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ABSTRACT

This report documents the technical basis for the Nuclear Regulatory Commission to use in 
developing regulatory standards for clearing equipment and materials with residual radioactivity 
from nuclear facilities. In addition to equipment reuse, the analysis identifies material flow 
models, based on U.S. industry practices, for recycle of steel, copper, aluminum, and concrete.  
Using information from the material flow models, likely potential exposure scenarios were 
realistically modeled for the recycle of these materials. Scenarios for copper, aluminum, and 
concrete were based on the steel scenarios, but were modified to reflect differences in each 
industry, and additional exposure scenarios unique to each material were included. The modeling 
includes all significant exposure pathways, and scenarios include handling and processing, 
storage, transportation, product use, and disposal. The results of the analyses are expressed in 
both mass and surficial units. Using Monte Carlo techniques, distributions of radionuclide 
concentrations were estimated in the material flow model, and concentrations at selected points in 
the process were used as inputs to the dose assessment model for each scenario. Probability 
distributions for dose factors (along with the mean, median, and 5th and 95th percentile values) 
were estimated for each radionuclide and each scenario. For each material (e.g., steel), a critical 
group was identified for each radionuclide, which represents the scenario with the highest mean 
dose factor. Appendices containing details of the analysis and tabulations of results are included.
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A EXPOSURE SCENARIO TITLES AND ABBREVIATIONS

This appendix provides tables identifying the exposure scenario titles and their abbreviations for 
all exposure scenarios in this analysis. The abbreviations are used throughout both volumes of 
the report. There is one table for each material analyzed (steel, copper, aluminum, concrete) and 
one for the equipment reuse scenario.  

The first two letters of the abbreviation indicate the overall material type (e.g., iron/steel -FE); 
the second group of letters indicate the specific "product" (e.g., refinery slag = SLAG); the next 
group indicates the scenario category (e.g., handling scenarios = HANDLIN); the final letter 
indicates the type of receptor (work-related = W, non-worker-related = N).  

The last column in these tables indicates the file name used for each electronic scenario 
spreadsheet file (see Section 8 of Volume I for the naming convention). The extension of the 
file name is excluded from the tables to simplify the listing. This information is not needed by 
most users of this report, but is provided for NRC staff that may need to access the spreadsheet 
files.
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Table A.1 Exposure scenarios for the recycle of steel 

Electronic 
Scenario abbreviation Scenario title filename 

FE-SCRP-HANDLIN-W Handling scrap metal at the scrapyard HMUO IFEI 

FE-SLAG-HANDLIN-W Handling slag at the refinery HSU02FEI 
FE-EAFD-HANDLIN-W Handling EAF dust at the refinery HDU04FEI 

FE-EAFD-BAGHOUS-W Refinery baghouse operations HDU03FEI 
FE-METL-HANDREF-W Handling refined metal product at the refinery HRU16FEI 

FE-BOFM-HANDMAN-W Handling BOF refined metal during product HRUI7FEI 
manufacture 

FE-METL-HANDDIS-W Handling EAF refined metal product during HRU17EAF 
distribution 

FE-EAFD-PROCESS-W Processing EAF dust for disposal HDU05FEI 

FE-SLAG-PROCESS-W Processing slag for use as aggregate or as HSU12FEI 
roadbed 

FE-ATMO-REFINER-N Atmospheric release during refining HAU15FEG 

Storagie Scenario - ' - .- . -'. .- "

FE-SLAG-STORAGE-N Storage of slag at the refinery SSUOIFEG 

Pro.duct Use Sce,)iao .............................. I. .. -.
FE-SLAG-ROADBED-W 
FE-MEMI-LGMASS-N 
FE-METL-SMMASS-N 
FE-METL-SMOBJCT-N 
FE-METL-VEHICLE-N 
FE-METL-BLDGSTR-N 
FE-SLAG-CONCBAS-N 

FE-SLAG-ROADBED-N

Road construction activities using refinery slag 
In proximity of a large metal mass 

In proximity of a small metal mass 

Small steel mass close to the body 

Inside an automobile 

Inside a building structure 

Use of slag as aggregate inbasement 
construction 

Use of slag in a roadbed

PSU15FEI 
PRUIOFEI 
PRUI IFEI 
PRU12FEI 
PRU13FEI 
PRU14FEI 
PSU09FEI 

PSU02FEG

Draft NUREG-1640, Vol 2 A-2
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Table A.1 Exposure scenarios for the retycle of steel 
Electronic 

Scenario abbreviation Scenario title filenarne 

Tranlsport Scenarios 

FE-SCRP-TRANSPO-W Transport of scrap metal TMUO1FE 
X 

FE-SLAG-TRANSPO-W Transport of slag TSU02FEX 

FE-EAFD-TRANSPO-W Transport of untreated EAF dust TDU03FEX 

FE-METL-TRANSPO-W Transport of refined metal product TRUO8FEX 

IDisposalIScenarios 
FE-BOFD-DISPOSL-W Disposal of BOF dust in a sanitary landfill DDU16FEI 

FE-SLAG-DISPOSL-W Disposal of refinery slag in a sanitary landfill DSU03FEI 

FE-SCRP-DISPOSL-W Disposal of scrap metal in a sanitary landfill DMUO1FEI 

FE-EAFD-DISPOSL-W Disposal of EAF dust in a hazardous waste DDU05FEI 
landfill 

FE-BOFD-LANDFIL-N Resident on a closed landfill after disposal of DDU17FEG 
BOF dust 

FE-SLAG-LANDFIL-N Resident on a closed landfill after disposal of DSU13FEG 
refinery slag 

FE-SCRP-LANDFIL-N Resident on a closed landfill after disposal of DMUI IFE 
scrap metal 0 

FE-EAFD-LANDFIL-N Resident on a closed landfill after disposal of DDU15FEG 
EAF dust

A-3 Pratt NUi�bLt-IO4U, VOL 1
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Table A. Exposure scenarios for the recycle of copper 
Electronic

Scenario abbreviation Scenario title 
" ding ar.. f - S " a . io*--Sig Scenarios

filename

CU-SCRP-HANDLIN-W 
CU-REVD-BAGHOUS-W 
CU-CNVD-BAGHOUS-W 
CU-REVM-HANDREF-W 

CU-CNVM-HANDREF-W 

CU-ELRM-HANDREF-W 

CU-REVM-HANDMAN-W 

CU-REVM-HANDDIS-W 

CU-REVS-HANDLIN-W 
CU-CNVS-HANDLIN-W 
CU-ELRS-HANDLIN-W 
CU-ATMO-REVERAT-N

Handling copper scrap metal at the scrapyard 
Copper reverberatory furnace baghouse operations 
Copper converter baghouse operations 
Handling refined copper metal product at the refinery 
(reverberatory furnace) 
Handling refined copper metal product at the refinery 
(converter) 
Handling refined copper metal product at the refinery 
(electrorefiner) 
Handling refined copper metal product during product 
manufacture 
(reverberatory furnace) 
Handling refined copper metal product during product 
distribution 
(reverberatory furnace) 
Handling copper slag at the refinery (reverberatory furnace) 
Handling copper slag at the refinery (converter) 
Handling copper slag at the refinery (electrorefmer) 
Atmospheric releases during copper refining (reverberatory 
fmace)

CU-ATMO-CONVERT-N Atmospheric releases during copper refining (converter) HAU14CUG 

iianorsplcenar 01 
CU-REVD-TRANSPO-W Transport of reverberatory furnace dust TDU02CUX 
CU-CNVD-TRANSPO-W Transport of converter dust TIDU03CUX 
CU-SCRP-TRANSPO-W Transport of copper scrap metal TMUOICUX 
CU-REVM-TRANSPO-W Transport of copper refined metal product (reverberatory TRU08CUX 

fulrnace) 
CU-ELRM-TRANSPO-W Transport of copper refined metal product (electrorefiner) TRUIOCUX 

Dfrposal Scenarios ~i~ ~ 
CU-SCRP-DISPOSL-W Disposal activities for copper scrap in a sanitary landfill DMUO3CUI 

-roduct ,Scenariok 
CU-ELR-LG.MASS-N In proximity of a large roil of copper wire (electrorefiner) PRUO3CUI 
CU-REVM-SMMASS-N In proximity of a small metal mass (reverberatory furnace) PRU04CUI 
CU-REVM-SMOBWCT-N Small copper mass close to the body (reverberatory furnace) PRUO5CUI; 
CU-METL-PIPES-N Use of copper water pipes PRU17CUI

Draft NUREG-1640, VoL 2 A-4
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HDUO5CUI 
HDU06CUI 
HRUO8CUI 

HRU09CUI 

HRUIOCUI 

HRUIICUI 

HRUI2CUI 

HSU02CUI 
HSU03CUI 
HSU04CUI 
HAUI3CUG
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Appendix A Scenario Titles and Abbreviations

Table A.3 Exposure scenarios for the recycle c'aluminum
Electronic

Scenario abbreviation Scenario title filename 

Handling and Pwcessbzg Seenarir)s -

AL-SCRP-HANDLIN-W 
AL-DUST-BAGHOUS-W 
AL-METL-HANDREF-W 
AL-METL-HANDMAN-W 

AL-METL-HANDDIS-W 

AL-DROS-HANDLIN-W 
AL-ATMO-REFINER-N

Handling aluminum scrap metal at the scrapyard 

Aluminum refinery baghouse operations 

Handling refined aluminum metal product at the refinery 

Handling refined aluminum metal product during 
manufacture 
Handling refined aluminum metal product during product 
distribution 
Handling aluminum dross at the refinery

Atmospheric releases during aluminum refining

HMUO0ALI 
HDU03ALI 

HRU04ALI 
HRU05ALI 

HRU06ALI

HSU02ALI 
HAU07ALG

AL-DUST-TRANSPO-W Transport of refinery dust TDUO2ALX 
AL-SCRP-TRANSPO-W Transport of aluminum scrap metal TMUOIALX 

AL-METL-TRANSPO-W Transport of aluminum refined metal product TRU04ALX 

AL-DROS-TRANSPO-W Transport of aluminum dross TSU03ALX 

'- . -. - .*- .: 

AL-SCRP-DISPOSL-W Disposal activities for aluminum scrap in a sanitary landfill DMUOIALI 
o. --.-. .  

AL-METL-LGMASS-N In proximity of a large metal mass PRU03ALI 

AL-MIETL-SMMASS-N In proximity of a small metal mass PRU04ALI 

AL-METL-SMOBJCT-N Small aluminum mass close to the body PRU05ALI 

AL-MEIL-ENGINE-N Almkinum engine block in a car PRU06ALI 

AL-MEhil-COOKWAR-N Use of aluminum cookware PRU16ALI

IDraft NUREG-1-U4, VOL 2A-5
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Table A.4 Exposure scenarios for the recycle of concrete

Scenario abbreviation Scenario title

Han dIift and P1 ocessing Scena ria ~ 
CN-SCRP-HANDLIN-W Processing concrete 

-o. - ia, .- .Scena4O r - .- 7 - . ."*", - .:; 

CN-SCRP-TRANSPO-W Transport of concrete 

. Disposni. Scenario - , .- .. 

CN-SCRP-DISPOSL-W Disposal activities for concrete in a sanitary landfill 

P~rodiie4 Use Scenarlos > ~ ~ 
CN-SCRP-ROADBED-W Road construction activities using recycled concrete 

CN-SCRP-ROADBED-N Use of recycled concrete in a roadbed 

CN-SCRP-LGMASS-N In proximity of a large concrete object 

Landf -elResidentSeeiaarlo it - - 4 4 

CN-SCRP-LANDFlL-N Resident on a sanitary landfill after disposal of concrete

Electronic 
filename

HMUOICNI 

TMUO1CNX 

DMUOICNI 

PMUOICNI 
PMU02CNI 
PRU04CNI 

DMU02CNG

Table A.5 Exposure scenario for reuse of equipment 

Electronic 
Scenario abbreviation Scenario title filename 

XX-EQUIP-REUSE-W Direct reuse of surficially-contaminated equipment RMU02FEI

Draft NUREG-1640. VoL 2 A-6
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B PARAMETER VALUES

This appendix contains details of the reuse and recycle analyses that pertain to scenarios and 
parameter values used in the scenario evaluations for all materials. The appendix consists of 
tables that list detailed information that is not included in Volume I of this report (e.g., parameter 
symbols, distributions, and values, as well as information pertaining to scenarios). A description 
of the conventions used to determine parameter value distributions is provided, followed by a 
brief description of the content of each table.  

B.1 Conventions for Determining Parameter Distributions 

The intent of this analysis is to evaluate realistic scenarios rather than overly conservative ones.  
Therefore, realism of individual parameter values is judged relative to the potential critical group 
described by each scenario. In particular, each material flow model is intended to represent 
standard industry practice, so parameter values and distributions should be realistic estimates for 
the industrial process described by the model. Similarly, each exposure scenario is intended to 
represent a realistic potential critical group. Therefore, parameter values and distributions used 
in modeling should be as realistic as the data allow for the population described by the scenario.  
In this context, a realistic parameter value means a likely value in the distribution that represents 
the industry practice or exposed population group.  

In addition, this analysis takes a probabilistic approach that requires estimating distributions for 
all key input parameters. The assumed distribution of each parameter is determined by the 
quality of the supporting data, expert consultation, and professional judgement. The quality of 
the underlying data and the degree of knowledge for each parameter vary widely. The approach 
used here for characterizing parameter distributions follows the practices recommended by the 
IAEA and others (IAEA, 1989). In the case of minimum knowledge, distributions are uniform 
over the maximum reasonable range. With additional data and expert knowledge, distributions 
may be further characterized. For example, triangular distributions are used where there is 
sufficient information to determine the most likely value within the range. For parameters with 
large ranges ( a maximum greater than 10 times the minimum) loguniform, logtriangular or 
lognormal distributions are used. The convention for assigning distributional types is in 
Table B.1.

B-I Draft NUREO-1640, Vol.2
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Table &IB Relationship between data quality and parameter frequency distributions 

Data 
Quality 
Level Criteria Assumed Parameter Distribution 

Level I 1. Estimates are specific to population described in the Normal or lognormal as appropriate, 
scenario. . based on available data 
2. Data describe the shape of the distribution for the 
parameter and provide estimates of central tendency and 
dispersion.  

Level 2 1. Estimates are generic (i.e., not specific to population). Normal or lognormal as appropriate, 
2. Data describe the shape of the distribution for the based on available data 
parameter and provide estimates of central tendency and 
dispersion.  

Level 3 1. Estimates are specific to population described in the Triangular if max/min < 10 
scenario. Log-triangular if max/min> 10 
2. Data provide a best estimate, a maximum, and a 
minimum.  

Level 4 1. Estimates are generic. Triangular if max/min < 10 
2. Data provide a best estimate, a maximum, and a Log-triangular if max/rain> 10 
minimum.  

Level 5 1. Data provide a maximum and minimum but no basis Uniform if max/min < 10 
for a best estimate. Log-uniform if max/mmn> 10 

Level 6 1. Data provide only a point estimate with little or no basis Uniform if max/min < 10 
for a range. Log-uniform if max/min> 10 

Some values used in the exposure scenario modeling are not described by distributions; these 
parameters are fixed (i.e., a single, non-changing value is used in the probabilistic calculations).  
Fixed values are of four types: physical constants, such as radioactive decay rates; parameters 
fundamental to the definition of the individual addressed by the scenario; parameters 
fundamental to the definition of the scenario itself, and parameters whose uncertainty has been 
combined with the uncertainty of other parameters into a specific uncertainty factor.  

Some fundamental characteristics of the individuals that comprise the exposed groups are 
considered constants by definition, and are not subject to uncertainty. Therefore, the analysis 
does not include variability or uncertainty in such things as internal dose conversion factors.  
Other parameters within a scenario are considered constants because they are fundamental to the 
definition of the scenario. That is, because they are assumed for purposes of constructing the 
scenario, they are not subject to either natural variability or lack of knowledge. Examples 
include the time period over which potential exposures occur (a I-year period), initial 
radioactivity in soil (no radioactivity above background), and thickness of the surface soil layer 
(value is dependent on the specific scenario). Finally, the uncertainty and variability in some 
parameter values has been combined into specific uncertainty factors. The uncertainty factors 
typically represent an attempt to capture the most significant or the best known sources of 
uncertainty and variability in an exposure pathway or environmental transport pathway. An 
example is the food pathway, where individual parameter values such as growing periods for 
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plants, hold-up periods, and translocation fractions were held constant, and an input distribution 
was developed for the parameter for the fraction of the diet derived from a home-grown garden.  

For these fixed parameters, the values used in the modeling are appropriate to each scenario and 
they also reflect expert judgement regarding the degree to which each parameter is unknown.  
However, instead of determining a distribution, only a single value has been determined. The 
data quality of the single value used in the modeling was determined using the same general 
framework as shown in Table B. 1. However, because no distributional information is needed, 
the data quality was determined only by identifying whether the parameter value is specific to the 
exposed population described in the scenario (data quality level 3) or whether the parameter 
value is generic (i.e., not specific to the exposed population), and appropriate for general 
radiological assessments (data quality level 4).  

B.2 Content of Tables Containing Radionuclide-independent Data 

Table B.2 contains parameter distributions and values used in the equipment reuse scenario 
analysis. Tables B.3-B.6 describe the parameter distributions and values used in each of the four 
material flow models in the recycle analyses, respectively (iron/steel, copper, aluminum, and 
concrete). These tables list parameter symbols and descriptions, the assumed parameter 
distributions, the data quality level assigned to each parameter value, and selected values from 
the parameter distributions. The three columns under the heading "Parameter distribution 
values" in these tables contain values that correspond to the type of distribution used for the 
parameter, as listed below: 

Fixed: fixed value only; 
Uniform and loguniform distributions: minimum and maximum values; 
Triangular distribution: mode, minimum, and maximum values; 
Normal distribution: arithmetic mean and the standard deviation; 
Lognormal distribution: geometric mean and the geometric standard deviation; 
Beta distribution: alpha and beta values, and the scale.  

This convention for listing parameter values is also used in subsequent tables in this appendix. A 
discussion of these distribution types is outside the scope of this report, but is available in 
standard statistical texts and also in the user's manual for Crystal Balls (Decisioneering 1996).  

Table B.7 is a lengthy table that contains the parameter distributions and values used for the 
evaluation of all iron/steel recycle scenarios as well as many of the scenarios for copper, 
aluminum, and concrete. Table B.8 contains the source of the specific output concentration from 
the iron/steel material flow model used as input for each steel scenario.  

Table B.9 contains the parameter distributions and values used for the evaluation of the copper 
scenarios (similar to Table B.7 for steel). This table contains parameters and values that are 
unique to the copper scenarios, and only those values that are different from those used for the
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evaluation for steel (Table B.7). Table B.10 contains a listing identifying which steel scenario 
was modified and used to evaluate each copper scenario. Table B. 11 contains the source of the 
specific output concentration from the copper material flow model used as input for each copper 
scenario.  

Tables B.12, B.13, and B.14 contain the corresponding information for aluminum as is contained 
in Tables B.9, B.10, and B.1 I described above for the evaluation of copper.  

Table B. 15 contains the parameter distributions and values used for the evaluation of the 
concrete scenarios (similar to Table B.7 for steel). This table contains parameters and values that 
are unique to the concrete scenarios, and only those that are different from the values used for the 
evaluation for steel (Table B.7). Table B. 16 contains a listing identifying which steel scenario 
was modified and used to evaluate each concrete scenario.  

Tables B.17-B.22 contain radionuclide or element-specific data used in the evaluation of all 
materials. Table B.17 contains radiological information such as radiological half life [values 
were obtained from FGR 12 (EPA 1993)]. Table B.18 and B.19 list the inhalation dose 
conversion factors used in the analyses. These values were initially obtained from FGR 11 (EPA 
1988), but have been modified to incorporate progeny ingrowth effects as described in Appendix 
E. Both FGR 11 and modified values are listed in these tables. Table B.18 lists dose conversion 
factors based on the highest values listed in FGR 11 for each radionuclide, and Table B.19 lists 
the values corresponding to the oxide form of each radionuclide. Tables B.20 and B.21 list the 
ingestion dose conversion factors used in the analyses. These values were also obtained from 
FGR 11 (EPA 1988), and were also modified for progeny ingrowth as appropriate. Similar to the 
inhalation dose conversion factors, Table B.20 lists the highest values listed in FGR 11, and 
Table B.21 lists the values corresponding to the oxide form of each radionuclide. Finally, 
Table B.22 lists the root uptake values and soil distribution coefficients used for each element; 
these values were obtained from NUREG/CR-5512 (Kennedy and Strenge 1992).
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Table B1.2 Radionuclide Independent parameter definitions for equipment reuse scenario 
Parameter Values' 

Parameter 
data Parameter FV, GM, GSD or 

Symbol Parameter Description/Scenario qualityb distribution or Mode Minimum Maximum 
____ me-ftonijm ,f clearedtniatmerk tienar'ýtobei 1iisý d 

XX-EQUIP-REUSE-W 6 uniform - 5.50E+00 1.65E+01 

*daily nmeo-ousf posure for the scenai6~d.~, 
XX-EQUIP-REUSE-W 4 triangular 14.OOE+00 I.O0E.0O ÷ 8.OOE+00 

jt• j annual• m berf days of exp for he sce�nasro ( 
___XX-EQUIP-REUSE-W 4 fixed 12.50E+021 

V4 geoietry factoru t t r n 
XX-EQUIP-REUSE-W 5 uniform - 5.OOE-0I - LOOE+0o 

Sresuseniozrac~torf raeoiannto cnY..: < 
XX-EQUIP-REUSE-W 1 2 1 lognormal .ooE-o 13.20E+OIl -

XX-EQUIP-REUSE-W 3 triangular 1.20E+00 6.OOE-0I 13.OOE+00 

KR,,.:÷: eeve jisfeate f•or s......... ofuiU" ' a>nition <m'/h K 
_ XX-EQUIP-REUSE-W 2 lognormal I I.OOE-04 3.20E +00 

a. The values listed in the three columns under "Parameter distribution values" depend on the type of parameter distribution, as 
follows.  

- for afiredparameter, the first column contains the fixed value (FV), and the second and third columns do not contain 
values; 

- for a uniform or logunifoirm distribution, the first column does not contain a value, and the second and third columns 
contain the minimum and maximum values of the distribution, respectively; 

= for a triangular dikdrbution, the first, second, and third columns contain the mode, the minimum, and the maximum 
values of the distribution, respectivel; 

- for a lognormal disa'lbutlon, the first and second columns contain the geometric mean (GM) and the geometric 
standard deviation (GSD) of the distribution, respectively, and the third column does not contain a value.
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Table B.3 Parameter definitions and default values for steel material flow model 
Parameter Valuese 

Parameter 
data Parameter Mode or 

Sybol Parameter Decrip tion/Scenario quality distribution fixed value Minimum Maximum 
14y' m~t~od' nate ''VRi A haep~h~ ~~ 

EAF single charge 5 loguniform 1 1.76E+07 8.81E+07 
annual average 5 loguniform -_ 8.1E+05 1.76E+07 

BOF single charge 5 loguniform - 1.16E+07 5.81E+07 
annual average 5 loguniform , 5.81E+05 1.16E+07 

EAF single charge 5 loguniform - 0.OOE+00 7.05E+07 
annual average 5 loguniform - 7.05E+07 8.72E+07 

BOF single charge 5 loguniform - 0.OOE+00 4.65E+07 
annual average 5 loguniform - 4.65E+04 5.75E+07 

Ac, Ag, Am, Ba, C, Ca, Cd, Ce, Cm, 5 fixed 0.OOE+O0 
Co, Cr, Cs, Cu, Eu, Fe, r, I. Mn, Mo 
Nb, Ni, Np, P, Pa, Pb, Pm, Po, Pu, Re, 
Re, Ru, S, Sb, Se, Sr, Tc, Th. U, Y, Zn, 
Zr 

Bi, Na 3 triangular 5.00E-02 O.OOE+00 5.OOE-02 
Cl 5 uniform - 0.OOE+00 9.OOE-01 

I, Rn 3 fixed !.00E+00 none none 

H 3 triangular 1.OOE+00 9.OOE-01 .OOE+00 

A&, C, Co, Cu, Fe., Mo, NI, Ru, To 3 triangular 1.00E-02 O.00•00 2.OOE-02 
Sb 3 triangular 0.00E+00 0.0OE+00 L.OOE-02 
Se 5 uniform - 0.OOE+00 8.00E-01 
Pb 3 triangular 9.60E-01 9.50E-01 1.OOE+00 
Zn 5 uniform - 8.OOE-01 1.OOE+00 
Cd, Cs, Po, 3 triangular 9.70E-01 9.50E-01 1.OOE+00 
S 5 uniform - 4.OOE-02 9.70E-01 
Re 5 uniform - 1.OOE-02 9.70E-01 
P 5 uniform - 4.OOE-02 9.70E-01 
K 5 uniform - 5.00E-01 1.OOE+00 
Ir 5 uniform - 0.OOE+00 1.00E+00 
Bi 5 uniform - 4.50E-01 L.O0E+0O 
Cr 3 triangular 1.00E-02 0.OOE+00 1.00-E02 
Mn 3 triangular 1.OOE-02 0.OOE+00 4.OOE-02 
Na 3 triangular 4.509-01 4.OOE-01 5.00E-01 
Cl 5 uniform - 8.00E-02 5.OOE-01 
1_,I, Rn 3 fixed 0.OOE+00 I
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Table B.3 Parameter diflnitlons and default values for stel material flow model 
Parameter Values" 

Parameter 
data Parameter Mode or 

Symbol Parameter Description/Scenario quality distribution fixed value Minimum Maximum 

Ac, Am, Ba, Ca, Ce, On, Eu, Nb, Np, 3 triangular L.OOE-02 0.00E+00 5.00E-2 
Pa, Pmn, Pu, Ra, Sr, Th, U, Y, Zr _ 

Ag, C, Co, Cu, Mo, Ni, Ru, Tc, Zn 3 triangular 0.60E1+00 O.OOE+00 1.00E-02 

Sb 5 uniform - O.OOE+00 2.OOE-01 

Se 5 uniform - 2.OOE-01 7.70E-01 

Fe, Pb 3 triangular 2.OOE-02 O.OOE+00 5.00E-02 

Cd, Cs, Po 3 triangular 3.OOE-02 O.OOE÷00 5.OOE-02 

S 5 uniform - 3.00E-02 7.70E-01 

Re, Ir 3 triangular 3.OOE-02 0.OOEO0 3.OOE-42 

P 5 uniform - 3.00E-02 8.70E-01 
K 5 uniform - 3.OOE-02 5.OOE-O1 

Bi 5 uniform O.OE+00 2.50E-01 
Ma 5 uniform - 5.OOE-O1 7.50E-01 
Cr 5 uniform - 0.00E+00 5.00E-01 

Na 3 triangular 5.00E-01 4.50E-01 5.50E-01 

Ra 3 triangular 9.80E-01 9.50E--0 1.OOE+00 

CI 5 uniform - 0.OOE+00 5.OOE-01 
H, 1, Rn 3 fixed O.OOE+00 
Ac, Am, Ba, Ca, Ce, Cm, Eu, Nb, Np, 3 triangular 9.90E-01 9.50E-01 1.001E+00 
Pa, Pm, Pu, Sr, Tb, U, Y, Zr ______ 

Ag, C, Co, Cu, Mo, Ni, Ru, Tc 3 triangular 9.90E-01 9.50E-01 i.00E÷00 

Sb 5 uniform 8.003E-01 1.003E+00 

Se 5 uniform O.OOE+00 8.001E-01 

Fe 3 triangular 9.70E-01 9.50E-01 1.00E+00 
Pb 3 triangular 2.00E-02 O.O0E÷00 5.OOE-02 

S, Zn 5 uniform - 0.00E+O0 2.00E-01 

Ac, Am, Ba, Ca, Cd, Ce, CO, Cs, Eu, 3 triangular O.OOE+00 0.00E+00 1.00E-02 
K, Na, Nb, Np, Pa, Pm, Po, Pu, Sr, Th, 
U, Y, Zr 

Re 5 uniform - O.OOE÷00 9.90E-01 

H, P 3 triangular O.OOE+O0 O.001E00 1.003E-01 

Jr S uniform - O.O0E+00 I.OOE÷01 

Bi 5 uniform - O.OOE.O0 2.50E-01 

Mn 5 uniform - 2.40E-01 5.OOE-O1 

Cr 5 uniform - 4.90E-01 9.90E-01 

Ra 3 triangular 1.00E-02 0.00E+00 5.OOE-02 

_ CI 3 triangular 1.OOE-02 0.001E300 1.00E-02
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Table B,3 Parameter definitions and default values for steel material flow model 
Parameter Values' 

Parameter 
data Parameter Mode or 

Symbol Parameter Description/Scenario quality distribution fixed value Minimum Maximum 

, IRn 3 fixed 0.OOE+00 
mnass'Aa & tcnt'fcob4t t 4'igtirOflninkfocesi2i - 'r 
EAF (dimensionless) 3 triangular 1.40E-02 9.OOE-03 2.30E-02 
BOF 3 triangular 3.90E-02 3.80E-02 4.20E-02 

14' 4j6tioningfco for slag dtuing tbi 4'lnn pcs,(dAt''ionless! 
EAF 3 triangular 1.60E-01 L.OOE-01 2.IOE-01 
BOF 3 triangular 7.70E-01 5.40E-01 8.60E-01 

Si ~naa ar~tonii ac~rfo rdtl rout g9poces -0 
EAF .E3 triangular 9.00E-01 9.OE-01 9.5E-01 
BOF 3 triangular 2.75E+00 2.66E+00 2.97E+00 

__ _anna faiOiof ~oaE~du sent6tos hazar&,dus la~ndl ~di~nfless l 
EAF 3 fixed 1.12E-01 

,B]RHý, bA ouse*% e4( 
EAF 4 triangular 9.80E-01 9.50E-01 9.90E-01 
BOF 4 triangular 9.99E-01 9.50E-01 9.99E-01 

tpf~~ nuizber ofcharges erein r'e!~( 
EAF 3 triangular 5.58E+03 2.00E+03 1.13E+04 
BOF 3 triangular 5.58E+03 2.OOE+03 1.13E+04 

EAF 3 fixed 7.70E-01 -

a. The values listed in the three columns under "Parameter distribution values" depend on the type of parameter distribution, as 
follows: 

- for afixedparameter, the first column contains the fixed value, and the second and third columns do not contain 
values; 

- for a uniform or loguniform distribution, the first column does not contain a value, and the second and third columns 
contain the minimum and maximum values of the distribution, respectively; 

- for a rlangular ditributIon, the first, second, and third columns contain the mode, the minimum, and the maximum 
values of the distribution, respectively.
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Table BL4 Parameter definitions and default values for caoper material flow model 
Parameter Values' 

Parameter 
data Parameter Mode or 

Symbol Parameter Description/Scenario quality distribution fixed value Minimum Maximum 

reverberatory furnace single charge 5 log uniform - 2.27E+07 2.27E+08 

annual average 5 loguniform - 1.36E+06 8.09E+06 

converter single charge 5 loguniform 2.16E+08 2.27E+08 

annual average 5 loguniform - 2.16E+08 2.27E+08 

electrorefiner single charge 5 loguniform 1.811E+10 1.90E+10 

annual average 5 loguniformi - 1.81E+10 1.90E+I0 

reverberatory furnace single charge 5 loguniform O.00E+00 2.04E+08 

annual average 5 loguniform 2.18E+08 2.26E+08 

converter single charge 5 loguniform 0.00E+00 1.14E+07 

annual average 5 loguniform 0.00E+00 1.14E+07 

electrorefiner single charge 5 loguniform 0.00E+00 9.50E+08 

annual average 5 loguniform 0.003E+00 9.50E+08 

Q ~ eit-ie tft afm-roce.- tbeat &d6iesiofiies) , 

Ac, Ag, Am, Ba, Bi, Ca, Cd, Ce, Cm, 3 fixed 0.00E+00 = 
Co, Cr, Cs, Cu, Eu, Fe, Ir, K, Mn, Mo, 
Na, Nb, Ni, Np, P, Pa, Pb, Pm, Po, Pu, 
Ra, Re, Ru, S, Sb, Se, Sr, Tc, Th, U, Y, 
Zn,zr 

C 5 uniform - 7.13E-01 .OOE+00 

I 5 uniform - 6.00E-03 1.40E-02 

Cl 3 triangular 1.00E-02 9.00E-03 1.10E-02 

IH, Rn 3 triangular IOOE0,13 9.50E1-01 1.001E00 

Ac, Ag, Am, Ba, Bi, C, Cd, Ce, Cm, 3 fixed 0.00E+00 
Co, Cr, Cu, Eu, Fe, 1, Ir, Mn, Mo, Nb, 
Ni, Np, P, Pa, Pb, Pmn, Po, Pu, Ra, Re, 
Ru, S, Sb, Se, Sr, Tc, Th, U, Y, Zr 

Zn - 3 triangular 5.00E-02 4.75E-02 5.25E1-02 

Ca, Cs, K, Na 3 triangular 1.00E-02 9.50E-03 1.05E-02 

Cl 5 uniform - 2.94E-01 6.86E-01 

K Rn 3 fixed 0.ooE+oo -

Cu 3 triangular LOOE-02 9.90E-03 1.01E-02 

Ag, Bi, Cd, Co, Cr, Fe, Ir, Mn, Mo, 3 triangular 1.00E-02 9.50E-03 1.05E-02 
NbNi, Pb, Sb, Zn 

Po, Re, Rn, Tc, Zr 5 uniform - 7.001-03 130E-02 

Ba, Sr 5 uniform . 3.50E-01 6.50E-01 

Ra 5 uniform - 1.88E-01 3.13E-01

Parameter ValuesAppendix B

Draft NUREG-1640, Vol. 2B-9



Table B.4 Parameter definitions and default values for copper material flow model 
Parameter Values' 

Parameter 
data Parameter Mode or 

Symbol Parameter Description/Scenario quality distribution fixed value Minimum Maximum 
Y, Ce, Pm, Eu 5 uniform - 5.63E-01 9.38E-01 
P, S, So 5 uniform - 7.00E-01 1.00E+00 
Ac, Am, Cm, Np, Pa, Put 7b, U 3 triangular 1.00E+00 9.50E-01 1.00E+00 
Ca, Cs, K, Na 3 triangular 9.90E-01 9.41E-01 1.001E00 
C 5 uniform - 3.75E-02 6.25E-02 
1 5 uniform - 3.94E-01 l.OOE+00 
Cl S uniform - 3.00E-01 7.00E-01 
Fl, Rn 3 fixed O.OOE+00 
I mewa prod~i* elelienta re 
Cu 3 triangular 9.90E-01 9.80E-01 1.00E+00 
Ag, Bi, Cd, Co, Cr, Fe, Ir, Mn, Mo, 3 triangular 9.90E-01 9.41E-01 l.OE+O00 
Nb, Ni, Pb, Sb 
Po, Re, Ru, Tc, Zr 5 uniform - 6.93E-01 1.00E+00 
Zn 3 triangular 9.40E-01 8.93E-01 9.87E-01 
Ba, Sr 5 uniform - 3.50E-01 6.50E-01 
Eu, Ce, Pm, Ra, Y, 5 uniform - L.8E-01 3.13E-01 
Ac, Am, Cm, H Np, Pa, Pu, Rn, Th, U 3 triangular 0.00E+00 O.OOE+00 5.OOE-02 
P, S, Se 5 uniform - 0.00E+00 3.00E-01 
C, Ca, CCsI, , Na 3 triangular O.OOE+oo 

Ac, Ag, Am, Ba, Bi, Ca, Cd, Ce, Cm, 3 fixed 0.00E+00 
Co, Cr, Cs, Cu, Eu, Fe, Ir, K, Mn, Mo, 
Na, Nb, Ni, Np, P, Pa, Pb, Pm, Po, Pu, 
Ra, Re, Ru, S, Sb, Se, Sr, To, Th, U, Y, 
Zn, Zr 
C 3 triangular 9.50E-01 7.13E-01 1.00E+00 
I 3 uniform - 6.OOE-03 1.40E-02 

Cl 3 triangular 1.00E-02 9.00E-03 L.JOE-02 
H, Ra 3 triangular 1.OOE+00 9.50E-01 1.00E+00 

Ac, Ag, Am, Ba, Bi, C, Ce, CmCo, 3 fixed 0.00E+00 
Cr, Cu, Eu, Fe, H, 1, Ir, Mn, Mo, Nb, 
Nit Np, P, Pat Pm6 Pu, RatReU Rn, Rut 
S, Sb, Se, Sr, Tc, Th, U, Y, Zr 
Cd, Pb, Zn 3 triangular 9.OOE-01 8.55E-01 9.45E-01 
Po S uniform - 6.30E-01 1.00E+00 
Ca, Cs, K, Na 3 triangular 1.00E-02 9.50E-03 1.05E-02 
CI 5 uniform - 2.94E-01 6.86E-01 

ICU 3 triangular I.OOE-02 9.90E-03 1.1OE-02
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Table BI4 Parameter definitions and default values for copper material flow model 
Parameter Values' 

Parameter 
data Parameter Mode or 

Symbol Parameter Description/Scenario quality distribution fixed value Minimum Maximum 

Ag, Ir 3 triangular L.OOE-02 5.OOE-04 1.05E-)2 

Bi, Co, Cr, Fe, Mn, Mo, Nb, Ni, Sb 3 triangular 9.OOE-01 8.55E-01 9.45E-01 

Re, Ru, Tc, Zr 5 uniform - 6.30E-01 1.OOE00 

Cd, Pb, Po, Zn 3 fixed 0.OOE+00 

Ac, Am Cm, 1, Np, Pa, Pu, Rn, Th, U 3 triangular 1.OOE+00 9.50E-01 1.OOE+00 

P, S, Se 3 uniform - 7.00E.-0l 1.OOE+00 

Ca, Cs, K, Na 3 triangular 9.90E-01 9.41E-01 1.OOE+00 

Ba, Sr 3 triangular 5.OOE-01 3.50E-01 6.50E-01 

Ce, Eu, Pm, Ra, Y 3 triangular 7.50E-01 5.63E-01 9.38E-01 

C 3 triangular 5.OOE-02 3.75E-02 625E-02 

I 5 uniform - 5.94E-01 1.OOE+00 

Cl 5 uniform - 3.OOE-01 7.OOE-01 

Cu 3 triangular 9.90E-01 9.80E-01 L.OOE+00 

Ag, Ir 3 triangular 9.90E-01 9A1E-01 L.O0E+00 
Bi, Cd, Co, Cr, Fe, Mn, Mo, Nb, Ni, 3 triangular L.OOE-01 9.50E-02 1.05E-01 
Pb, Po, Sb, Zn 

Re, Ru, Tc, Zr 5 uniform 7.OOE-02 1.30E-01 
Ac, Am, Cm, H, Np, Pa, Pu, Rn, Th, U 3 triangular 0.OOE+00 O.OOE+00 5.00E-02 

P, S, Se 5 uniform - 0.OOE+00 3.OOE-01 
C, Ca, Cl, Cs, 1, K, Na 3 fixed 0.OOE+00 -

Ba, Sr 3 triangular 5.OOE-01 3.50E-01 6.5E-01 

Ce, Eu, Pm, Ra, Y 3 triangular 2.50E-01 1.88E-01 3.13E-01 
esi e _ : o a . .. ... .. ... ..  

Ac, Ag, Am, Ba, Bi, Ca, Cd, Ce, Cm, 3 fixed I 0.OOE+00 -

Co, Cr, Cs, Cu, Eu, Fe, Ir, K, Mn, Mo, I 
Na, Nb, Ni, Np, P, Pa, Pb, Pmn, Po, Pu, 
Ra, Re, Ru, S, Sb, Se, Sr, Tc, Th, U, Y, 
Zn, Zr__ _ _ _ _ 

C, H, Rn 3 triangular L.OOE+00 9.50E-I L.OOE+00 

I 5 uniform - $.OOE-l L.OOE+00 
Cl 5 uniform - 3.75E--01 62.5E-01 

Ac, Ag, Am, Ba, Bi, C, Ca, Cd, Ce, 3 fixed I .00E+00 ...  
Cm, Co, Cr, Cs, Cu, Eu, Fe, H, 1, Ir, K, .  
Mn, Mo, Na, Nb, Ni, Np, P, Pa, Pb, 
Pin, Po, Pu, Ra, Re, Rn, Ru, S, Sb, Se, 
Sr, Th, Tc, U, Y, Zn, Zr _ 

Cl 5 uniform j - 3.75E-01 6.25E-01 

Cu 3 triangular 0.OOE+00 O.OOE+00 L.OOE-02
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Table B.4 Parameter definitions and default values for copper material flow model 
Parameter Valuese

Symbol Parameter Descrii~ton/Scenario

Parameter 
data 

cuality
Parameter Mode or 

distribution fixed value Minimum Maximum
Ac, Ag, Am, Ba, Bi, Ca, Cd, Ce, Cm, 3 triangular 1.00E+00 1'9.90E-01 1.001E+00 
Co, Cr, Cs, Eu, Fe, Ir, K, Mn, Mo, Na, 
Nb, Ni, Np, Pa, Pb, Pin, Po, Pu, Ra, 
Re, Ru, Sb, Sr, Tc, Th, U, Y, Zn, Zr _ 

P, S, Se 3 uniform - 7.OOE-01 1.00E+00 

C, CH.I, Rn 3 fixed 0.00E+00 - " 
- 'etlproduct elenietj gtiioig refining'n th p es letofnijmn Sinls) 

Cu 3 triangular 1.00 E+00 9.90E-01 1.00E+00 

Ac, Ag, Am, Ba, Bi, Ca, Cd, Ce, Cm, 3 triangular 0.OOE+00 O.OOE+00 1.00E-02 
Co, Cr, Cs, Eu, Fe, Ir, K, Mn, Mo, Na, 
Nb, Ni, Np, Pa, Pb, Pm, Pa, Pu, RU, 
Re, Ru, Sb, SrTc, Th, U, Y, Zn, Zr 

P, S, Se 5 uniform - 0.OOE+00 3.003E-01 

C, H, Rn 3 triangular 0.OOE+00 O.OOE+00 5.OOE-02 

I 5 uniform - 0.00E+00 2.OOE-01 

Cl 3 fixed 0.00E+00 

Smass pationin Ictoi for diii*ihuring th reflini gpro s d ininonles~s), 1 
reverberatory furnace 3 triangular 1.OOE-02 5.OOE-03 2.00E-02 

converter 3 triangular 1.OOE-02 5.00E-03 2.OOE-02 

electrorefiner 3 triangular 5.OOE-03 2.50E-03 1.00E-02 

rnao~~oo *!orio si JoM 
reverberatory furnace 3 triangular 6.OOE-02 3.50E--02 8.OOE-02 

converter 3 triangular 6.OOE-02 3.S0E-02 8.00E-02 

electrorefiner 3 triangular 1.50E-02 7.50E-03 3.OOE-02 

reverberatory fiunace 3 triangular 9.30E-01 9.00E-01 9.60E-01 

converter 3 triangular 9.30E-01 9.OOE-01 9.60E-01 

electrorefiner 3 triangular 9.80E-01 9.60E-01 9.90E-01 

' . . ", ,"ose e i d n • , 

all scenarios where parameter is used 4 triangular 9.99E-01 9.50E-01 9.99E-01 

CY nurnberofc terfi Wry.,* 

reverberatory furnace (charges) 3 triangular 1.46E+03 7.43E+02 2.06E+04 

converter 3 triangular 1.36E+03 6.91E+02 i1.92E+04 
electrorefiner 5 uniform - 1.30E+01 i.80E+01 

a. The values listed in the three columns under "Parameter distribution values" depend on the type of paramete distribution, as 
follows: 

. for afrcedparameter, the first column contains the fixed value, and the second and third columns do not contain 
values; 

- for a uniform or ogunfoirm distribution, the first column does not contain a value, and the second and third columns 
contain the minimum and maximum values of the distribution, respectively; 

- for a arangu/ar dWribution, the first, second, and third columns contain the mode, the minimum, and the maximum 
values of the distribution, respectively.
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Appendix B Parameter Values

Table B.5 Parameter definitions and default values for aluminum material flow model 
Parameter Values' 

Parameter 
data Parameter Mode or 

Symbol Parameter Description/Scenario quality distribution fixed value Minimum Maximum 

a o~aediiate~a entrn the fwiiia~p~erbaa el(g) 
single charge 5 uniform - 4A7E+05 1.79E+06 

annual average 5 loguniform I " I 4.47E+03 4.47E+04 

single charge 5 uniform - 4.29E+07 4.43E+07 

annual average 5 [ uniform I 4"466E÷07 14.470E+07 

Ac, Ag, Am, Ba, Bi, C, Ca, Cd, Ce, 3 fixed 0.O0E+0O -

Cm, Co, Cr, Cs, Cu, Eu, Fe, H, Ir, K, 
Mn, Mo, Na, Nb, Ni, Np, P, Pa, Pb, 
Pm, Po, Pu, Ra, Re, Ru, S, Sb, Se, Sr, 
Tc, Th, U, Y, Zn, Zr _ 

I 5 uniform = 6.OOE-03 1.40E-02 

Cl 3 triangular l.OOE -02 9.OOE-03 IOE-02 

Ac, Ag, Am, Ba, Bi, C, Cd, Ce, Cm, 3 fixed 0.OOE+00 
Co, Cr, Cu, Eu, Fe, H, I, Ir, Mo, Nb, 
Ni, Np, Pa, Pb, Pmn, Po, Pu, Ra, Re, 
Rn, Ru, Sb, Sr, Tc, Th, U, Y, Zr 
Zn 3 I triangular 5.00E-02 4.75E-02 5.25E-02 

Ca, Cs, K, Mn, Na 3 triangular L.OOE-02 9.50E-03 L.OSE-02 

P, S, Se S uniform - O.OOE.00 3.00E-01 

Cl -5 uniform - 2.94E-01 6.S6E-01 

I ghe Oipr t .(dim-nsionie-s) jjjjj :, 
Ac, Ag, Am, Bi, Cd, Cm, Co, Or, Cu, 3 triangular O.OOE+00 0.OOE+00 5.OOE-02 
Fe, Ir, Mo, Nb, Ni, Np, Pa, Pb, Pu, Ra, 
Sb, Th, U 

Po, Re, Ru, Tc 5 uniform - O.OOE+00 3.OOE-01 

C 5 uniform - 3.75E-02 6.25E-02 

H, Rn, Zn 3 fixed O.00E+00 -

Ba, Sr, Zr 5 uniform - 3.75E-01 625E-01 

Ce, Eu, Pmn, Y 5 uniform - 5.63E-01 9.38E-01 

Ca, Cs, K, Mn, Na 3 triangular 9.90E-01 9.41E-01 L.OOE+00 

P, S, Se ! ± uniform - 7.OOE-01 1.00E+00 

I 5 uniform - 5.94E-01 1.OOE+00 
Clj 5 uniform - 3.OOE-01 7.OOE-01 

Ac, Ag, Am, Bi, Cd, Cn, Co, Cr, Cu, 3 triangular .OOE+00 9.50E-01 1.OOE÷00 
Fe, Ir, Mo, Nb, Np, Ni, Pa, Pb, Pu,Ra, RaI 
Sb, Th,U 1 

_ Po, Re, Ru, Tc i 5 uniform , - ,7.OOE-01 L.OOE+00
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Table B.5 Parameter definitions and default values for aluminum material flow model 
Parameter Values' 

Parameter 
data Parameter Mode or 

Symbol Parameter Description/Scenario quality distribution fixed value Minuimum Maximum 
C 3 uniform - 7.13E-01 1.00E+00 
Zn 3 triangular 9.50E-01 9.03E-01 9.98E-01 
Ba, Sr, Zr 5 uniform - 3.75E-01 6.25E-01 
Ce, Eu, Pm, Y 5 tuiform 1.88E-01 3.13E-01 
Ca l, C•I, 1,K, Mn, Na, P, S, Se 3 fixed 0.003E,00 .  
H,Rn 3 triangular O.OOE+00 O.OOE+O0 5.00E-02 

single charge and annual average cases -3 triangular 1.00E-02 5.OOE-03 2.OOE-02 mash~ chargeaidt 

single charge and annual average cases 3 triangular 1.40E-01 9.50E-02 5.80E-01 
mass prtitWiji factýýr I#brmetal Sa4 th~efli~r~~dmnizls 
single charge and annual average cases 3 triangular 9.50E-01 4.00E-01 9.OOE-01 

single charge and annual average cases 4 triangular 9.99E1-01 9.50E -01 9.99E1-01 

single charge and annual average cases 1 uniform 2.79E+03 8.37E+03 
a. The values listed in the three columns under "Parameter distribution values" depend on the type of parameter distribution, as 
follows: 

- for afixedparameter, the first column contains the fixed value, and the second and third columns do not contain 
values; 

. for a unybrm or logunform dislrbution, the first column does not contain a value, and the second and third columns 
contain the minimum and maximum values of the distribution, respectively; 
for a triangular dUtribuwon, the first, second, and third columns contain the mode, the minimum, and the maximum 
values of the distribution, respectively.

