  

G-4 
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Section G: Early Phase Protective Action Assessment 

Step 4 

Discuss assessment differences with licensee and/oi 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.

RTM. 96 
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Section G: Early Phase Protective Action Assessment 

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 1).  

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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Section G.: Early Phase Protective Action Assessment 

Table G-1. Early phase Protective Action Guides (PAGs) 

Protective action PAG (projected dose) Comments 

Evacuation (or sheltering)' 1-5 remnb Evacuation (or for some 
situations, shehering)l 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 farther guidance, see EPA 400-92-001, Sect. 2.3.1.  

$7hhe 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.  

CCommitted dose equivalent (CDE) to the thyroid from radioiodine.  

Source: Adapted from EPA 400-R-92-001, p. 2-6.
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Section G: Earty Phase Protective Action Assessment 

Table G-2. Early health effects of exposure to radiation 
Dose rate Dose ct elhef cs ne 

Organ" (rad/h) (rad) A-_ e_•eetcOst 

Whole body >6 so Threshold for vomiting 3 h (100-200 rein) 

(external and diarrhea 2 It (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 deathse 

100 2000 Threshold for deaths 

50 4000 Threshold for deaths 

Marrow (WB) >1000 150 (230Y 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 

Skin >6 30 DI Threshold for erythema Erythema in 2-6 days 

>6 1000 Threshold for (2000-3000 rad, single dose); in 

transepithelial injury or 12-17 days (1000-2000 rad, 

moist desquamationt single dose, or 2000-4000 rad 

@200 rad/day).  
Moist desquamation that heals in 

30-50 days (2000-2400 fad, 

single dose, or 4500-5000 rad 

@200 rad/day).  

'Effective dose equivalent from external sources (cloud and ground shine) is approximately equal to bone 

marrow and whole body (WB) dose.  
*Thyroid doses are due to I3tl. Others are external doses.  

cA threshold is the lowest dose at which an effect might occur. Occurrences at this level are unlikely.  

Thresholds are dose-rate dependent.  

dOnsets ate generally dose and dose rate dependent. (One rem dose equivalent corresponds to a 1 rad 

absorbed dose for A and "i radiation.) 

'Deaths due to pulmonary syndrome.  

ft he first values represent minimal treatment (first aid in a clean environment). The second 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).  

gDeaths due to marrow syndrome.  

kLow LET irradiation of 50-100 cm2 ama.  

'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-421
4 , Rev. 1, Part U (external effective, p. 1-21; thyroid, p. U-61; lung, p. 55; 

marrow, pp. !-38. 1-39; skin, pp. U-67, 0-68); IAEA Tech. Rep. #152 (onset of vomiting and diarrhea and 

onset of deaths from whole body exposure, p. 45).  
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Section G: Early Phase Protective Action Assessment 

Fig. G-1 
Protective actions in the event of severe core damage or loss of control of facility.

NO

��1���
Continue assessent based 
on all available plant and field 

monitor•ng Informatio.

"Severe core damage is indicated by (I) 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 approiimate-actual distances will be determined by the size of the preplanned sub-areas, 
which are based on geopolitical 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.  

'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.

Evacuate a 2 mile radius and 
5 miles downwind unless 

conditions make evacuation 
dangerous and advise 

remainder of plume EPZ to 
go Indoors to monitor EBS 

broadcast.  
(see notes b c. de)

V
Modify protective actionst 
as necessary. Locate and 
evacuate hot spots. Do not 
relax protective actions until 

the source of thee threat is 
clearly under control.
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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 
resuspended material) and (2) ingestion. The evaluation of the ingestion 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-i) 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 manual 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

I
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Section H: Intermediate Phase Protective Action Assessment 

principal exposure pathway, as is likely the case for reactor accidents, a 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? 

0 Is 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.  

H-4 
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Section H: Intermediate Phase Protective Action Assessment 

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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Section H: Intermediate Phase Protective Action Assessment

Table H-1. Relocation Protective Action Guides (PAGs)' 

Protective Action Guide 

Protective action (projected first-year dose)? Comments 

Relocate the general >2,000 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!d be taken to reduce doses to as 
low as practicable levels.  

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

b'he 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 shielding 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.  

cPcrsons 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.  

'Simple dose reduction techniques include scrubbing and/or flushing hard surfaces, saking or plowing 

soil, minor removal of soil from spots where radioactive materials have concentrated, and spending more time 

than usual 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 

Time period Objectiveb 

Second year :5 500 rnrem 
E (or aanny succeeding year) 

50 years :5 5000 mremn 

'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 

part-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 at 

a lower first-year projected dose than 2,000 mrem should be considered.  
&'he 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-co unter shielded

Condition window reading Recopaended action 

Before 0 < 2 X background and Unconditional release.  

decontamination <0.5 mRn h above 
background 

* > 2 x background or D teontaminate. Equipment 

>0.5 mR/ih above may be stored or disposed of 

background as appropriate.  

After 0 < 2 x background and Unconditional release.  

decontamination <d0.5 mt/h above 
background 

0 > 2 x background or Continue to decontaminate or 

> 0.5 mR/h above refer to low background 

background monitoring and 
decontamnination 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, use Table H-4.  

Source: Adapted from EPA 400-R-92-001, Table 7-6, p. 7-23.
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Table H4. Recommended surface contamination screening levels for persons and other 
surfaces at monitoring stations in low background radiation areas (< 0.1 mR/h) 

Geiger counter thin
Condition windowV reading Recommended action 

Before 0 <2 x background Unconditional release.  
decontamination 0 > 2 x background Decontaminate.  

After simple * < 2 X background Unconditional release.  
decontaminationb * > 2 x background Full decontamination' 
effort 

After full * < 2 x background Unconditional release.  
decontamination' * > 2 x background Continue to decontaminate persons.  
effort * <0.5 mRlh Release animals and equipment.  

After additional full < 2 x background Unconditional full release.  
decontamination > 2 x background Send persons for special evaluation.  
effort * <0.5 mRnhd Release animals and equipment.  

* >0.5 mRWhd Refer, or use informed judgement on 
further control of animals and 
equipment.  

'Window thickness of approximately 30 mglcme 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 fur 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.  

briushing with water and wiping is an example of a simple decontamination effort.  
'Washing or scrubbing with soap or solvent followed by flushing is an example of a full 

decontamination effort.  
d~losed shield reading including background.  

Source: Adapted from EPA-400-R-92-001, Table 7-7., p. 7-24.
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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 1-2. 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 (erg., 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.  

RTM - 96 
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Section 1: Ingestion Pathway Protective Action Assessment 

Step 2 

Obtain the analyses of food, water, and milk samples from the area where results 

from Step I 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 1-1 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.  

________E END 

Source: EPA 400-R-92-001.  
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Section 1: Ingestion Pathway Protective Action Assessment 

Table I-1. Ingestion Protective Action Guides 

Projected dose commitment 

Protective action Organ of interest (mrem) 

Preventivea * Whole body, bone 500 

(Lower impact) marrow, or any other 
organ 
Thyroid 1,500 

Emergency9 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 a level at which responsible officials should take 

protective actions having minimal impact to prevent or reduce the concentration of radioactivity in food or 

animal feed.  
"Emergency FAGs 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 1-2. Ingestion pathway protective actionsP

Contaminated item Protective action 

At preventive PAG

* Remove lactating (milk-producing) dairy animals from pasture and 

substitute uncontaminated feed.  

* Substitute uncontaminated water.  

* Withhold contaminated milk from market to allow decay of short-lived 

radionuclides.  

* Divert fluid milk to production of dry whole milk, non-fat dry milk, 

butter, cheese or evaporated milk.  

• Wash, brush, scrub, or peel to remove surface contamination.  