Drafi NUREG-1640, VoL 2 B-14
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Appendix B Parameter Values 

Table B.6 Parameter defnitions and defaultvalues for concrete material flow model 
Parameter values 

Parameter 
Parameter data

B-IS Draft NUREU-1640, VOL 2
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Table B.7 Radionuclide independent parameter definitions for exposure scenarios 
Parameter distribution values' 

FV, Mode, Minimum 
Parameter Parameter Mean, or SD or 

Symbol Parameter description/scenario data quality distribution GM GSD Maximum 
.Ax InItiall, ib oxixeCd14ra 2 " L 

_all scenarios where arameter is used 4 fixed 0.o1o+•o 
L....inittivjyibox (Aquiler)X~~ 

all scenarios where parameter is used 4 fixed 0.00E+00 0 
L..area of land under cultivatid ( , : 

all landfill resident scenarios 2 lognormal 2.49E+03 3.20E+O0 
*Aj ae~gfwntaminatcd land (us) 

__ FE-SLAG-STORAGE-N 1 4 triangular 13.1E+03 1.201+02 1.37E+04 
BP.. .... al enr rte' ..r......rameter si used -4t ri% ul " 0 3.  

all scenarios where parameter is used 4 triangular 1.20E+00 6.00E-01 3.00E+00 
al brenating ratefor parameter is u s 4 t.0 
all scenarios where parameter is used 4 triangular 1.20E+00 6.O0E-01 3.00E+00 

BR~1 , reathig ratfor inidoor activitis(id s 
____all scenarios where parameter is used 4 triangular 1.20E+00 5.OOE-Ol 1.2013+00 

~ athngratfornonnmda~ativitie~6tdor~i/) 4* 6 
____all scenarios where parameter is used 4 triangular 1.20E+00 15.0013-011 3.OOE+O0 

""hi/Q *•a nalaveragaatmcsphei d"ti s i) ' 
FE-ATMO-REFINER-N 2ognormal 3.76E-06 2.59E+0 

FE-SLAG-CONCBAS-N 3 triangular 1.501-02 5.00E-03 3.00E-02 
DIEFTýý : factin of ana itdie fo oi-groWn adn(iesikes ~ 

all scenarios where parameter is used 4 triangular 8.00E-02 0.00E+00 2.50E-01 
DIU,1  f of anmnual Jiqft idgaiplanta ns% htrianglar 

all landfill resident scenarios 4 triangular 8.00E-02 0.00E+00 2.503E-01 

all landfill resident scenarios 4 triangular S,0E-02 0,01E+00 2.50E-01 
all____ 07#e si 7.1.0 

all scenarios where parameter is used 4 triangular 1.OOE+00 3.00E-02 1 OOE+00 
_______ , .auratonxatigforbo. 2' edze(dhensieis nlegsY)'- t 

all scenarios where parameter is used 4 triangular xd OOE.00 3.0EE-02 1.-O1+00 
TSJA tinoftm that stabilitY ,I Ic~ O dleniises s 

FE-ATMO-REFINER-N 4 fixed 1.E12-02 
~j~- ctionof tftmth#at *'O bi CaSDccuri (diiensid dess 

FE-ATMO-REFINER-N 4 fixed 6.60E-02 
.FS.c.J>.. ii".,acionof im';i'tt b • la':b,(d! ., 

FF-ATMO-REFINER-N 4 fixed 1.12E-01 
F T. -tRoFofRtime that st4bj Jfixed 1 
FE-ATMO-REFINER-N 4 fixed 4.77E-01 
SFE-FD-LNDoFtIm -Ntrianguilar class E0 occurs 3.00E-04 

___FE-ATMO-REFINER-N 4 fixed 1.8E -01 -

IS5 fiuictwo~oftimle tia Ptlili ctlass F oýccusdiesioiaes). 47IK'' . .  

FE-ATMO-REF~iNE-N 4 fixed 1.34E -01 

FE-ATMO-REFINE-N 4 fixed S.70E-0 

____FEEAFD-.LANDFIL-N 3 triangular I2.OOE-04, I 1.00E-04 3.OOE-04

Parameter Values Appendix B
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Table B.7 Radionuclide independent parimeter definitiops for exposure scenarios 
Parameter distribution values' 

FV, Mode, Minimum 
Parameter Parameter Mean, or SD or 

Symbol Parameter description/scenario data quality distribution GM GSD Maximum 
_ FE-BOFD-LANDFIL-N 3 triangular 2.OOE -04 LOOE -04 3.OOE-04 
_ FE-SCRP-LANDFIL-N 3 triangular 7.OOE -03 3.00E -03 l.OOE1-02 
FE-SLAG-LANDFIL-N 3 triangular I.80E1-03 9.00E-04 2.70E-03 

FE-ATMO-REFINER-N 4 trangua 17.00E+00 3.OOE+00 1.60E+01 

FE-SCRP-LANDFILN 2 lognormal 1.36E÷01 3.06E+00 
FE-SLAG-LANDFIL-N 2 lognormal 1.36E+0l 3.06E+00 
FE-EAFD-LANDFIL-N 4 normal 1.30E+01 5.ISE+00 = 
FE-BOFD-LANDFIL-N 2 lognormal 1.36E+01 3.06E+00 
FE-ATMO-REFINER-N 4 fixed 1.50E-01 
FE-SLAG-STORAGE-N 4 fixed 4.OOE. 00_ -

all landfillresidentialsenarios 1 2 1 lognorma 1I2.68E÷01 1.13E+ II -• 
FE-SLAG-STORAGE-N 2 lognormal 1.14E+00 +00 

FL-ATMO-REFINER-N 4 fixed 4.00E÷01 

all scenarios where parameter is used o2 lgnormal 1.79E-01 1.45E+00 ' 

all scenarioswhere parameter is used 5 uniform - 2.10E-03 3.0OE-02 

all landfill resident scenarios 4 fixed 2.OSE 00 
~'~Z t~c t otiicy~m~o inucide -box b ox '2(1d)~K 

FE-SCRP-LANDFIL-N 4 fixed -1.14E-061 

FE-SLAG-STORAGE-N 4 triangular 2.00E1l0 7.36E+09 8.60E+10 
FE=SCRP-HANDIiN-W 4 triangular 3,90E÷00 1.30E+00 7,40E+00 
FE-SLAG-HANDLIN-W 4 triangular 3.90E+00 1.30E+00 7.40E+00 

FE-EAFD-BAGHOUS-W 4 triangular 1.00E+01 L.OOE+00 1.50E+01 
FE-BOFD-DISPOSL-W 4 triangular 3.90E+00 1.30E+00 7.40E+00 
FE-SLAG-DISPOSL-W 4 triangular 3.90E+00 l.30E.00 7.40E+00 
FE-EAFD-HANDLIN-W 4 triangular 3.90E+00 1.30E+00 7.40E+00 
FE-EAFD-PROCESS-W 4 triangular 3.90E+00 1.30E+00 7.40E+00 
FE-METL-HANDREF-W 4 triangular 3.90E+00 1.30E+00 7.40E+00 
FE-BOFM-HANDMAN-W 4 triangular 3.90E+00 1.30E+00 7.40E+00 
FE-SLAG-PROCESS-W 4 trianguar. 3.90E*00 1.30E+00 7.40E+00 
FE-SLAG-ROADBED-W I 4 triangular 3.90E+00 1.30E+00 7.40E+00 

all residential scenarios 2 1 onnal 3.OOE-03 1.45E+00 

all residential scenarios 2 lognormal 3.O0E-03 1.45E.00 

allBresidential scenarios R uniform L-.E-05 2.00E-03

Appendix B Parameter Values
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Table R.7 Radionuclide independent parameter definitions for exposure scenarios 
Parameter distribution values8 

FV, Mode, Minimum 
Parameter Parameter Mean, or SD or 

Symbol Parameter description/scenario data quality distribution GM GSD Maximum 

TO ( C ptt otl n s -1o din per, dfcy.cý.swended soil ~ 

all scenarios where parameter is used 4 fixed LOOE-01 

FE-ATMO-REMIER-N 4 fixed 1 38E+08 
______toall ps tyoflm•r oswe paraet is used 4iensionleass2.- > 2
all scenarios where parameter is used 4 triangular 3.OOE-01 .OOE-02 6.OOE-01 

Sto* ~ f~s f(o~(ii~rt4 )dhens olss ) 

A real 'lT~densiktlyftt wel t,ýoiyl) 
lall scenarios where parameter is used 4 fixed 2.40E+02 -

FE-ATMO-REFINER-N 4 fixed I.OOE+00 

all scenarios where parameter is used 4 fixed 4.0E-01 
IF- *01-1on factoi forkresPIAW imns*Wss _____R 

FE-EAFD-BAGHOUS-W j 3 tragular 5.OOE-02 3.OOE-03 1.OOE-01 
all other scenarios where parameter is 4 fixed 1.00E+00 
used 

FE-EAFD-LANDFIL-N 2 [ lognormal 6.12E+I1 4.79B+00 
all other landfill residential scenarios 2 lognormal 4.03E÷12 8.23E+00 
111 thtooirr oi~te bi 
FE-ATMO-REFINER-N (lodines) 4 fixed 1.OOE+00 -_= 
FE-ATMO-REFINER-N (other 4 fixed 2.50E-01 
particulates) " , .....  
FE-ATMO-REFINER-N (noble gases) 4 fixed OOOE+00 

FE-ATMO-REFINER-N 3 fixed 3.16E+07 -

FE-SCRP-HANDLIN-W 4 triangular i.OOB+00 6.OOE-00 1.OOE+00 
FE-SLAG-HANDLIN-W 3 triangular 3.30E-01 2.30E-01 4.20E-01 
FE-BOFD-DISPOSL-W 4 triangu.lar .00E+00 6.OOE-01 1.00E+00 
FE-SLAG-DISPOSL-W 3 triangular 3.30E-01 2.30E-01 420E-01 
FE-EAFD-BAGHOUS-W 3 triangular 6.OOE-01 4.OOE-01 7.OOE-01 
FE-EAFD-HANDLIN-W 3 triangular 6.OOE-01 4.OOE-0 7.OOE-01 
FE-EAFD-PROCESS-W 3 triangular 6.OOE-01 4.OOE-01 7.OOE-01 
FE-METL-HANDREF-W 4 triangular 3.30E-01 2.30E-01 4.20E-01 
FE-BOFM-HANDMAN-W 4 triangular 3.30E-01 2.30E-01 4.20E-01 
FE-SLAG-PROCESS-W 3 triangular 3.30E-01 2.30E-01 .4.20E-01 

FE.-SAG-ROADBED-W 3 gutrian r 3.30E-01 2.30E-01 4.20E-01 

FE-ATMO-REFINER-N 4 fixed 4.OOE-01 

all scenarios where parameter is used 4 fixed 5.O0E-05 -

Rt,~ 1 * ON~is 001 104 NOa fo itb DRnjn~snii ~ii ';~'
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Table B.7 Radionuclide Independent parkmeter definitioos for exposure scenarios 
Parameter distribution values" 

FV, Mode, Minimum 
Parameter Parameter Mean, or SD or 

Symbol Parameter description/scenario data quality distribution GM GSD Maximum 

FE-ATMO-REFINER-N 4 fixed .E-02 - i 
jJT cti~zi fIniflldosfinign7Woj'tioa6n wateiftetainied 6h p1int,* (bit pIHnts) Creandpif.

all landfill resident scenarios 4 fixed 2.50E-01 -- 

all disposal scenarios 3 triangular 5.OOE-01 3.OOE-O1 7.OOE-01 
all residential scenarios 5 uniform - 4.0E-02 17.00E-e 

ct dinn 0U otc4~ ti(didi e):'"YK 
all scenarios where parameter is used 4 fixed L.OOE+O0 -

all scenarios where parameter is used 4 loguniform L.OOE-01 2.OOE+00 

FE-SCRP-LANDFIL-N 4 uniform - 1.83E+04 5.48E+04 
FE-SLAG-LANDFIL-N 4 uniform - 1.83E÷04 5.48E+04 
FE-EAFD-LANDFIL-N 4 uniform - 1.83E+04 3.65E÷04 
FE-BOFD-LANDFIL-N 4 uniform - 1.83E+04 5.48E+04 
FE-SLAG-STORAG-N 1 4 loguniform - I 1.OE+OO 3.65E+02 •,~ ~ ~~ C w,,.y<r• k 10E 

FE-ATMO-REFINER-N 4 fixed 5.48E+03 FE-~ATn'I o-R FIa R-N ativieotW or ,) I', [. " 

all residential scenarios .5 uniform , O.OOE+O0 3.001E01 
Sr . . . .. .�-'. . . . ----.. -. . . . , . " 

all scenarios where parameter is used 4 fixed 4.50E+01 -

(leafy vegetables) 
all scenarios where parameter is used 4 fixed 9.OOE.O1 -

(vegetables) 
-•"' l 6 ~ iirvd .'-" ":,:--• -•-,-t •it y. "* -e• 'Z 4 ,;i,• , i•.  

all scenarios where parameter is used 4 fixed L.OOEO0 -

(leafy vegetables) 
all scenarios where parameter is used 4 fixed 1.40E1301 

all scenarios where pararaer is used 4 fixed I.OOE+O0 • .r7 n on - • ,:..,•.•' 

all residential scenarios uniform - 2.0E + 02 13.OOE÷02 

all residential scenarios 5 uniform - 3.52E+01 1.65E+02 

all scenarios where parameter is used 3 fixed 3.65E+02 - " 

FE-SCRP-HANDLIN-W 6 uniform - 2.OOE0OD 6.OOE+0O 
FE-SLAG-HANDLIN-W 6 uniform 1.45E+01 4.35E+01 
FE-EAFD-HANDLIN-W 6 uniform 160E÷O 4.SOE+01 
FE-EAFD-BAGHOUS-W 6 uni 1.45E,01 4.35E+01 

_ FE-METL-HANDREF-W ' 6 uniform - 1.45E+01 4.35E+01
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B-19 Draft NUREG-1640, Vol. 2



Table B.7 Radlonucide Independent parameter definitions for exposure scenarios 
Parameter distribution valuese 

FV, Mode, Minimum 
Parameter Parameter Mean, or SD or 

Symbol Parameter description/scenario data quality distribution GM GSD Maximum 
FE-BOFM-HANDMAN-W T 6 uniform 2.20E+01 6.60E+01 

IFE-METL-HANDDIS-W 6 uniform - 2.OOE+01 6.OOE+01 
]FE-EAFD-PROCESS-W 6 uniform 1.60E+01 4.80E+01 
FE-SLAG-PROCESS-W 6 uniform 1.60E+01 4.80E+01 
FE-ATMO-REFINER-N 6 uniform 1.45E+01 4.35E+01 
FE-SLAG-STORAGE-N 6 uniform 1.45E+01 4.35E+01 
FE-SLAG-ROADBED 6 uniform I.$0E+01 5.40E+01 
FE-METL-LGMASS-N 6 uniform 2.35E+01 7.05E+01 
FE-METL-SMMASS-N 6 uniform 3.65E+01 1.10E+02 
FE-METL-SMOBJCT-N 6 uniform 3.65E+01 1.10E+02 
FE-METL-VEHICLE-N 6 uniform 2.35E+01 7.05E+01 
FE-METL-BLDGSTR-N 6 uniform 2.35E+01 7.05E+01 
FE-SLAG-CONCBAS-N 6 uniform 1.80E+01 5.40E+01 
FE-SLAG-ROADBED-N 6 uniform 1.80E+01 5.40E+01 
FE-SCRP-TRANSPO-W 6 uniform 2.OOE+00 6.OOE+00 
FE-SLAG-TRANSPO-W 6 uniform 1.70E+01 5.40E+01 
FE-EAFD-TRANSPO-W 6 uniform - 1.60E+01 4.80E+01 
FE-METL-TRANSPO-W 6 uniform 2.OOE+01 6.OOE+01 
FE-BOFD-DISPOSL-W 6 uniform - 2.OOE+01 6.OOE+01 
FE-SLAG-DISPOSL-W 6 uniform 1.80E+01 5.40E+01 
FE-SCRP-DISPOSL-W 6 uniform - 5.50E+00 1.65E+01 
FE-EAFD-DISPOSL-W 6 uniform 1.80E+01 5.40E+01 
FE-METL-DISPOSL-W 6 uniform 5.50E+03 1.65E+04 
FE-BOFD-LANDFIL-N 4 uniform - 2.OOE÷01 6.OOE+01 
FE-SLAG-LANDFIL-N 6 uniform - I.SOE+01 5.40E+01 
FE-SCRP-LANDFIL-N 6 uniform - 5.50E+00 1.65E+01 
FE-EAFD-LANDFIL-N 6 uniform - 8.25E+03 2.48E÷04 

all landfill resident scenarios (leafy 4 fixed 1.00E+00 
vegetables) 
all landfill resident scenarios 4 fixed 1.00E-01 
(vegetables) 

FE-SCRP-HANDLIN-W 5 uniform - 6.OOE-02 I.20E+00 
FE-SLAG-HANDLIN-W 5 uniform - 2.OOE+00 6.OOE+00 
FE-EAFD-HANDLIN-W 5 uniform - 5.OOE-01 1.00E+00 
FE-EAFD-BAGHOUS-W 5 uniform - 3.OOE-02 1.OOB+00 
FE-METL-HANDREF-W 5 uniform - 4.OOE+00 8.OOE+0O 
FE-BOFM-HANDMAN-W 5 uniform - 4.OOE+00 .OOE+00 
FE-METL-eHANDIS-W 5 uniform - 4.OOE+00 8.00B+00 
FE-EAFD-PROCESS-W 5 uniform - 2.OOE+O0 6.OOE+O0 
FE-SLAG-PROCESS-W 5 uniform - 2.OOE+00 6.OOE+O0 
FE-SLAG-ROADBED-W 5 uniform - 5.00E-01 5.00E+00 
FE-METL-SMMASS-N 4 triangula 4.OOE+00 2.OOB+00 8.00E+00 
FE-METL-LGMASS-N 4 triangular 4.0OE+00 2.OOE+00 8.OOE+00 
,FE-METL-SMOBJCT-N 4 triangular 5.001E+00 2.86E+00 1.60E+01
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Table L.7 Radionuclig.ý Independent Parameter definitions for exposure scenarios 
Parameter distribution values' 

FV, Mode, Minimum 
Parameter Parameter Mean, or SD or 

Sybl Parameter descriptiontscenario data quality distribution GM USD Maximum 
FE-METL-VEHICLE-N 4 triangular 4.OOE+00 1.OOEtOO 9.0013+00 
FE-METL-BLDGSTR-N 4 triangular 8.OOE+00 4.OOE+O0 1 .6013+01 
FE-SLAG-CONCBAS-N 4 triangular 1.6013+01 4.OOE+00 1.60E+01 
FE:-SLAG-ROADBED-N 4 triangular 2.0013+00 1.OO13+00 3.OOE+O0 
FE-BOFD-DISPOSL-W 5 uniform - 8.OOE-04 2.40E-03_ 
FE-SLAG-DISPOSL-W 5 uniform - 7.20E -03 2.20E-02 
FE-SCRP-DISPOSL-W 5 uniform 9 .4013-04 2A40E-03 
FE-EAFD-DISPOSL-W 5 uniform - 8.OO13-04 2.0E -03_ 
FE-METL-DISPOSL-W 5 uniform - 2.40E:O0 7.20E+00 
all tr-ansportation scenarios 4 triaglar 4.OOE+00 2.0013+00 5.OO11+00 

FE-METL-LGMASS-N 4 fixed 3.50E+02- -

FE-METL-SMMASS-N 4 fixed 3.50E+02 -

FE-METL-SMOBJCT-N 4 fixed 3.50E+02 - J 
FE-METL-BLDGSTR-N 4 fixed 3.5013402 j 
FE-SLAG-CONCBAS-N 4 fixed 3.50E +02 -

afl other scenarios 4 fixed 2.50E 402 

FE-ATMO-REFRNER-N 4 fixed 12.50E+00 I 

FE-ATMO-REFINER-N L 4 fixe~d 3.50E+00 
~ a~ae'wndee4fo stbiitjc~ssC WS/) 

FE-ATMO-REIEMR-N 4 1 fixed 14. OOE.00 

FE-ATMO-REFINER-N 4 j fixed 14.50E+00I 

FE-ATMO-REFINER-N 4 fixed 13.5013+00 

FE-SCRP-HANDLIN-W 4 uniform - 2.OOE-01 1.OOE+00 
FE-SLAG-HANDLIN-W 5 uniform - 3.OOE-01 1.OOE+00 
FE-EAFD-HANDLIN-W 5 uniform - 2.OOE-01 l.OOE+00 
FEEAFD-BAGHOUS-W 5 uniform - 2.OOE-01 I.OOE+00 
FE-METL-HANDREF-W 5 uniform - 3.OOE-O1 1.OOE+00 
FE-BOFM-HANDMAN-W 5 uniform - 3.OOE-01 1.OOE+00 
FE-MEL-eHANDDIS-W 5 111Ifform - 3.0011-01 1.OOE+00 
FE-EAFD-PROCESS-W 5 uniform - 2.OOE-01 1.OOEO00 
FE-SLAG-PROCESS-W S uniform - 2.OOE-O1 1.OOE+00 
FE-SLAG-ROADBED-W t- uniform - 3.OOE-01 1I.OO13+00 
FE-METL-LGMASS-N 4 triangular 5.OOE-01 3.0013-01 j1.OE3+O00 
,FE-METL-SMMASS-N 4 traipa 7.OOE -01 12.5013-01 4.OOE+00 

____FE-METL-SMOBJCT-N 4ý la I .OOE-OlA 3.O -01 11.OO0030

B-21 Dran NUKk�U-1O4U, Vol. z

Parameter ValuesAppendix B

DraftNUREG-164 v .2B-21



Table B.7 Radlonuclide ndepe1ndent parameter definitions for exposure scenarios 
Parameter distribution values" 

FV, Mode, Minimum 
Parameter Parameter Mean, or SD or 

Symbol Parameter description/scenario data quality distribution GM GSD Maximum 
FE-METL-VEHICLE-N 3 triangular 2.00E-01 3.00E-03 1.00E+00 
FE-METL-BLDGSTR-N 3 triangular 2.50E-01 L.OOE-01 1.001E00 
FE-SLAG-CONCBAS-N 3 triangular 2.OOE-01 7.OOE-02 8.00E-01 
FE-SLAG-ROADBED-N 5 uniform - 4.OOE-01 L.O0E+00 
all disposal scenarios 5 uniform - 3.OOE-01 1.001E+00 
all transportation scenarios 4 triangular 1.OOE+00 5.OOE-01 1.05E+00 
all landfidl resident scenarios 5 uniform - 3.OOE-01 1.OOE+00 

all scenarios where parameter is used 4 fixed l.IOE+01 

all scenarios where parameter is used 2 lognormal 3.70E -02 3.20E+00 
Yesa;conspti 66rate.o'oyegetAI$S 

-- (kg'~wefweigh'in~i7 ~ ~ *~ 

a_ _ scenarios wheie parameter is used 4 fixed 5.E013+0 

all scenarios where parameter is used 2 lognormal 7.IOE-01 1.78E+O
v0*6u61'After ifio doifistl 3 difre a y~ar(L) 
F,-SLAG-STORAGE-N 2 lognormal 9.08E+05 1.101E+00 

FE-ATMO-REFINER-N (I) 4 triangular 1.70E+03 8.65E+02 2.60E+03 
FE-ATMO-REFINER-N (H, Rn) 4 fixed 0.00E+00 
FE-ATMO-REFINER-N (all other 4 fixed 432E+02 
elements) 

alllandfill resident scenarios 2 lognormal 9.081E05 1.10E+00 
-ter7 Mro e 

all scenarios where parameter is used 4 beta 2.OOE+00 3.001+00 1.90E+06 

FE-EAFD-LANDFIL-N 1 lognormal 1.90E+06 8.23E+O0 
all residential scenarios except EAF 2 lognormal 2.388E+05 4.79E+00 
dust 

all scenarios where paramete is used 4 fixed 2.OOE-01 
(leafy vegetables) 
all scenarios where parameter is used 4 fixed 2.50E-01 

_______(vegetables) 1. .. I .  

FATMO-REFIER-N 4 fixed 1.00E1403 

all scenarios where parameter is used 4 fixed 2.OOE+00 
(leafy vegetables) 
all scenarios where parameter is used 4 fixed 4.OOE+00 
_ (vegetables) 

_ all resident scenarios 4 fixed 4.95E-02 -
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Table B.7 Radionuclide Independent parameter definitioAi for exposure scenarios 
Parameter distribution values' 

FV, Mode, Minimum 
Parameter Parameter Mean, or SD or 

Symbol Parameter description/scenario data quality distribution GM GSD Maximum 

all scenarios where parameter is used 4 triangular 1.60E+00 I .OOE+00 2.OOE+00 

all scenarios where parameter is used 4 triangular 1.60E+00 1.00E+00 2.OOE+00 

FE-SLAG-HANDLIN-W 4 fixed 2.OOE+06 -

FE-ATMO-REFINER-N 4 triangular 1.60E+06 I.OOE+06 2.OOE+06 
FE-SLAG-ROADBED-N 4 fixed 2.40E+06 -

FE-SLAG-ROADBED-W 4 triangular 1.60E+06 1.OOE+06 2.00E+06 
all landfill resident scenarios 4 fixed 2.40E+06 -

Sdens!fi) o- ,i froim cleafedn yUC g ~ei')-, 
FE-BOFD-DISPOSL-W 3 fixed 1.60E+06 -

FE-SLAG-DISPOSL-W 3 fixed 2.00E+06 

FE-SCRP-DISPOSL-W -3 fixed 3.93E+06 

FE-BOFD-LANDFIL-N 3 fixed 1.60E+06 
FE-SLAG-LANDFIL-N 3 fixed 2.OOE+06 -

FE-SCRP-LANDFIL-N 3 fixed 3.93E +06 -

IFE-EAFD-LANDFIL-N 3 fixed 1.36E+06 I
a. The values listed in the three columns under Parameter distribution va ues" aepenc on me type of parameter wmriuuo,, as 
follows: 

- for afixed parameter, the first column contains the fixed value (FV), and the second and third columns do not contain 
values; 

. for a mlfonr dIstrlbuon, the first column does not contain a value, and the second and third columns contain the 
minimum and maximum values of the distribution, respectively; 

- for a triangular distrbution, the first, second, and third columns contain the mode, the minimum, and the maximum 
values of the distribution, respectively; 

- for a normal ditribudion, the first and second columns contain the mean and the standard deviation (SD) of the 
distribution, respectively, and the third column does not contain a value; 

- for a lognormal dtributfion, the first and second columns contain the geometric mean (GM) and the geometric 
standard deviation (GSD) of the distribution, respectively, and the third column does not contain a value; 

- for a beta distrtion, the first column contains the alpha value, the second contains the beta value, and the third 
column contains the scale of the distribution.
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Table 118 Source of material radioactivity concentration (C,), for Iron and steel exposure scenarios' 
Material flow model concentration used 

Scenario Mixing. Symbol D~escription___ 
FE-ATMO-REFINER-N AA A8, Cd activity in the off gases leaving the refinery stack in a 

year (EAF); concentration in dust after the refining 
process (EAF) 

FE-SCRP-HANDLIN-W n/a Co original concentration in cleared material 
FE-SCRP-DISPOSL-W n/a 
FE-SCRP-TRANSPO-W n/a 
FE-SCRP-LANDFIL-N n/a 
FE-METL-HANDREF-W AA Cp concentration in EAF metal product after the refining 
FE-METL-VEHICLE-N SC process 
FE-METL-BLDGSTR-N SC 
FE-METL-SMOBJCT-N SC 
FE-METL-TRANSPO-W AA 
FE-METL-HANDDIS-W AA 
FE-METL-LGMASS-N SC CP concentration in BOF metal product after the refining 
FE-METL-SMMASS-N SC process 
FE-BOFM-HANDMAN-W AA 
FE-BOFD-DISPOSL-W AA Cd concentration in BOF dust after the refining process 
FE-BOFD-LANDFIL-N AA 
FE-EAFD-BAGHOUS-W AA Cd concentration in EAF dust after the refining process 
FE-EAFD-TRANSPO-W AA 
FE-EAFD-PROCESS-W AA 
FE-EAFD-HANDLIN-W AA 
FE-EAFD-DISPOSL-W AA Cl1  concentration in immobilized dust (EAF refinery) 
FE-EAFD-LANDFIL-N AA

FE-SLAG-ROADBED-N 
FE-SLAG-STORAGE-N 
FE-SLAG-LANDFIL-N 
FE-SLAG-DISPOSL-W 
FE-SLAG-TRANSPO-W 
FE-SLAG-PROCESS-W 
FE-SLAG-CONCBAS-N 
FE-SLAG-ROADBED-W 
FE-SLAG-HANDLIN-W

AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA 
AA

Cs concentration in EAF slag after the refining process

1. This table indicates which material concentration from the material flow model was used as the source material input 
concentration in each exposure scenario.  
2. This column indicates scrap mixing assumptions used. AA indicates annual average mixing concentration; SC indicates 
single charge concentrations; n/a indicates no mixing in material flow model.
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Table B.9 Radionuclide Independent parameter defnitions specific to copper scenarios 
Parameter distribution valuesO 

Parameter Parameter FV, mode, 
Symbol Parameter description/scenario data quality' distribution or GM Minimum Maximum 

CU-METL-PIPES-N 4 triangular 3.OOE-0l 1.60E-o0 1 .301E3oo 

CU-METL-PIPES-N 2 lognormal 1.40E÷O 1.78E+00 

CU-METL-PIPES-N 5 uniform - 5.OOE-01 I.OOE.00 

CU-A TsO-dEst -a 4p exeryboo e o16 In 
CU-ATMO-REVERAT-N 4 fixed 3.30E+6 -

CU-ATMO-CONVERT-N 4 fixed 3.08E+6 

All scenarios 4 logunifonn - 2.00E-01 2.OOE+00 

CU-CNVS-HANDLIN-W 5 uniform - 2.20E+OI 6.60E+01 
CU-ELRS-HANDLIN-W 5 uniform - 2.95E+01 8.85E+01 
CU-CNVD-BAGHOUS-W 5 uniform - 220E+01 6.60E+01 
.CU-ELRD-BAGHOUS-W 5 uniform - 2.95E+01 8.85E+01 
CU-ERLM-HANDREF-W 5 uniform - 2.95E+01 8.85E+01 
CU-REVM-HANDDIS-W 5 uniform - 3.30E+01 9.90E+01 
CU-METL-PIPES-N 5 uniform - 3.65E+01 L.IOE+03 

SCU-ERLM-LGMASS-N 5 uniform - 5.15E+01 1.55E+02 
CU-REVD-TRANSPO-W 5 uniform - 1.80E+01 5.40E+01 
CU-CNVM-HANDREF-W 5 uniform - 2.20E+01 6.60E+01 
CU-ERLM-TRANSPO-W 5 -uniform - 3.30E+01 9.90EOI 
CU-REVM-TRANSPO-W uniform - 2.20E+01 6.60E+01 

CU-SCRP-HANDLIN-W 5 uniform - 3.60E-02 2.40E-01 
CU-ERLM-LGMASS-N -4 triangular 2.OOE+00 L.OOE+00 7.00E+00 
CU-REVM-SMMASS-N 1 4 triangularJ 4.OOE÷00 2.OOE+00 3.OOE+00 
CU-SCRP-DISPOSL-W 5 uniform - 8.00E-02 3.20E-01 

CU-METL-PIPES-N 3 triangular 3.OOE.02 2.50E+02 3.50E+02 
CU-ERLM-LGMASS-N 4 " fixed 2.50E+02 -
CU-REVM-SMMASS-N . 4 fixed 2.50E+02 

Z2CU-ERLM-LGMASS-N - 3 triangular 6.50E-01 3.OOE-OJ i.OGOE.OO 

____CU-SCRP-DISPOSAL-W 3 fixed 4.47E+06 -

&. The values listed in the thre columns under "Parameter distribution values" depend on the type of parameter distribution, 
as follows: 

- for afixredparameter, the first column contains the fixed value (FV), and the second and third columns do not 
contain values 

- for a uniform disrbutton, the first column does not contain a value, and the second and third columns contain the 
minimum and maximum values of the distribution, respectively; 

- for a v'ianguar ditribuion, the first, second, and third columns contain the mode, the minimum, and the maximum 
values of the distribution, rcscively.  

- for a lognormal dstrbution, the first and second columns contain the geometric mean (GM) and the geometric 
standard deviation (GSD) of the distribution, respectively, and the third column does not contain a value.
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Table R~lO Copper scenarios and corresponding Iron and steel scenarios 
Copper scenario title and abbreviation Corresponding steel scenario 

Handling and Processing Scenarios _ 

Handling copper scrap metal at the scrapyard (CU-SCRP-HANDLIN-W) FE-SCRP-HANDLIN-W 
Baghouse operations 

reverberatory furnace (CU-REVD-BAGHOUS-W) FE-EAFD-BAGHOUS-W 
converter (CU-CNVD-BAGHOUS-W) FE-EAFD-BAGHOUS-W 

Handling refined copper metal product at the refinery 
reverberatory furnce (CU-REVM-HANDREF-W) FE-METL-HANDREF-W 
converter (CU-CNVM-HANDREF-W) FE-METL-HANDREF-W 
electrorefmer (CU-ELRM-HANDREF-W) FE-METL-HANDREF-W 

Handling refined copper metal product during product manufacture 
(reverberatory furnace) (CU-REVM-HANDMAN-W) FE-BOFM-HANDMAN-W 
Handling refined copper metal product during product distribution 
(reverberatory furnace) (CU-REVM-HANDDIS-W) FE-METL-HANDDIS-W 
Handling copper slag at the refinery 

reverberatory furnace (CU-REVS-HANDLIN-W) FE-SLAG-HANDLIN-W 
converter (CU-CNVS-HANDLIN-W) FE-SLAG-HANDLIN-W 
electrorefiner (CU-ELRS-HANDLIN-W) FE-SLAG-HANDLIN-W 

Atmospheric releases during copper refining 
reverberatory furnace (CU-ATMO-REVERAT-N) FE-ATMO-REFINER-N 
converter (CU-ATMO-CONVERT-N) FE-ATMO-REFINER-N 

Tr•ansport Scena~i~os,. ____..._________ 

Transport of baghouse dust 
reverberatory furniace (CU-REVD-TRANSPO-W) FE-EAFD-TRANSPO-W 
converter (CU-CNVD-TRANSPO-W) FE-EAFD-TRANSPO-W 

Transport of copper scrap metal (CU-SCRP-TRANSPO-W) FE-SCRP-TRANSPO-W 
Transport of copper refined metal product 

reverberatory furnace (CU-REVM-TRANSPO-W) FE-METL-TRANSPO-W.  
electrorefiner (CU-ELRM-TRANSPO-W) FE-MErL-TRANSPO-W 

Disposal activities in a sanitary landfill 

In proximity of a large roll of copper wire (electrorefiner) 
(CU-ELRM-LGMASS-N) FP-METL-LGMASS-N 
In proximity of a small metal mass (reverberatory furnace) 
(CU-REVM-SMMASS-N) FE-MErL-SMMASS-N 
Small copper mass close to the body (reverberatory furnace) 
(CU-REVM-SMOBJCT-N) FE-METI-SMOBJCT-N 
Use of copper water pipes (CU-METL-PIPES-N) None
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Table B.L 1 Source of material radioactivity concentration (C.), for copper exposure scenarios' 

Material flow model parameter 

Scenario Mixing2  Symbol Description 

A., C4  activity in the off gases leaving the refinery stack in a 
year-, concentration in the dust after the refining process: 

CU-ATMO-REVERAT-N AA reverberatory furnace 
CU-ATMO-CONVERT-N AA converter 

CU-SCRP-TRANSPO-B n/a C0  original concentration in cleared material 
CU-SCRP-HANDLIN-W n/a 
CU-SCRP-DISPOSL-W n/a 

CU-REVM-HANDDIS-W AA CV concentration in the reverberatory furnace metal product 
CU-REVM-SMMASS-N SC after the refining process 
CU-REVM-SMOBJCT-N SC 
CU-REVM-HANDMAN-W AA 
CU-REVM-HANDREF-W AA 
CU-METL-PIPES-N SC 
CU-REVM-TRANSPO-W AA 
CU-CNVM-HANDREF-W AA CP concentration in the converter metal product after the 

refining process 

CU-ELRM-HANDREF-W AA C, concentration in the electrorefiner metal product after the 
CU-ELRM-LGMASS-N SC refining process 
CU-ELRM-TRANSP-W AA 

CU-REVD-BAGHOUS-W AA Cd concentration in reverberatory furnace dust after the 
CU-REVD-TRANSPO-W AA refining process 

CU-CNVD-BAGHOUS-W AA Cd concentration in converter dust after the refining process 
CU-CNVD-TRANSPO-W AA 

CU-REVS-HANDLIN-W AA CS concentration in reverberatory slag after the refining 
process 

CU-CNVS-HANDLIN-W AA CS concentration in converter slag after the refining process 

CU-ELRS-HANDLIN-W AA Cs concentration in electrorefiner slag after the refining 
process 

1. This table indicates which material concentration from the material flow model was used as the source material input 
concentration in each exposure scenario.  
2. This column indicates scrap mixing assumptions used. AA indicates annual average mixing concentration; SC indicates 
single charge concentrations; n/a indicates no mixing in the material flow model.
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Table B.12 Radionuclide independent parameter definitions specific to aluminum scenarios 
Parameter distribution values' 

Parameter Parameter Mode or 
Symbol Parameter Description/Scenario data quality distribution fixed value Minimum Maximum 

-. oro . ,a. .n.f. rt ,- alminu, ... c)".  
AL-METL-COOKWAR-N 3 triangular 5.18E+01 1.40E-01 1.03E+02 

AL-METL-COOKWAR-N 5 uniform I.30E+00 1.60E+00 
F fraction of otl deayitk h*s~kdi lmnno dmnines 

AL-METL-COOKWAR-N 5 uniform - 3.30E-01 l.OOE+00 
MZ577 Total melss Ofisl ht sae h#rfnryb"o~ in ayerX(g 

_ ....AL-ATMO-REFINER-N 4 fixed 2.53E.+6 " 

All scenarios 4 uniform - L.OOE+00 7.00E+00 
**tlmfrotirelease of0rv4mtra rmi~cerf~ltt in eir~~hs(i ___ 

AL-METL-HANDDIS-W 5 uniform - 3.30E+01 9.90E+01 
AL-METL-COOKWAR-N 5 uniform - 3.65E+01 L.IOE+02 
AL-METL-ENGINE-N 5 uniform - 3.65E+01 L.OE+02 
AL-METL-TRANSPO-W 5 uniform - 2.20E+01 6.60E+01 
AL-DROS.TRANSPO-W 5 uniform - 2.20E+01 6.60E+01 
daI d ynu'mberiof hou 'of xsd i*Iescnait(/i( ' T7 7 
AL-METL-ENGINE-N 4 triangular 4.OOE+00 1.OOE+00 8.00E+00 
AL-METL-COOKWAR-N 5 uniform I - 3.75E-01 5.OOE-01 
(external) 
AL-METL-LGMASS-N 4 triangular 4.OOE+00 2.OOE+00 7.OOE+00 
AL-SCRP-HANDLIN-W 5 uniform - 6.OOE-04 6.OOE-03 
AL-SCRP-DISPOSL-W 5 uniform - 6.OOE-04 6.OOE-03 

: • a,- alm•w b .. of dy of.e. i u e ....... &,e T...  
AL-METL-ENGINE-N 4 fixed 2.50E+00 
AL-METL-COOKWAR-N 5 uniform - 2.50E+02 3.50E+02 
(ingestion) _ 
AL-METL-COOKWAR-N (external W4 fixed 3.50E+02 
(external) ________ 

AL-METL-LGMASS-N 4 fixed 2.50E+02 
AL-SCRP-TRANSPO-W 4 fixed 5.OOE+00 

7~T ii i~tyinjeometry ;nT 
AL-METL-ENGINE-N 3 triangular 8.OO13-01 6.0013-01 1 .O13+00 
AL-METL-COOKWAR-N [ 3 triangular j7.0013-01 2.50E-01 4.OOEO00 

____AL-SCRP-DISPOSL-W 3 fixed 1.35E+06
a The values listed in the three columns under"Paramet.r distribution values" depend on the type of parameter distribution, as 
follows: 

- for afxedparameter, the first column contains the fixed value, and the second and third columns do not contain 
values; 

- for a uniorm ditribution, the first column does not contain a value, and the second and third columns contain the 
minimum and maximum values of the distribution, respectively; 

- for a triangular distribution, the first, second, and third columns contain the mode, the minimum, and the maximum 
values of the distribution, respectively. "
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Table B.13 Aluminim scenarios and corresponding irWh and steel scenarios 

Aluminum scenario title and abbreviation Corresponding steel scenario 

HMadling and Processing Scenarios 

Handling aluminum scrap metal at the scrapyard (AL-SCRP-HANDLIN-W) FE-SCRP-HANDLIN-W 

Aluminum refinery baghouse operations (AL-DUST-BAGHOUS-W) FE-EAFD-BAGHOUS-W 

Handling refined aluminum metal product at the refinery 
(AL-METL-HANDREF-W) FE-METL-HANDREF-W 

Handling refined aluminum metal product during manufacture 
(AL-METL-HANDMAN-W) FE-BOFM-HANDMAN-W 

Handling refined aluminum metal product during product distribution 
(AL-METL-HANDDIS-W) FE-METL-HANDDIS-W 

Handling aluminum dross at the refinery (AL-DROS-HANDLIN-W) FE-SLAG-HANDLIN-W 

Atmospheric releases during aluminum refining (AL-ATMO-REFINER-N) FE-ATMO-REFINER-N 

Transport Scenarios 

Transport of refinery dust (AL-DUST-TRANSPO-W) FE-EAFD-TRANSPO-W 

Transport of aluminum scrap metal (AL-SCRP-TRANSPO-W) FE-SCRP-TRANSPO-W 

Transport of aluminum refined metal product (AL-METL-TRANSPO-W) FE-METL-TRANSPO-W 

Transport of aluminum dross (AL-DROS-TRANSPO-W) FE-SLAG-TRANSPO-W 

Dkiposal Senarlos• 
Disposal activities for aluminum scrap in a sanitary landfill fESR-IP LW (AL-SCRP-DISPOSL-W)F-SRDIP LW 

Product Use Scenarios 
In proximity of a large metal mass (AL-METL-LGMASS-N) FE-METL-LGMASS-N 

In proximity of a small metal mass (AL-METL-SMMASS-N) FE-METL-SMMASS-N 

Small aluminum mass close to the body (AL-METL-SMOBJCT-N) FE-METL-SMOBJCT-N 

Aluminum engine block in a car (AL-METL-ENGINE-N) FE-METL-S__MASS-N 

Use of aluminum cookware (AL-METL-COOKWAR-N) None
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Table •14 Source material radioactivity concentration (CJ, for aluminum exposure scenarios' 
Material flow model parameter 

Scenario title Mixing2  Symbol Description 

AL-ATMO-REFINER-N AA As, Cd activity in the off gases leaving the refinery stack in a 
A year;, concentration in dust after the refining process 

AL-SCRP-HAN P-IN-W n/a Co original concentration in cleared material AL-SCRP-TRANSPO-W n/a 

AL-SCRP-DISPOSL-W n/a 

AL-DUST-BAGHOUS-W AA Cd concentration in dust after the refining process 
AL-DUST-TRANSPO-W AA 

AL-METL-HANDDIS-W AA CP, concentration in metal product after the refining process 
AL-METL-HANDREF-W AA 
AL-METL-ENGINE-N i SC 
AL-METL-HANDMAN-W AA 
AL-METL-COOKWAR-N SC 
AL-METL-LGMASS-N SC 
AL-METL-TRANSPO-W AA 
AL-METL-SMMASS-N SC 
AL-METL-SMOBJCT-N SC 

AL-DROS-HANDLIN-W AA c concentration in dross after the refining process 
AL-DROS-TRANSPO-W AA 

1. This table indicates which material concentration from the material flow model was used as the source material input 
concentration in each exposure scenario.  
2. This column indicates scrap mixing assumptions used. AA indicates annual average mixing concentration; SC indicates 
single charge concrntrations.
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Appendix B Parameter Values

Table B.IS Radionuclide hidependent parameter definitions &1pecific to concrete scenarios
Parameter distribution values'

Parameter Parameter Mode or 
Symbol Parameter description/scenario data quality distribution fixed value Minimum Maximum 

ratonJgvhm Of anl waste n6 efindzttn 

CN-SCRP-LANDFIL-N 5 uniform 7- .00 -02 1351-01 

~~Mk~~ce-tojas> 
all scenarios 4 uniform - 7.OOE -03 4.OOE-02 

CN-SCRP-TRANSPO-B 5 uniform o.OOE.00 6.oo0.0.o 

CN-SCRP-HANDLIN-W 5 uniform - 2.OOE+00 6.00E+00 

CN-SCRP-ROADBED-W 5 uniform 5.50E+00 1.65E401 

CN-SCRP-ROADBED-N 5 uniform - 5.50E+00 1.65E*01 

CN-SCRP-LGMASS-N 5 uniform 5.50E+00 1.65E+01 

CN-SCRP-DISPOSL-W 5 uniform - 2.001E+00 6.OOE+00 

CN-SCRP-LANDFIL-N 5 uniform - 2.OOE+00 6.OOE+00 
- a'•..b• :. $.• ... . ... .  