* Preserve by canning, freezing, dehydration, or storage to permit decay 

of short-lived radionuclides.  

* Mill 

* Polish 

* Process to remove surface contamination.  

At emergency PAG 

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.  

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

* Time and effort required to implement corrective action.  

* Exposure of food processing workers.

"IHHS 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 Iodide 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 iodine 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. K1 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 LK in blocking uptake of radioeodine by the 

thyroid depends strongly on the timing of the dose of Kl 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 iodine uptake 

by the thyroid (Fig. J-1). If KI 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 1I 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 1I contains 

100 mg of stable iodine) given shortly before or just after the intake of radioactive 

iodine. FI 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 131I 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'll in the thyroid is given in Table J-1.  

The projected dose to the thyroid (in rem) is found by multiplying the estimated 131I 

uptake in pCi by the appropriate dose conversion factor: adult (6.50 remfILCi), 

5-year-old child (19.1 rem/nCi), or 2-year-old child (36.0 rem/pCi).  

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 a plume or for evacuees who were exposed to the plume 

for a significant time before evacuation. If this procedure suggests a projected thyroid 

dose greater than 10 rem, the individual should be sent to a hospital or laboratory for 

a more accurate determination of radioiodine uptake.  

END 

Sources: 50 FR 30258; 47 FR 28158; FDA 83-8211; (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 

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

Thyroid D-103' D-103 6306c 6306 
model #1 #2 #1 #2 4 89 -4 d 489-55' SPA-3f RD-229 

ANSI 152 151 1,149 1,232 258 75,780 53,570 54,970 
standard ±33 ±26 ±77 ±159 ±117 ±6,244 ±2,950 ±1,324 
adult 

Adult 124. 123 668 682 149 45,840 32,490 30,270 
±23 ±14 ±51 ±110 ±31 ±2,056 ±173 ±996 

5-year- 224 231 1,390 1,580 321 18,140 58,100 56,830 
old ±52 ±20 ±61 ±53 ±79 ±3,060 ±4,917 ±2,521 
child 

2-year- 227 274 i,640 1,910 381 102,120 72,980 73,020 
old ±53 ±46 ±234 ±115 ±79 ±5,428 ±3,791 ±3,830 
child 

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

hCivil defense model OCD-D-103 GM detector.  

NVictoreen model 6306 GM detector (organic quench gas, bismuth cathode, and special lead and copper 
shield).  

"dVictoreen model 489-4 GM detector (organically quenched).  
",Victoreen model 489-55, 3.2 x 3.8 cm NaI(Ti) crystal.  

thberline model SPA-3, 5 x 5 cm Nai(T crystal.  
rEberline model RD-22, 5 x 5 cm NaI(TI) crystal (with "4Am check source for use with stabilized assay 

meter).

Source: FEMA-REP-2, p. 5-16.
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Fig. y-1 

percentage of thyroid blocking by 130 mg of KI.
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Section K: E•traordinary Nuclear Occurrence 

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, licensee, 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 event 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 a 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 e 2 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 result 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 practical 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 I and Step 2 are met.  

END 

Source: 10 CFR 140.81-140.85.
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Table K-1. Total projected radiation doses 
for extraordinary nuclear occurrence 

Dosea 
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 levels for 

extraordinary nuclear occurrencea 

Type of emitter Column 1b Column 2c 

Alpha emission from 3.5 pCi/mr2  0.35 ACi/rn2 

transuranic isotopes 

Alpha emission from isotopes 35 pCi/m2  3.4 ACiln 2 

other than transuranic isotopes 

Beta or gamma emission 40 mrad/h at 1 cmd 4 mrad/h at 1 crm 

M'he maximum levels (above background), observed or projected, 8 h or more after 
initial deposition.  

bOffsite property, contiguous to site, owned or leased by person with whom an 

indemnity agreement is executed.  
'Other offsite property.  
gMeasured through not more than 7 mglcm2 of total absorber.  

Source: 10 CFR 140.84.
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