CN-SCRP-HANDLIN-W 5 uniform 2.003E+00 6.00E+00 

CN-SCRP-DISPOSL-W 5 uniform - 5.60E-0l 1.OSE+00 

CN-SCRP-LGMASS-N 4 triangular 4.00E+00 2.00E+00 7.00E+00 

..... for.th.e 4 ni ed 

CN-SCRP-LGMASS-N 4 fixed 2.50E+02 

CN-SCRP-LGMASS-N 3 triangular 6.50E-01 3.OOE-O1 L.OOE+00 

CN-SCRP-DISPOSL-W 3 fixed 2.33E+6 -

CN-SCRP-LANDFIL-N 3 fixed 2.33E+6 - -

a. The values listed in the three columns under "Parameter distribution values" depend on the type of parameter distribution, as 
follows: 

. for aftxedparameter, the first column contains the fixed value, and the second and third columns do not contain 
values; 

. for a wzjform diribution, the first column does not contain a value, and the second and third columns contain the 
minimum and maximum values of the distribution, respectively; 

. for a triangular distribution, the first, second, and third columns contain the mode, the minimum, and the maximum 
values of the distribution, espectively.
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Table B.16 Concrete scenarios and corresponding steel scenarios 
Scenario title and abbreviation Corresponding steel scenario 

Handling and Processing Scenario 

Processing concrete (CN-SCRP-HANDLIN-W) FE-SLAG-PROCESS-W 

Transport Scenario 
Transport of concrete (CN-SCRP-TRANSPO-W) FE-SCRP-TRANSPO-B 

Disposal ScenaIo 
Disposal activities for concrete in a sanitary landfill (CN-SCRP-DISPOSL-Vo FE-SLAG-DISPOSL-W 

Product- Use Scenarios 
Road construction activities using recycled concrete (C'N-SCRP-ROADBED- FE-SLAG-ROADBED-W 
W) 
Use of recycled concrete in a roadbed (CN-SCRP-ROADBED-N) FE-SLAG-ROADBED-N 

In proximity of a large concrete object (C'N-SCRP-LGMASS-N) FE-METI.-LGMASS-N 

LandjIResldentScenario 

Resident on a sanitary landfill after disposal of concrete 
(CN-SCRP-LANDFIL-N) FE-SLAG-LANDFIL-N
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Table B.17 Radiological parameter values
Decay 

Half-life constant Decay factor 
Nuclide (days) (l/d) (unitless) 

H-3 4.51E+03 1.54E-04 9.72E-01 
C-14 2.09E+06 3.32E-07 1.00E+00 
Na-22 9.50E+02 7.29E-04 8.78E-01 
P-32 IA3E÷01 4.85E-02 5.65E-02 

CI-36 1.1OE+08 6.30E-09 1.OOE+00 
K-40 4.67E+1I 14A8E-12 L.OOE+00 
Ca-41 5.11E+07 1.36E-08 1.OOE+00 
Ca-45 1.63E+02 4.25E-03 5.08E-01 

Mn-54 3.13E1+02 2.21E-03 6.86E-01 
Fe-55 9.86E+02 7.03E-04 8.82E-01 
Co-57 2.71E+02 2.56E-03 6.50E-01 
Co-58 7.08E+01 9.79E-03 2.72E-01 

Ni-59 2.74E+07 2.53E-08 1.001E+00 
Co-60 1.93E+03 3.59E-04 9.37E-01 
Ni-63 3.511E+04 1.97E-05 9.96E-01 
Zn-65 2.44E+02 2.84E-03 62212E-01 

Se-75 1.20E+02 5.78E-03 4.17E-01 
Sr-85 6.50E+01 1.07E-02 2.52E-01 
Sr-89 5.05E+01 1.37E-02 1.98E-01 
Sr-90 1.06E+04 6.54E-05 9.88E-01 

Mo-93 U.28E÷06 5.41E-07 1.OOE+00 
Nb-93m 4.97E+03 1.39E-04 9.75E-01 
Nb-94 7.41E+06 9.35E-08 1.00E+00 
Nb-95 3.52E+01 !.97E-02 1.39E-01 

Tc-99 7.78E+07 8.91E-09 1.OOE+00 
Ru-103 3.93E+01 1.76E-02 1.55E-01 
Ru-106 3.68E402 1.88E-03 7.23E-01 
Ag-108m 4.64E+04 IA1.E-05 9.97E-01 

Ag-i 10m 2.50E÷02 2.77E-03 6.29E1-01 
Sb-124 6.02E+01 1.1SE-02 2.34E-01 
1-125 6.01E+01 1.1SE-02 2.34E-01 
Sb-125 1.O1E+03 6.86E-04 8.85E-01 

1-131 8.04E+00 8.62E-02 3.18E-02 
Ba-133 3.92E+03 1.77E-04 9.68E-01

Nuclide 
Cs-134 
Cs-137 
Ce-141 
Ce-144 

Eu- 152 
Eu-154 
Eu-155 
Re-186

Decay 
Half-life constant 

(days) (l/d) 
7.53E1+02 9.20E-04 
1.1OE+04 6.30E1-05 
3.25E+01 2.13E-02 
2.84E+02 2.44E-03 

4.87E+03 1.42E-04 
3.21E+03 2.16E-04 
1.81E+03 3.83E-04 
3.78E¢00 1.83E-01

Decay factor 
(uniless) 
8.49E-01 
9.89E-01 
1.28E-01 
6.62E-01 

9.74E-01 
9.62E-01 
9.33E-01 
1.49E-02

Pb-210 9.14E+03 8.51E-05 9.85E-01 
Po-210 1.38E+02 5.02E-03 4.58E-01 
Bi-210 5.01E+00 1.38E-01 1.98E-02 
Rn-222 3.82E+00 1.81E-01 1.51E-02 

Ra-224 3.66E+00 1.89E-01 1.45E-02 
Ac-225 1.00E+01 6.93E-02 3.95E-02 
Ra-225 1.48E+01 4.68E-02 5.85E-02 
Ra-226 5.84E+05 1.19E-06 1.00E+00 

Th-227 1.87E+01 3.71E-02 7.39E-02 
Th-228 6.98E+02 9.93E-04 8.39E-01 
Ra-228 2.10E+03 3.30E-04 9.42E-01 
Th-229 2.68E+06 2.59E-07 1.00E+00 

Pa-231 1.20E+07 5.78E-08 1.00E+00 
Th-231 1.06E+00 6.54E-01 4.19E-03 
Th-232 5.13E+12 1.351E-13 1.00E+00 
Pa-233 2.70E+01 2.57E-02 1.07E-01 

Th-234 2.41E+01 2.88E-02 9.52E-02 
U-234 892E+07 7.77E-09 1.00E+00 
U-235 2.57E+11 2.70E-12 1.00E+00 
Np-237 7.81E+08 8.87E-10 1.00E+00 

U-238 1.63E+12 4.25E-13 1.00E300 
Pu-239 8.79E+06 7.88E-08 1.OOE+00 
Pu-240 2.39E+06 2.90E-07 1.OOE+00 
Pu-241 5.26E+03 1.32E-04 9.76E-01 

Cm-242 1.63E+02 4.25E-03 5.08E-01 
Pu-242 1.38E1+08 5.04E-09 1.OOE+00 
Cm-244 6.61E+03 1.OSE-04 9.81E-01

B-33 Dralk NUREG-1 640, VoL 2
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Table B.18 Inhalation dose factors (highest FGR 11 values) 
DF, ,h (mrem/pCi) 

Federal Guidance Report 11 Early scenarios Late scenarios 
Nuclide (Sv/Bq) (mrem/pCi) single input continuous single input continuous 

input input 
H-3 1.73E-i I 6.40E-08 6.40E-08 6.40E-08 6.40E-08 6.40E-08 
C-14 5.64E-10 2.09E-06 2.09E-06 2.09E-06 2.09E-06 2.09E-06 
Na-22 2.07E-09 7.66E-06 7.66E-06 7.66E-06 7.66E-06 7.66E-06 
P-32 4.19E-09 1.55E-05 1.55E-05 1.55E-05 . 1.55E-05 1.551E-05 

CI-36 5.93E-09 2.19E-05 2.19E-05 2.19E-05 2.19E-05 2.19E-05 
K-40 3.34E-09 1.24E-05 1.24E-05 1.24E-05 1.24E-05 1.24E-05 
Ca-41 3.64E-10 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 
Ca-45 1.79E-09 6.62E-06 6.62E-06 6.6213-06 6.62E1-06 6.62E-06 

Mn-54 1.81E-09 6.70E-06 6.70E-06 6.70E-06 6.70E-06 6.70E-06 
Fe-55 7.26E-10 2.69E-06 2.69E-06 2.69E-06 2.69E-06 2.69E-06 
Co-57 2.45E1-09 9.07E1-06 9.07E-06 9.07E-06 9.07E-06 9.07E-06 
Co-58 2.94E-09 1.09E-05 1.09 1.09 1.09E-01 1.09E-05 1.09E-05 

Ni-59 7.31E-10 2.70E-06 2.70E-06 2.70E-06 2.70E-06 2.70E-06 
Co-60 5.91E-08 2.19E-04 2.19E-04 2.19E-04 2.19E-04 2.19E-04 
Ni-63 1.70E-09 6.29E-06 6.29E-06 6.29E-06 6.29E-06 6.29E-06 
Zn-65 5.51E-09 2.04E-05 2.04E-05 2.04E-05 2.04E-05 2.04E-05 

Se-75 2.29E-09 847E06 8.47E-06 8A7E-06 8.47E-06 8.47E-06 
Sr-85 1.36E-09 5.03E-06 5.03E-06 5.03E-06 5.03E-06 5.03E-06 
Sr-89 1.12E-08 4.14E-05 4.14E-05 4.14E-05 4.14E-05 4.14E-05 
Sr-90 3.51E-07 1.30E-03 1.30E-03 1.30E-03 .303E-03 1.30E-03 

Mo-93 7.68E-09 2.84E-05 2.84E-05 2.84E-05 2.94E-05 2.84E-OS 
Nb-93m 7.90E-09 2.92E-05 2.92E-05 2.92E-05 2.92E-05 2.92E-05 
Nb-94 1.12E-07 4.14E-04 4.14E-04 4.14E-04 4.14E-04 4.14E-04 
Nb-95 1.57E-09 5.81E-06 5.81E-06 5.81E-06 5.81E-06 5.81E-06 

Tc-99 2.25E-09 8.33E-06 8.331-06 8.33E-06 8-33E-06 8.33E-06 
Ru-103 2.42E-09 8.95E-06 9.95E-06 8.95E-06 8.95E-06 8.95E-06 
Ru-106 1.29E-07 4.77E-04 4.77E-04 4.77E-04 4.77E-04 4.77E-04 
Ag-108m 7.66E-08 2.83E-04 2.83E-04 2.83E-04 2.83E-04 2.83E-04 

Ag-110m 2.17E-08 8.03E-05 8.03E-05 8.03E-05 8.03E-05 8.03E-05 
Sb-124 6.80E-09 2.521-05 2.521-05 2.52E-05 2.52E-05 2.52E-05 
1-125 6.53E-09 2.42E-05 2.42E-05 2.42E-05 2.42E-05 2.42E-0O 
Sb-125 3.30E-09 M1.22-05 1.22E-05 1.225-05 1.22E-05 1.22M-05 

1-131 8.89E-09 3.29E-05 3.29E-05 3.29E-05 3.29E-05 3.29E-05 
Ba-133 2.11E-09 7.811-06 7.81E-06 7.81E-06 7.81E-06 7.81E-06 
Cs-134 1.25E-08 4.631-05 4.631-05 4.63E-05 4.631-05 4.63E-05 
Cs-137 8.63E-09 3.19E-05 3.19E-05 3.19E-05 3.19E-05 3.19E-05 
Ce-141 2.42E-09 8.95E-06 8.95E-06 8.95E-06 8.95E-06 '8.95E-06

Appendix B.Paramneter Values
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Table B.18 jnhalation dose factors (highest FGR 11 values) 
DF- (mrem/i) 

Federal Guidance Report 11 Early scenarios Late scenarios 
Nuclide (Sv/Bq) (mrem/pCi) single input continuous single input continuous 

input input 
Ce-144 1.01E-07 3.74E-04 3.74E-04 3.74E-04 3.74E-04 3.74E-04 
Pm-147 1.06E-08 3.92E-05 3.92E-05 3.92E-05 7.47E+04 - 3.92E-05 

Eu-154 7.73E-08 2.86E-04 2.86E-04 2.86E-04 2.86E-04 2.86E-04 
Eu-155 1.12E-08 4.14E-05 4.14E-05 4.14E-05 4.14E-05 4.14E-05 
Re-186 $.64E-10 3.20E-06 3.20E-06 3.20E-06 3.20E-06 3.20E-06 
!r-192 7.61E-09 2.82E-05 2.82E-05 2.82E-05 2.82E-05 2.82E-05 

Po-210 2.54E-06 9.40E-03 9.40E-03 9AOE-03 9.40E-03 9.4E-03 
Bi-210 5.29E-08 1.96E-04 1.96E-04 l.96E-04 1.96E-04 1.96E-04 
Rn-222 O.OOE÷00 O.OOE+00 0.00E+00 0.00E+00 0.003E 00 0.O0E+00 
Ra-223 2.12E-06 7.84E-03 7.84E-03 7.84E-03 7.84E-03 7.84E-03 

Ac-225 2.92E-06 1.08E-02 1.08E-02 L.OSE-02 1.08E-02 1.08E-02 
Ra-225 2.10E-06 7.77E-03 7.77E-03 7.77E-03 7.77E-03 7.77E-03 
Ra-226 2.32E-06 8.538E-03 8.58E-03 8.58E-03 3.16E-02 1.55E-02 
Ac-227 L.81E-03, 6.70E+00 6.70E÷00 6.70E1300 6.70E÷00 6.70E+00 

Th-228 9.23E-05 3.42E-0i 3.42E-01 3.42E-01 3.42E-01 3.42E-01 
Ra-228 1.29E-06 4.77E-03 7.31E-02 1.16E-02 5.17E-01 5.17E-01 
Th-229 5.80E-04 2.15E+00 2.15E+00 2.15E+00 2.15E+00 2.15E+00 
Th-230 8.S0E-07 3.26E1-03 3.26E-03 3.26E-03 3.26E-03 3.26E-03 

Th-231 2.37E-10 8.77E-07 8.77E-07 8.77E-07 8.77E-07 8.77E-07 
Th-232 4.43E-04 1.64E+00 1.64E+0O 1.64E+00 1.64E÷00 1.64E+00 
Pa-233 2.58E-09 9.55E-06 9.55E-06 9.55E-06 9.55E-06 9-5$E-06 
U-233 3.66E-05 1.35E-01 135E-01 1.35E-01 1.35E-01 1.35E-01 

U-234 3.58E-05 1.32E-01 1.32E-01 1.32E-01 1.32E-01 1.32E-01 
U-235 3.32E-05 123E-01 1.23E-01 1.23E-01 1.23E-01 1.23E-01 
Np-237 1.46E-04 5AOE-01 5AOE-01 5A40E-01 5AOE-01 5AOE-01 
Pu-235 1.06E-04 3.92E-01 3.92E-01 3.92E-01 3.92E-01 3.92E-01 

PU-239 J.1E-04 429E-01 4.29E=01 429E-0l 4.29E-01 429E-01 
Pu-240 1.16E-04 429E-01 4.29E-01 4.29E-01 4.29E-01 4.29E-01 

Pu-241 2.23E-06 8.25E-03 8255E-03 $25E-03 129E+01 1.71E-02 
Am-241 i2OE-04 4.44E-01 4.44E-01 4.44E-01 4.44E-01 4.44E-01 

Pu-242 1.1IE-04 4.11E-01 4.1IE-01 4.1IE-01 4.11E-01 4.11E-01 
Cm-244 6.70E-05 2.48E-01 2A.E-01 2.48E-01 2.48E-01 2.48E-01

T is apparntly unreasonable value for Cm-242 is cor. The derivation of the numbcr is explained In Appendix E.

I
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Parameter Values Appendix B

Table B.19 Inhalation dose conversion factors for oxide clearance classes
DF11 • (mrem/pCI) 

Federal Guidance Report 11 Early Scenarios Late Scenarios 
Nuclide (Sv/Bq) (mren/pCi) I single input continuous single input continuous 

input input
H-3 
C-14 
Na-22 
P-32 

CI-36 
K-40 
Ca-41 
Ca-45 

Mn-54 

Fe-55 
Co-57 
Co-58 

Ni-59 
Co-60 
Ni-63 
Zn-65 

Se-75 
Sr-S5 
Sr-89 
Sr-90 

Mo-93 
Nb-93m 
Nb-94 
Nb-95 

Tc-99 
Ru-103 
Ru-106 
Ag-108m 

Ag-I 10m 
Sb-124 
1-125 
Sb-125 

1-131 
Ba-133 
Cs-134 
Cs-137 
Cc-141

1.73E-11 
6.36E-12 
2.07E-09 
1.64E-09 

5.93E -09 

3.34E-09 
3.64E-10 
1.79E-09 

1.81E-09 
3.61E-10 
7.12E-10 
1.72E-09 

2.48E-10 
8.94E-09 
6.22E-10 
5.5 1E-09

6.40E-08 
2.35E-08 
7.66E -06 
6.07E -06 

2.19E-05 
1.24E-05 
1.35E-06 
6.62E-06 

6.70E-06 
1.34E-06 
2.63E-06 
6.36E-06 

9.18E-07 
3.31E-05 
2.30E-06 
2.04E-05

Draft NUREG-1640, Vol.2 B-36

2.29E-09 8.47E-06 
1.36E-09 5.03E-06 
1.12E-08 4.14E-05 
3.51E-07 1.30E-03 

7.6&E-09 2.84E-05 
7.90E-09 2.92E-05 

1.12E-07 4.14E-04 
1.57E-09 3.91E-06 

22.5E-09 8.33E-06 
2.42E-09 8.95E-06 
1.29E-07 4.77E-04 
7.66E-08 2.83E-04 

2.17E-08 8.03E-05 
6.80E-09 2.52E-05 
6.53E-09 2.42E-05 
3.30E-09 1.22E-05 

8.89E-09 3.29E-05 
2.11E-09 7.81E-06 
1.25E-08 4.63E-05 
8.63E-09 3.19E-05 
2.42E-09 8.95E-06

Draft NUREG-1640, Vol. 2 B3-36

6.40E-08 6.40E-08 
2.35E-08 2.35E-08 
7.66E-06 7.66E-06 
6.07E-06 6.07E-06 

2.19E-05 2.19E-05 
1.24E-05 1.24E-05 
1.35E-06 1.35E-06 
6.62E-06 6.62E-06 

6.70E-06 6.70E-06 
1.34E-06 1.34E-06 
2.63E-06 2.63E-06 
6.36E-06 6.36E-06 

9.I BE-07 9.18E-07 
3.31E-05 3.31E-05 
2.30E-06 2.30E-06 
2.04E-05 2.04E-05 

8.47E-06 8.47E-06 
5.03E-06 5.03E-06 
4.14E-05 4.14E-05 
1.30E-03 1.30E-03 

2.84E-05 2.94E-05 
2.92E-05 2.92E-05 
4.14E-04 4.14E-04 
5.81E-06 5.31E-06 

8.33E-06 8.33E-06 
8.95E-06 8.95E-06 
4.77E-04 4.77E-04 
2.83E-04 2.83E-04 

8.03E-05 8.03E-05 
2.52E-05 2.52E-05 
2.42E-05 2.42E-05 
1.22E-05 1.22E-05 

3.29E-05 3.29E-05 
7.81E-06 7.81E-06 
4.63E-05 4.63E-05 
3.19E-05 3.19E-05 
8.95E-06 8.95E-06

6.40E-08 6.40E-08 
2.35E-08 2.35E-08 
7.66E-06 7.66E-06 
6.07E 06 6.07E-06 

2.19E-05 2.19E-05 
1.24E-05 1.24E-05 
1.35E-06 1.35E-06 
6.62E-06 6.62E-06 

6.70E-06 6.70E-06 
1.34E-06 1.34E-06 
2.63E-06 2.63E-06 
6.36E-06 6.36E-06 

9.18E-07 9.1SE-07 
3.31E-05 3.31E-05 
2.30E-06 2.30E-06 
2.04E-05 2.04E-05 

8.47E-06 8.47E-06 
5.03E-06 5.03E-06 
4.14E-05 4.14E-05 
1.30E-03 1.30E-03 
2.84E- 28 
2.84E-05 2.84E-05 
2.92E-05 2.92E-05 
4.14E-04 4.14E-04 
5.81E-06 5.31E-06 

8.33E-06 8.33E-06 
8.95E-06 8.95E-06 
4.77E -04 4.77E-04 
2.83E-04 2.83E-04 

8.03E-05 8.03E-05 
2.52E-05 2.52E-05 
2.42E-05 2.42E-05 
122E-05 1.22E-05 

3.29E-05 3.29E-05 
7.81E-06 7.81E-06 
4.63E-05 4.63E-05 
3.19E-05 3.19E-0S 
8.95E-06 8.95E-06

Parameter Values Appendix B



Parameter Values

Table L.19 Inhalation dose conversion factors for oxide clearance classes
DFIflN (mrmn/pCi) 

Federal Guidance Report 11 Early Scenarios Late Scenarios 
Nuclide T (SvIBq)c (mrem/lpCi) I single input continuous single input continuous 

j, I input input
Ce-144 
Pm-147 

Eu-154 
Eu-155 

Re-186 
Ir-192 

Po-210 
Bi-210 
Rn-222 
Ra-223 

Ac-225 
Ra-225 
Ra-226 
Ac-227 

Th-228 
Ra-228 
T1-229 
Th-230 

Th-231 
Tn-232 
Pa-233 
U-233 

U-234 
U-235 

Np-237 
Pu-238 

Pu-239 
Pu-240 
Pu-241 
Am-241 

Pu-242 
Cm-244

3.74E-04 
3.92E1-05 

2.86E-04 
4.14E-05 
3.20E-06 
2.82E1-05

3.74E-04 
3.92E-05 

2.86E-04 
4.14E-05 
3.20E-06 
2.82E-05

1.01E-07 3.74E-04 
1.06E-08 3.92E-05 

7.73E-08 2.86E-04 

i.12E-08 4.14E-05 
8.64E-10 3.20E-06 
7.61E-09 2.82E-05 

2.32E-06 8.58E-03 
5.29E-08 1.96E-04 
0.OOE+00 0.00E+00 
2.121-06 7.s4E-03 

2.19E-06 8.10E'-03 
2.10E-06 7,77E-03 
2.32E-06 9.58E-03 
3.49E-04 1.29E+00 
JrJ` t-06` A &iE#C 
9.23E-05 3.42E-01 
1.29E-06 4.77E-03 
4.67E-04 1.73E+00 
7.07E-05 2.62E-01 

2.371-10 8.77E-07 
3.1 IE-04 1.15E+00 
2.58E-09 9.55E-06 
3.66E-05 1.35E-01 

3.58E-05 1.32E-01 
3.32E-05 1.23E-01 
1.46E-04 5.40E-01 
7.79E-05 2.88E-01 

3E "I 
$.33E-05 3.08E-01 
9.33E-05 3.08E-01 
1.34E-06 4.96E-03 
120E-04 4.44E-01 

7.92E1-05 2.93E1-01 
6.70E-05 2.48E-01

3.74E-04 3.74E-04 
7.47E.04 3.92E-05 

2.86E-04 2.S6E-04 
4.14E1-05 4.14E-05 
3.20E-06 3.20E-06 
2.82E -05 2.82E-05 

8.58E-03 8.58E-03 
1.96E-04 1.96E-04 
0.00E+00 0.00E+00 
7.84E-03 7.84E-03 

8.10E-03 8.10E-03 
7.77E1-03 7.77E1-03 
3.07E-02 1.52E-02 
1.29E+00 1.29E+00 

3.42E-01 3.42E-01 
5.17E-01 5.17E-01 
1.73E+00 1.73E÷00 
2.62E-01 2.62E-01 

$.77E-07 8.77E-07 
1.151E00 1.15E÷00 
9.55E-06 9.55E-06 
1.35E-01 1.35E-01 

1.32E-01 1.32E-01 
1.23E-01 1.23E-01 
5AOE-01 5.40E-01 
2.88E-01 2.88E-01 

3.08E-01 3.08E-01 
3.08E-01 3.08E-01 
1.29E+01 1.38E-02 
4.44E-01 4.44E-01 

2.93E-01 2.93E-01 
2ASE-01 2.48E-01

'his apparently unreasonable value for Cm-242 is correct. The derivation of the number is explained in Appendix E.

Appendix B

8.58E-03 8.58E-03 
1.96E-04 1.96E-04 
0.00E+00 0.00E+00 
7.84E-03 7.$4E-03 

s.1oE-03 s.1oE1-03 
7.77E-03 7.77E -03 
8.58E-03 8.58E-03 
1.29E+00 129E+00 

3.42E-01 3.42E-01 
7.31E-02 11.16E-02 
1.73E÷00 1.73E+00 
2.62E-01 2.62E-01 

$.77E-07 8.77E-07 
1.151E00 1.15E+00 
9.55E-06 9.55E-06 
1.35E-01 135E-01 

132E-01 1.32E-01 
1.23E-01 1.23E-01 
5.40E-01 5.40E-01 
2.88E-01 2.88E-01 

3.08E-01 3.08E-01 
3.08E-01 3.08E-01 
4.96E-03 4.96E-03 
4.44E-01 4A4E-01 

2.93E-01 2.93E-01 
2A8E-01 2.48E-01
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Table E.20 Ingestion dose conversion factors (highest FGR 11 values) 
DFf,1 ,b (mrem/pCi) 

Federal Guidance Report 11 Early Scenarios Late Scenarios 
Nuclide (Sv/Bq) (mrem/pCi) single input continuous single input continuous 

input input • 
H-3 1.73E- 1I 6.40E-08 6.40E-08 6.40E-08 6.40E-08 6.40E-08 
C-14 5.64E-10 2.091-06 2.09E-06 2.09E-06 2.09E-06 2.09E-06 
Na-22 3.10E-09 1.15E-05 1.15E-05 1.15E-05 1.15E-05 1.15E-05 
P-32 2.37E-09 8.77E-06 9.77E-06 8.77E-06 8.77E-06 8.77E-06 

CI-36 8.18E-10 3.031-06 3.03E-06 3.03E-06 3.03E-06 3.03E-06 
K-40 5.02E-09 1.8613-05 1.86E-05 1.86E-30 1.861-05 1.86E-05 
Ca-41 3.44E-10 1.27E-06 1.27E-06 1.27E-06 1.27E-06 1,27E-06 
Ca-45 S.55E-10 3.16E-06 3.16E-06 3.16E-06 3.16E-06 3.16E-06 

Mn-54 7A.E-10 2.77E-06 2.77E-06 2.77E-06 2.77E-06 2.77E-06 
Fe-55 1.64E-10 6.07E-07 6.07E-07 6.07E-07 6.07E-07 6.07E-07 
Co-57 3.20E-10 1.18E-06 I.18E-06 l.ISE-06 1.18E-06 1.18E-06 
Co-58 9.68E-10 3.58E-06 3.58E-06 3.58E-06 3.58E-06 3.581-06 

NI-59 5.67E-! 1 2.101-07 2.10E-07 2.10B-07 2.10E-07 2.IOE-07 
Co-60 7.2SE-09 2.69E-05 2.69E-05 2.69E-05 2.69E-05 2.69E-O5 
Ni-63 1.56E-10 5.77.-07 5.7713-07 5.77E-07 5.77E-07 5.77E-07 
Zn-65 3.90E-09 1A.44E-0S 1AB-O5 1.44E-05 1.44E-05 1.44E-0S 

Se-75 2.60E-09 9.62E-06 9.62E-06 9.62E-06 9.62E-06 9.62E-06 
Sr-85 5.34E-10 1.98E-06 1.98E-06 1.981-06 1.98E-06 1.98E-06 
Sr-89 2.50E-09 925M-06 9.25E-06 9.25B-06 9.25E-06 9.25E-06 
Sr-90 3.851-08 1.421-04 1.421-04 1.42E-04 1.42E-04 1.42E-04 

Mo-93 3.64E-10 1.351-06 1.351-06 1.35E-06 1.35E-06 135E-06 
Nb-93m 1.41E-10 5.22E-07 5.22E-07 5.22E-07 5.221-07 5.22E-07 
Nb-94 1.93E-09 7.14E-06 7.14E-06 7.14E-06 7.14E-06 7.14E-06 
Nb-95 6.95E-10 2.57E-06 2.57E-06 2.57E-06 2.57E-06 2.57E-06 

Tc-99 3.95E-10 1.46E-06 1.46E-06' 1.461-06 !.46E-06 IA16E-06 
Ru-103 8.24E-10 3.05E-06 3.05t-06 3.05E-06 3.051-06 3.05E-06 
Ru-106 7.40E-09 2.74E-05 2.74E-05 2.74E-05 2.7413-05 2.74E-03 
Ag-108m 2.06E-09 7.62E-06 7.62E-06 7.62E-06 7.62E-06 7.62E-06 

Ag-ll0M 2.92E-09 1.08E-03 1.081-05 1.08E-05 1.08E-05 1.081-05 
Sb-124 2.74E-09 1.01E-05 1.01E-05 1.01E-05 1.OIE-05 1.011-05 
1-125 1.04E-08 3.85E-05 3.85E-05 3.85E-05 3.851-05 3.85E-05 
Sb-125 7.591-10 2.81E-06 2.81E-06 2.Sl2-06 2.81E-06 2.811-06 

1-131 1.44E-08 5.33E-05 5.33E-05 5.33E-05 5.33E-05 5.331-05 
Ba-133 9.19E-10 3.40E-06 3.401-06 3.40E-06 3.40E-06 3.40E-06 
Cs-134 1.98E-08 7.33E-05 7.33E-05 7.33E-05 7.33E-05 7.33E-05 
Cs-137 1.351-08 5.00E-05 5.00E-05 5.001-05 5.001-05 5.00E-05 
Ce-141 7.831-10 2.90E-06 2.90E-06 2.90E-06 2.90E-06 2.901-06
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Table BL20 Ingestion dose conversion factors (highest FGR I1 values) 
DFwA (mrem/pCi) 

Federal Guidance Report I I Early Scenarios Late Scenarios 

Nuclide (SvWBq) (mrern/pCi) single input continuous single input continuous 
ntinput 

Ce-144 5.6SE-09 2.10E-05 2.10E-05 2.10E-05 2.10E-05 2.JOE-05 
Pin-147 2.83E-10 1.05E-06 1.05E-06 1.05E-06 1.85E+002 1.05E-06 

EU154 2.58E-09 9.55E-06 9.55E-06 9.55E-06 9.551E-06 9.55E--06 

Eu-155 4.13E-10 1.53E--06 1.53E-06 1.5313-06 1.53E-06 1.53E-06 

Re-186 7.95E-10 2.94E-06 2.94E-06 2.94E-06 2.94E-06 2.94E-06 

!r-192 1.55E-09 5.74E-06 5.74E-06 5.74E--06 5.74E-06 5.74E-06 

Po-210 5.14E-07 1.90E-03 1.90E-03 1.90E-03 1.90E-03 1.90E-03 

Bi-210 1.73E-09 6.40E-06 6.40E-06 6.40E-06 6.40E-06 6.40E-06 

Rn-22 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.OOE+00 0.00E+00 

Ra-223 1.78E-07 6.59E-04 6.59E-04 6.59E-04 6.59E-04 6.59E-04 

Ac-225 3.00E-08 l.IE-04 l.IIE-04 I.1 IE-04 1.IIE-04 I.IIE-04 

Ra-225 1.04E-07 3.85E-04 3.85E-04 3.85E-,04 3.85E-04 3.85E-04 

Ra-226 3.58E1-07 1.32E-03 1.32E1-03 1.32E-03 8.59E-03 3.50E-03 

Ac-227 3.80E-06 1.41E-02 1.41E-02 I.41E-02 l.41E-02 IAIE-02 

Th-228 1.07E-07 3.96E-04 7.62E-04 7.62E-04 7.62E-04 7.62E-04 

Ra-228 3.88E-07 IA14E-03 !.A4E-03 1.44E-03 1.44E-03 1.44E-03 

Th-229 9.54E-07 3.53E-03 3.53E-03 3.53E-03 3.53E-03 3.531-03 
Th-230 !.4SE-07 S.48E-04 5ASE-04 5.48E-04 5AE-04 5.48E-04 

Pa-231 2.86E-06 1.06E-02 1.06E-02 1.06E-02 2A6E-02 1.06E-02 

Th-232 7.38E-07 2.73E-03 2.73E-03 2.73E-03 2.73E-03 2.73E-03 

Pa-233 9.8lE-10 3.63E-06 3.63E-06 3.63E-06 3.631-06 3.63E-06 

U-233 7.81E-08 2.89E-04 2.89E-04 2.89E-04 2.$9E-04 2.89E-04 

Th-234 3.69E-09 .37,-05 1.37E-05 1.37E-05 1.37E-05 1.37E-05 

U-235 7.19E-08 2.66E-04 2.66E-04 2.66E-04 2.66E-04 2.66E-04 
Np-237 1.20E--06 4A4E-03 4.44E1-03 4.4E-03 4.4415-03 4.4413-03 
Pu-238 9.65E-07 3s2Eo-03 3.20E-03 3.20E-03 3.20E-03 3.20E-03 
U-238 6.88E-08 2.SSE-04 2.55E-04 2.55E-04 2.55E-04 2.55E-04 

Pu-240 9.56E-07 3.54E-03 3.54E-03 3.54E-03 3.54E-03 3.54E-03 

Pu-241 1.85E-08 6.85E-05 6.85E-05 6.95E-05 1.06E-01 IAIE-04 

Am-241 9.84E-07 3.64E-03 3.64E--03 3.64E-03 3.64E-03 3.64E-03 

Cm-242 3.10E-08 1.15E-04 1.1SE-04 l.l5E-04 3.20E+921 9.60E+01 

Cm-244 5.45E-07 2.02E-03 2.02E-03 2.02E1-03 4.49E-03 2.02E -03

n'his apparently unreasonable value for Cm-242 is correct he derivation of the number Is explained in Appendix E.
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Table B.21 Ingestion dose conversion factors for oxide fractional uptake 
SDFI, (mrem/pCi) 

Federal Guidance Report 11 Early Scenarios Late Scenarios 
Nuclide (Sv/Bq) (mrem/pCi) single input continuous single input continuous

1.73E-11 
5.64E-10 
3.10E-09 
2.37E-09 

8.1SE-10 
5.02E-09 
3.44E-10 
8.55E-10 

7.40E-10 
1.64E-10 
2.01E-10 
8.09E-10 

5.67E-1 I 
2.77E -09 
1.56E-10 
3.90E-09

Se-75 2.60E-09 9.62E-06 9.62E-06 9.62E-06 9.62E-06 9.62E-06 
Sr-85 5.34E-10 1.98E-06 l.98E-06 l.98E-06 1.98E-06 1.98E-06 
Sr-89 2.50E-09 9.25E-06 9.25E-06 9.25E-06 9.25E-06 9.25E-06 
Sr-90 3.85E-08 1.42E-04 1.42E-04 1.42E-04 1.42E-04 1.42E-04 

Mo-93 3.64E-10 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 
Nb-93m 141E-10 5.22E-07 5.22E-07 5.22E-07 5.22E-07 5.22E-07 
Nb-94 1.93E-09 7.14E-06 7.14E-06 7.14E-06 7.14E-06 7.14E-06 
Nb-95 6.95E-10 2.57E-06 2.57E-06 2.57E-06 2.57E-06 2.57E-06 

1-09 0••L M•. A 

Tc-99 3.95E-10 1.46E-06 1.46E-06 1.46E-06 1.46E-06 1.46E-06 
Ru-103 8.24E-10 3.0E-06 3.05E-06 3.05E-06 3.05E-06 3.05E-06 
Ru-106 7.40E-09 2.74E-05 2.74E-05 2.74E-05 2.74E-05 2.74E-05 
Ag-108m 2.06E-09 7.62E-06 7.62E-06 7.62E-06 7.62E-06 7.62E-06 

Ag-I 10m 2.92E-09 1.08E-05 1.08E-05 1.08E-05 1.08E-05 1.OSE-05 
Sb-124 2.74E-09 1.O1E-05 L.O1E--0 1.O1E-05 1.OlE-05 L.OIE-05 
1-125 1.04E-05 3.8SE-05 3.85E-05 3.85E-05 3.85E-05 3.85E-05 
Sb-125 7.57E-10 2.80E-06 2.30E-06 2.80E-06 2.80E-06 2.80E-06 

1-131 1.44E-03 5.33E-05 5.33B-05 5.33E-05 5.33E-0S 5.33E-05 
Ba-133 9.19E-10 3.40E-06 3.40E-06 3.40E-06 3.40E-06 3.40E-06 
Cs-134 1.98E-08 7.33E-05 7.33E-05 7.33E-05 7.33E-05 7.33E-05 
Cs-137 1.35E-08 5.00E-05 5.OOE-05 5.OOE-05 5.00E-05 5.00E-05 
Ce-141 7.83E-10 2.90E-06 2.90E-06 2.90E-06 2.90E-06 2.90E-06 
Cc-144 5.68E-09 2.10E-05 2.10E-05 2.10-05 2.10E-05 2.10E-05 
Pm-147 2.83E-10 1.05E-06 1.05B-06 1.05E-06 1.85E+02 1.05E-06

L)rafl NUR�u-l64cJ, VOL 2 B-40

H-3 
C-14 
Na-22 
P-32 

CI-36 
K-40 
Ca-41 
Ca-45 

Mn-54 
Fe-55 
Co-57 
Co-58 

Ni-59 
Co-60 
Ni-63 
Zn-65

input input 
6.40E-08 6.40E-08 6AOE-08 6.40E-08 6.40E-09 
2.09E-06 2.09E-06 2.09E-06 2.09E-06 2.09E-06 
1.15E-05 1.15E-05 1.15E-05 1.15E-05 1.15E-05 
8.77E-06 8.77E-06 8.77E-06 8.77E-06 8.77E-06 

0 .8 0% , ~ ~ + .8-12, 2 .4~ 4.48 7.  
3.03E-06 3.03E-06 3.03E-06 3.03E-06 3.03E-06 
1.86E-05 1.86E-05 1.S6E-05 1.86E-05 1.86E-05 
I127E-06 1.27E-06 1.27E-06 1.27E-06 12.7E-06 
3.16E-06 3.16E-06 3.16E-06 3.16E-06 3.16E-06 

l7:QK AA4~o 'I471ý7 
2.77E-06 2.77E-06 2.77E-06 2.77E-06 2.77E-06 
6.07E-07 6.07E-07 6.07E-07 6.07E-07 6.07E-07 
7.44E-07 7.44E-07 7.44E-07 7.44E-07 7.44E-07 
2.99E-06 2.99E-06 2.99E-06 2.99E-06 2.99E-06 

2.10E-07 2.10E-07 2.10E-07 2.10E-07 2.10E-07 
1.02E-05 1.02E-05 1.02E-05 1.02E-05 1.02E-05 
5.77E-07 5.77E-07 5.77E-07 5.77E-07 5.77E-07 
1.44E-05 1.44E-05 1.44E-05 1.44B-05 1.44E-05
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Table B.21 Ingestion dose conversion factors for oxide fractional uptake 
DFi (mrem/pCi) 

Federal Guidance Report I I Early Scenarios -, Late Scenarios 
Nuclide (Sv/Bq) (mrem/pCi) single input continuous single input continuous 

input- input 
Eu-152 !.75E--09 6,48E-06 6A8E-06 648E-06. 6,48E-06 6.48E1-06 
Eu-154 2.58E-09 9.55E-06 9.55E-06 9.55E-06 9-55E-06 9.55E-06 

Re-186 7.95E-10 2.94E-06 2.94E-06 2.94E-06 2.94E-06 2.94E-06 
Ir-192. 1.55E-09 5.74E-06 5.74E-06 5.74E-06 5.74E--06 5.74E-06 
Pb-210 1.451-06 5.37E-03 5.37E-03 5.37E-03 5.37E-03 5.37E-03 
Po-210 5.14E-07 1.90E-03 1.90E-03 I.90E-03 1.90E-03 1.90E-03 

Rn-222 0.00E+00 0.00E+00 0.00E+00 0.00E+00 O.OOE+00 0.OoE+0o 
Ra-223 1.78E-07 6.59E-04 6.59E-04 6.59E-04 6.59E-04 6.59E-04 
Ra-224 9.89E-08 3.66E-04 3.66E-04 3.66E-04 3.66E-04 3.66E-04 
Ac-225 3.00E-08 1.IIE--04 1.1IE-04 I.1IE-04 1.1iE-04 L.IIE-04 

Ra-226 3.58E-07 1.32E-03 1.32E-03 1.32E-03 8.59E-03 3.50E-03 

Ac-227 3.80E-06 1.41E--02 I.41E-02 IAIE-02 AIE-02 .41E-02 
Th-227 1.03E-08 3.81E-05 3.81E-05 3.81E-05 3.81E-05 3.81E-05 
Th-228 1.07E-07 3.96E-04 7.62E-04 7.62E-04 7.62E-04 7.62E-04 

Th-229 9.54E-07 3.53E-03 3.53E-03 3.53E-03 3.53E-03 3.53E-03 
Th-230 1A8E-07 5.48E-04 5.48E-04 5.48E-04 5.48E-04 S.48E-04 
Pa-231 2.86E-06 1.06E-02 1.06E-02 1.06E-02 2.46E-02 1.06E-02 
Th-231 3.65E-10 1.35E-06 1.35E-06 1.35E-06 1.35E-06 1.35E-06 

Pa-233 9.81E-10 3.63E-06 3.63E-06 3.63E-06 3.63E-06 3.63E-06 
U-233 7.15E-09 2.65E-05 2.65E-05 2.65E-05 2.65E-05 2.65E-05 
Th-234 3.69E1-09 1.37E-05 1.37E-05 1.37E-05 1.37E1-05 1.37E1-05 
U-234 7.06E-09 2.61E-05 2.61E-05 2.61E-05 2.61E-05 2.61E-05 

Np-237 1.2013-06 4A4E-03 4.44E-03 4.44E--03 4.4413-03 4.4413-03 

Pu-238 1.34E-08 4.96E-05 4.96E-05 4.96E-05 4.96E-05 4.96E-05 
U-238 6.42E-09 2.38E-05 2.38E-05 2.38E-05 2.38E-05 2.38E-05 
Pu-239 1.40E-08 5.18E-05 5.lSE-05 5.18E-05 5.18E-05 5.18E-05 

Pu-241 2.07E-10 7.66E-07 7.66E-07 7.66E-07 1.06E-O1 7.36E--05 
Am-241 9.84E-07 3.64E-03 3.64E-03 3.64E-03 3.64E-03 3.64E1-03 
Cm-242 3.10E-08 1.15E-04 1.151-04 1.15E-04 4.96E+909 IA.9E*00 
Pu-242 1.33E-08 4.92E-05 4.92E-05 4.92E-05 4.92E-05 4.92E-05 
Cm-244 5A5E-07 2.02E-03 2.02E-03 2.02E-03 2.05E-03 2.02E-03 

'lhis apparently umreasonable value for Cm-242 is correct The derivation of the mnber is explained in Appendix E.

B-41 DraiU4UREG-1640, Vol.2

Parameter ValuesAppendix B

Draft NUREG-1 640, Vol. 2B-41



Parameter Values Appendix B 

Table &.22 Root uptake factors (!fi) and soil distribution coefficients (K,) 
B1, (pCi/kg dry-weight per pCi/kfg soil) K, (mUg) 

Element leafy vegetables root vegetables Geometric mean GSD' 
Actinium (Ac) 3.50E-03 3.50E-04 1.50E+03 320E+00 
Antimony (Sb) 1.30E-04 5.60E-04 9.44E+03 3.20E+00 
Americium (Am) 5.80E-04 4.10E-04 1.89E+03 1.1OE+00 
Barium (Ba) I1.0E-01 1.50E-02 1.80E+02 3.20E+00 

Carbon (C) 7.OOE-01 7.OOE-01 6.67E+00 320E+00 
Calcium (Ca) 3.50E+00 3.50E-01 8.86E+00 32.0E+400 
Cadmium (Cd) 5.50E-01 1.50E-01 1.78E+02 32.0E+00 
Cerium (CC) 1.00E-02 4.00E-03 3.16E+03 3.20E+00 

Curium (Cm) 3.OOE-04 2.40E-04 7.76E+03 3.20E+00 
Cobalt (Co) 8.10E-02 4.00E-02 2.45E+02 3.20E+00 
Chromium (Cr) 7.50E-03 4.50E-03 1.4!E+02 3.20E1+00 
Cesium (Cs) 1.30E-01 4.90E-02 1.49E+01 3.20E+00 

Europium (Eu) 1.00E-02 4.E-03 8.22E+02 3.20E+OO 
Hydrogen (H) 2.34E+00 3.20E+00 
Iodine (1) 3.40E-03 5.00E-2 5.001E+00 1.101E+00 
Iridium (Ir) 5.50E-02 1.50E-02_ 3.20E+02 3.20E+00 

Lead (Po) 5.80E-03 3.20E-03 I ASE+03 3.20E+00 
Manganese (Mn) 5.60E-01 1.5013-01 1.95E+02 3.20E+00 
Molybdenum (Mo) 2.50E-01 6.001E-02 9.95E+00 3.20E1+00 
Neptunium (Np) 1.30E-02 9.40E-03 4.9813+00 3.20E+00 

Niobium (Nb) 2.OOE-02 5.00E-03 8.22E1+02 3.20E+00 
Phosphorus (P) 3.50E+00 3.50E+00 3.08E+01 3.20E+00 
Plutonium (Pu) 3.90E-04 2.00E-04 5.47E+02 3.20E+00 
Polonium (Po) 2.50E-03 9.001-03 9.77E+02 320E+00 

Prome a. thium !.00E-02 4.OOE-03 8.22E+02 3.20E+00 
(Pm) 
Protactinium (Pa) 2.50E-03 2.50E-04 5.07E+02 3.20E+00 
Radium (Ra) 7.50E-02 3.20E-03 4.12E+02 3.20E+00 
Radon (Rn) - O.OOE+00 3.20E+0O 

Ruthenium (Ru) 5.20E-01 2.00E-02 1.91E+03 3.20E+00 
Selenium (Se) 2.50E-02 2.50E-02 6.80E+01 3.20E+00 
Silver (Ag) 2.70E-04 1.30E-03 1.16E+03 3.20E+00 
Sodium (Na) 7.50E-02 5.50E-02 2.66E+02 3.20E+00 

Sulfur (S) 1.50E+00 1.50E+00 5.00E+01 3.20E+00 
Technetium (Tc) 4.40E+01 I.IOE+00 9.95E-02 3.20E+00 
Thorium (Th) 6.60E-03 1.20E-04 3.18Et03 3.20E+00 
Uranium (U) 1.70E-02 1.40E-02 1.49E1+01 3.20E+00 

Zinc (Zn) 1.40E+00 5.90E-01 2.04E+03 3.20E+00 
Zirconium (Zr) 2.OOE-03 5.OOE-04 2.04E+03 3.20EO00 
GSD,- geometric standard deviation
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C EXTERNAL EXPOSURE DOSE FACTORS

As used in this report, the dose factors for external exposure to radiation are referred to as 
geometry factors. A geometry factor, therefore, is a dose coefficient that relates the 
concentration of radioactivity in a contaminated material to the external dose rate for organs and 
tissues of the body. Each geometry factor is unique to a specific geometric configuration, 
contaminated material, and radionuclide. The units are dose rate per mass radioactivity 
concentration (Sv/s per Bq/g or mrem/h per pCi/g) or surficial concentration (Sv/s per Bq/cm2 or 
mrem/h per pCi/cm2).  

The calculated geometry factors are similar to the dose coefficients tabulated in the 
Environmental Protection Agency's Federal Guidance Report No. 12, with two important 
differences. First, these factors are for specific geometries that are more complicated than those 
in the EPA report. The Federal Guidance Report is intended for generic assessment purposes and 
is, therefore, limited to a few simple, idealized geometries. Second, the geometry factors used 
here include the effects of shielding by the specific constituents of the materials associated with 
each geometric configuration. Eleven configurations are addressed by geometry factors: 1) a 
large pile, 2) a large metal object, 3) a small metal object, 4) a truck as seen by the driver, 5) a 
truck as seen by a bystander, 6) a small metal object close to the body, 7) a continuous shell of 
material representing the walls and floor of a concrete basement, 8) a refinery baghouse, 9) a 
specialized baghouse dust truck, 10) a steel framed room, and 11) a typical passenger vehicle.  

Some scenarios in this report (post-closure landfill residents and the disposal activities scenarios) 
address geometries and shielding materials that are very similar to those used in calculating the 
values in Federal Guidance Report No. 12. In those cases, the Federal Guidance Report No. 12 
values were used rather than recalculating a new set of geometry factors. Values from Federal 
Guidance Report No. 12 were determined to be adequate for use in calculations involving 
external exposure from contaminated soil and for calculations involving external exposure to 
buried materials (wastes).  

C.A Calculational Methods 

A radiation dose rate depends strongly on the spatial distribution of the radionuclide and 
shielding materials associated with each geometry factor. Estimating the dose to tissues of the 
body from radiations emitted by an arbitrary spatial distribution of a radionuclide is a difficult 
computational task. Therefore, it has become common practice to consider simplified and 
idealized exposure geometries. For example, Federal Guidance Report 12 tabulates dose 
coefficients for external exposure to photons and electrons emitted by radionuclides distributed 
in air, water, and soil. For each of these geometries, the radionuclide concentration, as seen from 
the location of an exposed individual, is treated as uniform and effectively infinite in extent.  
These assumptions simplify the calculations of dose coefficients.  

The geometry factors used in this report represent finite volumes of specified size and shape 
containing non-uniform distributions of materials. Calculations of this type require specialized 
computational tools. The geometry factors used here are based on shielding calculations made
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using the computer code Monte Carlo N-Particle (MCNP) (Briesmeister 1993). MCNP is a three 
dimensional radiation transport code that treats an arbitrary configuration of materials in cells 
bounded by surfaces. Pointwise continuous-energy cross section data are used and the transport 
equation is solved by a random walk method.  

The MCNP code calculates radiation transport from the source to the surface of the body. To 
estimate doses to the tissues of the body, dose response functions that incorporate subsequent 
transport of radiation in the body and deposition of energy in tissues of body, are used. For this 
study, the dose response used was the 1 cm deep dose equivalent for photons, as described in 
Table 6 of ICRP Publication 51.  

The presence of radioactive decay products complicates the treatment of photon spectra. Two 
criteria were used to determine the contribution of photons from decay products: 1) photons of 
progeny nuclides whose half-lives are less than one day were assigned to the photon group of the 
parent, and 2) photons of progeny nuclides whose half-lives are greater than one day were treated 
as discrete nuclides, and assigned their own photon energies.  

Decay product branching fractions were applied to calculate effective frequencies of emission for 
photon spectra. Those photon energies that were less than 8.65 KeV, and those whose 
frequencies of emission were less than 0.1% were excluded from the calculations. Using 8.65 
KeV as the threshold for excluding photon energies follows the practice used in Federal 
Guidance Report No. 12 (Eckerman & Ryman, 1993).  

The geometry factors include photons from progeny nuclides in proportion to the radioactivity of 
each nuclide present under the circumstances of each scenario. The radioactivity of progeny 
nuclides depends on two factors: 1) the amount of time available for ingrowth and 2) how 
-radioactive material is introduced into the scenario. The time available for ingrowth is the period 
from clearance of the material to the beginning of each scenario. Radioactive material can be 
introduced into the scenario in two ways. In some cases, the scenario starts with a certain 
amount of radioactivity present and no new radioactivity is introduced over the duration of the 
exposure period. For other scenarios, radioactivity is introduced continuously over the exposure 
period as new material is cleared and processed. These two factors are addressed by calculating 
four dose rates for each geometric configuration. These address: 1) scenarios occurring early in 
time with a single initial input of radioactivity, 2) early scenarios with continuous input of 
radioactivity, 3) late scenarios with an initial input, and 4) late scenarios with continuous input.  
Further discussion of the methods used to treat radioactive decay and progeny ingrowth is 
presented in Appendix E.  

C.2 Sensitivity Analysis 

Geometry factors (GFs) am dependent on parameters such as the material composition, the 
density, the geometric configuration of the object, the distance from the object to the receptor, 
and the photon energy. Some of these parameters do not have a significant influence on the 
value of the geometry factor and therefore do not contribute significantly to dose. Diagnostic 
calculations were done to decide which parameters do and do not have a significant influence on
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the size of the geometry factors. Figures C..1 through C.5 illustrate the results of these 
calculations.  

Figures!C.1 through C.3 show the effects that varying density, radius, and length have on the size 
of the geometry factors for a large pile of scrap metal. Figure C. I illustrates the relative 
insensitivity of the geometry factor to density. For both the 0.1 and I MeV photon energies the 
GF curve remains flat over a density range of approximately 1 to 8 g/cm 3. Over this density 
range the GF values for 0.1 MeV energy photons vary by approximately 30% and for the 1 MeV 
photons the OF values vary by approximately 5%. This information provides justification for 
limiting the number of material densities used in the GF calculations. It also supports using a GF 
calculated of a single density to describe large piles of different densities. Figure C.2 illustrates 
that at a radius greater than approximately 4 meters, the geometry factor for a pile of scrap metal 
becomes insensitive to an increase in the radius of the pile. It shows that for I MeV photons the 
size of the GF increases by approximately 106/ when the radius is increased from 4 to 6 meters.  
For 0.1 MeV photons, as the radius is increased from 4 to 6 meters the GF increases by 
approximately 20%. Therefore, a radius of 4 meters was chosen for use in the calculation of the 
large pile geometry factor (GF-1). As illustrated in Figure C.3, the geometry factor loses 
sensitivity to increases in object length beyond a length of approximately 15 meters and the size 
of the OF, beyond this length, is determined primarily by the distance to the receptor and the 
photon energy. At approximately 15 meters, for both 0.1 and 1 MeV photons, the GF curve 
flattens and from 15 to 20 meters there is approximately a 5% increase in the size of the GF.  
Therefore a length of 15 meters was chosen for use in the calculation of the large pile geometry 
factor (GF-1).  

Figure C.4 shows the results of geometry factor calculations for large metal objects of varying 
mass. As the figure illustrates, the size of the OF for the large metal object for a 1 MeV photon 
increases by approximately 120% when the mass is increased from 200 to 2000 kg. For 0.1 MeV 
photons, as the mass is increased from 200 to 2000 kg the GF increases by approximately 4%.  
Based on this information a mass of 200 kg was chosen for use in the geometry factor 
calculations for the large metal object. The use of the 200-kg mass 
value essentially bounds all low energy GF values and provides a reasonable estimate of OF 
values for high energy photons without assuming worse case. This information provides a basis 
for the selection of 200 kg for use in the large metal object geometry factor (GF-2) calculations.  

Figure C.5 shows calculated geometry factors for dose point inside an enclosure. It illustrates the 
effect that increasing the mass of the enclosure has on the size of the geometry factor. As the 
mass reaches approximately three thousand kilograms the curve flattens and further increases in 
mass do not affect the size of the geometry factor. As the figure shows, an increase in mass from 
three thousand to four thousand kilograms increases the value of the OF by approximately 2%.  
This information provides justification for using a mass of approximately 3000 kg for the 
calculation of the inside an object geometry factor (GF-7) and provides a basis for applicability 
to other scenarios involving similar geometric configurations.
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Figure C.6. Relative dose rates for three models of a steel-fra4med structure 
(Normalized to 1.0 for the dose rate Inside a comparable sphere) 
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Figure C.6 illustrates the results of calculations that compare three possible approaches to 
modeling a steel framed room. The first model represents a framework of steel studs using the 
masses, dimensions, and spacing of typical construction practices. Dose is calculated for a point 
in the center of a 12' x 12' x 8' room. The second model represents a room of the same 
dimensions encased in steel sheet metal having the same source strength as the steel studs in the 
first model. The third model is a sphere of the same source strength and a radius that is 
equivalent to the average distance to all points on the studs in the first model. The calculated 
dose rates for the first and second models have been normalized to the results for the sphere and 
plotted as a function of the source energy. A value of 1.0 would be agreement with the sphere 
result. At low energies, both the stud and wall models are below the sphere value. At I MeV, 
the stud model is about 7% lower than the sphere, and the wall model is 4% higher than the 
sphere. The wall is effectively closer than the other two models. The spherical model was 
chosen to represent the steel framed room. It is much simpler to calculate and gives adequate 
agreement with the more complex geometry of the steel stud model.  

Finally, a set of calculations were performed to compare MCNP results with those tabulated in 
Federal Guidance Report No.12 (EPA 1993). External dose rate values were calculated for 
contamination of an infinite depth of material using a density and elemental composition for
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typical silty soils. However, these external dose rate values are appropriate for materials other 
than soil if the geometry of the contaminated volume is sufficiently similar. Diagnostic 
calculations conducted for this study show that these values are not extremely sensitive to the 
density of the material for most photon energies. For photon energies near 1 MeV, these values 
are not sensitive to elemental composition of the material over a wide range of atomic numbers 
that includes all of the materials of interest. For lower photon energies, near 0.1 Mev, external 
dose rate values show a small dependence on elemental composition (up to a factor of about 3x).  
This dependence is due to differences in photoelectric absorption coefficients among the 
materials of concern. However, this energy dependence at lower energy levels makes an 
insignificant contribution to the total dose for any of the exposure scenarios considered in this 
study. This is partly because low energy photons do not product high dose rates and partly 
because self-sheilding by the volume of soil dramatically reduces exposure rates for these 
photons.  

Table C.1 shows a comparison of MCNP calculations and the corresponding FGR 12 dose 
coefficient values for soil contaminated to an infinite depth. Since MCNP calculations were 
done for specific photon energies (1 Mev and 0.1 Mev) and FGR 12 values are radionuclide 
specific, relevant radionuclides with photon energies approximately equal to 1 Mev and 0.1 Mev 
were selected from FGR 12 for presentation in Table C.1. Co 57 was selected for comparison 
with MCNP calculations for 0.1 Mev photons and Co 60 was selected for comparison with the 
MCNP calculations for 1 Mev photons.  

Bremsstrahlung is typically a very small contributor to total external dose. However, for pure 
beta-emitters it constitutes the entire external dose pathway and should be included in developing 
geometry factors. Values of bremsstrahlung sources for nine beta-emitting radionuclides were 
estimated based on ratios to the values for Y 90. These ratios were developed using values from 
Federal Guidance Report 12 for exposure to soil contaminated to a depth of I cm. A photon 
source for Y-90 (Roberts and Kaul, 1997) was used in the MCNP calculations. This source was 
checked against the value in Federal Guidance Report 12 and gave good agreement.  
Bremsstralung Results for other bremsstrahlung sources of lesser strength were estimated based 
on their relative values to Y-90 as tabulated in Federal Guidance Report 12. Table C.2 lists the 
nine beta-emitters and the strength of their bremsstralung doses relative to Y-90.  

Table C.I Comparison of MCNP geometry factor calculations and FGR 12 dose coefficients for 
exposure to contaminated soil 

Radionuclide Material MCNP (Sv/s per Bq/m3) FOR 12 (SvIs per Bq/m3) MCNP/FGR 
Co-57 soil 2.59E-18 2.68E-18 0.97 
Co-57 dust I.12E-I 2.68E-18 0.42 
Co-57 slag 1.55E-1 $ 2.68E-18 0.58 
Co-57 steel 1.04E-I $ 2.68E-18 0.39 
Co-60 soil 9.35E-17 8.68E-17 1.08 
Co-60 dust 9.87E-17 8.68E-17 1.14 
Co-60 slag 9.83E-17 8.68E-17 1.13 
Co-60 steel 1.OIE-16 8.68E-17 1.17
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Table C.2 'Bremsstrahlung dose rates compared to Y-90 
Radionuclide FOR 12 (Sv/s per Bq/m') Ratio to Y-90 
Y-90 3.1OE-20 1.000 
P-32 1.64E-20 0.529 
Sr-89 1.27E-20 0.410 
Bi-210 5.54E-21 0.179 

CI-36 3.53E-21 0.114 
Sr-90 1.31SE-21 0.042 
Tc-99 2.92E-22 0.009 
Ca-45 1.59E-22 0.005 
S-35 4.62E-23 0.001 
C-14 4.30E-23 0.001 

C.3 Description of Geometry Factors 

Eleven geometry factors were chosen to represent the various scenarios. The following sections 
provide information on the modeling assumptions used for the calculation of each geometry 
factor.  

Tables C.3 through C.14, at the end of this appendix, list the geometry factors in conventional 
units (mrem/hr per pCi/g or mrem/hr per pCi/cm2). Four columns of values are tabulated for 
each geometry factor representing early and late occurring scenarios with either an initial or 
contiguous input of radioactivity. Values in these tables that appear in bold type have progeny 
radiations incorporated.  

C.3.1 Geometry Factor Calculation for Large Pile, GF-1 (Large Pile) 

This geometry factor is applicable for a worker near a large pile of scrap steel containing a 
gamma-emitting radionuclide. It is also applicable to other, similar scenarios. This geometry 
factor is designated GF-I (Large Pile). Figure C.7 is a schematic illustrating the relative position 
of a person to the pile. The following is a listing of the modeling assumptions used for the 
calculation.  

Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993) 

Geometry: The source is a half-cylinder of steel, with a radius of four meters and a length of 15 
meters. The volume of the pile is 3.77E+08 cm3. The density is 3.93 g/cm3. The mass of the 
steel is 1.48E+09 g, or 1480 metric tons. Beneath the steel is soil. Above the soil and outside 
the cylinder is air.  

Materials: The steel is carbon steel, which is 98.1% Fe, 1% Mn, 0.9% C by weight (Weast 
1986, p E- 119). The steel is approximately half the normal density, to account for the air spaces 
in a pile of scrap. The air and soil are "ATR moist" air and soil as described in DNA-TR-91-237 
pp 13,33 (Kaul 1992). The air density is 1.121E-03 g/fc 3. The soil density is 1.61 g/cm3.
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Figure CQ7 Illustration of large pile geometry 

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the surface of the pile down to a depth corresponding to at least four mean 
paths. Photons originating from deeper within the pile do not contribute significantly to dose.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at a point one meter above the 
ground, two meters from the bottom edge of the cylinder, and equidistant from the ends of the 
cylinder.  

Response: The response function used is the deep dose equivalent index for a plane parallel 
beam of photons (PAR) as described in Table 4, p 15 of ICRP Publication 51 (ICRP 1987).  
Units are Sv-cm2 .  

Normalization: The steel is assumed to contain 1 Bq per g. The total sampled source (photons 
emitted/s per Bq/g) is the mass of the sampled outer volume of the pile times the number of 
photons emitted per Bq. The geometry factor is given by:
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GF (Sv/s per Bq/g) = Flux (photons/cm2 per photon emitted) * Response (Sv cm2) * 
Normalization (photons emitted/s per Bq/g) 

C.3.2 Geometry Factor Calculation for Large Metal Object, GF-2 (Large Metal 
Object) 

This geometry factor was developed to calculate the dose rate to a person positioned two meters 
from a large metal object as illustrated in Figure C.8. Calculations are based upon the following 
modeling assumptions:

1.7m

2m
*- .6m -*

Figure C.8 Illustration of large metal object geometry
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Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993) 

Geometry: The source is a hollow cylinder of steel with an outside radius of 30 cm and an 
inside radius of 29.2 cm. The cylinder is 170 cm long. The volume of the steel is 2.529E+04 
cm3. The density is 7.86 gfcm3. The mass of the steel is 1.988E+05 g. Spaces outside and inside 
the cylinder are occupied by ATR moist air. The geometry is bounded by a sphere of radius 300 
meters to include sufficient air for calculating back scatter. The cylinder is centered at the origin.  

Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.9% C by weight (Weast 
1986, p E-1 19). The steel density is for solid steel. The air is" moist" air as described in DNA
TR-91-237 pp 13, 33 (Kaul 1992). The air density is 1.121E-03 g/cm3.  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the steel.  

Tally: Flux (photons/cm2 per photon emitted) is calculated on a ring centered two meters from 
outside the cylinder.  

Response: The response function used is the deep dose equivalent index for a plane parallel 
beam of photons (PAR), in units of Sv-cm2, as described in Table 4, p 15 of ICRP Publication 
51 (ICRP 1987).  

Normalization: The steel is assumed to contain 1 Bq per g. The total sampled source (photons 
emitted per sec, per Bq/g) is the mass of the steel times the number of photons emitted per Bq.  
The geometry factor is given by: 

GF (Sv/s per Bq/g) = Flux (photons/cm2 per photon emitted) * Response (Sv cm2) * 
Normalization (photons emitted/s per Bq/g).  

C.3.3 Geometry Factor Calculation for Small Metal Object, GF-3 (Small Metal Object) 

As shown in Figure C.9, this geometry factor was developed to calculate the dose rate to a person 
positioned two meters from outside a small metal object. Calculations are based upon the 
following modeling assumptions: 
Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993).  

Geometry: The source is a hollow sphere of steel with an outside radius of 13 cm and an inside 
radius of 12.24 cm. The volume ofthe steel is 1.522E+03 cm3. The density is 7.86 g/cm3. The 
mass of the steel is 1.196E+04 g. Spaces outside and inside the sphere are occupied by moist air.  
The geometry is bounded by a sphere of radius 300 meters to include enough air for calculating 
back scatter. Both spheres are centered at the origin.
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Figure C.9 Illustration of small metal object geometry 

Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.9% C by weight (Weast 
1986,:p E-119). The steel density is for solid steel. The air is "ATR moist" air as described in 
DNA-TR-91-237 pp 13,33 (Kaul 1992). The air density is 1.121E-03 g/fam.  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the steel.  

Tally: Flux (photons/ce 2 per photon emitted) is calculated on a ring centered two meters from 
outside the sphere.  

Response: The response function used is the deep dose equivalent index for a plane parallel 
beam of photons (PAR), in units of Sv-cm2, as described in Table 4, p 15 of ICRP Publication 
51 (ICRP 1987).  

Normalization: The steel is assumed to contain 1 Bq per g. The total sampled source (photons 
emitted/s per Bqlg) is the mass of the steel times the number of photons emitted per Bq. The 
geometry factor is given by:
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GF (Sv/s per Bq/g) = Flux (photons/cm2 per photon emitted) * Response (Sv-cm2 ) * 

Normalization (photons emitted/s per Bq/g) 

C.3.4 Geometry Factor Calculation for the Transportation of Material; GF-4 (Driver of 
Truck) 

This geometry factor was developed to calculate the dose rate to the driver of a truck filled with 
scrap metal, baghouse dust, slag, or refined metal products. Figure C.IO illustrates the position 
of the driver. Calculations are based upon the following modeling assumptions: 

Method of calculation: Three-dimensional Monte Carlo using MCNP 

Geometry: The source is a rectangular parallelepiped of steel 48 feet long by 102 inches wide by 
114 inches deep (14.6 m x 2.6 m x 2.9 m). The steel is encased in a shell of aluminum 0.05 
inches (0.13 cm) thick. The volume of the steel is 1.098E+08 cm3. The density is 0.236 g/cm3.  
The mass of the steel is 57,000 pounds. The truck cab is represented by a sphere of air one meter 
in radius encased in a shell of aluminum 0.05 inches thick, centered at one end of the rectangular 
parallelepiped. Space outside the truck is occupied by ATR moist air. The geometry is bounded 
by a sphere of radius 300 meters. The bottom of the truck is at the center of the sphere.  

2.9 m

14.6 m

Figure C.10 Illustration of truck geometry for driver
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For the four radionuclides for which the use of this GF in the baghouse dust transport scenario 
resulted in a limiting dose, (see Table C.5), a different geometry corresponding more closely to 
the description of a baghouse dust truck was used. In this case, the source was a rectangular 
parallelepiped of EAF dust 29.3 ft long by 8.5 ft wide by 9.5 ft high (8.9 m by 2.6 m by 2.9 m), 
encased in .05 inches (0.13 cm) aluminum, with a volume of 2.4E+3 ft, (6.694E+7 cm3), a 
density of 0.386 g/cm3, and a mass of 57,000 lbs (2.6E+7 g).  

'Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.9% C by weight (CRC 
Handbook of Chemistry and Physics, p E-1 19, 1986). The steel density accounts for the truck 
payload and volume. The air is "ATR moist air," as described in DNA-TR-91-237 pp 13, 33.  
The air density is 1.121E-03 g/cm3.  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the steel.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at a point inside the aluminum 
sphere one-half meter from the center of the end of the truck. For the alternate geometry for 
baghouse dust truck, the flux was calculated at a point 11.37 ft from the end of the load.  
Response: The response function used is the deep dose equivalent index for a plane parallel 
beam of photons (PAR), in units of Sv-cm2, as described in Table 4, p 15 of ICRP Publication 
51.  

Normalization: The steel is assumed to contain 1 Bq per g. The total sampled source (photons 
emitted per sec, per Bq/g) is the mass of the steel times the number of photons emitted per Bq.  
The geometry factor is given by: 

GF (Sv/s per Bq/g) = Flux (photons/cm2 per photon emitted) Response (Sv cm2) 
Normalization (photons emitted/s per Bq/g).  

C.3.6 Geometry Factor Calculation for Transport of Material; Lateral Exposure, GF-6 
(Beside Truck) 

This geometry factor was developed to calculate the dose rate to a person standing to the side of 
a truck filled with scrap metal. The truck is modeled as shown in Figure C.10 with the person 
located I meter from the center of the longest side. Calculations are based upon the following 
modeling assumptions: 

Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993).  

Geometry: The source is a rectangular parallelepiped of steel 48 feet long by 102 inches wide, 
by 114 inches deep. The steel is encased in a shell of aluminum 0.05 inches thick. The volume 
of the steel is 1.098E+08 cm3. The density is 0.236 g/cm3. The mass of the steel is 57,000 
pounds. The truck cab is represented by a sphere of air one meter in radius encased in a shell of 
aluminum 0.05 inches thick centered at one end of the rectangular parallelepiped. Space outside
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the truck is occupied by ATR moist air. The geometry is bounded by a sphere of radius 300 
meters. The bottom of the truck is at the center of the sphere.  

For the four radionuclides for which the use of this GF in the baghouse dust transport scenario 
resulted in a limiting dose, a different geometry corresponding more closely to the description of 
a baghouse dust truck was used. In this case, the source was a rectangular parallelepiped of EAF 
dust 29.3 ft long by 8.5 ft wide by 9.5 ft high (8.9 m by 2.6 m by 2.9 m), encased in .05 inches 
(0.13 cm) aluminum, with a volume of 2.4E+3 ft (6.694E+7 cm 3), a density of 0.386 g/cm,3, and 
a mass of 57,000 lbs (2.6E+7 g).  

Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.9% C by weight (CRC 
Handbook of Chemistry and Physics, p E- 119, 1986). The steel density accounts for the truck 
payload and volume. The air is "moist" air as described in DNA-TR-91-237 pp 13, 33 (Kaul 
1992). The air density is 1.12 1E-03 g/cm'.  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the steel.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at a point one meter from outside the 
rectangular parallelepiped, centered on the largest side, for both geometries.  

Response: The response function used is the deep dose equivalent index for a plane parallel 
beam of photons (PAR), in units of Sv-cm2 , as described in Table 4, p 15 of ICRP Publication 
51 (ICRP 1987).  

Normalization: The steel is assumed to contain 1 Bq per g. The total sampled source (photons 
emitted/s, per Bq/g) is the mass of the steel times the number of photons emitted per Bq. The 
geometry factor is given by: 

GF (Sv/s per Bq/g) = Flux (photons/cm2 per photon emitted) * Response (Sv-cm2) * 
Normalization (photons emitted/s per Bq/g) 

C.3.6 Geometry Factor Calculation for Small Metal Object Close to Body, GF-6 (Small 
Metal Object Close to Body) 

This geometry factor was developed to calculate the dose rate to a person from a small metal 
object positioned on the body as illustrated in Figure C. 11. Calculations are based upon 
thefollowing modeling assumptions: 

Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993) 

Geometry: The source is a cylindrical disk of steel with a radius of 24.0 cm. and a thickness of 
0.456 cm. The density is 7.86 g/cm3. The mass of the steel is 45 grams. The dose point is in air 
1 cm form the center of the disk. The geometry is bounded by a sphere of radius 300 m, 
occupied by AIR moist air. The tissue cylinder is centered at the origin.
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Figure C.11 Illustration of geometry for a small object close to the body 

Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.9% C by weight (Weast 
1986, p E-1 19). The steel density is for solid steel. The air is "moist" air as described in DNA
TR-91-237 pp 13,33 (Kaul 1992). The air density is 1.121E-03 g/cm3.  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the steel.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at a point I cm from the center of the 
face of the steel disk.  

Response: The response function used is the deep dose equivalent index for a plane parallel 
beam ofphotons (PAR), in units of Sv-cm2, as described in Table 4, p 15 of ICRP Publication 
51 (ICRP 1987).  

Normalization: The steel is assumed to contain I Bq per g. The total sampled source (photons 
emitted per sec, per Bq/g) is the mass of the steel times the number of photons emitted per Bq.  
The geometry factor is given by:
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GF (Gy/s per Bq/g) = Flux (photons/cm2 per photon emitted) * Response (Gy-cm2) * 
Normalization (photons emitted/s per Bq/g).  

C.3.7 Geometry Factor Calculation for Inside an Object or Structure, GF-7 (Inside 
Structure) 

This geometry factor was developed to calculate the dose rate from an thick-walled object or 
structure, delivered to a person located inside as shown in Figure C.12 Calculations are based 
upon the following modeling assumptions:

I
I

I 
I 

I 
I

1j.7

00 go 00

Figure C.12 Illustration of geometry for an Individual inside a structure
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Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993) 

Geometry: The source is a hollow sphere of steel with an inside radius of one meter and an 
outside radius of 103 cm. The volume of the steel is 3.884E+05 cm3. The density is 7.86 g/cm3 .  
The mass of the steel is 3.053E+06 g. For a limited number of radionuclides for which this GF 
resulted in a limiting scenario dose (see Table C.8), a less massive sphere was used. This was 
done in order to approximate the mass of recycled steel in a U.S. automobile. For these 
radionuclides, a thinner hollow sphere of steel was used, with an inside radius of one meter and 
an outside radius of 101.1 cm, which resulted in a volume of the steel of 1.4E+05 cm3, and a 
mass of steel of 1. 1E+06 g. Spaces outside and inside both spheres are occupied by ATR moist 
air. The geometry is bounded by a sphere of radius 300 meters. Both spheres are centered at the 
origin.  

Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.90/6 C by weight (Weast 
1986, p E-119). The steel density is for solid steel. The air is "ATR moist" air as described in 
DNA-TR-91-237 pp 13,33 (Kaul 1986). The air density is 1.121E-03 g/cm3.  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the steel.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at the origin.  

Response: The response function used is the deep dose equivalent index for an isotropic source 
of photons (ISO) in units of Sv-cm2, as described in Table 4, p 15 of ICRP Publication 51 (ICRP 
1987).  

Normalization: The steel is assumed to contain I Bq per g. The total sampled source (photons 
emitted per sec, per Bq/g) is the mass of the steel times the number of photons emitted per Bq.  
The geometry factor is given by: 

GF (Sv/s per Bq/g) = Flux (photons/cm2 per photon emitted) * Response (Sv cm2) * 

Normalization (photons emitted/s per Bq/g) 

C.3.8 Geometry Factor Calculation for Baghouse Worker, GF-8 (Inside Refinery Baghouse) 

This geometry factor was developed to calculate the external dose rate to a worker inside a 
refmery baghouse as shown in Figure C.13. Calculations are based upon the following modeling 
assumptions:
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Figure C.13 Illustration of geometry for an Individual inside a refinery baghouse 

Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993) 
Geometry: A baghouse module is modeled as a rectangular parallelepiped with interior 
dimensions 15 feet long by 15 feet wide by 30 feet high. The exterior walls, ceiling and floor are 
1/4 inch steel. The interior is a mixture of EAF dust, fiberglass, and air representing 66 
fiberglass filtration bags weighing 5.9 pounds each with a dust load of 10 pounds per bag in a 
room filled with air. Outside the baghouse is air. The geometry is bounded by a sphere of radius 
300 meters. The baghouse is at the center of the sphere. Two geometries are employed. For 
most radionuclide sources, an array of nine adjoining modules in a square, 3 by 3 configuration, 
is used. This allows for contributions from source in adjacent rooms. For very weak photon 
sources, with negligible transport through the steel walls, a single module is used in order to 
improve the efficiency of the Monte Carlo calculation.  

Materials: The dust is EAF dust, which is described in the dust report (SAIC 1995). The air is 
ATR moist air as described in DNA-TR-91-237 pp 13, 33. The air density is 1.121E-03 g/cm3.  
ThIe fiberglass is modeled as CHSiO2. The density of the mixture is 3.608E-3 g/cm3. The steel is 
carbon steel, which is 98.1% Fe, 1% Mn, 0.9% C by weight (CRC Handbook of Chemistry and 
Physics, p E- 119, 1986), with a density of 7.86 g/cm3.
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Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the dust miki~e.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at a point one meter above the center 
of the (center) baghouse floor.  

Response: The response function used is the deep dose equivalent index for a rotated plane 
parallel beam of photons (ROT) as described in Table 4, p 15 of ICRP 51. Units are Sv cm2.  

Normalization: The dust is assumed to contain I Bq per g. The total sampled source (photons 
emitted/s per Bq/g) is the mass of the dust (either 660 lbs, or 660 x 9 = 5,940 lbs) times the 
number of photons emitted per Bq. The geometry factor is given by: 

GF (Sv/s per Bq/g) = Flux (photons/cm2 per photon emitted) * Response (Sv cm2) * 
Normalization (photons emitted/s per Bq/g) 

C.3.9 Geometry Factor Calculation for Refinery Baghouse Dust Truck Worker, GF-9 
(Baghouse Dust Truck) 

This geometry factor was developed to calculate the dose rate to a worker handling EAF dust at a refinery. The worker is assumed to be positioned on top of a truck filled with EAF dust.  
Figure C.14 illustrates this situation. Calculations are based upon the following modeling 
assumptions: 
Method of calculation: Three-dimensional Monte Carlo using MCNP.  

I.8 0

7.6 m

Figure C.14 Illustration of geometry for an Individual loading a baghouse dust truck 
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Geometry: The source is a rectangular parallelepiped of EAF dust 25 feet long by eight feet 
wide by six feet deep. The dust is encased in a shell of steel three-sixteenths of an inch thick.  
The volume of the dust is 3.40E+07 cm3. The density is 0.51 g/cm3. The mass of the dust is 
1.733E+07 grams. The steel shell is surrounded by ATR moist air. The geometry is bounded by 
a sphere of radius 300 meters. The top of the truck is at the center of the sphere.  

Materials: The dust is EAF dust, as described in the dust report (SAIC 1995). The dust density 
accounts for the truck payload and volume. The steel is carbon steel, which is 98.1% Fe, 1% 
Mn, 0.9% C by weight (Weast 1986, p E-1 19). The air is "ATR moist" air as described in 
DNA-TR-91-237 pp 13, 33 (Kaul 1992). The air density is 1.12 1E-03 g/cm3 .  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the dust layer.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at a point one-half meter above the 
center of the truck.  

Response: The response function used is the deep dose equivalent index for a plane parallel 
beam of photons (PAR), in units of Sv-cm2, as described in Table 4, p 15 of ICRP Publication 
51 ICRP 1987).  

Normalization: The dust is assumed to contain 1 Bq per g. The total sampled source (photons 
emitted/s per Bq/g) is the mass of the dust times the number of photons emitted per Bq. The 
geometry factor is given by: 

GF (Sv/s per Bq/g) = Flux (photons/em2 per photon emitted) * Response (Sv-cm2) * 
Normalization (photons emitted/s per Bq/g).  

C.3.10 Geometry Factor Calculation for a Steel-Framed Structure, GF-1O (Steel Structure) 

This geometry factor was developed to calculate dose to an individual inside a steel framed 
structure as portrayed in Figure C.15. Calculations are based on the following assumptions:
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Figure C.15 Illustration of geometry for an individual in a steel framed structure 

Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993).  

Geometry: The source is a hoflilow sphere of steel with an outside radius of 202 cm and a 
thickness of 2 cm. The density is 8.032 g/cm3, The mass of the steel is 8.042E+Q5 g. Space 
inside the sphere is occupied by moist air.  

Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.9% C by weight (Weast 
1986, p E-1 19). The steel density is for solid steel. The air is 'ATR moist" air as described in 
DNA-TR-91-237 pp 13, 33 (Kaul 1992). The air density is 1.121E-03 g/cre9.  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the steel.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at a point at the center of the sphere..  

Response: The response function used is the deep dose equivalent index for an isotropic source 
of photons (ISO), in units of Sv-cm2, as described in Table 4, p 15 of ICRP Publication 51 
(ICRP 1987).

C-25 Draft NUREG-1640, Vol.2

External Exposure Dose FactorsAppendix C

Draft NUREG-1640, Vol. 2C-25



Normalization: The steel is assumed to contain I Bq per g. The total sampled source (photons 
emitted/s per Bq/g) is the mass of the steel times the number of photons emitted per Bq. The 
geometry factor is given by: 

GF (Sv/s per Bq/g) = Flux (photons/cm2 per photon emitted) * Response (Sv-cm2)* 
Normalization (photons emitted/s per Bq/g) 

C.3.11 Geometry Factor Calculation for a Passenger Vehicle, GF-1 I (Automobile) 

This geometry factor was developed to calculate dose to an individual inside a passenger vehicle 
as portrayed in Figure C.16. The model is in two parts - a thin slab of steel represents the chassis 
and undercarriage of the vehicle and steel cube, representing the engine, is centered on the slab 
at one end. The dimensions of the slab and the masses of the undercarriage and engine are based 
on the average amounts of recycled steel in typical late-model American passenger vehicles.  
Since it is unlikely that all components of a vehicle would be made from the same source of steel 
and contain recycled metal from cleared material, only the undercarriage slab was used as a 
source. The engine serves to scatter photons. Calculations are based on the following 
assumptions:

5m

Figure C.16 Olustration of geometry for a passenger vehicle

Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993).
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Geometry: The source is a thin Slab of steel with dimensions of 5 m x 170 cm x 1.05 cm. The 
center of the top of the slab is at the origin. It's density is 7.86 g/cm3. The mass is 700 kg A 50 
cm steel cube, representing the engine, is centered on the slab at one end. It has a mass of 300 
kg and a density of 2.4 g/cm3. The geometry is bounded by a sphere of radius 300 meters 

Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.9% C by weight (Weast 
1986, p E-1 19). The steel density is for solid steel. The air is "ATR moist" air as described in 
DNA-TR-91-237 pp 13,33 (Kaul 1992). The air density is 1.121E-03 g/cm3.  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from the steel.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at a point 50 cn above the center of 
the 

Response: The response function used is the deep dose equivalent index for a rotated plane 
parallel beam of photons (ROT) as described in Table 4, p 15 of ICRP 51 (ICRP 1987).  

Normalization: The steel is assumed to contain I Bq per g. The total sampled source (photons 
emitted/s per Bq/g) is the mass of the steel times the number of photons emitted per Bq. The 
geometry factor is given by: 

GF (Sv/s per Bq/g) = Flux (photons/cm2 per photon emitted) * Response (Sv-cr 2) * 
Normalization (photons emitted/s per Bq/g) 

C.3.12 Geometry Factor Calculation for Surface Contamination - Inside a Sphere 

This geometry factor was developed to calculate the dose rate to a person positioned inside a 
metal sphere with surficial contamination on the inside surface. The sphere is used to represent 
the interior of a truck cab similar to that illustrated in Figure C.10. Calculations are based upon 
the following modeling assumptions: 

Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993) 

Geometry: The source is the inside surface of a hollow sphere of steel with an outside radius of 
103 cm and an inside radius of 100 cm. The volume of the steel is 3.884E+05 cm3. The density 
is 7.86 g/cn 3. The mass of the steel is 3.053E+06 g. Spaces outside and inside the cylinder are 
occupied by ATR moist air. The geometry is bounded by a sphere of radius 300 meters. Both 
spheres are centered at the origin.
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Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.9% C by weight (Weast 
1986, p E-1 19). The steel density is for solid steel. The air is " moist" air as described in DNA
TR-91-237 pp 13, 33 (Kaul 1992). The air density is 1.121E-03 glcm3 .  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 

isotropically from just inside the inner surface of the steel.  

Tally: Flux (photons/cm2 per photon emitted) is calculated at the origin.  

Response: The response function used is the deep dose equivalent index for an isotropic source 
of photons (ISO), in units of Sv-cm2, as described in Table 4, p 15 of ICRP Publication 51 
(ICRP 1987).  

Normalization: The inside surface is assumed to contain 1 Bq per cm2 . The total sampled 
source (photons emitted per sec, per Bq/cm2) is the surface area of the 100 cm sphere (1.257 
E+05cm 2) times the number of photons emitted per Bq. The geometry factor is given by: 

GF (Sv/s per Bqtcm2 = Flux (photons/cm 2 per photon emitted) * Response (Sv cm2) * 
Normalization (photons emitted/s per Bq/cm2).  

C.3.13 Geometry Factor for Surface Contamination - Close to Small Object 

This geometry factor was developed to calculate the dose rate to a person positioned one and two 
meters from the outside of a small metal object. The geometry factor is intentionally generic by 
design so that it may be applied to other, similar scenarios. Calculations are based upon the 
following modeling assumptions: 

Method of calculation: Three-dimensional Monte Carlo using MCNP (LANL 1993) 

Geometry: The source is on the outside of a hollow sphere of steel with an outside radius of 13 
cm and an inside radius of 12.24 cm. The volume of the steel is 1.522E+03 cm3. The density is 
7.86 g/cm3. The mass of the steel is 1.196E+04 g. Spaces outside and inside the sphere are 
occupied by ATR moist air. The geometry is bounded by a sphere of radius 300 meters. Both 
spheres are centered at the origin.  

Materials: The steel is carbon steel, consisting of 98.1% Fe, 1% Mn, 0.9% C by weight (Weast 
1986, p E-1 19). The steel density is for solid steel, The air is" moist" air as described in DNA
TR-91-237 pp 13,33 (Kaul 1992). The air density is 1.121E-03 g/cm3.  

Source: For each radionuclide of interest, photons of appropriate discrete energies are started 
isotropically from just outside the surface of the steel.  

Tally: Fluxes (photons/cm2 per photon emitted) are calculated on rings centered one and two 
meters from the outside of the sphere.
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Response: The response function used is the deep dose equivalent index for a plane parallel 
beam of photons (PAR), in units of Sv-cm2, as described in Table 4, p 15 of ICRP Publication 
51 (ICRP 1987).  

Normalization: The steel is assumed to contain 1 Bq per cm2 of outside surface area. The total 
sampled source (photons emitted per sec, per Bq/cm2) is the surface area of the 13 cm sphere 
(2124 cm 2) times the number of photons emitted per Bq. The geometry factor is given by: 

GF (Sv/s per Bq/cm2 = Flux (photons/cm2 per photon emitted) * Response (Sv cm?) * 
Normalization (photons emitted/s per Bq/cm2).  

C.4 Uncertainty in External Exposure Factors 

The geometry factors used in this report are point-estimate values for each nuclide that are 
specific to each steel source geometry. They are not treated as a distribution of values in the 
probabilistic analysis. It is not practical to perform the number of MCNP calculations required 
to develop nuclide-specific, probabilistic geometry factors. In addition, some scenarios use the 
dose rate factors published in Federal Guidance Report Number 12 which are published as single 
values only.  

A separate parameter, UoF, is included in the analysis to account for uncertainty in external 
exposure rates. Uow is a multiplicative factor based on an evaluation of the circumstances 
described in each scenario. This evaluation was conducted for each material so that differences 
between steel objects and aluminum, copper, or concrete objects could be addressed.  

There are three general approaches used in the development of Uo. The first approach is to base 
UG on subjective estimates of uncertainty in the mass of the object and the relative position of 
the exposed individual. This rationale is used for GFs representing generic, non-specific objects 
of finite size such as the'large pile", the "small metal object", the "large metal object", and the 
"small metal object close to the body". In these cases, the description of each scenario is 
evaluated to determine a reasonable range of mass for the object and distance to the exposed 
individual.. For example, the GF for the small metal object is calculated for a person 2 m from a 
12 kg steel object. More massive objects and greater distances are not considered realistic for 
the circumstances of the scenario. Less massive objects and slightly closer distances are 
reasonable to postulate. A person half as far away (at I m) would receive approximately 4 times 
the dose, and an object one quarter the mass would give about one quarter the dose for a 2 m 
distance. A value of 0.7 approximates the geometric mean of 0.25 and 4.0 and best represents 
the intended circumstances of the scenario. The Uc for the Small Steel Mass (GF-3) is 
described by a triangular distribution with a minimum of 0.25, a maximum of 4.0 and a most 
likely value of 0.7.  

The second approach is to use available data regarding the mass and shape of specific objects.  
This approach was used for objects such as the refinery baghouse, the steel framed structure, and 
the passenger vehicle. For example, the GF for the passenger vehicle is based on the physical 
dimensions and the total recycled steel content of a typical automobile sold in the United States 
in the late 1990s. It is calculated assuming a 5 m x 1.7 m auto chassis weighing 700 kg. This is

Appendix C External Exposure Dose Factors
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an upper-bound estimate. It is more likely that some parts could originate from cleared material, 
but unlikely that the entire recycled steel content would originate from cleared material. If the 
source were only the engine block, or the equivalent, the exposure rate would be similar to that 
of the Large Steel Mass (GF-2). This is about 20% of the GF calculated for the chassis. If the 
source were composed of smaller parts such as breaks and springs, or the equivalent, at a greater 
distance form the driver the exposure rate would be similar to four Small Steel Mass objects 
(GF-3) at the comers of the vehicle. This is about 0.3% of the GF for the chassis. The Ur for 
the Passenger Vehicle (GF- 11) is described by a triangular distribution with a minimum of 0.003, 
a maximum of 1.0 and a most likely value of 0.2.  

The final approach is used to estimate uncertainty in external exposure rates for scenarios using 
Federal Guidance Report Number 12 values. The Federal Guidance values are based on a semi
infinite plane for which considerations of mass and distance are not relevant. However, some 
scenarios involve exposure to a finite but uncertain portion of the infinite plane. In these cases 
the scenario is evaluated to determine a realistic range for the solid angle of the source as seen by 
the exposed individual. One example is the scenario describing the use of roadbed constructed 
using steel slag. The external exposure calculation for this scenario uses an external dose rate 
factor for soil contaminated to infinite depth. For a person near the center of a 20 ft wide road, 
the solid angle is approximately 70% of that for an infinite plane for a dose point 1 m above the 
surface. For a person near the edge of the road, the solid angle is about 40% of that for an 
infinite plane. A maximum of 100% accounts for situations such as a very wide road or a large 
area such as parking lot. In this case there is no basis for determining which situation is most 
likely within the description of the scenario. The Uw for use of a roadbed containing slag is 
described by a uniform distribution with a minimum of 0.4 and a maximum of 1.0.  

Values for the distributions of UG, in each scenario are presented in Appendix B.
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Table C.3 Geometry Factors for the large pile (GF-I) (mrim/hr per pCitg) 
Early scenarios Late scenarios 

Radionuclide -Single input Continuous input Single input Continuous input 
H-3 O.OE+OO O.OE+OO O.OE+OO. O.OE+OO 
C-14 1.2E-09 1.2E-09 1.2E-09 l.2E-09 

Na-22 6.9E-04 6.9E-04 6.9E-04 6.9E-04 
P-32 4.6E-07 4.6E-07 4.6E-07 4.6E-07 

Cl-36 I. OEM07 L.OE-07 L.OE-07 1.OE-07 
K-40 5.3E-05 5.3E-05 5.3E-05 5.3E-05 
Ca-41 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ca-45 4.5E-09 4.5B-09 4.5E-09 4.5E-09 

15V _ 6.67 6 ý4IE4 

Mn-54 27E-04 2.7E-04 2.7E-04 2.7E-04 
Fe-55 O.OE+OO O.OE-I-O O.OE+OO O.OE+OO 
Co-57 9.3E-06 9.3E-06 9.3E-06 9.3E406 
Co-59 3.E-04 M.E-04 3.E-04 3.E-04 

-O - 4, 

Ni-59 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
CO-60 8.6E-04 8.6E-04 9.6E-04 8.6E-04 
Ni-63 O.OE+0O O.OE+OO O.OE+OO O.OE+0O 
Zn-65 1.2E-04 II2E-04 1.2E-04 - 1.2B-04 
j.~,+ .3t. -*0~ 

Se-75 7.2E-05 7.2E-05 7.2E-05 7.2E-05 
Sr-95 1.6E-04 1.6E-04 1.6E-04 1.6E-04 
Sr-89 3.6E-07 3.6E-07 3.6E-07 3.6E-07 
Sr-90 M.E-08 M.E-08 37E-08 3.7E-09 

Mo-93 1.9E-08 1.9B-08 l.9E-08 ISE-OS 
Nb-93m 3.4E-09 3.4E-09 3A4E-09 3.4E-09 
Nb-94 5.IE-04 5.1E-04 5.1E-04 S.IE-04 
Nb-95 2.4E-04 2.4E-04 2-4E-04 2A4E-04 

Tc -99 8.3E-09 U.E-09 8.3E-09 8.3E-09 
Ru-103 M.E-04 1.4E-04 M.E-04 M.E-04 
Ru-106 6.3E-05 6.3E-05 6.3E-05 6.3E-05 

Ag-1O8m ___5.OE-04 5.OE-04 5.OE-04 5.OE-04 

Ag-I lI (n 8.9E-04 8.9E-04 8.9E-04 8.9E-04 
Sb-124 6.OE-04 6.OE-04 6.OE-04 6.0E-04 
1-125 2.6E-07 2.6E-07 2.6E-07 2.6E-07 

Sb-125 II2E-04 1.2E-04 1.2E-04 1.2E-04 
~TI~~ r7~7~ ~ .'of 

1-131 9.6E-05 9.6E-05 9.6E-05 9.6E-05 
Ba-133 7.7E 05 7.7F,-05 7.7E-05 7.7E-05 
Cs-134 4.8E-04 48SE-04 4.SE-04 4.8E-04
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Table C.3 Geometry Factors for the large vile (GF-11fmrmmhr per pCifg)
Early scenarios Late scenarios 

Radionuclide I Single input Continuous input -F Single input Continuous input
Cs- 137 
Cc- 14 1 
Ce-144 
Pm- 147 
Eu- 152 

Eu-I 55 
Re-186 
Ir- 192 
Pb-210 

Bi-210 
Rn-222 
Ra-223 
Ra-224 

Ra-225 
Ra-226 
Ac-227 
Th-227 

Ra-228 
Th-229 
Th-230 
Pa-23 I 

1h-232 
Pa-233 
U-233 
Th-234

U-735 
Np-237 
Nu-238 

__U-239 

Pu-240 
Pu-241 
AM-241 
Cm-242 

Cm-244

2.OE-O5 2.OE-05 
S.IE-07 1.9E-OS 
9AE-15 9A4E-15 
2.OE-09 IE-06 

4.5E-10 4.5E-10 
V.E-l1 1.E-1O 

2.OE-07 2.OE-07 
1.SE-15 I-8E-15 

fly 

1.6E-15 l.6E-15

C-33 Dralt NUKE(i-104U, Vol. Z
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I.9E-04 1.9E-04 
7.OE-06 7.OE-06 
IIE-05 II2E-05 
2.5E-10 2.5E-10 
3AE-04 3.E-04 

2.2E-06 2.2E-06 
IAE-06 1.4E-06 
2.OE-04 2.OE-04 
5.5E-09 1.IE-08 

I 6E-00 

5.6E-04 5.6E-04 
6.4E-05 6.4E-05 
M.E-04 3AE-04 

I1.7E-09 1.7E-08 
9.OE-07 5.6E-04 
3.6E-09 2.9E-O5 
1.9E-05 1.9E-05 

2.7E-04 2.7E-04 
5-SE-06 2.2E-05 
M.E-09 M.E-09 
S.SE-06 S.SE-06 

4.6E-09 I.9-06 
4.SE-O5 4.5E-05 
2.3E-19 2.3E-18 
2.7E-06 2.7E-06

1.9E-04 1.9E-04 
7.OE-06 7.OE-06 
1.2E-05 l.2E-05 
2.5E-10 2.5E-10 
M.E-04 3A4E-04 

2.2E-06 2.2E-06 
IA4E-06 IA.E-06 
2.OE-04 2.OE-04 
M.E-08 1.1E-08 

1 .6E-07 1 .6E-07 
5.6E-04 5.6E-04 
6.4E-05 6.4E-05 
M.E-04 3A4E-04 

1.7E-OB 1.7E-08 
5.6E-04 S.6E-04 
8.3E-05 8.3E-05 
IS.E-05 1.9E-O5 

2.7E-04 2.7E-04 
5.9E-O SS9E-O 
3.4E-OS 2.3E-06 

S.9E-5 3.1E-0 

6.2E-04 4.3E-04 
4.SE-05 4.SE-05 
2.3E-18 2.3E-19 
2.7E-06 2.7E-06 

2.OE-05 2.OE-05 
MASE5 4.SE-05 

9.4E-15 9A4E-15 
2.7F,-06 2.7E-06 

4.5E-10 4.5E-10 
5.9E-06 4.IE-09 
2.OE-07 2.OE-07 
9.4E+80 2.SE-1O 

1.6E-15 1.6E-15
I
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Table C-4 Geometry Factors for the large object (GF-2) (mreutlhr per pCi/g) 
Early scenarios Late scenarios 

Radionbclide Single input Continuous input Single input Continuous input 
H-3 O.OE+0O O.OE+00 O.OE+OO O.OE+OO 

C-14 7.8E-1 1 7.SE-Il 7.8E-1Il 7.&E-11 
Na-22 3.E-05 3.3E-05 3.3E-05 3.3E-05 
P-32 3.OE-08 3.OE-OS 3.OE-08 3.OE-08 

K-40 2.2E-06 2.2E-06 21"E-6 2.2E-06 
Ca-41 O.OE+OO O.OE+0O O.OE+OO O.OE+OO 
Ca-45 2.9E-10 2.9E-10 2.9E-10 2.9E-10 

Mb-54 1.3E-05 I.3E-05 1.3E-05 OB3-05 
Fe-55 O.OE+0O O.OE+0O O.OE+OO O.OE+0O 
Co-57 8.6E-07 8.6E-07 8.6E-0 8.6E-07 
Co-58 I1.5E-05 1.5E-05 1.5B-05 I1.5E-05 

Jr- __$-. -`--- _- 4_E,__f 
Ni-59 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Co-60 3.6E-05 3.6E-05 3.6E-oS 3.6E-05 
Ni-63 O.OE+0O O.OE+OO O.OE+00 O.OE+00 
Zni-65. 8.5E-06 8.5E-06 8.5E-06 8.5E-06 

Se-75 5.OE-06 5.OE 06 5.OE-06 -5.OE-06
Sr-8S M.2-06 82E-06 8.2E-06 8.2E-06 
Sr-89 2.3E-09 2.3E-09 2.3E-08 2.3E-08 
Sr-90 2A4E-09 __ 2.4E-09 2A4E-09 2.4E-09 

M932.6E-09 2.6E-09 2.6E-09 2.6B-09 
Nb-93m 43E-IO 4.E-1O 4.E-1O 4.3E-10 
Nb-94 2.5E-05 2.5E-05 2.SE-05 2.5E-05 
Nb-95 1.2E-05 1.2E-05 I.2E-05 1.2E-05 

TO -99 5.3E-10 5.3B-10 5.3E-10 5.3E-10 
Ru-103 7.9E-06 7.9E-06 7.9E-06 7.9E-06 
Ru-106 3.E-06 3.1E-06 M.E-06 M.E-06 

Ag-lO8m. 2.6E-05 -2.6E-05 2.6E-05 2.6E-05 

Ag-I 10m. 4.3E-05 4.3E-05 4.E-O3 4.3"-5 
Sb-124 2.7E-05 2.7E-05 2.7E-05 2.7E-05 
1-125 3.OE-O3 3.OE-08 3.OE-08 3.OE-08 

Sbi 125 6.5E-06 6*5E-06 6.5E-06 6.5E-06 

1115.9E-06 5.9E-06 3.9E-06 5.9B-06 
Ba-133 5.4B-654-06 5.4E-06 5.4E-06 
Cs-134 2.5E-05 2.5E-05 25E-052.E0
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Table C.4 Geometryr Factors for the largre object (GF-2) (mrem/hr per pCifg)
Early scenarios "Late scenarios 

Radionuclide j Single input -Continuous input J Single input Continuous input
CS-137 

Cc- 14 1 

Pni-14? 
Eu- 152 

Eu-155 
.Re-186 
Ir- 192 
P1-210 

Bi-210 

Ra-223 
Ra-22 

Ra-225 
Ra-226 
Ac-227 
Th-227 

Ra-229 
Ik-229 
lb-230 

Pa-231 

Thb-232 
Pa-233 
U-233 
Th-234 

U-235 
Np-237 
Pii-238 
U-239 

Pu-240 
Pu-241 
Am-241 
Cm-242 

Cm-244

__ I
3.5E-06 IA4E-06 
8.E-09 S.OE-1O 
4.OE-07 ____ 4.OE-07 

1.6E-06 8.8E-08 
2.9E-06 2.9E-06 
2.OE-1O .E1 

ME-07 .. 5E-07 

I.7E-06 1.7E-06 
3.OE-06 1.3E-06 
4.E-1O -4.IE-1O 
1.5E-07 5.9E-08 

4.2E-10 4.2E-10 
8.6E-11 3E-11 
3.$B.08 3.8E-08 
6.4E-10 6.4E-10 

g __7__If_ 'f~C 

5.6E-10 5.6E-10

9.6E-06 .9.6E-06 
6.6E-07 6.6E-07 
S.4E-07 5.4E-07 
2.6E-11I 2.6E-1 I 
1 .6E-05 1 .6E-05 

2.5E-07 2.5E-07 
I.2E-07 1.2E-07 
I.E-05 U.E-O5 
4.8E-09 4.8E-09 

LOE-OS.OE-08 
2.4E-05 2.4E-05 
3.EW 3.8E-06 
1.9E-05 I.9E-O 

1.4E-081A-0 
2.5"-5 2.SE-05 
5~2E-06 LE0 
1.3E-06 13E-06

3.5E-06 3.S-06 
1.SE-06 9.9E-08 
&.6E-06 2.OE-06 

M.E-05 2.2E-OS 
2.9E-062.9E-06 

2.OE-1O 2.OE-1O 
1.5E-07 __ LSE-07 

1.7E-06 17E-06 
3.OE-06 3.OE-06 
4.E-1O U.E-1O 
I.SE-7 1-5".7 

4.2E-10 4.2E-10 
M.E-06 7.SE-1O 
3.SE-08 3.8E-08 
4.1E+85 1.2E-05 

S.6E-1O S.6E-1O __

C-3S Draft NUREG-1640, VoL 2

9.6E-069.E0 
6.6E-07 6.6E-07 
5AE437 SAE-07 
2.6E-11 I 2.6E- I 
1.6E-05 1 .6E-05 

2.5E-07 2.5E-07 
1.2E-071.M 
.1.3E-05 E0 
U.E-09 4.8E-09 

1 OE-O8 LI -0 
2.4E-05 .EO 
3.8E-06 3.8E-06 
1.9E-05 1.9E-05 

1.4E-0 IA1 
Ls"SEO 2MASE0 
5.2E-065.E0 
1.3E-06 E0
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Table C.S Geometry Factors for the small object (GF-3) (mrem/br per pCl/g) 
Early scenarios Late scenarios 

Radionuclide Single input Continuous input Single input Continuous input

H-3 
C-14 

Na-22 
P-32 

CI-36 
K-40 
Ca-41 
Ca-45 

MIn-54 
Fe-55 
Co-57 
Co-59 

Ni-59 
Co-60 
Ni-63 
Zn-65 

Se-75 
Sr-85 
Sr-89 
Sr-90 

Mo-93 
Nb-93m 
Nb-94 
Nb-95 

Tc -99

O.OOE+00 O.OOE+00 
5.03E-12 5.03E-12 
2.19E-06 2.19E-06 
1.92E-09 1.92E-09 

4.13E-10 4.13E-10 
1.40E-07 1.48E-07 
O.OOE+00 0.00E+00 
1.86E-1 I 1.86E-l1 

8.74E-07 8.74E-07 
O.OOE+00 O.OOE+00 
5.41E-08 5.41E-08 
i .02E-06 1.02E-06 

O.OOE+00 0.O0E+00 
2.44B-06 2.44E-06 
O.00E+00 O.OOE+0O 
5.76E-07 5.76E-07 

3.17E-07 3.17E-07 
5.31E-07 5.31E-07 
1.49E-09 1.49E-09 
1.53E-10 1.53E-10 

1.61B-10 1.61E-10 
2.68E-1 I 2.68E-1 1 
1.63E-06 1.63E-06 
8.02E-07 8.02E-07 

3.42E-11 3.42E-11
5.17E-07 
2.07E-07 
1.72E-06

5.17E-07 
2.07E-07 
1.72E-06

Ag-110m 2.78E-06 2.78E-06 
Sb-124 1.79E-06 1.79E-06 
1-125 1.59E-09 1.59E-09 

Sb-125 4.30E-07 4.30E-07

3.73E1-07 
3.36E-07 
1.63E-06

3.73E-07 
3.36E-07 
1.63E-06

O.OOE+00 O.OOE+O0 
5.03E-12 5.03E-12 
2.19E-06 2.19E-06 
1.92E-09 1.92E-09 

4.13E-10 4.13E-10 
1.48E-07 1.48E-07 

O.OOE+O0 O.OOE+00 
1.86E-!1 1.86E- 11 

8.74E-07 8.74E-07 

O.OOE+00 O.OOE+00 
5.41E-08 5.41E-08 
1 .02E-06 i .02E-06 

0.00E+00 O.OOE+00 
2.44E-06 2.44E-06 
O.OOE+O0 O.OOE+O0 
5.76E-07 5.76E-07 

3.,17E-07 3.17E-O7 
5.31E-07 531E-07 
1.49E-09 1.49E-09 
1.53E-=0 1.53E-10 

1.61E-10 1.61E-10 
2.68E-l 1 2.68E-1 1 
1.63E-06 1.63E-06 
8.02E-07 802E-07 

3.42E-1I 3,42E-I1 
5.17E-07 5.17E-07 
2.07E-07 2.07E-07 
1.72E-06 1.72E-06 

2.78E-06 2.78E-06 
1.79E-06 1.79E-06 
1.59E-09 1.59E-09 
4.30B-07 4.30E-07 

3.73E-07 3.73E-07 
3.36E-07 3.36E-07 
1.63E-06 1.63E-06
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Ru-103 
Rn-106 

Ag-109m,

1-131 
Ba-133 
Cs-134
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Table CS5 Geometry.Factors for the small object (GF-3) (meml/hr per pCi/g)
IEarly scenarios Late scenarios 

Radionuclide f Single np-ut Continuous input __Single input Continuous input
Cs-137 
Ce-14 I 
Ce-144 
Pm-147 
Eu- 152 

Eu- 155 
Re-.186 
Ir- 192 
Pb-2 10 

Bi-210 
Rn-222 
Ra-223 
Ra-224 

-RJa-225 
Ra-226 

Ac-227 
Th-227 

Ra-228 
Tb-229 
Th-230 
Pa-231

L
lb-232 
Pa-233 
U-233 
Thi-234

8.4IE-07 8.A1E-07 
2.30E-07 9.14E,48 
5AI1E-10 4.72E-1I1 
2.47E-08 2.67E-08

1.1OE-07 S.97E-09 
i.79E-07 1.79E-07 
1.26E-1 I 1.26E-11 
9.57E-09 9.57E-09

U-235 1.08E-07 I.08E-07 1.08E-07 1.OSE-07 
Np-237 1.85E-07 7.77E-08 1.8E-07 1.85E-07 
Pu-238 2.54E-I I 2.54E-1I I 2.54E- I I 2.54E- II 
U-238 9.59E-09 3.84E-09 9.59E-09 9.59E-09 -- 7-T, 

Pi-240 2.56E-1 1 2.56E-11 2.56E-11. 2.56E- 11 
Pu-241 5.53E-12 T.88E-13 7.25F-0S 5.OSE-11 

Am-241 2.50E-09 2.50E-09 2.SOE-09 2.50E-09 
Cm-242 3.88E- I 3.88E-1 I 2.54E4+84 7.61E-07 

Cm-244 3AIE-11 3AI1E-11 3AE1E 11 3AIE-1I

C-37 Di�flNUREG-1649, Vol.2
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C-37'

6.2SE-07 6.28E-07 
3.99E-08 3.99E-08 
3.52M-0 3.52E-08 
1.54E-12 1.54E-12 
.LIOE-06 1.IOE-06 

1.51E-08 1.5 1E-08 
7.20E-09 7.20E-09 
9.19E-07 8.19E-07 
3.02E-10 3.02E-10 

6.48E-10 6A48E-10 
1.65E-06 1.65E-06 
2.53E-07 2.53E-07 
129E-06 .1.29E-06 

7.45E-10 7.45E-1O 
1.65E-06 1.65E-06 
3.35E-07 1.17E-07 
8.26E-08 8.16E-08

6.2SE-07 6.28E-07 
3 .99E-08 3.99E-09 
3.52E-08 3.52E-08 
1-54E-12 1.54E-12 
M.OE-06 L.OE-06 

1.51E-08 I.S1E-08 
7.20E-09 7.20E-09 
S. 19B-07 9.19E-07 
3.02E-10 3.02E-10 

6A48E-10 6A48E-10 
1.65E-06 1.65E-06 
2.53E-07 2.53E-07 

1.29E06 __ 1.29E-06 

7.45E-10 7.45E-lO 
1.65E-06 1.65"-6 
3.35"-7 3.35E-07 
8.26E-08 826E-08 

8.4IE-07 S.4IE-07 
2.30E-07 2.30E-07 
9.89E-08 6.64E-09 
3.62E-07 1.27E-07 

L.1E-06 1.49E-Q6 
1 .79E-07 1.79E-07 
1.26E-1Il 1.26E-1 I 
9.57E.-09 9.57E-09
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Table C.6 Geometry Factors for the truck driver (GF-4) (mrem/br per pCi/g) 
.Early scenarios Late scenarios 

Radionuclide Single input Continuous inpuxt Single input Continuous input 
H-3 O.OE+OO O.OE+OO O.OE+0O O.OE+OO 
C.14 2.OE-09 2.OE-09 2.OU-9 2.OE-09 

Na-22 I OE-03 I.OE-03 I OE-03 1 OE-03 
P-32 7.5E-07 7.5E-07 7.5E-07 7.5E-07 

E-~ 7 FTI 

CI-36 I .6E-07 1 .6E-07 I .6E-07 1 .6E-07 
K-40 7.7E-05 7.7E-05 7.7E-05 ?7JE-05 
Ca-41 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ca45 7.3E-09 7.3E-09 __7.3E-09 7.3E-09 _ 

MN-54 4.lE-04 U.E-04 4.lE-04 4.lE.04 
Fe-55 O.OE+OO O.OE+OO O.OE+OO O.OE-I-O 
Co-57 1.8E-O5 I.SE-05 l.8E-05 I.SE-05 
CO-58 4.7E-04 4.7E-04 4.7E-04 4.7E-04 

Ni-59 O.0E400 O.OE+00 O.OE+OO O.OE+OO 
Co-60 1.2E-03 1.2E-03 1.2E-03 1.2E-03 
Ni-63 O.OE+0O O.OE+OO O.OE+OO O.OE+0O 
ZD-65 2.9E-04 2.9E-04 2.9E-04 2.9E-04 

So-75 I.2E-04 II2E-04 I.2E-04 I.2E-04 
Sr485 2.3E-04 2.3E-04 2.3E-04 2.3E-04 
Sr-89 5.8E-07 5.SE-0,7 5.8E-07 5.8E-07 
Sr-90 6.OE-08 6.OE-O8 6.OE-0S 6.OE-08 

Mo-93 2.OE-09 2.OE-09 2.OE-09 2.OE-09 
Nb-93m M.E-1O M.E-1O 3A4E-10 3.E-lO 

Nb-94 7.8E-04 M.E-04 7.8E-04 7.SE-04 
Nb-95 3.7E-04 3.7E-04 3.'7E-04 3.7E-04 

TC -99 1.3E-088 M.E-08 1.3E-08 
Ru-103 2A4E-04 2.4E-04 2A4E-04 2.4E.04 
Ru-106 .9.9E-05 9.9E-05 9.9E-05 9.9E-05 

Ag-108m 7.7E-04 7.7E-04 7.7E-04 7.7E-04 

Ag1.0mIE-03 1 .E-03 IA.E-03 1.4E-03 
Sb-124 9.OE-04 9.OE-04 9.OE-04 9.02-04 
1-125 3.2E-07 3.2E-07 3.2E-07 3.2E-07 
Zb-125 1.9E-04 1.9E-04 1.9E-04 1.9E-04 

1-131 1.72-417-04 1.7E-04 1.7E-04 
Ba-133 1.3B-04 1.3E-04 1.3E-04 1.3-04 
Cs-134 7.6E-04 7.6E-04 .7.6E-04 7.6E-04
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Table C6G Geometry Factors for the truck driver (GF4) (znrem/hr per pCL'g) 
Early scenarios L.ate scenarios 

Radionucli de Single input Continuous input Single input Continuous input 
Cs-137 2.9E-04 2.9E-04 2.9E-04 2.9E-04 
Ce-141 l.4E-05 1.E-05 1.4E-O5 1.4E-05 
Ce-144 1.6E-05 1 .6E-05 1 .6E-05 1 .6E-05 
Pin-147 5.OE-1O 5.OE-lO 5.OE-1O 5.OE-1O 
Eu-152 5.3E-04 5.3E-04 5.3E-04 5.3E-04 

Eu-155 5.OE-06 5.OE-06 5.OE-06 5.OE-06 
Re-186 2.4E-06 2AE-06 2A4E-06 2.4E-06 
Ir- 192 3.5E-04 3.5E-04 3.5E-04 3.5E-04 
Pb-210 7.6.E-08 7.6E-08 7.6E-O 7.6E-08 

Bi-210 2.5E-07 2.5"-7 2.5E-07 2.5E-07 
Rn-222 9.2E-04 8.2E-04 8.2E-04 82E-04 
Ra-223 M.E-04 IIE-04 L.JE-04 1.IE-04 
Ra-224 6.lE-04 6.1E-04 6.lE-04 6.lE-04 

Ra-225 I-8E-07 I .SE-07 I.&E-07 I .&E-07 
Rn-226 8.2E-04 8.2E-04 8.2E-04 8.2E-04 
Ac-227 IAE-04 4.9E-05 IA4E04 IA4E-04 
Th-227 3.2E.05 ___ .E-05 _3.2E-05 3.2E-05 

Ra-228 4.OE-04 4.E04 4.OE-04 4.OE-04 
lb-229 9.9E-05 3.7E-05 9.9E-05 9.9E-05 
Th-230 2.6E-07 1.1E-08 4.9E-OS 3.E-06 
Pa-231 9.7E-06 9.7E-06' 1.SE-04 5.2E-0S 

Ib-232 5.2E-05 28-6LE0 .E0 
Pa-233 7. OE-05 7.OE-05 .7.OE-05 7.OE-05 
U-233 9.6E-11 .6- 9.6E-1 1 9.6E-1 I 
Th-234 3.9E-06 3.9E-0639E03.E6 

'OFw~~ Tr....  
U-235SE0 3.9E-0 .E05 3.9E-05 

Np-237 7.IE-05 3.8,6IE-O5 M.E-05 
Pu-238 AE1 5.6E-10 5.6E-10 5.6E-10 
U-238 3.9E-06 16.63.9E-06 3.9E.06 

Pu24 .8E-09 I.SE-09 1.SE-09 1.SE-09 
Pu-241 1.6E-09 2.5E-10 2IE-0S 1AE-08 

Am-241 U.E-O7 M.E-07 M.E-07 M.E-07 
Cm-242 8.2E-10 8.2E-10 5.6E+85 1.7"SO 

Cm-244 7.2E-10 7.2E-10O2E1 7.2E-10

Appendix C External Exposure Dose Factors
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Table C.7 Geometry Factors for lateral axpoure to a truck (GF-S) (mrem/hr per pCl/Xp) 
Early scenarios Late scenarios 

Radionuclide Single input Continuous input Single input Continuous input 
H-3 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 2.OE-09 2.OE-09 2.OE-09 2.OE-09 

Na-22 1 OE-03 I OE-03 I OE-03 I OE-03 
P-32 7.8E-07 7.8E-07 7.8E-07 7.SE-07 

3. -2F 2~ 

CI-36 1.7E-07 1J.E-07 I .E-07 1.7E-07 
K-40 7.6B-O5 7.6E-05 7.6E-05 7.6E-05 
Ca-41 O.OE+OO O.OE+0O O.OE+OO O.OE-+0O 
Ca-45 7.6E-09- 7.6E-09 7.6E-09 7.6E-09 

Mn-54 4.E-04 U.E-04 U.E-04 4 ,lE-04 
Fe-55 O.OE+0O O.OE+0O O.OE+OO O.OE+OO 
Co-57 I.7E-05 1.7E-05 I.7E-O5 1.7E-05 
Co-59 4.6E-04 4.6E.04 4.6E-04 __4.6E-04 

Ni-59 O.OE+0O O.OE+0O O.OE+OO O.OE+0O 
Co-60 1.2E-03 1.2E-03 1.2E-03 1.2E-03 
Ni-63 O.OE+0O O.OE+00 O.OE+'0O O.OE-I-O 
Zn-65 2.BE-04 2.8E-04 2.SE-04 2.SE-04 

Se-75 1.E041IE-04 1LIE.04 1LIE-04 
Sr-35 2.3E-04 2.3E-04 2.3E-04 2.3E-04 
Sr-89 6.OE-07 6.OE-07 6.OE-07 6.OE-O7 
Sr-90 6.2E-08 _ 6.2E-08 6.2E-08 6.2E-09 

Mo-93 2O092.OE-09 2.OE-09 2.OE-09 
Nb-93m 3.3&10O 3.3E-10 3.3E-10 3.3B-1O 
Nb-94 7.7E-04 7.7E-04 7.7E-04 7.7E-04 
Nb-95 3.7E-04 3.7E-04 3.7E-04 3.7E-44 

Tc -99 1.E-08 I.AE-09 1.4E-O3 IAE-09 
Ru-103 212E-04 2.2E-04 2.2B-04 2.2E-04 
Ru-106 9.IE-05 9.IE-05 M.E-05 U.E-05 

Ag-108m 7.4E-04 7.4E-04 7.4E-04 7.4E-04 

Ag-11rn I.E-03 U.E-03 1.3E-03 U.E-03 
Sb-124 8.6E-04 8.6E-04 8.6E-04 8.E-04 
1-125 2A4E-07 2.4E-07 2.4E-07 2.4E-07 

Sb-123 1.9E-04 l.9E-04 I.9E-04 1.9E-04 

1-131 I.SE-04 1.SE-04 M.E-04 1.5E-04 
Ba-133 U.E-04 1.E-04 13E-04 1.3E-04 
Cs-134 7.3E-04 7.3E-04 7.3E-04 7.3E-04

Draft NUREO-1640, VoL 2 C-40
Draft NUREG-1640, Vol. 2 C-40



Table C.7 Geometry Factors for lateral exposure to a truck (GF-5) (mrem/hr Per vCVOi
Early scenarios L~ate scenarios 

Radionuclide Single input Continuous input Singe input Continuous input
Cs- 137 
Ce- 14 1 

Pm-147 
Eu-152 

Eu-155 
Re-186 
Ir- 192 
Pb-210 

Bi-210 
Rn-222 
Ra-223 
Ra-224 

L -22 
Ra-225 

Ac-227 
Th-227 

Ra-228 
Ilb-229 
Th-230 
Pa-23 1 

Uh-232 
Pa-233 
U-233 
Tli-234 

U-235 
Np-237 
Pu-238 
U-238 

Pu-240 
Fu-241 
Am-241 
Cm-24 2 

Cm-244

2.SE-04 2.SE-04 
1.2E-05 II2E-05 
1 .6E-05 1 .6E-05 
4.7E-10 4.7E-1O 
5.JE-04 5.1E-04 

4.4E-06 4.4E066 
2.2E-06 2.2E-06 
3.3E-04 3.3E-04 
7.1E-08 7.1E-0 

2.6E-07 2.6E-07 
7.7E-04 1.7E-04 
9.7B-05 9.7E-05 
6.2E-04 6.213-04 
-7

1 SE-07 l.SE-07 
7.7E-04 7.7E-04 
1.3E-04 4A.E-05 
3.OE-05 3.OE-05 

3.9E-04 3.9E.04 
9.7E-05 3.7E-05 
2AE-07 1.OE-08 
9.6E-06 9ý.6E-06 

S.IE-05 2.SE-06 
U.E-05 7.E-05 
8.9E-1 1 8.9E-11 
4.2E-06 42E-06 

7,.6-0

3.6E-053.E0 
7.2E-05 3.OE-05 
4.7E-10 V.E-1O 
4.2E-06 M.E-06 

.. 01, 

1.8E-09 L.RE-09 
1.5E-09 2.3E10 
6.6E-07 6.6E-07 
8 2E-10 8.2E-10 

7.2E-10 7.2&10

2.SE-04 2.SE-04 
1.2E-05 12E-05 
1 .6E-05 1A.E-O5 
4.7E-1O 4.7E-10 
5.1E-04 S.IE-04 

4.4E-06 4 4E-06 
22E-06 2.2E-06 
3.3E-04 3.3E-04 
M.E-08 7.1E-08 

2.6E-07 2.6E-07 
7.7E-04 7.7E-04 
9.7E-05 9.7E-05 
6.2E-04 6.2E-04 

I .SE-07 .E0 
7.7E-04 7.7E-04 
1JEF-04 M.E-04 
3.OE-05 ___ 3.OE-O5 

3.9E-04 3.9E-04 
9.7E-05 9.7E-0S 
4.6"S0 M.E-06 
-1.E-04 U.E-05 

1.OE-03 M.E-04 
7.IE-O5 U.E-O5 
SS9E-11 89E-l1I 
4.2E-06 4.2E-06

3.6E-05 3.E-05 
7.2E-05 7.E-05 
4JE-1O 4.7E-1O 
412E-06 412E-06 

I.SE-09 1 8E-09 
1.9E-05 L3E-08 
6.6E-07 6.6E-07 
4.7Ei-85 IA1.E-05 

7.2E-10 7.2E-10

C-41 Draft NUREG-1640, Vol 2
Draft NUREG-1640, Vol. 2C-41
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Table C.8 Geometry Factors for a smail object close to the body (GF-6) (inrem/br per pCVg) 
Early scenarios Late scenarios 

Radionuclide Single input Continuous input Single input Continuous input 
H-3 O.OE+0O O.OE+OO O.OE+OO O.OE+OO 
C-14 5.3E-10 5.3E-10 5-3E-10 5.3E-10 

Na-22 1.SE-04 I.SE-04 I.8E-04 I.SE-04 
P-32 2.OE-07 2.OE-07 2.OE-07 2.OE-07 

CW-6 4.4E-08 4.4E-08 4.4E-08 -4.4E-09 

K-40 LIlE-05 l.E-05 l.E-05 1.IE-05 
Ca-41 O.OE+OO O.OE+OO O.OE+0O O.OE+OO 
Ca-45 2.OE-09 2.OE-09 2.OE-09 2.OE-09 

bb-.54 6.8E-05 6.8E-05 - . 6.0-05 6.8E-05 
Fe-55 O.OE+OO O.OE+OO O.OE+OO O.OE+0O 
Co-57 8.9E-06 8.9E-06 9.9E-06 S.9E-06 
Co-58 S.IE-05 8.IE-05 8.E-05 B.IE-O5 

Ni-59 O.OE+OO O.OE+OO O.OE+0O O.OE+OO 
Co-60 l.SE-04 IMAM-0 1.SE-04 I.SE-04 
Ni-63 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Zn-65 4.4E-O5 4.4E-05 4.4E-05 4.4E-05 

Sa.-75 3.4E-05 3AB-05 3.4E.05 3.4E,05 
Sr4S5 4.5E-05 4.5B-05 4.5E-05 4.5E-05 
Sr499 1.6E-07 1.6E-O7 1.6E-07 1.6E-07 
Sr-90 1.6&-08 1.6E-08 1.6E-Og l.6E-08 

Mo-93 5.4E-08 5.4E-08 5.4E-08 5.4E-08 
Nb-93m U.E-09 9.IE-09 9.1E-09 9.IE-09 
Nb-94 M.E-04 1 .3E-04 1 .3E-04 I .E-04 
Nb-95 6AE-05 6.4E-05 _ 6.4E-05 6.4E-05 

Tc -99 3.6E-09 3.6E-0936-9 3.6E-09 
Ru-I 03 4.4E-05 4.4E-05 4.4E-05 4.4E-05 
Ru-106 l.7E-O5 1.7E-05 1.7E-0S 1.7E-05 

Ag-1O8m I.4E-04 1.4E-04 1.4E-04 M.E-04 

Ag-I1C0m 2.2E-04 2E042.2E-04 2.2E-04 
Sb-124 1.4E-04 1.4E-04 1.4E-04 1.4E-04 
1-125 4.BE-07 4.8B-07 4.8E-07 4.9E-07 

Sb-125 3.7E-05 3.7E-05 3.7E-05 3.7E-05 
-77" ___-X 7'T 

1-131 3.4E-05 M.E-05 3.4E-05 3.4E-05 
Ba-133 3.2&05 3.2E-05 3.2E-05 3.2E-05 
Cs-134 1.3E-04 1.3E-04 M.E-04 M.E-04
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Table C-8 Geometry Factors for a small object close to the bod)$ (GF-6) (mremihr per pCi/g) 
Early scenarios Late scenarios 

Radionuclide j Single input Continuous inp=ut Sigl inu otnuunu
Cs-137 
Co- 14 1 
Ce-144 
Pm- 147 
Eu- 152 

Eu-S55 
Re-I 86 
Ir- 192 
Pb-210 

Bi-210 
Rn-rn2 
-Ra-223 
Ra-224 

Ra-225 
Ra-226 
Ac-227 
Th-227 

Ra-228 
Th-229 
7h-230 
Pa-231 

T1k-232 
Pa-233 
U-233 
TU-234 

U-235 
Np-237 
Pu-238 
U-239

5-1E-05 5.1E-05 
5.7E-06 5.7E-06 
3.3E-06 3.3E-06 
2.7E-IO 2.7E-10 
SAE-05 8.8"-5 

3M.E-0 3.2E-06 
1.2E-06 1.2E-06 
7.4E-05 7AE-05 
8.7E-08 8.7E-08 

6.9E-08 6.9E-08 
M.E-04 1.3E-04 
2.5E-05 2.5E-05 
1.OE-04 1.OE-04 

.2.2E-07 2~2B-07 
M.E-04 U.E-04 

3AE-O5 1.2E-05 
8.7E-06 8.7E-06 

6.6E-05 6.6E-05 
2.3E-05 1.E-O5 

5.3E-08IA.E-08 
2.5E-06 2.5E-06

_T 

8.6E-06 4.7E-07 
1.SE-05 I SE-05 
4A4E-09 4AE-09 
9.9E-07 9.9E-07 

v 

1.9E-05 M.E-06 
9.4E-09 SAE-09 
9.9E-07 4.OE-07

2.2E-07 2.2E-07 
1.3E-04 1.3E-04 
3.4E-05 3.E-05 
8.7E-06 8.7E-06 

6.6E-05 6.6E-05 
2.3E-05 2.E-05 
7.8E-06 5.3E-07 
3.E-05 L3E-05

4 � �7

1.7E-04 1.2E-04 
1.SE-05 lI.E-OS 
4.4E-09 4AE-09 
9.9B-07 9.9E-07 

J13E-05 M.E-05 
1.9E-05 1.9E-05 
8.4E-09 8.4E-09 
9.9E-07 9.9E-07

Pu-240 7.E-09 M.E-09 M.E-09 7.1 E-09 
Pu-241 IAE-09 1.7E-10 2.0&0O5 M.E-08 
Am-2A1 6.E-07 6.7E-07 6.7E-07 V.E-07 
Cm-242 U.E.08 1.3E-08 M.E+86 2.5"-4 

Cm-244 L1.1 E-08 L.IE-08 1.1"S0

C-43 Draft NUREG-1640, VoL 2
C-43 Draft NUREG-1640, Vol. 2

5.1E-05 5.1E-05 
5.7E-06 5.7E-06 
3.3E-06 3.3E-06 
2.7E-1O 2.7E-10 
8.8E-05 8.8E-05 

3.2E-06 3E-06~ 
1.2E-06 1.2E-06 
U.E-06 U.E-05 

8.7E-08 8.7E-08 

6.9E-08 6.9E-O8 
1.3E-04 I .E-04 
2.5E-05 2.5E-05 
I.OE-04 1.OE-04
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Table CS9 Geometry Factors for inside an object or structure (GF-7) (mrem/hr per pCi/g) 
Early scenarios Late scenarios 

Radionuclide [ S__ ingl put Con tinuous input = Singe input Continuous input
H-3 

C-14 
Na-22 
P-32 

CI-36 
K-40 
Ca-41 
Ca-45 

MN-54 
Fe-55 
Co-57 
Co-59 

Ni-59 
Co-60 
Ni-63 
Zn-65 

So-75 
Sr-S5 
Sr-89 
Sr-90 

Mo-93 
Nb-93m 
Nb-94 
Nb-95 

TC -99 
Ru-103 
Ru-106 

Ag- lO8m 

Ag-h 10m 
Sb-124 
1-125 

Sb-12S
,�-V.,- �

1-131 
Ba-133 
Cs-134

O.OE+OO O.OE+OO 
5.4E-1O 5.4E-1O 
2.2E-03 2.2E-03 
2.OE-07 2.013-07 

4.4E-08 4.4E-08 
1.5E-04 1.5E-04 

O.OE+OO O.OE+0O 
2.OE-09 2.OE-09 

8.6E-04 S. 6E-04 
O.OE+OO O.OE+OO 
3.5E-05 3.SE-05 
1.OE-03 1.OE-03

O.OE+OO O.OE+OO 
2.513-03 2.5E-03 
O.OE+OO O.OE+OO 
5.9E-04 5.913-04 

2.5E-04 2.5E-04 
5.013-04 5.OE-04 
1.6E-07 1.6E-07 
I.6B-08 1.6E-08 

3.8E-08 3.SE-O8 
6A4E-09 6.4E-09 
1.6E-03 1.6E-03 
7.9E-04 7.9E-04 

3.6E-091361&09 
4.9E-04 4.9E-04 
1.1E-03 1.IE-03 
1.6E-03 1.6E-03 

2.8E-03 2.8E-03 
1.8E-03 1.SE-03 
6.4E-07 6.4E-O7 
4.IE-04 4.I13-04

-4 - ;r 4 ý6'A7R-J7

3.5E-04 
3.E-04 
1 .6E-03

M.E-04 
3.E-04 
IA.E-03

O.OE+OO O.OE+OO 
5A4E-10 5.413-10 
2.2E-03 2.2M-3 
2.OE-07 __2.OE-7 

4.4E-08 4.4E-08 
1.5E-04 1.5E-04 

O.OE+OO O.OE+OO 
2.OE-09 2.011-09 

S. 6E-04 8.6E-04 
O.OE+OO O.OE+OO 
3.5E-05 3.5E-05 
I.OE-03 1.OE-3

O.OE+OO O.OE+OO 
2.5E-03 2.5E-03 
O.OE+OO O.OE+OO 
5S.E-04 5.9E-04 

2.5E-04 2.5E-04 
S.OE-04 5.OE-04 
1.6E-0 1.6E-07 
1.6&-08 1.6E-08 

3. E-08ME0 
6.411-09 6.4E-09 
1.6E-03 1.6E-03 
7.9E-04 7.9B-04 
f ARR 721 

3.6E-09 3.6E-09 
4.9E-04 4.9E-04 
LI.E-03 1.IE-03 
1 .6E-03 1.6E-03 

2.SE-0 2.qE-03 

2.SE-03 2.SE-03 

6AE-O7 6.4E-07 
4.E-04 4.IE-0 

M.E-04 .E0 
3.E-04 3.E-04 
1.6E-03 1.6E-03

Draft NUREG-1640, Vol.2 C-44
Draft NUREG-1640, Vol. 2 C-44
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Appendix C External Exposure Dose Factors

Table C.9 Geometry Factors for Inside an object or structur;, (GF-7) (mremlhr per pCifg) 
Early scenarios Late scenarios

2.613-05 
3.2E-05 
2.713-10 
1 .113-03

8.7E-06 
4.613-06 
7.4E-04 
IAEF-07

1 .613-03 
2.2E-04 
1.313-03 

3.3E-07 

1.6E-03 
2.9E-04 
6.9E-05

2.OE-04 2.OE-04 
9.7E-05 6.SE-06 
3.E-04 1.E-04 

2.2E-03 1.5E-03 
1.SE-04 1.5E-04 
2.913-09 2.9E-09 
8.613-06 8.613-06 

7.9E-05 7.913-05 
1.E-04 1.6&-04 
6.213-09 6.213-09

5.2E-09 
3.5"S0 
1.2E-06 

6.2E+86

5213-09 
2.4E-08 
1.2X-06 
1.SE-04

C-45 Draft NUREG-1640, Vol.2

2.6E-05 
32E-05 
2.713-10

8.7E-06 
4.613-06 
7.4E-04 
IA.E-07

1 .6E-03 
2.2E-04 
1.313-03

3.3E3-07 
1 .6E-03 
2.913-04 
6.913-05

2.013-04 
5.1E-07 
2.2E-05

2.613-05 
3.2E-05 
2.713-10 
L.E-03

9.7E-06 
4.6E-06 
7.413-04 
1A4E-07

1.6E-03 
2.213-04 
1.313-03

1.6E-03 
1.OE-04 
6.913-05

7.4E4O5 
.2.2E-08 
2.213-05

Ce-HI1 
-Ce-14 
Rm-147

Re-I S6 
Ir- 192 
Pb-210

Rn-222 
Ra-223 
Ra-224

Ra-226 
Ac-227 
Th-227

Th-229 
Th-230 
Pa-231

Pu-241 
Am-241 
Cm-242'

External Exposure Dose FactorsAppendix C
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Table C.10 Geometry Factors for insde a refinery baghouse (GE-B) (rnrem/hr per pCl/g) 
Early scenarios Late scenarios 

Radionuclide j Single input Continuous input j Single input Continuous input
H-3 
C-14 

Na-22 
P-32 

CI-36 
K-40 
Ca-41 
Ca-45 

M135 

Fe-55 
Co-57 
Co-5B _ 

Ni-59 
Co-60 
Ni-63 
Zn-65 

Se-75 

Sr-85 
Sr-90 

Mo-93 
Nb-93m 
Nb-94 
Nb-95

TIC-99 1-5E-09 1.&0 .SE-09 I.SE-09 
Ru-103 l.9E-O5 l.9E-O5 I.9E-05 1.9&0O5 
Ru.106 8.4E-06 8.4E-06 S.4E-06 8.4E-06 

Ag-lO8m 6.6E-05 6.6E-05 6.6E-05 6.6E-O5 

Ag-l10 lIEin L.E-04 E04LE4 
Sb-124 7.4E-05 7.4E-05 7.4E-0S 7.4E-05 
1-125 5.7E-07 5.7&M0 5.7E-07 5.7E-07 

Sb-125 1.7E-05 1.7E-05 1.7E-05 li7E-O5 

1-131 l.E-05 l.E-O3 1.4EO5 1.4E-05 
Ba-133 1.2B-05 I.2E-5 12E-05 1.2M-5 
CS-134 6.3E-05 6.3E-05 6.3E-05 6.3E-05

O.OE+00 O.OE+OO 
2.2E-10 2.2E-10 
8.6E-05 8.6E-05 
9.3E-09 9.3E-08 

l.SE-08 l..SE-OS 
6.OE-06 6.OE-06 
O.OE+OO O.QE+OO 
8.IE-1O 8.IE-lO 

3.4E-05 3.4E-05 
O.OE+0O O.OE+OG 
2.6E-06 2. 6E-06 
4.OE-O5 4.OE-05 

OOE+OO 0.0666O 
L.OE-04 L.OE-04 

O.OE-fOO O.OE+OO 
IA4E-05 IA4E-05 

1.2E-05 1.2E-05 
2.OE-05 2.OE-05 
6A4E-08 6A4E-08 
6.6E-09 6.6E-09 

_ b-49 
5.6E-08 5.6E-08 
9.9E-09 9.9E-09 
6.4E-05 6.4E-05 
M.E-OS M.E-05

O.OE+OO O.OE+OO 
2.2E-10 2.2S-10 
9.6E-05 8.6E-05 
8.3E-08 8.3E-08 

I.8E-08 1.8E-O3 
6.OE-06 6.OE-06 
O.OE+OO O.OE+OO 
S.lE-lO 8.IE-IO 

3.4E-05 3.4E-05 
O.OE-I-O O.OE+OO 
2.6E-06 2.6E-06 
4.OE-05 4.OE-05 

O.OE+00 O.OB+OO 
1.OE-04 1.OE-04 

O.OE+OO O.OE+OO 
1.4E-05 M.E-05 

Z,~ 

1.2E-05 IIE-05 
2.OE-0S 2.OE-05 
6.4E-08 6AE-O8 
6.6E-09 .6.6E-09 

5.6E-095.6E-08 
9.9E-09 9.9E-09 
6AE-05 6.4E-05 
3.JE-O5 __ 3.1E-OS

External Exposure Dose Factors Appendix C
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Table C.10 Geometry Factors for Inside a refinery baghouso, (GF-8) (mremlkr per pCIIw 
Early scenarios Late scenarios 

Radionuclide Single input Continuous input Single input continuous input 
Cs-137 2.3E-05 2.313-05 2.3E-05 2.313-05 
Ce-I4I l.SE-06 1-813-06 1.813-06 1.813-06 
Ce-144 1.613-06 1.6E-06 1.613-06 1.613-06 
Pni-147 9.O13-11 9.O13-11 9.OE-Il 9.OE- 1I 
Eu-152 4.5E-05 4.5E-05 4.513-03 4.513-05 

EU-155 1.2E-06 I.2E-06 1.213-06 1213-06 
Re-186 4.OE-07 4.013-07 4.OE-07 4.013-07 
Ir- 192 3.013-05 3.013-05 3.013-05 3.O11-05 
Pb-210 9.5E-08 M.E-O8 L5E-08 B.5E-08 

Bi-210 2.8E-08 2.81308 2.813-08 2.8E-08 
Rn-rn2 6.613-05 6.6E-05 6.6E-05 6.6E-05 
Ra-223 9.9E-06 9.9B.06 9.9E-06 9.9E-06 
Ra-224 5.313-05 5.3E.05 5.313-05 5 .313-05 

Ra-225 2A4E-07 2.4E-07 - 2.4E-07 2AE-07 
Ra-226 6.6E-05 6.6"s0 6.6E-05 6.6E-05 
Ac-227 1.313-05 4.C"-6 1.E-05 13E-0S 
Th-227 3.213-06 3.213-06 3.213-06 3.2E.06 

Ra-228 3.711-O5 3.7"-5 3.7E-05 3.713-05 
Th-229 9.S13-06 U.E406 9.5E-06 9.5E-06 
Th-230 3.OE-08 9.9E.09 3.9E-06 2.7E-07 
Pa-231 9.713-07___ 9.711-07 IA4E-05 4.9E-06 __ 

Thn~-232 4.SE-06 2-6"-7 9.OE-05 6.3E-05 
Pa-233 M.E-06 M.E-06 7.113-06 M.E-06 
U-233 4.511-09 4.513-09 4.513-09 4.313-09 
7k-234 4.7E-07 4.7E-O7 4.7E-07 4.7E-07 

U-235 4.OE-06 4.OEO 4.013-06 4.OE-06 
Np-237 7.6E-06 3.E-06 7.6E-06 7.6E-06 
Pu-238 2.311-09 2.313-09 2.313-09 2.313-09 
U-238 4.7E-07 ___1.9E-07 4.7E-07 ___4.71E-07 

Pu-240 7.9E-09 7.9E-09 7.9E-09 7.9E-09 
Pu-241 .711-10 7.3E-11 .1.2E-05 8.E-AD9 

Am-241 4.2E-07 4.2E-07 4.2E-07 4213-07 
Cm-242 5.vE0 3.9E.09 2.3E+86 7.OE-05 

Cm-244 3.SE-09 3SE-09" 353E-09 3.513-09

External Exposure Dose FactorsAppendix C
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Table C.11 Geometry Factors for the top of a balhouse truck (GF-9) (mrem/hr per pCL/X)
Early scenarios Late scenarios 

Rainuld J Sigle input Continuous input = Single input Continuous input..
H-3
C-14 

Na-22 
P-32 

CI-36 
K-40 
Ca-41 
Ca-45 
C*4 f -51 

Mn-54 
Fe-55 
Co-57 
Co-58_ 

Ni-59 
Co-60 
Mi-63 
Zn-65 

Se-75 
Sr-85 
Sr-89 

Sr-90 

Mo-93 
Nb-93m 
Nb-94 
Nb-95 

TC -99 
Ru- 103 
Ru- 106 

Ag- 108m 

Ag-i 10m 
Sb- 124 
1-125 

Sb-125 

1-13 1 
Ba-133 
Cs-134

0.OE+O0 0.OE+0O 
1.7E-09 1.7E-09 
1.I1E-03 1.IE-03 
6.6E-07 6.6E-07 

I .E-07 IA.E-07 
U.E-O5 .SIE-05 

0.OE+00 O.OE+00 
6.4E-09 6A4E-09 

4.3E-04 4.E-04 
O.OE+O0 0.OE+O0 
7.9E-06 7.9E-06 
4.9E-04 4.9E-04 

0.OE+O0 0.OE+O0 
IA.E-03 I .E-03 

O.OE+O0 O.OE+00 
3.E-04 3 E-04 

9.SE-05 9.SE-05 
2.3E-04 2.3E-04 
5.IE-07 S.IE-07 
5.3E-08 5.3E-09 

O.OE+00 0.0E400 
0.OE+00 0.0E+00 
S.OE-04 S.OE-04 
3.9E-04 3.9E-04 

~M ~ ~7 

1.2E-08 1 .2E-08 
2.2E-04 2.2E-04 
9.4E-05 9A4E-05 
7.SE-04 7.5E-04 

1.4E-03 1.4E-03 
9.7E-04 9.7E-04 
2.1E-17 2.IE-17 
1.SE-04 _ 1.8E-04 

1.5E-04 1.5E-04 

7.7.E-04 .7.7E-04

0.QE+O0 O.OE+00 
1.7E-09 1J.E-09 
1.IE-03 L.IE-03 
6.6E-07 6.6E-07 

1.4E-07 1.4E-07
S.&E-05 S.SE-05
O.OE+O0 O.OE+O0 
6.4E-09 6.4E-09 

4.E-04 U.E-04 
o.OE+O0 O.OE4-i00 
7.9E-06 7.9E-06 
4.9E-04 4.9E&04 

O.OE+OO O.OE+O0 
1.4E-03 I .E-03 
0.OE-tOO O.OE+O0 
3. E-04 3. E-04 

2.3E-04 2.3E-04 
5. IE-07 5.JE-07 
5.3E-08 5.3E-08

0.OE+0 - O.OE+00 

0.OE+O0 O.OE+00 
8.OE-04 8.OE-04 
3.9E-04 3.9E-04 

TM11]31 

1.2E-08 1.2E-08 
2.2E-04 2.2E-04 

9.4E-05 9.4E-05 
7.SE-04 7.SE-04 

IA4E-03 1A.E-03 
9.7E-04 9.7E-04 
2.E-17 2.E-17 
1.8E-04 1.SE-04 

1.5E-04 1.5E-04 
1.2E-04 I 2E-04 
7.7E-04 7.7E-04

Draft NUREG-1640, Vol.2 C-48
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Table CI f Geometry Factors for the too of a baghouse track (GF-9) (mremlhr per pCL/g)
Early Acenarios Late scenarios 

Radionuclide f Single input Continuous input j Single input Continuous input
Cs-137 
CC-141 
Ce- 144 
PM-147 
Eu- 152 

Eu- 155 
Re-186 
Ir- 192 

Bi-210 
Rn-222 
Ra-223 
R~a-224 

Ra-223 
Ra-226 
Ac-227 
Th-227 

Th-229 
Th-230 
Pa-23 I 

Thi-232 
Pa-233 
U-233 

IU-234 

Np-237 
Pu-238 
U-238 

Pu-240 
Pu-241 
Am-241 

Cm-242 

Cm-244

C-49 Dralt NUREG-1�4U, Vol.2
Draft NURE( 1640, V .2C49

2.9E-04 2.9E-04 
7.3E-06 7.3E-06 
1.SE-05 l.8E-05 
2.2E-10 2.2E-10 
5.5E-04 .5.5E-04 

ISA -04 

1 .OE-06 I .OE-06 
1.I1E-06 1.IE-06 
3.1E&04 3.E-04 

2.SE-12 2.SE-12 

2.2E-07 2.2&-07 
8.7E-04 8.7E-04 
9A4E-05 9.4E-05 
7.4E-04 7.E-04 

I.3E-14 9.3E-14 
8.SE-04 U.E-04 
1.2E-04 4.1E-05 
2A4E-05 2.4E-05 

4.2E-04 4.2E-04 
8.7E-05 3.OE-0S 
2.6E-07 2.6E-1O 
9.7E-06 9.7E-06 

5.7E-05 3.OE-06 
6.2E-05 6.2E-05 
O.OE+OO O.OE+OO 
3.9E-06 3.9E-06 

2.5E-05 I. ]E%0 
6.2E-05 2.SE-05 
O.DE+00 O.OE+00 
3.9E-06 1M46E0 

3.5E-10 3.5E-1O 
7.5E-1 1 I VE-11 
3.9E-09 3.9E-09 
O.OE+OO O.OE+0O 

O.OE+OO O.OE+OO

2.9E-04 2.9E-04 
7.3E-06 7.3E-06 
I .SE-05 LB.E-OS 
2.2E-10 2.2E-10 
5.5E-04 5.5E-04 

~4EQ4 ~ A§E-O4 
I OE-06 1.OE-06 
1.IE-06 I. IE-06 
3.E-04 3.IE-04 

2.8E-12 2.SE-I2 

8.7E-04 837E-0 
9.4E-05 9.4E-05 
7.4E-04 7.4E-04 

8.3E-14 8.3E-14 
8.SE-04 S.8E-04 
1.2E-04 1.2E-04 
2.4E-05 2.AE-05 

4.2E-04 4.2E-04 
8.7E-05 L7E-05 
5.2E-05 3.SE-06 
1.3E-04 4.4E-OS 

1.2E-03 8.iE-04 
6.2E-05 6.2E-05 
O.OE+OO O.OE+OO 
3.9E-06 __3.9E-06 

2.SE-05 2.SE-05 
6.2E-05 6.2E-05 
O.OE+OO O.OE+OO 
3.9E-06 3.9E-06 

3.5E-10 3.5E-10 
M.E-07 IA4E-10 
3.9E-09 3.9B-09 

O.OE+0O O.OE+OO 

O.OE+OO 0 OE+00

Appendix C External Exposure Dose Factors
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Table C.12 Geometry Factors for inside a steel-framed structure (GF-10) (mrem/hr per pCI~g) 
Early scenarios Late scenarios 

Radionuclide Single input Continuous input Single input Continuous input 

H-3 O.OE+0O O.OE+OO O.OE-iOO O.OE+OO 
C-14 9.6E-1 I 9.6E-1 1 9.6E-I 1 9.6&-11 

Na-22 3.2E-03 3.2E-05 3.2E-05 3.2E-05 
P-32 3.E-09 3.E-08 3.7E-08 3.E-08 

CI-36 1.9E-09 7.9E-09 7.9E-09 7.9E-09 
K-40 2.l1E-06 2.KE-06 2.IE-06 2.1E-06 
Ca-41 O.OEiOO O.OE+OO O.OE+0O O.OE+OO 
Ca-4S 3.E-1O 3.E-1O 3.E-IO 3.03-10 

Mn-54 1.2E-05 1.2E-05 111-*05 1 IE-05 
Fe-55 O.OE+OO O.OE+0O O.OE+OO O.OE+00 
Co-57 1.5E-06 1.5E-06 I.SE-06 1.5E-06 
Co-58 1.5E-05 1.5B-05 1.SE-OS IM5-05 

Ni-59 O.OE+OO O.E+0O O.OE-IOO O.OE+0O 
Co-60 M.E-OS 3.5E-05 3.SE-05 M.E-05 
Ni-63 O.OE+OO O.OE+OO O.0E+00 O.OE+OO 
Zh-65 8.E-lO 8.3E-10 8.3E-10 __ 8.3E-10 

- ~ 30 M___v~I tfr 0k 

So-75 5.7E-06 5.7E-06 5.7E-06 S.7E-06 
Sr-8S 7.9E-06 7.9E-06 7.9E-06 7.9E-06 
Sr-89 2.SE-03 2.8E-08 2.SE-08 2.SE-O8 
St-90 2.9B-09 2.9E-09 2.9E-09 2.9B.09 

Mo-93 6.913-09 6.9E-09 6.9E-09 6.9E.09 
Nb-93m II2E-09 1213-09 I.2E-09 12E-09 
Nb-94 2.0E-03 2.4E-OS 2.4E-0 2.4E.05 
Nb-95 1 .E-O5 II.E-05 1 .2E-05 1.2E-05 

Te -99 &S-06.SE-lO65Bl 6.5E-10 
Ru-103 7.7E-06 73BE-06 73BE-06 7.7E-06 
Ru.106 M.E-06 3.E-06 M.E-06 3E.106 

A-0m2.5t-05 2.5B-05 2.5B-05 2.SE-S 

A-1m4O-54.OE.O5 4.OE-0S 4.OE-05 
Sb-124 2.6E-05 2.6E-05 2.6E-05 2.6E-03 
1-125 1.2B-07 1.2E.07 1.2E-07 1.2E-07 

Sb-125 6.E-06 6.5E-06 6.5F,06 6.5E-06 

1115.9E-06 5.9065.E-06 5.9E-06 
Ba-133 5.ME-6 5.613-06 3.6E-06 5.6E.-06 
Cs-134 2.4E-05 2.4E-05 2.4E-05 2.E-O5

Draft NUREG-1640, Vol. 2 C-50
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Earlv scenarios Late scenarios

9.1E-06 
9.7E,07 
6. E-07 
4.9E- I

2.] E-07 
1.3E-05 
2AE-08

2.4E-05 
4.4E-06 
1.9E-OS

9.1E-06 
OAA -7 
6.IE-07 
4.9E-1 1

6.5E-07 
2.1E-07 
1.3E-05 
2A4E-08

9.1E-06 
9.7E-07 
6.1E-07 
4.9E-11 
1 .6E-05 

6.5E-07 
2.1E-07 
1.3E-05 
2A4E-08

2.4E-O5 
4.4E-06 
IS.E-05

2.4E-05 
S.SE-06 
L.SE-06

c-si Draft NLYREU-1640, VoL Z

Ce- 14 1 
Ce-144

Eu- 152

Rt-,186 
Ir- 192 
Pb-210

9.1E-06 
9.7E-07 
6.1E-07 
4.9E-1 I 
1.6E-05

2.1E-07 
1.E-05 
2A4E-08

2.4E-05 
4.4E-06

Appendix C External Exposure Dose Factors
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Table C.13 Geometrv Factors for Inside a vehilcle(GF-111 (mrem/hr Der uCII,)
Early scenarios Late scenarios 

Radionuclide j Sigle input Continuous input Single input Continuous input
H-3 

C-14 
Na-22 
P-32 

CW-6 
K-40 
Ca-41 
Ca-45 

Mn-54 
Fe-55 
Co-57 
Co-39 

Ni-59 
Co-60 
Ni-63 
Za-65 

S-75 

Sr-89 

Sr-90 

Mo-93 
Nb-93m 
Nb-94 
Nb-95

To -99 
Ru-103 
RU-106 

Ag-110n 
Sb. 124 
1-125 

Sb-125 

1-131 
Ba-133 
Cs- 134

O.0E4OO O.OE+OO 
9.7E-10 9.7E-10 
4.6E-04 4.6E-04 
3.7E-O7 3.7E-07 

7i.9E-08 7 SE 1-09 
3.3E-05 3.313-05 
O.OE+OO O.OE+0O 
ý3.6E-09 3.6E-09 

1.8E-04 1.8E-04 
0.OE+00 O.OE+0O 
9.8E-06 9.8E-06 
2.IE-04 2.IE-04 

O.OE+00O.OE+00 
5.4E-04 5.4E-04 
O.OE+OO O.OE+OO 
1.3E-04 1.3E-04 

6.OE-05 6.OE-OS 
1.1E-04 L1E04 
2.9E-07 2.9E-07 
2SE-O8 2gBE-O

U.E-08 U.E-O8 
2.8E-09 2.8E-09 
3.5E-04 3.SE-04 
1.7E-04 1 .7E-04 

1.OE-04- I OE-04 
4.3E-05 4.3E-05 
3A4E-04 M.E-04 

3.9E-04 5.9E-04 
3.8E-04 3.8E-04 
2.313-07 2.3E-07 
8.8E-05 8.8E-05

U.E-05 7.6E-05 
6.5E-05 6.5E-05 
M.E-04 M.E-04

O.OE+OO O.0E+00 
9.7E-1O 9.7E-1O 
4.6E-04 4.6E-04 
3.7E-07 3.7E-07 

7.9E-08 7.9E-08 
3.3E-05 3.3E-05 

O.OE+OO O.OE+OO 
3.6E-09 3.E-09 

I.SE-04.SE-04 

O.OE+00 O.OE+OO 
9.SE-O6 9.8E-06 
2.IE-04 2.IE-04 

O.OE+00 O.OE+OO 
5.4E-04 S.4E-04 
O.OE+OO O.OE+OO 
1.3E-04 1.E-04 

6.OE-05 6.OE-05 
1.JE-04 1.IE-04 
2.9E-07 2.9E-07 
2.9E-09 2.9E-09

#or 

1.7E-08 1.7E-08 
2.SE-09 2.8E-09 
3.E-04 M.E-04 
1.7E-04 17-0 

6.6E-09 6.6E-09 
1.OE-04 1 OE-04 
4.3E-05 U.E-05 
3.E-04 3.E-04 

5.9E-04 5.9E-04 
3.8E-04 3.SE-04 
2.3E-07 2.3E-07 
8.8E-05 8.8E-05 

7.6E-05 7.6E-05 
6.5E-05 6.5E-05 
M.E-04 M.E-04

Draft NUREG-1640, Vol.2 C-52
Draft NUREG-1640, Vol. 2 C-52
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Table C.13 Geometrv Factors for Inside a veblcle(GF-11) tfrenrehr ver "r/s)
Early scenarios Late scenarios 

Radionuclide Single input Continuous input ' Single input Continuous input
:Cs-137 
Ce-141 
Ce-144 
Pm- 147 
Eu-152 

Re-I 86 
Ir- 192 
Pb-210 

Bi-210 
Rn-rn2 
Ra-223 
Ra-224 

-Ra-225 

Ra-226 
Ac-227 
Th-227 

Ra-228 
nh-229 
Th-230 
Pa-23 1 

Th-232 
Pa-233 
U-233 
nh-234 

U-235 
Np-237 
Pu-238 
U-239 

F71-7-4IT 0 
Pu-240 

Am-241 
Cm-242 

On-244

M.E-04 1.3E-04 
7.IE-06 U.E-06 
7.IE-06 U.E-06 
2.SE-lO 2.8E-1O 
2.3E-04 2.3E-04 

2.6E-06 2.6E-06 
1 .3E-06 1 .3E-06 
1.6E-04 1.6E-04 
4.7E-08 4.7E-08 

ilk 

IIE-07 12E-07 
3.SE-04 3.5E-04 
4.9B-05 4.9E-05 
2.8E-04 2.8E-04 

1.1E-07 L.E-07 
3.6E-04 3.6M-4 
6.5E-05 2.3E-05 
1.6E-05 1.6E-05 

777-7~ 
1.7E-04 1.7E-04 
4.5E-05 1.7E-05 
1LIE-07 7.2E-09 
4.9E-06 4.9E-06

2.3E-05 1.2E-06 
3.4E-05 3.E-05 
1.3E-09 1.E-09 
1.9E-06 1.9E.06 

2.OE-05 i.OE-05 
33"E-5 1."SEO 
2.5E-09 -2-SE-09 
1.9E-06 7.7E-07 

2.2E-09 22E-09 
8.6E-lO M.E-1O 
3.8E-07 3.SE-07 
4.2E-09 4.2E-09 

jj 
3.7E-09 3.7E-09

6

1.3E-04 U.E-04 
IAE-06 M.E-06 

7.E-06 M.E-06 
2.8E-1O 2.BE-IO 
2.3E-04 2.3E-04 

ZIh 

2.6E-06 .2.6E-06 
1.3E-06 M.E-06 
1.6E-04 1.6E-04 
4.7E-08 4.7E-08 

3.SE-04 3.5E-04 
4.9E-05 4.9E-05 
2.8E-04 2.SE-04 

1.1E-07 L.IE-07 
3.6E-04 3.6E-04 
6.5E-05 6.5E-05 
1.6E-05 1.6E-05 

1.7E-04 1.7E-04 
4.S"-0 4.SE-0 
2.IE-O5 IA4E-06 
7.OE-05 2.4E-OS 

4S"E-4 3.E-04 
3.E-O5 3A4E-05 
U.E-09 M.E-09 
1.9E-06 1.9E-06 

2.OE-05 2.OE-05 
3.5E-05 3.5E-05 
2.SE-09 2.5E-09 
1.9E-06 1.9E-06 

2.2E-09 2.2E-09 
1.IE-OS 7.7E-09 
3.8E-07 3.8E-07 
2.SE+86 7.6E-05 

3.7E-09 3.7E-09

C-53 Draft NIJREG-1640, Vol.2

Appendix C External Exposure Dose Factors

C-53 Draft NUREG-1640, Vol. 2



Table C.14 Geometry Factors for inside a sphere with surface contamination 
(GF-12) (mremlhr per pCVcni 2) 

Early scenarios 'Late scenarios 
Radionuclide Single input Continuous input Single input Continuous input 

H-3 O.0E4-OO O.OE+OO O.OE+OO O.OE+OO 
C-14 6.OE-1O 6.OE-1O 6.OE-1O 6.OE-1O 

Na-fl l.4E-04 1.AE-04 IA4E-04 IA4E-04 
P-32 2.3E-07 2.3E-07 2.3E-07 2.3E-07 

CI-36 4.9E-09 4.9E-09 4.9E-09 4.9F,08 
K-40 V.E-06 8.7E-06 8.7E-06 S.7B-06 
Ca-41 O.OE+0O O.OE+OO O.OE+OO O.OE+OO 
Ca-45 2.2E-09 2.2E-09 __ 2.2E-09 2.2E-09 

Mn-54 5.3E-05 5.3E-05 U.E-05. 5.3E-05 
Fe-55 O.OE+OO O.OE400 O.OE+0O O.OE+OO 
Co-57 6.9B-06 6.9E-06 6.9E-06 6.9E-06 
Co-59 6.3E-05 6.3E-05 6.3E-O5 6.3E-05 

N-9O.OE+OO O.OE+0O O.OE+0O O.OE+0O 
Co-60 1.5E-04 1.5E-04 I.SE-04 1.5E-04 
Ni-63 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Zn-65 3.5E-05 M.E-O5 3.5E-05 3.5E-05 

Se-7525-5 .E0 2.5E-0525E0 
Sr-85 3-5"5O 3.SE-OS 3.5E-05 3.5E-05 
Sr-89 1.SE-07 I.gE0 I.SE1.7 SE-07 
Sr-90 1.E-08 LS I.E-O3 I.8-0 LE-08 

"Mdo-93 .E01.E01.E01.-0 
Wb93m 2.SE-O7 2.8E-07 2E072.8E-07 
Nb-94 1.OE-04 L1.-04 LO E1. OE-04 
Nb-95 5.OE-05 5.OE-05 5.EO .OE.05 __ 

4C I9 E09 UE 4 0 UE-09 4,1E-09 
Rii-103 3AE-05 ME40 ME30 M.E-O5 
Ru-106 I.E-05 1.3-O5ME051.3E-O5 

Ag-1O8m 1.1E-04 IJEI4 LIE1.4 IE-04 

Ag-I 10mn I.7E-04 1.7-04 1E0 E0 
Sb-124 L1.1LI-4LI-4LE-04 
1-125 S.SE-06 5.8E-06 5.E0 .SE-06 

Sb-125 3.I M -5ME0 E-05 

1-131 27-527-527-52E0 
Ba-133 3.OE-05 3-OE-05 3.OE-O5 3.OE-05 
Cs-134 1.OE-04 1.OE-04 1.OE-04 1.OE-04
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Table C.14 Geometry Factors for Inside a sphere with surface contamination 
(GF-12) (mreinlhr per pCVcm2) 

Early scenarios Late scenarios 

Radionuclide Single input Continuous input Single input Continuous input 

Cs-137 4.OE-O5 4.OE-05 4.013-05 4.OE-05 

Ce-141 4.7E-06 4.7E-06 4..7E-06 4.713-06 
Ce-la4 2.SE-06 2.811-06 2.811-06 2.813-06 
PM-147 2.713-10 2.711-10 2.713-10 2.711-10 
Eu-l52 7.I13-05 7.I13-05 7.lE-05 7 E-05 

1 ~ 4- ,71o O T 

EU-155 3.7E-06 3.713-06 3.711-06 3.713-06 
Re-196 1.013-06 1.OE-06 l.OE-06 1.OE-06 
Ir- 192 5.7E-05 5.7E-05 5.7E-05 5.7E-05 
Pb-210 5.713-07 5.7E..07 5.7'E.07 S.7E-07 

Bi-210 7.SE-08 7.8E-OS 7.8E-O8 7.SE-O8 

Rn-222 L.OE-04 I.OE-04 1.OE-04 I.OE-04 

Ra-223 2.OE-OS 2.013-05 2.013-05 2.011-05 

Ra-224 7.9E-05 7.9E-05 7.913-05 7.913-05 

Ra-225 .406 IAE-06 1.E0 1.413-06 

Ra-226 1.O13-04 1.OE-04 1.OE-04 1.OE-4 
AC-227 2.7E-05 9.7E-06 2.7E-05 2.7E-05 
Th-227 7.613-06 7.613-06 7.6E-06 7.6E-06 

Ra-229 .E0 5330 5.313-05 5.3E-05 
Thi-229 2.011-05 1.OE-05 2.04-5 2.OE-OS 
Th-230 2.2E.07 1.SE-07 6.3E-06 S.9E-07 
Pa-231 3.3E.06 3.E-06 __ .E-05 1.E-05 

Th-232 7.E A-713.49.3E.05 
Pa-233 1-5E-O5 1.5E-05 1.511-05 1.SM.5 
U-233 IA4E-07 1.4E-07 l.E-07 1.41-07 

7h-234 __ 1.2E-06 12E-06 1.2E-06 1.2E-06 
ZEE_ 7ý,g 11 

U-23S5O-5LE0 O-5LE0 

Np-237 I.811-OS 9.2E-06 I.8E-05 1.SE-05 
Pu-238 2AE-07 2.4E-07 2.4E-07 2.4E.07 
U-238 1.41-06 6.SE-7 1A4E-06 IA4E-06 

2.11340 2.IE-07 2.IM-7 2.1E.07 
Pu-241 4.613-09 3AE-10 CRASE0 43"SE 

Am-241 2.2E-06 2.211-06 2.2E-06 2.2E-06 

Cm-242 3.SE-07 3.5B-7 2.4E+88 7.3E-03 

Cm-244 __________________ 3.IE.073.10
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D MIXING OF CLEARED MATERIAL

The goal of the analysis of clearance of equipment and material is to develop realistic scenarios 
based on actual industry practices. The possible mixing of cleared scrap metal from licensees 
with similar material from non-nuclear facilities has a direct and potentially large effect on the 
estimated concentrations of radionuclides used as input to the exposure scenarios. Therefore the 
potential for mixing of cleared scrap must be incorporated into the modeling, and it must be done 
using assumptions that represent current industry practice to the maximum extent possible. It is 
possible that significant mixing of cleared scrap will occur, although the degree of mixing is 
difficult to predict because under clearance of material no uses are precluded. The discussion in 
this section supports the development of scrap mixing assumptions by addressing the issue of 
mixing of cleared material in the context current industry practices.  

"D.I Definition of Mixing 

In the context of clearance of material, mixing refers to the mixing of cleared material from NRC 
licensees with similar material from sources other than NRC licensees (i.e., non-nuclear 
facilities). For example, scrap from a licensee could be transported to a scrap yard, where it 
could be mixed with the existing inventory of scrap at the yard. This mixed scrap could then be 
transported to a refinery where it could be mixed with material from other scrap yards, prior to 
melting and generation of refined metal and other co-products. Mixing of cleared material 
reduces the calculated impacts from recycle and disposal in a linear fashion, i.e., a 1Ox mixing 
would result in a lOx reduction in the calculated dose factors as compared to no mixing.  

The calculated ranges of potential mixing were incorporated in the material flow models for each 
material by establishing the appropriate range of values for the masses of input materials (cleared 

'material and other material); based on the calculated mixing ranges. There is no basis for a best 
estimate value, so the distributions for input masses were initially specified as uniform. Then, 
because of the large range of the resulting mass values (a range often greater than a factor of 
lOx), the distributions actually used in the calculational models for mass values were specified as 
log-uniform.  

D.2 Difficulty of Estimating Mixing 

Estimates of mixing depend heavily upon assumptions about the spatial and temporal patterns of 
"the clearance of material from licensees, as well as on assumed future recycle industry practices.  
At one extreme of the mixing issue, a set of assumptions could be postulated that would have 
cleared material from licensees imperceptibly entering the existing public domain over many 
years, thereby being mixed to a large degree by whatever amount of similar material is generated 
in the geographic region over the same time frame. For a well-developed industry like the steel 
scrap industry, this situation could result in a dilution of residual radioactivity concentrations by 
a factor of I000x or more.

D-! Draft NUREG1640, Vol. 2



At the other extreme, very little or no mixing would occur if material to be cleared is stockpiled 
and cleared from licensees over a much shorter period of time. This assumption could be 
combined with one of general avoidance of cleared material by the recycle industry due to its 
origin, and isolation from other material. For steel scrap, this would be the case if one or a very 
small number of low-capacity refineries accepted cleared scrap in large quantities from a local 
utility, e.g., in the case of decommissioning a large power plant. Also, a small refinery dedicated 
to melting licensee scrap may be able to negotiate favorable terms with distant facilities and thus 
accept scrap from a larger geographic region than is currently economical for scrap.  

An approach midway between these two extremes is taken by the EPA for the recycle of steel 
scrap. They examined the geographic distribution of large amounts of potential licensee scrap 
steel associated with nuclear power plants and considered the economics of shipping scrap to 
steel refineries (EPA 1997). This regional and time-dependent analysis suggests that licensee 
scrap is likely to be mixed by a minimum factor of about 10 even for areas with large amounts of 
scrap available for release over fairly short periods of time. The EPA data were reviewed and 
used in the development of mixing estimates for this analysis.  

D.3 Mixing Assumptions for Steel Scrap 

Ranges for two estimates of mixing have been made for clearance of steel scrap. The first 
("single charge") is appropriate for those scenarios that involve potential exposure to material 
(scrap or refinery co-products) containing radionuclide concentrations resulting from one, or at 
most a few sequential, refinery charges. This would include the product use scenarios, where 
many types of constructions and consumer products could be made from a single refinery furnace 
charge. A second estimate was made for those scenarios that involve material that would most 
likely contain average radionuclide concentrations from many refinery furnace charges ("annual 
average"). The annual average estimate is appropriate for most scenarios, including handling and 
processing scenarios, as well as scenarios for disposal activities, landfill resident, storage, 
transport, and refinery atmospheric releases (see Table D.1). The range of mixing estimates is 
defined by the use of a minimum and maximum value for each of the two types of estimates.  

D.3.1 Single Charge Mixing for Steel Scrap 

It is possible that a refined metal product could be manufactured from a single furnace charge 
consisting entirely of cleared licensee scrap metal. This could be the case if a large shipment of 
licensee scrap were received at a scrapyard and in turn transported to a refinery relatively intact, 
as when the shipment consisted of relatively clean and homogeneous scrap material. It could 
also occur if scrap from several licensees were stockpiled and shipped together. The refinery 
products could include many construction and consumer products, but is most likely to occur for 
small consumer products such as household items.

NUREG-1640 
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Table D.1 Application of mixing assumptions to steel scenarios* 
Single charge (0.2 to 1.0) Annual average (0.01 to 0.2) 

FE-METL-LGMASS-N FE-SCRP-HANDLIN-W 
FE-METL-SMMASS-N FE-SLAG-HANDLIN-W 
FE-METL-SMOBJCT-N FE-EAFD-HANDLIN-W 
FE-METL-VEHICLE-N FE-EAFD-BAGHOUS-W 
FE-METL-BLDGSTR-N FE-METL-HANDREF-W 

FE-BOFM-HANDMAN-W 
FE-METL-HANDDIS-W 
FE-EAFD-PROCESS-W 
FE-SLAG-PROCESS-W 
FE-ATMO-REFINER-N 
FE-SLAG-STORAGE-N 
FE-SLAG-CONCBAS-N 
FE-SLAG-ROADBED-N 
FE-SLAG-ROADBED-W 
FE-SCRP-TRANSPO-W 
FE-SLAG-TRANSPO-W 
FE-EAFD-TRANSPO-W 
FE-METL-TRANSPO-W 
FE-BOFD-DISPOSL-W 
FE-SLAG-DISPOSL-W 
FE-SCRP-DISPOSL-W 
FE-EAFD-DISPOSL-W 
FE-BOFD-LANDFIL-N 
FE-SLAG-LANDFIL-N 
FE-SCRP-LANDFIL-N 
FE-EAFD-LANDFIL-N 

a. Corresponding ;op- and aluminum scenarios use the same mixing assumption as these steel scenarios 

The goal of this analysis is to incorporate current industry practices, therefore the characteristics 
of steel industry scrap refineries was used for this mixing estimate. Industry information relevant 
to the "single charge" mixing consists primarily of knowledge of EAF refinery furnace sizes 
(range 20 t - 360 t, average of 88 t [AISE 1993J). Even the smallest furnaces are large enough 
that a great many types of consumer products could result from a single furnace charge. It is 
possible-perhaps even likely--that scrap from a single licensee could remain together through 
processing at a scrap yard or refinery, and could end up entering a single furnace charge. If a 
single, 20-t truck-load of scrap were input to one of the smaller furnaces, an upper-end 
assumption of no mixing can reasonably be expected for some consumer products.  

High-end single charge mixing = 20 t truckload 1.0 
20 t furnace 

For the low-end of the "product use" mixing, a similar argument can be used. For example, if a 
single, 20-t truck-load of scrap were input to an average size EAF furnace, a mixing factor of 
approximately 0.2 is calculated.
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20 t' truckload Low-end single charge mixing = 88 t furnace - 0.2 

There is no defensible basis for a best estimate, therefore a uniform distribution over the mixing 
range of 0.2 - 1.0 was used to calculate input masses for the "single charge" steel scrap material 
flow model. These mixing factors were applied to the total scrap input to a furnace to calculate 
the masses of cleared and other scrap input to a furnace. A total scrap input of 8.81 E+07 
g/charge was used for an EAF, and a value of 5.81E+07 g/charge was used for the BOF. The 
calculated scrap input values are listed in Appendix B.  

D.3.2 Annual Average Mixing for Steel Scrap 

Information available to use for estimating an annual average mixing estimate consists of two 
sets of information: availability of licensee scrap, and steel indusiry characteristics. Data on 
licensee scrap consist of estimates of the total amount of scrap available from licensees, the total 
annual amount available, the amount available in a geographic region, and the fraction of each of 
the preceding amounts that would be suitable for recycling (based on radioactive contamination 
levels). This information has been developed previously in various formats (e.g., Bryan and 
Dudley 1974; NRC 1994; NUREG/CR-5610 1), and more recently by the EPA as part of their 
evaluation of recycling scrap metals (EPA 1997). The draft EPA Technical Support Document 
(TSD) (EPA 1997) contains estimates of the time-dependent nature of the generation of steel 
scrap from NRC licensees. In addition, the draft TSD contains an estimate of the fraction of total 
scrap from licensees that would be contaminated at levels appropriate for recycling (i.e., not 
contamination-fr.e, but also not excessively contaminated); the fi-action suitable for recycle used 
by EPA is approximately 15% of total licensee steel scrap. Other studies have estimated higher 
fractions (on the order of 50% [Charles and Smith, 1992]), although it is pointed out that this 
fraction is dependent on type of facility, operating history, and the numerical value of the 
clearance level(s) assumed for release. These values contain variability and uncertainty, 
including technical factors (e.g., effectiveness of decontamination techniques), data quality 
factors (e.g., accuracy of reactor facility metal mass estimates and accuracy of decommissioning 
schedule estimates), and social/economic factors (e.g., nuclear and steel industries responses to 
clearance).  

The absolute range of possible values for this mixing estimate is 0.0 to 1.0 (i.e., no cleared 
material recycled up to 100% of a refinery capacity consisting of cleared material, respectively).  
However, neither of these two extremes is reasonable(0.0 is outside the scope of the analysis, and 
1.0 is very unlikely to occur over an entire one-year period). If the entire range of available 
supporting information is considered, the potential range is only slightly reduced (various 
combinations of available licensee scrap and industry characteristics yield mixing factors ranging 

"'Rcycle/Reuse Literature Search Report," SAIC, 1994, scheduled to be published as NUREO/CR-5610.
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Appendix D Mixing of Cleared Material 

from 0.0004 up to values greater than 1.0). However, if data considerations are restricted to 
more "realistic" situations, a smaller range can be estimated.  

Relevant current steel scrap industry characteristics used here are regional and individual refinery 
scrap metal capacities. Although individual refinery capacities cover a wide range (e.g., 
50,000 t/y to greater than 2 million t/y), a representative annual capacity is 300,000 t/y; for many 
furnaces, 95% of this capacity could be filled with scrap metal. In order to estimate a 
reasonably-expected value for capacity, it is also assumed that a single geographic region 
contains four average-capacity steel refineries, and the combined capacities of these four 
refineries is used as the capacity to process cleared scrap from a geographic region. This 
assumption is adopted from the regional analysis contained in EPA's TSD (EPA 1997).  

An estimate of the annual amount of licensee scrap available within a geographic region 
(approximately 100,000,t) was obtained from EPS's TSD (EPA 1997). If this amount is assumed 
to be mixed with the scrap capacity of a single, average-sized refinery [approximately 450,000 t 
(AISE 1993)], a mixing factor of approximately 0.2 can be calculated for the upper-end of the 
range for an annual average estimate.  

High-end anmual average mixing. = 100,000 tIy available in region 0.2 
450,000 Ldy single refinery capacity 

For a low-end estimate, the amount of suitable scrap (not excessively contaminated) within a 
geographic region [20,000 t (EPA 1997)] can be mixed with the scrap capacity of four average 
refineries (1.8E+06 t): 

Low-end annual average mng. = 20,000 t/y suitable in region 0.01 
(4 x 450,000 t/y) regional capacity 

Although mixing estimates above and below these values are possible, this discussion represents 
the basis for a reasonable range. There is no defensible basis for a best estimate, therefore a 
uniform distribution over the range of 0.01 - 0.2 was used to calculate input masses for the 
"annual average" steel scrap material flow model. As with the single charge estimates these 
mixing factors were applied to the total scrap input to a furnace to calculate the masses of cleared 
and other scrap input to a furnace.
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As a comparison to the ranges determined here, the EPA draft TSD uses values in the range 0.11 
to 1.0 (specific values used are 0.11, 0.1 15, 0.13, 1.0), and the [AEA (IAEA 1992) suggests 
values in the range 0.1 to 1.0 (specific values used are 0.1, 0.5, 1). The TSD contains an 
explanation for the choices of the factors used, but no basis is given for the IAEA values.  

D.4 Mixing Assumptions for Copper and Aluminum Scrap 

Similar to steel scrap, ranges for two mixing estimates have been made for clearance of copper 
and aluminum scrap. The single charge mixing factor is appropriate for those scenarios that 
involve potential exposure to material (scrap or refinery co-products) containing radionuclide 
concentrations resulting from one, or at most a few sequential, refinery charges. An annual 
average mixing factor estimate was made for those scenarios that involve material that would 
most likely contain average radionuclide concentrations from many refinery furnace charges.  
The copper and aluminum ranges are defined by the use of a minimum and maximum value for 
each of the two types.of estimates.  

Even though there are several aspects of both the current copper and aluminum industries that 
could actually tend to decrease mixing (fewer refineries, smaller refineries, smaller overall 
industry), there are much smaller amounts of copper and aluminum scrap at licensees that could 
potentially be cleared. This represents an over-riding factor that would tend to increase mixing 
of cleared copper and aluminum scrap. The maximum annual mass of copper scrap postulated to 
be available from NRC licensees is approximately 8,000 t, and the corresponding value for 
aluminum scrap is 200 t (EPA, 1997). These represent less than 20% and less than 1% of typical 
annual refinery capacities in the secondary copper and aluminum industries, respectively. Even 
if the all of the entire annual available suitable scrap were processed at a single refinery, the 
available masses would represent only 2%of the capacity of a copper refinery and less than 1% 
of an aluminum refinery. The following equations show the calculations for the copper and 
aluminum mixing factors. Average copper and aluminum refinery capacities were taken from 
Volume I of this report. Regional amounts were estimated from the information in EPA (1997); 
including the estimate that 33% of annual available scrap is from a single region, and that 15% of 
total scrap available is suitable for recycling.  

Copper scrap: 
Single charge: 

20 t truckload 
High-end single charge mixing* 20 t ffrnace 1.0 

20 t truckload 
Low-end single charge mixing: 2 0.1 

227 t fu•nace

NUREG-1640 
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Appendix D Mixing of Cleared Material

Annual average:

High -end annual average mixing:.  

Low-end annual average mixing:

1,800 t/y available in region 0.04 
45,000 t/y single refinery capacity 

270 fly suitable in region -0.006 
45,000 tly single refinery capacity

Similar to steel, these mixing factors were applied to the total scrap input to calculate the masses 
of cleared and other scrap input to a copper furnace. Copper scrap is primarily used in a 
reverberatory furnace. A total scrap input of 2.27 E+08 g/charge was used for a reverberatory 
furnace. The calculated scrap input values for copper are listed in Appendix B.  

Aluminum scrap (2t is a reasonable truckload for aluminum scrap): 
Single charge: 

2 t truckload 
High -end single charge mixing:. 5 ft e= 0.04 

2 t truckload 
Low-end single charge mixing:. 2t fracl 0.01 

Annual ave'age: 

High-end annual average miing: 48 ty available in region 0.001 
50,000 tly refinery capacity

Low-end annual average mixing.
7 fly suitable in region 0.0001 

50,000 tdy refinery capacity

Similar to steel and copper, these mixing factors were applied to the total scrap input to calculate 
the masses of cleared and other scrap input to an aluminum furnace. A total scrap input of
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4.47 E+07 g/charge was used for an aluminum furnace. The calculated scrap input values for 

aluminum are listed in Appendix B.  

D.5 Mixing Assumptions for Concrete Debris 

The material flow model for cleared concrete simulates the processing of concrete debris into 
aggregate. There is only one point at which the original concrete debris concentration is 
potentially changed: dilution with other concrete debris or aggregate before being processed.  
Processing involves removal of rebar, followed by crushing and sizing the concrete. Concrete is 
not likely to be cleared during normal operations of a nuclear facility. It is more likely that large 
masses of concrete would be cleared during the decommissioning of a facility. This would result 
in a large amount of concrete available to be recycled during a short period of time. According 
to the Task 1 report (NUREG/CR-5610), decommissioning a typical large pressurized water 
reactor (PWR) and boiling water reactor (BWR) would result in about 180,000 t and 350,000 t of 
concrete, respectively. A typical concrete facility can process about 227,000 t (250,000 tons) of 
concrete (Dykes 1997).  

When using recycled concrete to make end products, such as large items (e.g., non-structural 
concrete blocks) or asphalt, a small amount of additives is added to the aggregate, in order to 
promote adhesion. A value of 5% of the concrete debris is typically the maximum amount 
added. When the processed concrete is used as aggregate, such as base for a roadbed, no 
additives are added during processing.  

Based on the values above, if the concrete debris from one PWR were sent to a single processing 
facility, it would constitute about 80% of the annual amount processed. If the concrete debris 
from a single BWR were to be sent to one processing facility it would make up more that 100% 
of the annual capacity. Furthermore, if the recycled concrete is used in a large roadway project, 
it is likely that one aggregate supplier would be used for the entire project. Therefore all the 
aggregate used would come from a single facility.  

In order to incorporate the potential mixing of cleared concrete debris with other concrete and 
additives during processing, a range of mixing values is calculated as follows: 

concrete mixing- m(mass of cleared concrete) 
mass of (cleared concrete + other concrete debrit + additives) 

For recycle exposure scenarios involving large concrete objects, the calculated range of mixing 
factors is from 0.8 to 0.95 (mixing with 5% to 25% other material). For all other scenarios, 
calculated the range of mixing factors is from 0.83 to 1.0 (mixing with 0% to 20% other 
material). There is no defensible basis for a best estimate, therefore uniform distributions over 
these ranges were used to calculate input masses for the "large object" and "all other" concrete
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dilution material flow models. A processing capacity of 2.27 E+ I I g/y was used. The 

calculated values for input masses are listed in Appendix B.  
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E RADIOACTIVE DECAYAND PROGENY INGROWTH

This appendix describes the conventions used to model radioactive decay of radionuclides, and 
the ingrowth of progeny radionuclides over the time periods assumed for scenario evaluations.  
The goal of the modeling was to describe decay and ingrowth as realistically as possible (i.e., 
minimize intentional conservative bias) within the limitations of a prospective dose assessment 
The modeling scheme is based on dose effect rather than solely on ingrowth of progeny 
radioactivity levels. That is, the dose effects of progeny ingrowth were examined first, followed 
by an evaluation of radioactivity ingrowth.  

The scenarios included in the overall assessment involve many different types of scenarios. For 
radioactive decay and progeny ingrowth, a key factor is the way that residual radioactivity is 
introduced to the scenario.  

The following procedure was used to address radioactive decay and progeny ingrowth: 

1. All radionuclides that do not have radioactive progeny or that have very short half lives (less 
than 30 days) were identified. These radionuclides were eliminated from further consideration 
for incorporation of progeny dose effects. Those radionuclides with short half lives were 
eliminated because it is unlikely that they would be present except as part of another decay chain.  

48 radionuclides were identified and eliminated from further consideration in this 
step. This includes 9 radionuclides with very short half lives (Rn-222, Ra-223, 
Ra-224, Ra-225, Ac-225, Th-227, Th-23 1, Th-234, and Pa-233).  

2. Of the remaining radionuclides, all radionuclides with progeny that have very short half lives 
and reach equilibrium with the parent in a very short time (i.e., within 1 day) were identified.  
For these radionuclides, all progeny were assumed to be in equilibrium with the parent at all 
times (see step #7), and no further progeny considerations were needed.  

8 parent/progeny radionuclides were identified and assumed to be in equilibrium 
at all times (Sr-90/Y-90, Ru-103/Rh-103m, Ru-106/Rh-106, Ag-108m/Ag-108, 
Cd-109/Ag-109m, Ag-il0m/Ag-i10, Cs-137/Ba-137m, and 
Ce-144/Pr-144m/Pr-144).  

To incorporate progeny radiations into these parent radionuclides, the progeny dose conversion 
factor (DCF) was multiplied by the decay branching fraction, and then added to the parent DCF; 
this modified DCF was then multiplied by the parent radioactivity as follows: 

Parent Dose = parent radioactivity x [ DCFP=t + (BR x DCFe&=)] 

where BR is the decay branching ratio. For radionuclides in this group, the progeny dose effect 
is constant over time.
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3. For the remaining radionuclides, the effect on each exposure pathway dose resulting from 
progeny ingrowth for critical time periods was evaluated. For this step, two critical time periods 
are identified: 

a. For scenarios that involve a continuous input of material (e.g., refinery worker scenarios), 
the critical time is the time prior to the beginning of the scenario, i.e. from clearance up to 
the time at which the scenario occurs; 

b. For scenarios that involve a single input of material (e.g., use of refined metal product 
scenarios), the critical time is the 1-year period following beginning of the scenario.  

These two types of scenarios must be considered because of the different manner in which 
residual radioactivity would be introduced into the scenario, and the resulting different ways that 
an individual might be exposed to residual radioactivity. These two scenario types also 
determine the incorporation of a decay factor into the introduced residual radioactivity. The 
decay factor (DK) integrates the decay of parent radioactivity over the one-year period of 
exposure. For scenarios in category 3(a) above, i.e., those that involve a continuous input of 
material, adjustment for decay over the period of exposure is not necessary because residual 
radioactivity is modeled as being introduced to the scenario on a regular basis, and the duration 
of exposure to any one input of residual radioactivity is small compared to most half lives. For 
scenarios in category 3(b) above, i.e., that involve a single input of material, an integrated decay 
over the exposure time is appropriate because only a single source of residual radioactivity is 
introduced to the scenario, and the duration of exposure is over a one-year period.  

4. If there is no change in the dose factor for any exposure pathway (no greater than a 2x 
increase in any exposure pathway) over either time period, the ingrowth of progeny was ignored.  
A factor of 2x is convenient and appropriate, and was used because previous analyses conducted 
for this assessment indicated that the final doses are generally not known any better than this.  
Progeny dose effects were thus considered and were determined to be negligible for these 
radionuclides, so progeny for these radionuclides are considered to be implicitly incorporated.  

13 radionuclides were identified and set aside (for progeny considerations) in this 
step. (Mo-93, Sb-125, 1-131, Eu-152, Re-186, U-233, U-234, U-235, Pu-238, 
Pu-239, Pu-240, Pu-242, and Am-241.  

5. For those radionuclides that exhibit a significant change in any dose pathway over the time 
period of interest, the key progeny that cause the increase were identified, and their ingrowth 
over the time period(s) was examined. "Significant change" means greater than a factor of 2x 
increase in the parent dose factor for any exposure pathway, as described above.  

The 16 radionuclides that were carried forward to step 6 are Zr-95, Pm-147, 
Pb-210, Ra-226, Ac-227, Th-228, Th-229, Th-230, Th-232, Ra-228, Pa-231, 
Np-237, U-238, Pu-241, Cm-242, and Cm-244.
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6. Based on the ingrowth pattern of key progeny radionuclides, nominal values were determined 
for ingrowth factors for each scenario type (as described in step 3 above). The ingrowth factor is 
defined as the ratio of progeny radioactivity to parent radioactivity level at a given time. Times 
were selected based the nominal scenario timing estimates, using the time of clearance as t = 0.  
An ingrowth estimate was made for the scenario categories as identified in Table E. 1. Tables 
E.2-E.6 list the specific scenario classifications used for progeny considerations.  

Table E.1 Scenario categories for radioactive decay and progeny ingrowth consideratons 

Scenario category Important decay and ingrowth period 

Early scenarios that involve a continuous input of The ingrowth representative of the time period 
material between 0 and 70 days after clearance 
Nominal times of 4-44 days after clearance; 
20 steel scenarios in this category.  

Early scenarios that involve a single input of material The ingrowth representative of the 1-year period 
Nominal times of 11 -73 days after clearance; following beginning of the scenario 
7 steel scenarios in this category.  

Late scenarios that involve a single input of material The ingrowth representative of the time at 
Nominal times for scenario beginning of lOy and 45y 145 y-180 y following clearance, which is essentially 
after clearance; radioactivity becomes available to the same as the I-year period following beginning of 
receptor at approximately 14Syfollowing clearance the time that radioactivity becomes available to a 
because ofacenarlo assumptions (institutional control receptor 
of landfills and environmental transport); 
4 steel scenarios in this category.  

7. The ingrowth factors were applied to the pathway-specific dose conversion factors of all key 
progeny. The fractional ingrowth at representative times (that were selected to match scenario 
timing)*was calculated using the RadDecay software (Negin and Worku 1992), and was 
incorporated in the parent radionuclide dose as illustrated below.  

Parent Dose - parent radioactivity x [ DCF d + (Ingrowth x DCFy)] 

This procedure uses a modified dose conversion factor that is multiplied times the parent 
radioactivity at the time the scenario occurs. The modified dose conversion factor incorporates 
the ratio of progeny radioactivity to parent radioactivity (i.e., the "ingrowth" factor), which is 
sometimes a very large number (e.g., Sm-147/Pm-147 at 145 years, see Table E.7). This is 
accounted for in the modeling because for these situations, the parent radioactivity is a very small 
number. Dose effects and progeny ingrowth factors determined are listed in Table E.7.  

Modified dose conversion factors calculated using this procedure are listed for each scenario 
category in Appendix C (external) and Appendix B (internal).
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Radioactive Decay and Progeny Ingrowth

Table E.2 Steel scenario classification for progeny considerations 
Scenario abbreviation Scenario title 

Early, Continuous Input Scenarios 
FE-SCRP-HANDLIN-W Handling scrap metal at the scrapyard 
FE-SLAG-HANDLIN-W Handling slag at the refmery 
FE-EAFD-HANDLIN-W Handling EAF dust at the refinery 
FE-EAFD-BAGHOUS-W Refinery baghouse operations 
FE-METL-HANDREF-W Handling refined metal product at the refinery 
FE-BOFM-HANDMAN-W Handling BOF refined metal during product manufacture 
FE-METL-HANDDIS-W Handling EAF refined metal product during distribution 
FE-EAFD-PROCESS-W Processing EAF dust for disposal 
FE-SLAG-PROCESS-W Processing slag for use as aggregate or as roadbed 
FE-ATMO-REFINER-N Atmospheric release during refining 
FE-SLAG-STORAGE-N Storage of slag at the refinery 
FE-SLAG-ROADBED-W Road construction activities using refinery slag 
FE-SCRP-TRANSPO-W Transport of scrap metal 
FE-SLAG-TRANSPO-W Transport of slag 
FE-EAFD-TRANSPO-W Transport of untreated EAF dust 
FE-METL-TRANSPO-W Transport of refined metal product 
FE-BOFD-DISPOSL-W Disposal of BOF dust in a sanitary landfill 
FE-SLAG-DISPOSL-W Disposal of refinery slag in a sanitary landfill 
FE-SCRP-DISPOSL-W Disposal of scrap metal in a sanitary landfill 
FE-EAFD-DISPOSL-W Disposal of EAF dust in a hazardous waste landfill 

Early, Single Input Scenarios 
FE-METL-LGMASS-N In proximity of a large metal mass 
FE-METL-SMMASS-N In proximity of a small metal mass 
FE-METL-SMOBJCT-N Small steel mass close to the body 
FE-METL-VEHICLE-N Inside an automobile 
FE-METL-BLDGSTR-N Inside a building structure 
FE-SLAG-CONCBAS-N Use of slag as aggregate in basement construction 
FE-SLAG-ROADBED-N Use of slag in a roadbed 

Late, Single Input Scenarios 
FE-BOFD-LANDFIL-N Resident on a closed landfill afer disposal of BOF dust 
FE-SLAG-LANDFIL-N Resident on a closed landfill 2 disposal of refinery slag 
FE-SCRP-LANDFIL-N Resident on a closed landfill after disposal of scrap metal 
FE-EAFD-LANDFIL-N Resident on a closed landfill ae dispos of EAF dust

I r

Appendix E

Draft NUREG-1640, Vol. 2 E-4



Table E.3 Copper scenario classification for progeny considerations 
Scenario abbreviation Scenario title 

_ __ Early, Continuous Input Scenarios 
CU-SCRP-HANDLIN-W Handling copper scrap metal at the scrapyard 
CU-REVD-BAGHOUS-W Copper reverberatory furnace baghouse pperations 
CU-CNVD-BAGHOUS-W Copper converter baghouse operations 
CU-REVM-HANDREF-W Handling refined copper metal product at the refinery (reverberatory furnace) 
CU-CNVM-HANDREF-W Handling refined copper metal product at the refinery (converter) 
CU-ELRM-HANDREF-W Handling refined copper metal product at the refinery (electrorefiner) 
CU-REVM-HANDMAN-W Handling refined copper metal product during product manufacture 

(reverberatory furnace) 
CU-REVM-HANDDIS-W Handling refined copper metal product during product distribution 

(reverberatory furnace) 
CU-REVS-HANDLIN-W Handling copper slag at the refinery (reverberatory furnace) 
CU-CNVS-HANDLIN-W Handling copper slag at the refinery (converter) 
CU-ELRS-HANDLIN-W Handling copper slag at the refinery (electrorefmer) 
CU-ATMO-REVERAT-N Atmospheric releases during copper refining (reverberatory furnace) 
CU-ATMO-CONVERT-N Atmospheric releases during copper refining (converter) 
CU-REVD-TRANSPO-W Transport of reverberatory furnace dust 
CU-CNVD-TRANSPO-W Transport of converter dust 
CU-SCRP-TRANSPO-W Transport of copper scrap metal 
CU-REVM-TRANSPO-W Transport of copper refined metal product (reverberatory furnace) 
CU-ELRM-TRANSPO-W Transport of copper refined metal product (electrorefiner) 
CU-SCRP-DISPOSL-W Disposal activities for copper scrap in a sanitary landfill 

Early,. Single Input Scenarios 
CU-ELRM-LGMASS-N [ In proximity of a large roll of copper wire (electrorefiner) 
CU-REVM-SMMASS-N In proximity of a small metal mass (reverberatory furnace) 
CU-REVM-SMOBJCT-N Small copper mass close to the body (reverberatory furnace) 
CU-METL-PIPES-N Use of copper water pipes
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Table EA4 Aluminum scenario classification for progeny considerations 
Scenario abbreviation Scenario title 

-__ Early, Condtisous Inpul Scenarios 
AL-SCRP-HANDLIN-W Handling aluminum scrap metal at the scrapyard 
AL-DUST-BAGHOUS-W Aluminum refinery baghouse operations 
AL-METL-HANDREF-W Handling refined aluminum metal product at the refinery 
AL-METI-HANDMAN-W Handling refined aluminum metal product during manufacture 
AL-METL-HANDDIS-W Handling refined aluminum metal product during product disribution 
AL-DROS-HANDLIN-W Handling aluminum dross at the refinery 
AL-ATMO-REFhIER-N Atmospheric releases during aluminum refining 
AL-DUST-TRANSPO-W Transport of refinery dust 
AL-SCRP-TRANSPO-W Transport of aluminum scrap metal 
AL-METL-TRANSPO-W Transport of aluminum refined metal product 
AL-DROS-TRANSPO-W Transport of aluminum dross 
AL-SCRP-DISPOSL-W Disposal activities for aluminum scrap in a sanitar landfill 

Ea' i. S..gloi:np g&cenarkj
AL-METL-LGMASS-N In proximity of a large metal mass 
AL-METL-SMMASS-N In proximity of a small metal mass 
AL-METL-SMOBJCT-N Small aluminum mass close to the body 
AL-METL-ENGINE-N Aluminum engine block in a car 
AL-MELn-COOKWAR-N Use of aluminum cookware 

Table E., Concrete scenario classification for progeny considerations 
Scenario abbreviation Scenario Title 

"Ea l 2onnuou Inpu ..enars. f..  
CN-SCRP-HANDLIN-W Processing concrete 
CN-SCRP-ROADBED-W Road construction activities using recycled concrete 
CN-SCRP-TRANSPO-W Transport of concrete 
CN-SCRP-DISPOSL-W Disposal activities for concrete in a sanitary landfill 

CN-SCRP-ROADBED-N I Use of recycled concrete in a roadbed 
CN-SCRP-LGMASS-N In proximity of a large concrete object 

CN-SCRP-LANDFIL-N Resident on a sanitary landfill after disposal of concrete 

Table E.6 Equipment reuse scenario classification for progeny considerations 
Scenario abbreviation Scenario title 

XX-EQUIP-REUSE-W J Direct reuse of surficially-contaminated equipment 
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Table ..7 Dose effect and progeny ingrowth factors 

Dose effect (factor above parent DCFI 
--------------------------------------- -

Ingrowth (progeny activity + parent activity) __ 
Pathway' and 

Parent key progeny 10d 20 d 30d 70 d 110d ly 10y 30y 145 y 

Zr-951 external Ix Ix lx Ix lx Ix 

inhalation• Ix Ix Ix Ix Ix Ix 

ingestion Ix Ix Ix 1.6x 1.Sx. 2.3x 

. N 01 0.36 .51 1.0 1.4 2.1.  
- - 1-"' -

,Pm-147 external Ix Ix lx Ix Ix Ix Ix Ix I x 

inhalation Ix Ix Ix lx Ix Ix Ix lx 2E+9x 

ingestion Ix Ix Ix _x Ix Ix Ix Ix 2E+.x 
--------------- - ----------- ----- ------------------ -

8m447,1.09B+6 

Pb-210 external lx lX_ 24 2.S 2.sx 2.5x 2.Sx 2.5x 2.5x 

. :i-210 006 0*.9 ,:0 1.0 1.0- 1. 1.0 1.0 

inhalation Ix I x Ix Ix Ix Ix lx Ix Ix 

ingestion Ix Ix Ix Ix Ix Ix Ix Ix Ix 

Ra-226 external 300x 340x'- 350x 350x 350x 350x 350x 350x 350x 

,.!!1n2M+chan0b &o 1. 10 1.LO .Ol:1 
ati 

inhalation Ix Ix Ix Ix Ix Ix 2x 3x 4x 

• ingestion : Ix 1x l3x 30x 3x Ix 2x 4x 4. x 

0- -__ .. .. .  

-- -1 --------------------- ,, 96,- 1-0 "A - .
i nhaltio I X l II X I" 

Ac-22"/ external 11080x 1240x 13200x 13400x 1200x 41290x 41290x 41300x 1300x 

0.5 0.. 0. 0.97 1.09 1.0 . 1.0 1.0.  
-&-3+ai0. 0.5 0.35 0.3$ 0.96: 1 0 .5 -LU 03 .05 

inhalation Ix Ix Ix Ix Ix Ix Ix Ix Ix 

oIx x -x Ix Ix Ix Ix Ix 

-228 externl • oox 1240x 13oox 1300 12sox 1290 1gox 13oox 1300K Sa-2 .86 . 96,• 0, ,• .-9,. 1. 1 .0 t. .'..-, -.O 1,.0 1,,, .0• -" 

EbBi412{ 0.8 0.9 0.6 ::: 1.:,0 10 10 t .  

inhalation lx lx Ix jx Ix Ix Ix Ix Ix 

ingestion 1.9x 2.Ox 2.0x 2.0x 2.0K 2.0x 2.1lx x2.0 2.0x
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Table E.7 Dose effect and progeny Ingrowth factors 

Dose effect (factor above parent DCF)b 

Ingrowth (progeny activity + parent activity) 
Pathway' and 

Parent keyprogeny 10d 20d 30d 70d 110d I y IOy 30y 145y 
-•-- ----- ------------

- Ra-224 0.86 0.96 0.97 1.0 1.0 1.0 1.0 1.0 1.0 

Ra-228 external M 0 CO O o CO - CO O 

Ac-225 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
Tl-20S.QO2 0.005 0.01 0.02 0.03 0.11. 0.67 0.56 0.54 

inhalation Ix 2x 3x 6x 9X 24x 98x 11ox l1ox ------- -------------------------------- --- ,.---..-

Th-223 0.01 0'.02. 0.03 0.07 0.1 0.32 t1 1.5 1 5 

ingestion Ix Ix Ix Ix. Ix Ix l.8x 1.8x l.8x 

Th-229 external lx 2x 3x 5x 5x 5x' 5x 5x 5x 

Ao-225 0.1 0.3 0.5 0.9 0.98 1.0 1.0 1.  
TI-209 0.002 0.007, 0.01 0.02 0.02 .0.02 002 0.02 0.02 

inhalation I x Ix Ix Ix Ix Ix Ix Ix ix 

ingestion lx Ix Ix Ix Ix Ix Ix Ix Ix 

Th-230 external Ix ix Ix 2x 2x 5x 40x 120x 570x 

fn-222 6E&6 2E-5 3E-5, 8&-5 IE4 4E-4 0.004. 0.13 0.06 

inhalation Ix Ix Ix lx Ix Ix. Ix Ix Ix 
ingestion Ix Ilx Ix Ix Ix Ix Ix Ix 1.8X 

Pa-231 external Ix lx lx lx Ix Ix 4x &x 12x 

AC227 9E.4 0.002" 06003 L .03. :: 0.3 0.6 1,0 
0.321 0.6 0.09ý 

RA-2233E-S 2E-4- 5E4 .006 .03, -03 0..6 1 .0 

inhalation Ix Ix Ix Ix Ix Ix Ix 2.Ox 2.5x 

ingestion I x I x I x I x I x I x I x 1.9x 2.4x "- ...... . i -- ." -- ------
Ac-27 M0. :61.0 

Th-232 external 36x 76x 1 lOx 280x 450x 1700x 19000x 30000x 31000x 

Ra28 c28003 0007 0.1 .02 .0oA097 .1.0 
S".&22.4 6E-6 4E$5 IE-4 7r-4 .002 0.02. .0.56 0.96 1.0: 

Tt-208 2E4! 1B.4 3E-.5 2E-4 6E-4 0.900 0.2 0.34A 0.36: 

inhalation Ix I x Ix Ix Ix Ix Ix Ix 1.3x 

ingestion Ix fx Ix fx Ix Ix Ix I."x lx.x
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Table E.7 Dose effect and progeny lngrowyi factors 

Dose effect (factor above parent DCF)b 

Pathway' and -Ingrowth (progeny activity + parent activity) 

Parent key progeny 10d 20d 30d 70d 110d ly 10y 30y 145y 

Np-237 external 4x 6x 8x 12x 13x 14x 14x 14x 14x 

Pa-233 0.23 0.4 0.5 0.8 0.9 1.0 10 10 1.0 

inhalation Ix Ix Ix Ix Ix Ix Ix ,Ix Ix 

ingestion Ix Ilx IX Ix lx Ix Ix Ix Ix 

U-238 external 320x 560x 740x 1100x 1200x 1300x 1300x 1300x 1300x 

Th-234, Pa-234m 0.25 0.44 0.6 0.9 0.96 1.0 1.0 1.0 1.0 

Pa-234 4E-4 7E-4 9E-4 0.001 0.002 0.002 0.002 0.002 0.002.  

inhalation Ix 'lx Ix Ix Ix Ix Ix Ix Ix 

ingestion Ix Ix lx Ix Ix Ix Ix lIx Ix 

Pu-241 external Ix 1.7x 4x 3.2x 5x 15x 160x 785x 2E+Sx 

inhalation Ix Ix Ix Ix Ix Ix 3x lox 3E+3x 

ingestion Ix Ix lx Ix Ix Ix 2x 7x 2E+3x 
----------------------- ---------------------

Am-241 
(al lpathways) 41-5 9E-5 IE-4 3E-4 51-4 0.002 0.02 0.1 29 

Cm-242c external Ix Ix. Ix Ix Ix Ix 2E+4x 6E+17x 9E+94x 

inhalation Ix Ix Ix Ix Ix Ix 4E+5x IE+19x 2E+96x 

ingestion Ix Ix Ix Ix Ix Ix 7E+5x 2E+19x 3E+96x 

O(llpathways) 2.0.+4 7E+17 ..+95 
i/- . -: -i:.- . . ... 

Cm-244 external Ix Ix Ix Ix Ix Ix Ix lx l.Sx 

inhalation Ix Ix Ix Ix Ix Ix Ix Ilx 1.9x 

ingestion Ix Ix Ix Ix Ix Ix Ix Ix 2.2x 

Pu-240 0.006 0,7(2.J;: 
_______ :@010y) 

a. External based on FOR# 12 Infinite Depth values; inhalation and ingestion based on FGR I I values.  
b. Dose Effect - (DCFp. + DCFp,}) + (DCFp,}N 
c. What appear to be unreasonable values at 30y and 145y for Cm-242 are correct These values are normalized to the parent 
radioactivity, which is at exreiely low levels at these times, thus the extremely high values here. This is compensated for in 
the modeling so that reasonable values are derived for Cm-242 dose factors.

Appendix E Radioactive Decay and Progeny Ingrowth
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F DOSE FACTORS FOR STEEL RECYCLE SCENARIOS

"This appendix presents tabulated values from the distribution of radionuclide-specific dose 
factors for steel recycle exposure scenarios. Dose factors for landfill resident scenarios are not 
included here; they are summarized in Appendix J. The volumetric (mass) dose factors are based 
on volumetrically distributed residual radioactivity in cleared material. The surficial dose factors 
are calculated by multiplying the mass dose factors by a surface-to-mass ratio distribution 
appropriate for cleared steel. Both sets of dose factors are listed in SI units; the conversion factor 
to convert the dose factors to conventional units is listed in the footnote at the end of each table.  

The tabulated values from the frequency distribution of each dose factor consists of the mean 
(arithmetic average) and three percentile values (51h, 501, and 95h). A 90% confidence interval 
for any dose factor is the range between the 5P percentile value and the 9 511 percentile value.  

The shading in the tables in this appendix is only to facilitate reading the values in the tables.

F-I DraflNUREG-1640, Vol.2
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Table F.1 Dose factore for FESCRP-HANDLJN-W 
Mass dose Pact=r (pSv/y per Bqlg) Surficia dose hacors (piSv/y per Bq/cm2) 

Radionulide Mean P1 50' 95" Mean 56 50' 95;' 
H-3 5.9B-05 1.613-05 5.OE-OS 1.E-04 435W0 9.6&M0 3A6M0 1.2E-04 
C-14 1S.3M 2OE-04 1213-03 3.8E-03 1.IE.03 M.E-04 8.3EF04 M.E-03 
Na-22 1.813+01 2.513+00 1.5E+01 4.2E+01 1.4E+01 1.7E+00 1.O11+01 3.613401 
P-32 1.613-02 5.3E-03 L5E-02 32E-02 I.2E-02 2.913-03 1.OE.02 2.833-02 

CI-36 I.OE-02 3.81-3 -03 03 I9-2 76.3 2.2E- 6.31303 1.6E.0 2 
K-40 1.4E+00 2.IE-01 1.113+00 3.313+00 1.IE-IO0 I.413I .-01 8M. 2.9E+00 
Ca-41 12.2E03 3.2E-04 1.013-03 2.7E.03 9.OE-04 2 OE-04 7.31304 2.3E-0 
C&-45 3.8E-03 12E-0 3.413-M 8.OE- 2.913-03 7.2E-04 2.E-03 69.9E03 

L~ki 36ji 
mn-.54 6.9E+00 9.713-01 5.6E+00 1.6E4-01 5.2E+00 6.5E-01 4.I13+00 1.413+01 
Fe-55 7AE-04 22B-04 6.513-04 1.6E-03 5.611-04 1.E-04 4.6E-04 I 4E-03 
Co-57 2.413-0I 3.4E-02 2.OE-OI 5.6"-1 1.8E.01 2.3E-02 1.413-01 4.9E-01 
Co-58 7.713+00 1.113+00 6.3E400 1.SE4O1 5.8E+00 7.2E-01 4.613+00 1.613401 
:- 7-4E~o ~~~A4 
Ni-59 3.713-04 I.E-04 3.3E-04 7.6E-04 I8E-04 7.I13-05 Z313-04 6.513-04 
Co-60 2.2E+01 3.1E+O0 1.813+01 5213+01 1.713+01 2.11300 1.3E+01 4.5E+01 
Ni-63 9.6E-04 2.7E-04 8.41304 2.OE.03 7.313-04 1.SE-04 6.013-04 1.713-M 
Zn-65 3.~E0130 4.413-01 2.5E400 7.1E+0 2.3E+00 2.9E.01 1.813+00 6.2E+I00 

~~~~ t4ELI W' 3 ~B0 ~ ~ ~ 7 l 0 6 
S-5I.SE400 i(94-1 1.5E+OO 4.3E4-00 1.4E+00 1.711-01I .1E+0O 3.713+00 

Sr-S5 3,913+00 5-513-O1 3.2E+00O 9.2E+00 3.OE+O0 3.7E-01 2.3E+00 7913+00 
Sr-89 2.4E-2 J.OE-02 2.3E-02 4.3E-02 1.9E-02 5.2E-03 1.613-02 4.E0132 
SOD9 4.2E-01 1.113-01 3A&0-1 9.311-01 3.2E.O1 7.E-02 Z.13-01 7.913-01 

47~~~~ 6m-~ .5.Q 
4~

Mo-93 &5E-03 2.ME.03 7.I13-M 1.91102 6.413-03 I.2E-03 5.013-03 1.61302 
Nb-93m 7.713-03 1.4E-03 6.413-03 I.813-02 5.8E-03 S.3E-04 4.41-03 IM5-02 
Nb.94 1.3E+01 1.913+00 1.I13+01 3.113+01 I.O13+01 13E+00 7.8E+00 2.713+01 
Nb-95 5.7E+00O M.E.O1 4.6E+00 1.313+01 4-33E4W 5.3E-01 3.41300 121340.1 

Tc-99 3.E03 1IE-3 2.913-03 UM8-0 2.S-0" &9- 2.013-03 5.613
R31-103 3.4E+00 49.0E1 2.SE40 8.1E400 2.6E+0O0 3.2E-OI 2ZOE400 7.0E400 
Ru-106 1.813+00 3.5E.01 I E400 3.9E+0O 1.3E+00 2MA.I 1.O1400 3.E-+00 
Ag-lO~m 1.3E+01 1.913+00 1.1E-fOI 3.013+01 9.9E+00 1.3E+00 7.6E4C0 2.6E+01 

Ag-110m 2.39+01 3.2E+00 1.9E+01 5.313+01 1.7E+01 2.1E400 1.3E+01 4.6E+01 
Sb-124 1.513+01 2.IE14O I.213+01 3.5E+01I .IE4O1 1.413+00 8915+00 3.OE+O1 
1-125 3.713-02 1.2E.02 3.2E-02 8.OE-02 2.8E-C2 7M-E03 2.2E-02 6 613-02 
Sb-125 3.OE-IO0 4.3E-01 2.5E*O 7.1E+00 2.3E+00 2.9E-01 1.8E400 6.1E400 

1-131 1.8E+00 2.8&01I 1.SE400 4.1E4CO 1.413+00 11&0.1 1.113+00 3.5E400 
Ba-133 2.OE400 2.8&01I 1.613+00 4.713+00 1.5E+00 1.9E-01 1.2E+00 4.1&O 
C9-134 1.2E+01l l.SE+OO 1.013+01 2.9E+01 9.M4,00 1.2E+0O0 7.313+00 2.5E+01 
C~s-137 49E4W ' 7.2E-01 4.013+00 1.113+01 3.713+00 4.7F,01 2.9EN40 14E+01

Appendix FSteel Dose Factors

DmftNUREG-1640,VoL2 F-2



Table F.1 Dose factors' for FE-SCRP-HANDIN.W 
Mass dose factor (pSv/y per Bolg) Sin-ficial dose ftactrs (uSv/y per Bqfcm2) 

Radionuclide Mean 5' 50g95 Mean 5d' 50' 95 
-4E-01 -.,LE-13.9E-01 '3-0ý1 1J19EM IE0 E1 

Cc-144 4.1-01 1.2E-01 3.62-0 8.2E-01 3.1-01 7.32-02 2M5-01 7.52.0 
Pmi-147 1.0-02 2.12-03 8.6E-03 2.42-02 7.92-0 1.2E-03 6.02-03 2.OE-02 
Eu-152 8.9E400 1.340 7.3E+00 2.12401l 6.02400 .9E-.01 5.22400 1.8E-01 
Eu-154 1.02401 1.5E+00 8.52400 2.4E401 7.9E+00 1.0E400 6.12400 212401 

Re-186 1.9E-02 322-0 1.6E-02 452-0 14-02 22E-03 1.12-02 3. )2-0 
Ir-192 5.02+00 7.02-01 4.02400 1.2E+01 3.8E+00 4.7E-01 3.02+00 1.02401 
Pb-210 * 7.02+00 2.0E400 6.1E+O0 1.5E+01 532400 1.32400 4.42400 1.3E401 
Pto-.210 3.4E400 9.52-01 3.02400 6.9E400 2.5E400 6A2-01 2.12400 5.9E400 

Rn-222 722400 1.02400 5.9E400 1.82401 5.52400 6.12-01 42E+00 1.52401I 
Ra-223 3.2E+00 1.12400 3.02400 5.9E400 2.4E400 6.6E-01 2.12400 SAE400 
Ra-224 4.8E+00 9.72-01 3.9E400 1.1E401 3.62400 59.9201 2.8E400 9.02400 
Ac-225 2.62400 83E-01 2.42400 5.12400 2.02400 5.12-01 1.72400 452400 

Ra-226 1.82401 4.62400 1.5E+01 3.7E2+01 1.3E401 2.9E40 1.02401 3.3E+01 
Ac-227 3.32+02 5.52+01. 2.8202 7.9E402 2.52102 322401 1.9E402 6.62402 
7h-227 3.9E+00 8.62-01 3.3E400 9.12400 3.02400 4.A2-0 23E+00 7.5E+00 
Th-228 9.42401 2124+01 8.02401 2.22402 7.12401 1.12401 5.52401 1.82402 

Th229 4.3E402 62E401 3.6E402 1.0E+03 332402 328E+01 2.42402 8.6E402 
Th230 6.5E401 9.3E+O0 5.4E+01 1.62+02 4.9E401 5.62400 3.7E+01 132402 
Pa-231 2.2E402 3.7E2401 1.8202 522402 1.72402 23E+01 12E+02 4.4E402 
Th-231 1.12-03 1.02-04 6.7-04 3M2-03 83E-04 6.9E-05 4.9B-04 21M-0 

Pa-233 1.0200 152-0 852-01 2.42400 8.02-0'1 9-92-02 622-01 2.12400 
U-233 3.4401 4.62+00 2.8E+01 8.12401 252401 2.0E40 I.9E401 6.82401 
Th234 7.7E-02 20.02- 6.6-02 1.62-01 592-02 13E-02 4.62-0 1AE-01 
U-234 332401 4.52+0 2.72401 7.9E401 2.52401 2.72400 1.9E+01 6.6-401 

Np-237 1.4E+02 -22E+01 1.12402 3.3E+02 1.02402 13E401 7.82401I 2.72402 
FU-238 7.12401 928E+00 5.92401 1.72402 5.42401 6.E0200 4.02401 1A4240 
U-238 2.9E401 4.12400 2.4E01 7.12401. 222401 2.52400 1.7E401 5.9E401 
Pu-239 7.62401 1.02401 632401 1.82402 5.8E401 6.42400 432401 1.5E402 

Pu-241 12E400, 1.7-01 1.02+00 3.0E400 9.3E-01 1.0B-01 7.0-01 2.5E400 
Am-241 1.1E402 1.82401 9.42401 7.7E402 8.5E401 1.12401 63E401 222402 
Cm-242 43E400 6.7-01 3.62400 1.02401 322400, 4.1-01 2.4E400 8.62400 
Pu-242- 7.3240 1 9.9E+00 6.02401 1.82402 5.5E401 6.12400 4.12401 1.5E+02 

a. To cozwert gme vahmuIDtonvaivtional iits (miurmy per pCifg or mrem~ per pCVWc?) mb~iply by 3.70 E-03
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Table F.2 Dose factore for FE-SLAG-HANDLIN-W 
Mass dose factors (;tSv/y per Bq/g Surficial dose factors (ISv/y per Bq/cm2 

Radionuclide Mean 5*1 50"' 95"' Mean 5d' 50"' 951h 
H-3 o.oE+oo O.OE+OO O.OE+OO 0.OE-I-O O.OE+0O O.OE+OO O.OE+OO O.OE+OO 
C-14 M.3-O5 2.8B-07 6.E-06 5.3E-03 9.7E-06 1.'7E-07 4.2E-06 3.6E-05 
Na-22 2.7E+01 3.8E+00 2.OE+0I 7.4E+01 2.lE+O1 2.6E+00 1.3E+01 6.4E+01 
P-32 7.SE#A3 4.OE-04 4.4E-03 2.8E-02 5.8E-03 3.E-04 2.9E-03 2.OE-02 

Cl-36 5.2E-03 3.OE-04 3.OE-03 1.9B-02 3.9E-03 1.8E-04 2.lE-03 I.SE-02 
K-40 1.2E+00 8.9E-02 6.IE-O1 4.IE+OO B.8E-0l 6.IE-02 4.1E-Ol 3.1E+OO 
Ca-41 2.6M-3 2.9B-04 1.5E-03 8.4E-03 2.OB-03 1.8E-04 1.2E-03 6.4E-03 
Ca-45 6.6E-03 8.4E-04 4.3E-03 2.OE-02 4.9E-03 5.5E-04 3.E-03 1.5E-02 

Mn-54 l.2E+O1 1.8E+00 8.7E+00 3.4E+01 9.2E+OO 1.E+O .8+O 2SEO 
Fe-55 3.2E-05 3.E-06 1.9E-05 LIlB-04 2.4E-05 1.7E-06 1.3E-05 7.8E-05 
Co-57 6.4E-03 1 .9E-04 3.OE-03 2.4E-02 4.8E-03 1 .3E-04 2.OE-03 1.7E-02 
Co-58 6.2E-02 1.9E-03 3.OE-02 2.4E-01 4.7E-02 1.2E-03 2.2E-02 1.7E-01 

Ni-59 2.OE-06 6.9E-08 i.OE-06 7.4E-06 1 .5E-06 4.9E-08 7.IE-07 5.4E-06 
Co-60 2.IE-Ol 8.4E-03 1.2E-01 7.SE-01 1.6E-01 5.8E-03 7.7E-02 6.2E-01 
Ni-63 5.6E-06 1.5E-07 2.6E-06 2.OE-05 4.2E-06 .LIE-07 I.SE-06 1.6E-05 
Zn-65 4.7E-02 _1.E-03 2.3E-02 1.7E-01 3.6E-02 1.2E-03 1.6E-02 1.4E-O1 

So-75 3.4E+O00 3.5E-01 2.OE+OO 9.BE+OO 2.5E4,00 2.3E-01 l.SE+OO0 8.8E+OO 
Sr-85 9.lE+OO 1.2E+OO 5.8E+00 2.9E+01 6.SE+OO 7.4E-01 3.8E4+OO 2.IE+fO1 
Sr-89 4.2E-02 7.6E-03 3.OE-02 1.2E-01 3.lE-02 4.4E-03 2.OE-02 9.6E-02 
Sr-90 5.6E-01 7.6E-02 3.9E-01 1.7E+00 4.1E-Ol 5.I13-02 2.8E-O1 1.2E+O00 

Mo-93 4.OE-05 I.E-06 1.9E-05 M.E-04 3.OE-05 9.3E-07 U.E-05 L.E-04 
Nb-93m 8.4E-03 1.2E-03 5.6E-03 2.6E-02 6.4E-03 S.OE-04 3.7E-03 2.IE-02 
Nb-94 3.9E+fOI 5.4E+OO 2.7E+01 1.2E+02 3.OE-iOI 3.4E4.00 1. 9E+fOl 9.3E+OI1 
Nb-95 LIlE-I01 1.5E+O00 7.2E+O0 3.4E+01 8.OE+00 1.OE400 5.1E+OO 2.7E+01 

TC-99 1.7E-05 '7.2E-07 9.2E-06 6A4E-05 l.3E-O5 4.4Fe- if 5.IE-06 4.6E-05 
Ru-103 2.3E-02 6.2E-04 L.IE-02 8.OB-02 1.7E-02 5.IE-04 8.3E-03 6.3E-02 
Ru-1f36 5.OE-04 2.IE-05 2.6E-04 I.&E-03 3.E-04 I.IE-O5 1.7E-04 1.5E-03 
Ag-lO8m 1.2E-01 4.3E-03 M.E-02 4.5E-01 9.3E-02 3.3E-03 4.8E-02 3.3E-01 

Ag-110m 2.lE.01 6.8E-03 L.IE-O1 7.9E-01 1 6E-OI 5.2E-03 7.7E-02 5.SE-OI 
Sb-lU4 3.6E+00O l.6E-Ol I.SE+OO 1.4E+01 2.6E+00 L.JE-Ol l.4E-4O S.8E+00 
1-125 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Sb-125 __ 9.5E-01 4.lE-02 5.IE-O1 3.IE+OO M.E-01 2.9E-02 3.6E-01 2.7E+00 

1-13 1 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ba-133 7.8E+00 I.IE+OO 5.5E+00 2.2E+01 5.9E+OO 6.9E-01 3.8E+00 I.8E+OI 
Cs-134 I.OE+OO 1.OE-OI 6.2E-01 3.4E+OO 7.8E-01 6.8E-02 4.2E-01 2.611+00 
Cs-137 2.7E-03 2.1&-04 1.5E-03 9.4E-03 2.IE-03 1.6E-04 L.E-03 7.2E-03
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Table F.2 Dose factors'm for FE-SLAG-EMMDIN-W 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (ItSv/y per Bqcmi2) 

Radionuclide Mean 5th 50 9 Pt Mean 5h 0d 95* 

Ce-144 3.9E-01 6.6E-02 2.6E-01 LIlE+OO 3.OE-01 4.I1E-02 L.SE-Ol 9.4E-01 
PM-147 L.IE-02 1.6E-03 7A4E-03 3.3E-02 8.AE-03 9.4E-04 5.2E-03 2.5E-02 
Eu-152 2.9E+01 4.OE+OO I.8E+O1 9.5E+01 2.2E+01 2.5E+00 1.3E+01 7.OE+0l 
Eu-154 3.OE+O1 4.7E+00 2.2E+01 S.6E+01 2.3E+01 3 1E4-OO I.4E+O 7.4E+01 

Re-186 9.3E-05 9.IE-07, 1SE-O5 3.7E-04 6AE-05 5.7E-07 II2E-05 3.OE-04 
Jr-192 2.9E-01 2.&E-02 1.9E-01 9A4E-01 22E-01 1.6E-02 1.4E-Ol 7.2E-01 
Pb-210 3.OE-Ol 2.9E-02 l.7E-Ol L.OE+OO 2.2E-01 1.9E-02 1.2E-01 7.7E-01 
Po-210 1.3E-01 l.3-02 7.9E-02 3.9E-01 9.5E-02 8 7E-03 5.6E-02 3AE-OI 

Rn-222 O.OE+OO O.OE+OO O.OEOO 6.03-I0 0 OOE+OO0 .OE+OO0 .OE+0O O.OE+0O 
Ra-223 I.IE+0O 1.3E-01 6.6E-01 3.6E+00 7.9E-01 9.OE-02 4.6E-01 2.8E+00 
Ra-224 1.SE-02 2.SE-04 4AE-03 9.7E-02 IA4E-02 I.SE-04 3.E-03 7.E-02 
Ac-225 3.9E-01 M.E-02 2.IE-Ol 1.3E+00 3.OE-Ol 2.3E-02 I.E-Ol LIE+0O.  

Ra-264.9E+01 7.OE+OO 3.4E+0l 1.4E4-02 3.8E+Ol 4.4E+00 2.3E+01 1.2E+02 
Ac-227 3.4E+02 4.lE+Ol 2.IE+02 LIlE+03 2.SE+02 2.SE+Ol l.5E+02 7.7E+02 
Uh-227 2.2E+00 2.7E-DI 1.5E+00 6.4E+00 1.7E+00 1.7E-01 LIlE+00 :5.2E+00 
Th-228 1.2E+02 1.$E+01 S.3E+01 3.6E+02 9.4E+01 L.IE+0l 5.SE+0l 3.OE+02 

Th-229 4.2E+02 5.1E+01 2.7E+02 1.2E+03 3.2E+02 3.5E4-01 1.9E+02 1.IE+03 
Th-230 6.4E+01 8.4E+00 3.8E+01 1.9E+02 4.9E+01 S.OE+0O 2.9E+01 lAE+02 
PZ-231 2.3E+02 3.OB+O1 1.3E+02 6.7E+02 1.7E+02 2.OE+Ol 9.7E+01 5.3E+02 
Th-231 6.2E-07 L.OE-13 -5.9E-10 3.E-06 4.SE-07 6.4E-14 4.E-l0 2.3E-06 

Fa232.OE+0O 2.6E-01 1.3E+00 6.IE+0O 1.5E+00 1.6E-O1 9.3E-01 4.9E+00 
U-233 3.3E+01 4.1E+0O 2.IE+O1 9.IE+0I 2.5E+01 2.7E+00 1.5E+01 7.7E+01 
111-234 IS.E-02 8.OE-03 4.OE-02 l.6E-0l 4.4E-02 4.6E-03 2.E-02 ".E-01 
U-234 3.2E+01 4.2E+00 2.OE+O1 9.SE+O1 2.SE+0l 2.5E+00 14E+Ol 8.4E+01 

Np-237 1.3E+02 2.OE+OI 8.SE+01 4.OE+02 l.0E402 1.3E+01 6.lE+0l 3.3E+02 
Pu-238 6.8E+0l 8.6E+00 4.4E+01 -2.0E+02 5.2E+01 5.4E+00O 3.JE+Ol 1.6E+02 
U-239 2.8E+01 3.6E+OO L.RE+OI 9.3E+01 2.lE+0l 2.3E+00 1.3E+01 6.3E+01 
Pu-239 7.3E+01 9.5E+00 4.9E+01 2.3E+02 S.6E+0lI 5.6E+I00 3.4E+01 L.SE+02 

Pu21L.E+0O l.SE-Ol 7.6E-01 3.2E+00 8.6E-01 9.7E-02 SAE-01 2.6E+00 
Am-241 I.IE+02 1.3E+O1I 8.OE+OI 3.4E+02 8.5E+01 9.OE+0O 5.SE+01 2.6E+02 
Cm-242 3.8E+00 4.9B-O1 2.5E+00 LIlE+Ol 2.9E+00 3.IE-Ol +I.9E4-00 9.6E"OO 
Pu-242 7.OE+0Ol 9.E4E+O 4.E4E+O 2.lE+02 5.3E+01l 6.lE+OO 3.2E+01 1.7E+02 

a. To convert these values to conventional units (mrem/y per pCi/g or inrem/y per pCi~cm2) multiply by 3.70 E-03 
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Table F.3 Dose factors' for FE..EAFD-IIANDLIN-W 
Mass dose factors (paSv/y per Bq/g) Surficial dose factors (;tSv/y per Bq/cm2) 

Radionuclide Mean -P50A' 95t' Mean 51h 50"' 95"' 
H-3 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 7.8E-05 4.8E-06 4.4E-05 2.9E-04 5.9E-05 3.OE-06 3.E-05 2.IE-04 
Na-22 6.4E+01 8.7E+00 4.3E+01 2.OE+02 4.9E+01 5.2E+00) 3.OE+O1 1.6E+02 
P-32 1 .E-02 9.7E-04 7.6E-03 5.3E-02 1.IE-02 6.7E-04 5.OE-03 4. IE-02 

CI-36 1 .4E02 1 .6E-03 8.5E-03 4.4E-02 L OE-02 9.2E-04 6.OE-03 3.7E-02 
K-40 8.8E+00 l.E+OO 5.5E+00 2.9E+01 6.6E+OO0 7.4E-O1 3.7E+00 2.1E+Ol 
Ca-ti 1IE-04 9.1E-06 6.3E-05 3.9E-64 8.OE-O5 5.4E-06 4A4E-05 3.OE-04 
Ca-45 3.OE-04 2.3E-05 1.9E-04 .9.IE-04 2.3E-04 1.6E-05 1.3E-04 8.OE-04 

M&.54 86-1 7.3E-02 5.IE-01 3.OE-I-O 6.7E-01 4.OE-02 3.E-O1 2.4E+00 
Fe-55 3.E-05 2.6E-06 2.OE-05 9.7E-05 2A4E-05 1.6E-06 1.3E-05 8.2E-05 
Co-57 9.7E-03 8.1&-04 6.OE-03 3.2E-02 7.4E-03 5.1E-04 4.OE-03 2.6E-02 
Co-58 4.5E-01 4.5E-02 2.9E-01 1.5E+00 3.4E-01 3.OE-02 1.9E-01 LI.E+OO 

Ni-59 1.5E-05 1.7E-06 9.213-06 5.OE-05 1.1&-05 1.OE-06 6.5E-06 4.OE-05 
Co-60 1.8E+00 l.E-O1 1.IE-'-O 5.4E+00O 1.4E+00 9.8E-02 7.4E-01 5.OE+OO 
Ni-63 3.9E-05 4.OE-06 2.4E-O5 I .E-04 3.OE-O5 2.3E-06 1 .7E-05 I OE-04 
Zn-65 3.5E+01 4.6E+00 2.2E+01 1.IE+02 2.6E+01 2.8E+00 1.4E+01 9.IE+ol 

- ~ J.8#1~~j 10ME-6&: O', , .4F,,4 ~ -0 1."; O ;o~

So-75 4.2E+00O 1.5E-01 2.5E+00 1.4E+01 3.2E+00 9.2E-02 1.6E+00 I.E+01 
Sr-85 4.2E-01 3A4E-02 2.3E-01 1.4E+00 3.2E-01 2.4E-02 1.6E-01 1.2E+00 
Sr-89 13BE-03 I.E-4 1.1E-03 5.OE-03 1.3E-03 9.4t-05 7.4E-04 4.4E-03 
Sr-90 3.I13-02 2.6E-03 2.OE-02 LOB-Ol 2.4E-02 1.5E-03 1.3E-02 8.3E-02 

6.ý- ! -- ~ rf :Qý - ~-3 
Mo-93 .S04 2E05 1704 9.5E-04 2.E04 I.E-5 .E-04 6.6E-04 
Nb-93m 5.4E-04 4.OE-05 2.7E-04 2.OE-03 4.1E-04 2.&E-05 2.OE-04 1.7E-03 
Nb-94 2.2E+00 1.E-O1 1.2E+00 8.5E+00 1.7E+00 9.6B-02 8.OE-O1 6. OE+OO 
Nb-95 5.5E-01 3.8E-02 3.2E-01 1.SE+OO 4.E-01 2.5E-02 2.3E-01 1.SE+OO 

Tc9 .3-4 1.EO 86-5 4'.1E-`0-4- 1.OE-04 9SýE-06 6.2E-05 3.4E-04 

Ru-103 1.6E-01 1.E-02 9.6E-02 5.3E-01 1.3E-01 7.E-03 6.6E-02 4.E-O1 
Ru-106 1.2E-01 1.IE-02 7.7E-02 3.9E-O1 9.OE-02 7.5E-03 5.2E-02 3.2E-01 
Ag-108m_ 1.OE+OO 8.7E-02 5.8E-01 3.3E+O0 7.6E,01 5.5E-02 4-3E-01 2.7E+00 

Ag-i 10m I.7E+FOO U.E-0i 1.OE+OO 5.2E+OO 1.2E+00 9.3E-02 7.5E-01 3.9E+FOO 
Sb-124 3.OE-O1 9.1E-03 1.5E-01 1.1E+OO 2.3E-01 5.9E-03 I.OE-O1 8.4E-O1 
1-125 O.OE+OO O.OE+OO O.OE4+OO O.OE+OO O.OE+OO0 O.OE+OO0 O.OE-I-OO (OE+OO 
Sb-125 7.6E-02 2.5E-03 4.OE-02 2.7E-01 5.9E-02 1.5E-03_ 2.9E-02 2.2E-01 

1-131 O.OE+OO O.OE+OO O.OE+OO 6.0E+00 O.OE+OO O.OE+OO O.OE+OO0 O.OE+OO 
Ba-133 3.E-O1 2.7E-02 1.8E-01 i.OE+OO 2A4E-01 ,1.7E-02 LI.E-O1 8.2E-01 
Cs-134 9.8E+Oi 1.2E+fOi 6.OE+FOI 3.OE+02 7.5E+FOI 7.2E+00 4.4E+O1 2.6E+02 
Cs-137 3.6E-+O1 4.9E+OO 2.4E+0-1 iIE+02 2.7E+01 2.9E4-00 1.7E+01 9.SE-1-0
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Table ES Dose factors' for FE-EAFD)-HAQJDLIN-W 
Mass dose factors (gzSv/y per Bq/g) Surficial dose factors (gtSv/y per Bq/cm2) 

Radiornuclide Mean 5, Sol, 951b Mean 51h 501b 95A 

Ce-144 5.1E-02 3.013-03 3.013-02 1.713-01 3.9E-02 2.2E-03 2.I13-02 1.3E-01 
Pm-147 7.E-04 5.6E-05 3.9E-04 2.5E-03 5.4E-04 3.7E-O5, 2.6E-04 1.9E-03 
Eu-152 1.4E+00 1.3E-01 M.E-DI 4.4E+00 1.1E+0O 7.9E-02 5.3E-01 3.8E+00 
Eu-154 1.7E+00 1.3E-01 9.5E-01 5.8E+00 1.3E+00 8.5E-02 6.2E-01 4.AE+00 

Re-186 6.9E-04 3.IE-06 I 2E-04 3.E-03 5.2E-04 2.2E-06 8.013-05 2.6E-03 
lr-192 1.5E401 6.9E-01 7.9E+00 5.3E+01 1LIE+Ol 4.2E-01 5.6E+00 3.gE+O1 
Pb-210 2.9E+01 4.3E+00 L.SE+Ol 8.OE+OI 2.2E+01 2.7E+00 1.4E+01 6.9E+O1 
Po-210 1.IE+OI I.8E+00 8.2E+00 3.I+O1 8.6E+00 L.IE+O0 5.7E+00 2.6E+01 

Rn-rn2 O.OE+O0 O.013+00 O.OE+O0 O.OE+00 O.O13+00 0.OE400 O.OE+00 O.OE+OO 
Ra-223 6.8E-02 4.E-03 3.7E-02 2.3E-01 5.lE-02 3.2E-03 2.5E-02 1.9E-01 
Ra-224 1.9E-02 7.OE-O5 2.4E-03 8.3E-02 1AE-02 3.9E-05 1.6E-03 6.OE-02 
Ac-225 4-5E-02 2.6E-03 2.5E-02 1.6E-01 3.3E-02 I.E-03 1.7E-02 M.E-0I 

Ra-226 2.5E+00 2.OE-0I 1.5E+00 8.5E+00 1.9E+00 1.3E-01 L.E+O0 5.9E+00 
Ac-227 2.3E+01 1.7E+00 1.3E+01 7.7E+01 1.7E+01 LIE+0O 8.6E+00 5.7E+01 
Ih-227 1.IE-OI 7.E-03 5.9E-02 3.E-01 8.l11-02 4.7E-03 4.4E-02 3.OE-O1 
Th-228 7.5E+00 6.1E-Ol 4.3E+00 2.6E+01 S.BE+O0 3.9E-01 3.OE+00 2.IE-IO1 

1h-229 2.SE+0l 2.4E+00 1.6E+O I .1E4-02 2.lE+Ol L.SE+O0 1.IE+0l 7.5E+01 
Th-230 4.4E+00 2.7E-01 2.3E+00 1.5E-iO1 3.3E+00 1.AE-01 L.SE+O0 1.2E-I01 
Pa-231 1.5E+01 1.2E+00 8.6E+00 4.9E+01 L.1E+0l 9.3E-01 5.7E+00 3.6E+01 
nh-231 M.E-1O 2.IE-17, 2.3E-13 3.7E,09 5.7E-1O M.E-17 1S-513 2.6E-09 

Pa237.3E-02 5.7E-03 4.OE-02. 2.6E-01 5.7E-02 3.5E-03 3.013-02 2.2E-01 
U-233 2.3E+00 1.5E-01 1.2E+00 S.OE+O0 LI7+O 9.E-02 9.5E-01 6.OE+O0 
TI-3 4.9B-03 3.2E-4 2.9E-03 137E-02 3.8E-03 2.OE-04 2.OE-03 M.E-02 
U-234 2.3E+00 1.6E-01 1.2E+00 8.6E+00 1 7E+0O I IE-01 9.3E-01 7.2E+00 

Np-237 9.5E+00 6.OE-Ol 5.3E+00 3.OE+Ol 7.AE+00 4.SE-Ol 3.7E+00 2.6E+01 
Pu-238 4.6E+00 3.3E-01 2.6E+00 1.7E+01 3.6E+00 22E-01 1.9E+00 1.2E+01 
U-238 2.lE+O0 1.3E-01 M~E+O0 7.9E+00 1.6E+00 7.6E-02 B.OE-0l 5.9E+00 
Pu-239 5.IE400 3.5E-01 2.7E+00 1.7E+01 3.8E400 2.3E-01 2.013+00 LAEIO 

Pu2l 9E-02 4.SE-03 4.2E-02. 2.7E-01 6.2E-02 3.5E-03 3.JE-02 2.3E-01 
Am-241. 7.2E+O0 5.2E-01 4.2E+O0 2.4E+01 5.SE+O0 3.7E-01 3.OE+0O 2.013+01 
Cm-242 2.SE-0l 2.O13-02 1.5B-01 9.IE-O1 2.OE-Ol 1.2E-02 9.9B-02 6.7E-O1 
Pu-242 4.7E+00 3.7E-01 2.8EO00 1.SE+Ol1 3.6E+00 2.2E-01 1.$E+00 1.3E+01 

L. To convert these values to conventional units (mrem/y per pCifg or mremfy per pCI/cm2) mufltply by 3.70 E-03
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Table F.4 Dose factors for FE-EAFD-BAGHOUS-W 
Mass dose factors (gtSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm 2) 

Radionuclide Mean P 504 95* Mean 5t 50* 95* 
H-3 O.OE+00 0.0E+O0 0.0E+00 0.0E+00 0.0E+O0 O.OE+00 0.0E+00 O.OE+00 
C-14 5.OE-05 2.0E-06 2.4E-05 2.0E-04 3.8E-05 1.4E-06 1.7E-05 1.4E-04 
Na-22 3.6E+00 1.7E-01 2.OE+00 1.2E+01 2.8E+00 1.213-01 1.4E+00 L.OE+01 
P-32 3.8E-03 L.8E-04 l.8E-03 1.5E-02. 2.8E-03 1.OE-04 l.3E-03 L.IE-02 

CI-36 2.9E-03 22E-04 1.7E-03 9.5E-03 2.2E-03 1.5E-04 1.2E-03 7.7E-03 
K-40 4.5E-01 3.7E-02 2.4E-01 1.5E+00 3.4E-01 2.1E-02 1.8E-01 I.IE+00 
Ca-41 6.1E-05 2.6E-06 2.8E-05 2.4E-04 4.5E-05 1.7E-06 2.OE-05 1.813-04 
Ca-45 1.5E-04 4.3E-06 6.2E-05 5.7E-04 L.IE-04 3.2E-06 4.5E-05 4.5E-04 

Mn-54 4.8E-02 2.3E-03 2.3E-02 I.SE-01 3.6E-02 1.4E-03 1.6E-02 l.3E-01 
Fe-55 1.5E-05 6.4E-07 7.SE-06 5.211-05 1.IE-05 4.7E-07 5.5E-06 3.6E-05 
Co-57 2.2E-03 9.5E-05 l.IE-03 7.5E-03 1.713-03 6.9E-05 7.SE-04 6.7E-03 
Co-58 2.6E-02 1.2E-03 l.4E-02 1.0E-01 2.OE-02 8.2E-04 9.4E-03 7.lE-02 

Ni-59 .5F-06 2.&E-07 2.9E-06 2.1E-05 4.1E-06 1.9E-07 1.9E-06 l.6E-O5 
Co-60 9.313-02 4.1E-03 4.6E-02 3.5E-01 7.4E-02 2.8E-03 3.1E-02 2.9E-01 
Ni-63 1.6E-05 9.OE-07 8.4E-06 6.2E-05 1.2E-05 5.3E-07 5.5E-06 4.4E-05 
Zn-65 1.2E+O0 7.5E-02 5.9E-01 4.2E+00 9.OE-01 4.8E-02 4.1E-01 3.5E+00 

S&-75 3.8E-O1 1.2E-02 1.8E-01 1.6E+00 2.9E-01 8.0E-03 L.IE-01 1.2E+00 
Sr-85 2.7E-02 1.1E-03 1.3E-02 9.6E-02 2.lE-02 6.6E-04 9.0E-03 7.8E-02 
Sr-89 4.IE-04 2.6E-05 2.2E-04 1.5E-03 3.1E-04 1.6E-05 1.6E-04 1.1E-03 
Sr-90 8.51-03 4.013-04 4.lE-03 3.0E-02 6.4E-03 3.lE-04 2.8E-03 2.7E-02 

Mo-93 9.9E-05 8.7E-06 6.OE-05 3.1E-04 4.1E-04 6.0E-06 4.1E-05 2.7E-04 
Nb-93m 7.9E-05 5.2E-06 4.5E-05 2.9E-04 7.5E-05 3.313-06 3.OE-05 2.1E-04 
Nb-94 1.2E-01 4.8E-03 5.6E-02 4.1E-01 6.0E-05 3.0E-03 3.6F&02 3.3E-01 
Nb-95 3.3E-02 1.2E-03 1.5E-02 1.3E-01 9.OE-02 8.7E-04 1.OE-02 1OE-01 

Tc-99 4.3E-05 2.6E-06 2.3E-05 1.7E-04 3.OE-02 1.5E-06 1.5E-05 1.2E-04 
Ru-103 1.lE-02 5.7E-04 5.033-03 4.1E-02 3.2E-05 3.7E-04 3.7E-03 3.6E-02 
Rn-106 8.2E-03 4.6E-04 4.3E-03 2.9E-02 8.6E-03 3.3E-04 2.9E-03 2.2E-02 
Ag-108m 5.9E-02 2.7E-03 3.1E-02 2.2E-01 6.3E-03 1.5E-03 2.1E-02 1.9E-01 

Ag-110m 9.IE-02 4.6E-03 4.53-02 3.2E-01 3.E-02 3.1E&03 32.E-02 2.713-01 
Sb-124 1.6E-02 2.&E-04 6.5E-03 6.211-02 7.0E-02 1.913-04 4.3E-03 4.6E-02 
1-125 0.OE+0O.OE+0" 0.02E+00 0.013+00 1.2E-02 0.013+00 0.0E+00 0.0E+00 
Sb-125 5.113-03 9.21-05 2.0E-03 1.8E-02 0.0E+00 6.63-05 1.3E-03 1.513-02 

1-131 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.02E+00 0.0E+00 0.OE+0O 0.0E+00 
Ba-133 2.2E-02 9.613-04 I.IE-02 7.413-02 0.013+00 6.6E-04 7.21-03 5.613-02 
Cs-134 5.513+00 4.2E-01 3.013+00 2.013+01 1.7E-02 2.7E-01 2.2E+00 1.6E+01 
Cs-137 2.23+00 2.0E-01 I.IE+00 7.728+00 4.3E+00 1.IE-01 8.3E-01 6.7E+00
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Table FA Dose factors' for FE-EAFD-BAdHOUS-W 
Mass dose factors (izSv/y per Bq/g) Surficial dose factors (ttSv/y per Bq/cm 2) 

Radionuclide Mean 5" 50"S 95"b Mear 5"' 50* 951 

Ce-144 4.4E-03 2.8E-04 2.2E-03 1.5E-02 1.5E-03 1.7E-04 1.6E-03 i.3E-02 
Pm-147 9.3E-05 5.5E-06 4.813-05 3.3E-04 3.3E-03 3.5E-06 3.5E1-05 2.513-04 
Eu-152 7.9E-02 3.5E-03 3.8E-02 2.9E-01 6.8E-05- 1.9E-03 2.8E-02 2.$E-01 
Eu-154 _ .4E-02 4.2E-03 4.3E-02 2.8E-01 6.3E-02 2.9E-03 3.1E-02 2.6E-01 

Re-186 2.8E-04 2.0E-06 4.4E-05 1.3E-03 1.8E-03 1.2E-06 3.1E-05 1.0E-03 
Ir-192 i.0E+00 2.7E-02 4.6E-01 4.OE+00 22.E-04 1.6E-02 3.313-01 3.OE+00 
Pb-210 1.3E+01 7.8E-01 7.3E+00 4.8E+01 7.9E-01 5.0E-01 52.E+00 3.6E+01 
Po-210 4.4E+00 2.7E-01 2.4E+00 1.SE+01 9.9E+00 2.0E-01 1.7E+00 4.2E+I0 
Bi-210 7.6E-04 1.5E-05 2.5E-04 3.7E-03 3.3E+00 9.3E-06 1.7E-04 2.9E-03 

Ra-223 1.2E-02 5.8E-04 5.4E-03 52.E-02 0.0E+00 3.5E-04 4.013-03 3.9E-02 
Ra-224 1.5E-03 1.1E-05 2.2E-04 6.9E-03 9.3E-03 7.1E-06 1.6E-04 5.3E-03 
Ac-225 4.7E-03 2.3E-04 2.1E-03 1.713-02 I.1E-03 1.3E-04 1.6E-03 14E-02 
Ra-225 9.3E-03 4.0E-04 3.7E-03 3.1E-02 3.3E-03 2.7E-04 2.6E-03 2.4E-02 

Ac-227 2.2E+00 1.4E-01 I.IE+00 8.3E+00 1.5E-01 9.2E-02 7.8E-01 -6.8E+40 
TI"-227 9.5E-03 5.2E-04 4.8E-03 3.4E-02 1.7E+00 3.0E-04 3.6E-03 2.7E-02 
Th-228 5.3E-01 3.0E-02 2.5E-01 1.8E+00 7.0E-03 1.9E-02 1.7E-01 1.6E+00 

Th-229 2.2E+00 8.3E-02 L.IE+0O 8.3E+00 .1.2E-01 5.0E-02 7.713-01 6.5E+00 
iTh-230 3.4E-01 1.3E-02 1.5E-01 1.4E+00 1.7E+00 8.9E-03 1.1E-01 8.9E-01 

Pa-231 1.6E+00 8.6E-02 7.7E-01 5.2E+00 2.5E-01 5.41-02 SAE-01 4.3E+00 
Th-231 2.1E-09 2.7E-16 1.6E-12 i.1E-08 .lIE+00 1.6E-16 1.2E-12 7.3E-09 

Pa-233 6.2E-03 2.5E-04 3.003 2.2E-02 1.2E+00 1.7E-04 2.1E-03 1.9E-02 
U-233 1.7E-01 4.3E-03 6.4E-02 5.9E-01 4.8E-03 3.1E-03 4.6E-02 4.7E-0I 
Th-234 7.0E-04 4.0E-05 3.5E-04 2.6E-03 1.3E-01 2.4E-05 2.6E-04 1.8E-03 
U-234 1.6E-01 5.2E-03 6.4E-02 5.9E-01 5.2E-04 3.2E-03 4.7E-02 4.5E-01 

Np-237 8.4E-01 3.8E-02 4.9E-01 2.5E+00 1.2E-01 2.BE-02 3.2E-01 1.9E+00 
Pu-238 3.613-01 8.SE-03 1.E-01 1.4E+00 6.2E-01 6.4E-03 I.IE-01 I.IE+0O 
U-238 1.5E-01 3.3E-03 5.713-02 6.IE-01 2.7E-01 2.5E-03 4.4E-02 4.2E-01 
Pu-239 3.6E-01 1.4E-02 1.6E-01 1.4E+00 I.IE-01 7.8E-03 1.0E-01 I.IE+40 

Pu-241 5.6E-03 1.8E-04 2.5E-03 2.1E-02 2.9E-01 9.8E-05 1.9E-03 l.8E-02 
Am-241 6.6E-01 4.1E-02 3.813-0 2.1E+00 4.3E-03 2.7E-02 2.6E-01 1.7E+0O 
Cm-242 2.2E-02 1.2E-03 1.2E-02 7.8E-02 5.2E-01 7.9E-04 7.8E-03 6.9E-02 
Pu-242 3.7E-01 .IE-02 1.513-01 153.4E+00 1.7E-02 7.9E-03 1.OB-01 .lIE+00 

a. To convert these values to conventional units (mrcr/y per pCi/g or mrem/y per pCi/cm), multiply by 3.70 E-03 
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Table F.5 Dose factors' for FE-METL-HANDREF-W 
Mass dose factors (pSv/y per Bqfg) Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide mean 51h 501b 9591 Meani 5th 50* 95eb 
H-3 1.O13-06 4.113-08 5.6E-07 3.9E-06 7.913-07 2.711-08 4.O11-07 2.913-06 
C-14 9.513-04 8.913-05 5.913-04 2.913-03 7.313-04 5.913-05 4.213-04 2.6E-03 
Na-22 2.013-01 7.813-0S L OE-03 7.9E-03 1 .5E-03 4.913-05 7.713-04 5.613-03 
P-32 4.813-05 1.OE-06 2.OE-05 1.811-04 3.613-05 7.011-07 IA4E-05 1.513-04 

- #2.81O *::6o 5- tLWosA 0 .  
CI-36 1.9E-05 2.4E-06 1.313-05 5.8E-05 1.413-05 1.413-06 S.9E-06 4.4E-05 
K-40 1.713-04 6.2E-06 8.I13-05 6.OE-04 1.313-04 4.6E-06 5.8E-05 4.513-04 
Ca-41 2.213-06 6.6E-08 1.IE-06 8.4E-06 1.7E-06 4.4E-09 7.9E-07 7.613-06 
Ca-45 5.6E-06 1.813-07 2.8E-06 2.2E-05 4.lE-06 IAE-07 2.113-06 1.513-05 

Mn-u4 8.4E-02 1.313-02 5.713-02 2.413-01 6.3E-02 7.811-03 4.013-02 i.013-01 
Fe-55 3.4E-04 5.I13-05 2.3E-04 9.713-04 2.6E-04 3.013-05 1.613-04 8.113-04 
Co-57 1.SE-02 2.2E-03 1.113-02 4.213-02 1.2E-02 I.E-03 7.I13-03 3.E-02 
Co-58 2.113-01 3.4E.702 1.413-01 6.213-01 1.6E-01 2.013-02 I.OE-01 5.2E-01 

Ni-59 I.5E-04 2.4E-05 1.013-04 4A4E-04 1.211-04 1.5E-05 7.513-05 3.511-04 
Co-60 6.7E-01 9.913-02 4.713-01 1.9E+00 5.IE-O1 6.2E-02 3.3E-01 1.613+00 
Ni-63 4.RE-04 6. RE-OS 2.&E-04 1.211-03 3.I13-04 3.3E-05 1.8E-04 9.4E-04 
Zn-65 1 .5E-02 7.613-04 9.213-03 5.113-02 _II.E-02 4A4E-04 6.513-103 4.011-02 

Se-75 3.313-02 1.213-03 1.9E-02 1 .113-01 2.5E-02 8.513-04 1.E-02 B4E-02 
Sr-85 3.711-04 1 .213-05 2.011-04 1 .311-03 2.913-04 I OE-OS 1 .513-04 L213-03 
Sr-89 l.6E-05 6.313-07 8.9E-06 5.9E-05 1.213-05 4.3E-07 6.2E-06 4.2E-05 
Sr-90 4.9E-04 1.8-05 2.5E-04 1.6"-3 3.813-04 1.I13-05 1.913-04 1.3E-03 

-'0 7. x_ 6.2~t 7.24& -U 

Mo-93 2.413-03 3.9E-04 1.613-03 6.413-03 l.&E-03 2.613-04 L.E-03 5.8E-03 
Nb-93m 6.813-06 2.313-07 3.711-06 2.313-05 5.JE-06 1.413-07 2.613-06 1.711-05 
Nb-94 1.613-03 5.2E-05 9.5E-04 5.7E-03 II2E-03 3.911-05 6.613-04 4A4E-03 
Nb-95 4.2E-04 1.SE-O5 2211-04 1.511-03 3.3E-04 l.A1-05 1.513-04 1.311-03 

TC-99 1.2E-03 1.7&-04 9.2E-04 3.313-03 9.OE-04 1.1B-04 5.$E-04 2.7E-03 
Ru-103 8.713-02 1.E-02 6.OE-02 2.513-01 6.8E-02 7.613-03 4.3E-02 2.1E-O1 
Ru-106 9.413-02 1.611-02 7.013-02 2.4E-01 7.OE-02 9.513-03 5.113-02 2.11341 
Ag-lO0in 4.813-01 S.4E-02 3A4E-01 1.3E+0O 3.813-01 4.9E-02 2.513-01 1.2E4,00 

Ag-110m U.4E4 LIlE-01 4.9E-01 2.1E400 5.7B-O1 6.&E-02 3.5E-01 1.913+00 
Sb.124 3.4E-01 4A4E-02 2.213-01 9.8E-01 235E-01 3.013-02 1.6E-01 8.113-01 
1-125 O.OE-i- OO .OE-i-O O.OE+O0 0.013+00 0.OE+O0 0.OE+OO 0.013O0 O.13+O00 
Sb-125 l.11-01 1.711-02 7.413-02 2.913-01 8.3E-02 1.RE-02 5A4E-02 2A4E-01 

'i-61 O.OE+OO O.OE+00 O.O13+00 O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE+00 
Ba-133 3.513-04 1.3E-OS 1.813-04 1.311-03. 2.613-04 7.7B-06 1.213-04 9.8E-04 
Cs-134 1.6E-03 6.911-05 8.713-04 5.611-03 1213-03 4.211-05 5.913-04 4.511-03 
Cs-137 6.6E-04 2.813-05 4.013-04 2.213-03 4.913-04 1.913-05 2.6E-04 1.9E-03
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Table F.5,ýDose factors' for FEMETL-HANqDREF-W 
Mass dose factors (tSv/y per Bq/g) Surficial dose factors (jzSv/y per Bqfcm2) 

Radionuclide mewan 50~' 951h Mead 5 efi 50*h 9 5th 

Ce-144 I AE-04 4.611-06 7.013-05 4.7E-04 1-113-04 2.613-06 5.IE-05 3.913-04 
Pm-147 9.&E-06 2.813-07 4.SE-06 3.7E-05 7.413-06 2.l13-07 3.313-06 2.7E-05 
Eu-152 LIlE-03 4.E-05 5.513-04 3.8E-03 8.513-04 2.BE-05 3.7E-04 3.OE-03 
Eu-154 I.2E-03 4.813-05 6.513-04 4.4E-03 9.311-04 2.8E-05 4.5E-04 3.513-03 

77 72'Tf ____ 6__ 8 ____ 

Re-186 2AE-05 1.813-07 4.713-06 1.311-04 l.813-05 l.OE-07 3.013-06 9.613-05 
Ir-192 9.5E-02 4.OE-03 5.3E-02 3.613-01 7.3E-02 2.7E-03 3.713-02 2.7E-Dl 
Pb-210 &.OE-02 6.0&-03 4.713-02 2.813-01 6.213-02 3.8E-03 3.313-02 2.l11-01 
Po-210 4.013-03 1.2E-04 2.013-03 1.6E-02 3.OE-03 9.7E-05 IA4E-03 I.IE-02 

Rn-rn2 0.O13+00 0.013+00 O.O13+00 O.OE+0O O.OE+OOO.O13+00 0.013+00 0.O13+00 
Ra-223 3A4E-03 2.lE-04 1.913-03 1.2&02 2.513-03 1.513-04 IA4E-03 9.I13-03 
Ra-224 l.&E-04 IA4E-06 3.613-05 7.9E-04 1.3E-04 U.E-07 2A4E-05 6.7E-04 
Ac-225 3213-04 9.613-06 1.5E-04 1.2E-03 2A4E-04 6.O13-06 l.l13-04 9.213-04 

Ra-226 3.313-02 2.513-03 2.0&-02 l.l13-01 2.313-02 1.7E-03 I.4E-02 7.311-02 
Ac-227 3.013-01 L.OE-02 l.4E-0l 1IE+00 2-3E-01 7.7E-03 l.O13-01 8.81-01 
Th-227 1.213-03 3.613-05 6.4E-04 4.513-03 9.lE-04 2.lE-05 4.313-04 3213-03 
Thb-22S 7.313-02 2.5E-03 3.I13-02 2.713-01 5.513-02 l.7E-03 2.311-02 2.OE-OI 

Tb-229 3.7E-01 1.2E-02 l.SE-Ol l.4E+OO 2.813-01 7 SE-03 1.2E-01 9.813-01 
7b-230 5.713-02 L.8E-03 2.7E-02 2A4E-01 4.313-02 l.I13-03 1.913-02 1.613-01 
Pa-231 1.913-01 6.713-03 1.OE3-01 6.413-01 IA4E-01 3.913-03. 7.713-02 4.513-01 

Pa238.7E-05 3.2E.06 5.O13-05 3.IE-04 6.E-5 2.011-06 3.3E-05 2.213-04 
U-233 3.I13-02 6.6E-04 1.4E-02 1.213-01 2AE-02 5.3&-04 9.613-03 9.213-02 
Th-234 1.7E-05 7.011-07 U.E-06 6.213-05 1213-05 4.813-07 5.813-06 4.613-05 
U-234 2.913-02 -7.9E-04 1.413-02 1.O13-01 2.lE-02 5.213-04 9.7E-03 7.5E-02 

Np-237 1.2E-01 3.5FA03 5.7E-02 4.611-01 9.3E-02 2.513-03 4.E-02 3.3E-01 
Pu-238 6.I13-02 2.3E-03, 3.013-02 2.313-01 4.713-02 1.513-03 2.011-02 1.9E-01 
U-238 2.SE-02 7.813-04 1.2E-02 1.O13-01 1.913-02 6.2E-04 8.5E-03 $113-02 
Pu-239 6.4E-02 2.3E-03-.3.IE-02 2.5E-01 4.813-02 1.313-03 2.3&-02 2.013-01 

Pu-241 l.O13-03 3.SE-05 4.6E-04 4.113-03 7.9E-04 2.3E-05 3.5E-04 2.8E-03 
Am-241 9.SE-02 3.315-03 5.013-02 3.2E-01 7.4E-02 2.3E-03 3.4E-02 2.6E-01 
Cm-242 3.313-03 LI.E-04; 1.613-03 1213-02 2.5E-03 6.lE-05 1.2E-03 9.813-03 
Pu-242 6213-02 .2.l13-03 2.913-02 2213-01 4.513-02 1.5E-03 2.013-02 1.7E-01 

a. To convert these values to conventional units (mrenm/y per pCi/g or mrem/y per pCilcn4, multiply by 3.70 E-03__
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Table F.6 Dose factors8 for FE-BOFM-HANDMAN-W 
Mass dose factors (pSv/y per Bqtg) Surficial dose factors (1zSv/y per Bq/cm2) 

Radionuclide MeanM 5'* 50' 95"' Meani P 506 95* 
H-3 3.3E-06 6.9E-08 l.7B-06 1-2E-O5 2.SE-06 4.8E-09 1.211-06 9.4E-06 
C-14 2.8E-03 1.7E-04 2.1E-03 7.8E-03 2.lE-03 l.E-04 l.4E-03 6.5E-03 
Na-22 5.7E-03 l.4E-04 3.E-03 l.SE-02 4.4E-03 LIlE-04 2.3E-03 1.5E-02 
P-32 6.9E-05 1.OE-06 3.OE-05 2.6E-04 5.311-05 6.IE-07 2.IE-05 2.1E-04 

'OC-7j 4, !?,8-96, 06 sjt344E O& 37 -b35 4jZqt4 
CI-36 5.7E-05 2.9E-06 4.5E-05 1.5E-04 4.4E-O5 1.9E-06 3.OE-O5 1.413-04 
K-40 4.9E-04 1.IE-05 2.813-04 1.611-03 3.7E-04 7.OE-06 2.IE-04 1.2E-03 
Ca-41 6.4E-06 1.7E-07 3.5E-06 2.3E-05 4.811-06 1.2E-07 2.5E-06 l.7E-05 
Ca-45 1.5E-05 4.2E-07 9.2E-06 5.5E-05 1.2E-05 2.4E-07 6.2E-06 4.E-05 

MN-54 2.4E-O1 1.6E-02 2.IE-Ol 5.7E-01 1.8E-01 l.OE-02 l.4E-Ol 5.3E-01 
Fe-55 1.OE-03 5.6E-05 8.4E-04 2.6E-03 7.6E-04 4.7E-05 5.6E-04 2.I11-03 
Co-57 4.2E-02 3.2E-03 3.8E-02 1.OE-O1 3.2E-02 1.8E-03 2.5E-02 9.OE-02 
CO-58 v-5.E-Ol 3.8E-02 ý4.7E-01 1.3E+00 4.lE-O1 2.8E-02 3.2E-01 1.213+00 

Ni-59 4.5E-04 3.2E-05 4.OE-04 L.IE-03 3A4E-04 2.2E-05 2.7E-04 9.3E-04 
Co-60 1.9E+00 1.4E-Ol 1.7E+00 4.4E+00 14E+OO L.OE-0l 1.2E+00 4.lE+OO 
Ni-63 1.2E-03 7.3E-05 1.IE-03 2.8E-03 9.E-04 5.2E-05 7.6&-04 2.5E-03 
Zn-65 4.2E-02 IA4E-03 2.SE-02 1.2E-01 3.2E-02 8.7E-04 1.9E-02 L.IE-Ol 

Se-75 8.6E-02 4.2E-03 58-2 2.6E-01 6.6E-02 2.7E-03 4.OE-02 2.3E-01 
Sr-85 9.OE-04 2.7E-05 5.7E-04 2.0E-03 6.6E-04 1.813-05 3.SE-04 2.2E-03 
Sr-89 4.OE-OS 9.8E-07 2.4E-05 l.4E-04 3.lE-05 6.5E-07 1.6E-05 1.2E-04 
Sr-90 IA4E-03 3.9E-05 8.9E-04 4.3E-03 I.OE-03 2.5E-05 5.9E-04 3.3E-03 

-- .~a.-r~rr~-,,ner ... * t.,- CW 

Mo-93 7.2E-03 5.lE-04 6.6E-03 1.7E-02 5.3i60 M.E-04 4.3E-03 1.5E-02 
Nb-93m 2.GE-OS 4.3E-07 l.E-05 7.3&05S 1.6E-05 2.BE-07 8.IE-06 6.3E-05 
Nb-94 4.E-03 1.4E-04 2.6E-03 l.6-OZ 3.6E-03 8.3E-05 1.9E-03 I.2E-02 
Nb-95 9 4E-04 2.7E-05 5.OE-04 -3.2E-03 7.OE-04 1.6E-05 3.3E-04 2.4E-03 

TC-99 3.E-03 2.6E-04 3.OE-03 8.2E-03 2.6E-03 I.6E-04 2.1E-03 7 E-03 
Ru-103 2.OE-O1 1.5E-02 1.SE-Ol 4.8E-01 l.5E-01 9.2E-03 12.&01O 4.OE-O1 
Rm-l06 2.7E-O1 2.2E-02 2.6E-01 5.7E-01 2.OE-01 I4E-O2 1.7E-01 5.2E-0l 
Ag-lOna l.4E+OO LIlE-Ol 1.2E+00 3.3E+00 LIE+OO S.OE-02 B.OE-Ol 2.8E+00 

Ag-I l0m 2.IE400 IA4E-01 1.8E+O0 4.7E+00 1.6E+00 1.OE-O1 1.3E+00 4.5E+00 
Sb-124 8.2E-01 5.OE-02 7.4E-Ol 2.OE+OO 6.3B-01 3.6 E-02 4.9E-01 1.7E+00 
1-125 0.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 0.OE+00 O.OE+OO O.OE+0O 
Sb-125 M.E-Ol 2.2E-02 2.9E-Ol 7.3E-01 2A4E-01 1.6E-02 1.9E-01 6.2E-01 

1-131 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 0.OE+OO 
Ba-133 9.9E-04 1.8E-05 5.6E-04 M.E-03 7.6E-04 U.E-05 3IE-04 2.7E-03 
Cs-134 4.7E-03 1.2E-04 2.6E-03 1.6E-02 3.5E-03 M.E-05 1.8E-03 1.2E-02 
C3-137 2.OE-03 4.5E-05 L.E-03 6.6E-03 1.6E-03 3.OE-05 8.7E,-04 5.6E-03
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Table F.6- Dose factors' for FE,-BOFM-HAnDMAN-W 
Mass dose factors (ftSv/y per Bq/g) Surficial dose factors (pSv/y per Bqfcm2) 

Radionuclide mean PS500 951h Mean50 9 Pt 

Ce-144 3.8E-04 1.2E-05 ,2.3E-04 1.3E-03 2.9E-04 9.7E.06 1.6E-04 9.8E-04 
Prn-147 2.SE-05 7.213-07 1.6E-OS 9.1E-05 2.IE-05 4.E-07 l.EM .E-05 
Eu-152 3.013-03 7.I13-05. 1.913-03 9.513-03 2.2E-03 3.9E-05 1.311-03 7.713-03 
Eu-154 __ 3A4E-03 7.6"-5 2.1"-3 1.213-M 2-713-03 5.9&-05 1.413-03 9.8&-03 

Re-186 1.OB-05 8.9E-09 8.613-07 5.3E-05 8-213-06 6.115-09 6.3E-07 4213-05 
kr-192 2.3E-01 9.OE-03 1.E-O1 6.913-01 1.713-01 5.2E-03 1.O13-01 6.415-01 
Pb-210 2.2E-O1 1.4E-02 I.6E-01 6.413-01 1.7E-O1 7.6E-03 L.IE-O1 5.2E-01 
Po-210 1.1E-02 3.111-04 6.3E-03 3.5E-02 9.513-03 1.9E.04 4.2E-03 M.E-02 

Rn-222 0.O13+00 O.OE+OO 0.130 O.OE+0O 0.O13+00 O.OE+0O .OO O.OE+OO O.OE+00 
Ra-223 4.513-03 1.213-04 2.313-03 1.613-02 3.5E-03 9.3E-05 1.6E-03 M.E-02 
Ra-224 7.1E-05 9.5E-08 6.IE-06 4.5E-04 5.611-O5 6.IE-08 4.313-06 3.113-04 
Ac-225 3.8E-04 5.6E-06 1.6E-04 IA4E-03 2.913-04 4.013-06 L.OE-04 1.2E-03 

Ra-226 9A4E-02 4.913-03 7.013-02 2.7E-01 7.E-02 3.E-03 4.913-M 2.3E-01 
Ac-227 9.213-01 2.IE-02 5.2E-01 2.7E+00 6.3E-01 1.5E-02 3.2E-01 2.013+00 
Th-227 2.2E-03 3.713-05 1.OE-03 9.313-03 1.6E-03 2.211-05 7.513-04 6.513-03 
Th-228 2.011-01 3.81-03 1.1E-0I 6.713-01_ 1.5E-01 2.S&0 8.O1-02 5'.OE-O1 

Th-229 LI.E+0O 2IE-02 5.9E-01 3.9E+00 .33E-01 1.3E-02 4.2E-01 2.9E+00 
Th-230 1.6E-01 3.213-03 9.2E-02 5.113-01 1.2E-01 2.2E-03 5.713-02 4.515-01 
Pa-231 5.713-01 l.6E-0 3.2E-01 1.SE+0O 4.313-01 9.113-03 2.3E-01 1.4E+00 
Th 231__ 3.613-13 5.2E-24 1.5&-19 1.E-12 2.6E-13 2AE24 1.2E-19 1.313-12 

Pa-233 1.913-04 S.OE-06 1.OE-04 7.115-04 1.413-04 2.9B-06 7.2".5 5.OE-04 
U-233 S.2E-02 1.6E-03 4.6E-02 2.6E-O 6.413-02 9.613-04. 3.213-02 2A4E-01 
Th-234 3A4E-05 6.9E-07 1.813-05 1.215-04 2.613-05 4AE-07 1.313-05 9.611-05 
U-234 S.1E-02 1.6E-3 4.913-02 2.7E-01 6.I13-02 L.IE-03 3.1E-02 2.OE-01 

Np-237 3.SE-01 6.013-03 1.9E-01 1.213+00 2.7E-01 4.8E-03 IA4E-01 9.411-01 
Pu-23 1.733-01 3.612-03 9.3E-02 6.113-01 1.3E-Ol 2.413-03 6.6E-02 4.913-01 
U-238 7.3E-02 I.SE-03 3.833-02 2.7E-01 5.615-02 9.513-04 2.913-02 2213-01 
Pu-239____ I.SE-01 4.811-03 1.1E-O1 6.411-01 1.413-01 3.9E-03 7.3E-02 4.9B.01 
WR~._~ V I T 

Pu-241 3.l15-03 7.2E-5 1.7E-03 1.IE-02 2.315-03 4.613-05 1.I15-03 837E-03 
Am-241 2.9E-01 8.3E.03 1.6E-01 I.113+00 2.313-01 5.9E-03 LI.E-01 9.lE-01 
Cm-242 9.2E-03 2.O13-04 5.713-03 2.9E-02 M.E-03 1.IE-04 3.7E-03 2.6E.02 
Pu-242 1.8E-01 3.SE-03 8.9E-02 6.4E-OI IAE-01 2.6E-03 5.BE-02 5.OE-O1 

WIN~ 

a. To convert these values to conventional units (inremfy per pCilg or uireniy per pCilcm2) multiply by 3.70 E-03
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Table F.7 Dose factorsa for FE-METL-HANDDIS-W 
mass dose factors (pSv/y per Bq/g) Surficial dose fictors (,uSv/y per Bq/cm2) 

Radionuclide Mean 5 Oh. 0 95* Mean. 51h' 9511 

H-3 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+0O 
C-14 IA.E-06 2.5E-07 9.3E-07 4.IE-06 I OE-06 1J.E-07 6.E-071 3.5E-06 
Na-22 2.OE-03 8.3E-05 9.6E-04 7.2E-03 1.5E-03 5.6E-05 6.7E-04 5.4E-03 
P-32 3.OE-06 8.E-09 1.4E-06 1.2E-05 2.3F,06 5.3E-09 9.4E-07 8.5E-06 

~~~4 1 -13-&009 ~EOI.32G 
CI-36 7.SE-07 I OE-07 4.SE-07 2A4E-06 5.9E-07 6.3E-O8 3.6E-07 2.OE-06 
K-40 I.4E-04 4.IE-06 6.8E-05 5.IE-04 1.1E-04 3.3E-06 4.9E-05 4.3E-04 
Ca-41 O.OE+OO O.OE+OO O.OE+OO G.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ca-45 1.5E-08 4.9E-10' 7.9E-09 5.6E-08 1.1E-O8 3.9E-10 5.8E-09 3.9E-08 

Ab-54 8. lE-02 I .2E-02 5.5E-02 2.3E-01 6.OE-02 7.E-03 4. 1E-02 1 .8E-O1 
Fe-55 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Co-57 1.5E-02 2.3E-03 9.7E-03 4.5E-02 1.1E-02 1.5E-03 6.9E-03 3A4E-02 
Co-59 l.9E-O1 2.9E-02 1.3E-01 5.7E-01 I1.5E-01 2.OE-02 9.OE-02 4.2E-01 

CAA ~- 4 -U' Nrb1,- .E 3.8&.01 
Ni-59 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE-*OO O.OE+OO O.OE+OO O.OE+OO 
CO-60 6.5E-01 9.9E-02 4.7E-01 1.8E+00 4.SE-O1 6.5E-02 3.2E-01 1.3E+00 
Ni-63 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.0E400 
Zn-65 1.4E-02 6.7E-04 8.1E-03 4.7E-02 1.OE-02 3.SE-04 5S.E-03 3A4E-02 

Se-75 3.OE-02 1.3E-03 1.7&-02 I.IE-O1 2.3E-02 7.8E-04 1.2E-02 8.E0 
Sr-85 3.4E-04 1.3E-05 1.6E-04 1.2E-03 2.6E-04 6.4E-06 1.IE-04 9.8E-04 
Sr-89 8.4E-07 2.5E-09 4.5E-07 3.1&-06 6.3E-07 1.9E-08 3.OE-07 2.3E-06 
Sr-90 M.E-07 7.9E-09 7.5E-08 5.OE-07 I.OE-07 4.8E-09 5.4E-08 4.OE-07 

A4.  
Mo-93 1.5E-07 5.5E-09 8.7E-08 5.5E-07 1.1E-07 Ii9-0 6.2E-08 4.1E-07 
Nb-93m 2.6E-08 9.2E-10 I.4E-O8 8.6E-08 I.9E-08 6.4E-10 1.OE-O8 6.9E-08 
Nb-94 1.5E-03 4.8E-03 8.8E-04 5.4E-03 I.2E-3 3.OE-05 5.7E-04 4.3E-03 
Nb-95_ 3.6E-04 I.2E-05 1.6E-04 1.3E-03 2.7E-04 7.E-06 I.E-04 9.6E-04 

TC-99 9.7E-06 1.6E-06 6.6E-06. 2.SE-05 712E-06 9.OE-O7 4.SE-06 2.OE-O5 
Ru-103 7.4E-02 9.9E-03 5.3E-02 2.2E-01 5.6E-02 6.8E-03 3A4E-02 1.7E-01 
Ru-106 5.4E-02 7.6E-03 3.BE-02 1.6E-OI 4.OE-02 5.IE-03 2.7E-02 1.2E-01 
Ag-1O8m 1.6E-03 6.5E-05 8.6.E-04 5.3E-03 1.2E-03 4.3E-05 6.OE-04 4.3E-03 

-. 5': `3~A 

Ag-I 10mn 6.5E-01 9.8E-02 4.2E-01 1.9E+00O 4.9E-01 6.4E-02 2.9E-01 1.6E+00 
Sb-124 2.9E-01 4A4E-02 2.OE-O1 B.IE-0I 2.3E-01 2.7E-02 I.E-OI 6.9E-01 
1-M2 II2E-06 3.8E-09 5.9E-07 4.OE-06 9.9E-07 2.3B-08 4.2E-07 3.3E-06 
Sb-125 3.8E-04 I.SE-05 2.2E-04 1.2E-03 2.9E-04 9.5E-06 1.6E-04 1.OE-03

1-131 1.9E-05 2.5E-07 5.9U-6 8.31E-05 1.4E-O 14-O 4-2"E-06 6.4E-05 
Ba-133 3.4E-04 1.IE-0S 1.6E-04 1.3E-03 2.6E-04 7.8E-06 1.2E-04 9.IE-04 
Cs-134 1.5E-03 4.3E-05 8.1E-04 5.7E-03 1.IE-03 2.9E-05S .OE-04 4.IE-03 
Cs-137 6.IE-04 2.OE-05 3.3E-04 2.JE-03 4.6E-04 1.3E-05 2.2E-04 1.SE-03
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Table F.7 Dose factors' for FE-METL--HANDDIS-W 
Mass dose factors (pSv/y per Bq/g) Surf icial dose factors (pSy/y per Bq/cm2) 

Radionuclide Mean 5th -1 95"' Meah PI 501 95"' 

Cc-144 3.2E-05 B.SE-07 1.5E-05 1.2E-04 2.4E-05 6.5E-07 1.IE-OS 9.7E-05 
Pm-147 2.3E-07 9.lE-09 1.3E-07 -7.9E-07 1.7E-07 7.6E-09 9.OE-08 6.IE-07 
Eu-152 1.6E-01 6.4E-03 9.7E-02 5.8E-O1 1.2E-01 4.6E-03 5.6E-02 .3.9E-01 
Eu-154 7.9E-03 6.2E-04 4.7E-03 2.5E-02 .5.9E-03 4.5E-04 3.5E-03 2.OE-02 

5.4E~O7 __ __ E 7;.9 
1iL6E-0.J , -07 M6 5__~J 

Re-I 86 - .OE-06 1.SE-09 9.8E-08 5.3E-06 7.IE-07 9.3E-10 M.E-08 4.OE-06 
Ir-192 M.E-03 2.4E-04 1.9E-03 1.IE-02 2.6E-03 1 .7E-04 1.3E-03 9.6E-03 
Pb-210 1.8E-06 1.3E-07 1.OE-06 5.9E-06 1.4E-06 8.E-08 7.2E-07 S.IE-06 
Po-210 6.7E-09 2.1E-1O M.E-09 2.3E-08 , 5.2E-09 1.5E-10 2.4E-09 2.OE-08 

Rn-222 3.7E-05 6.SE-08 3.7E-06 2.2E-04. 2.7E-05 4.OE-08 2.5E-06 1.3E-04 
Ra-223 2.6E-05 5.8E-07 1.IE-05 I.IE-04 1.9E-05 3.9E-07 7.5E-06 7.3E-05 
Ra-224 3.6E-06 4.OE-09 2.4E-07 1.8E-05 2.6E-06 2.4E-09 1.7E-07 .1.3E-05 
Ac-225 1.7E-05 3.6E-07 S.IE.06 7.4E-05 12M-5 2.4E-07 3.7E-06 4.9E-05 

T~~~~~r 2E~~TjIE8 ~7~Q 
Ra-226 1.5E-03 5.6E-05 7.8E-04 5.3E-03 .LIE-03 3.7E-05 5.5E-04 3.7E-03 
Ac-227 LI1E-04 4.7E-06 5.IE-05 4.2E-04. 9.6E-05 3.OE-06 3.7E-05 3.3E-04 
Th-227 2.OE-05 5.4E-07. IOE-05 6.9E-05 1.4E-05 3.6E-07 7.OE-06 5.2E-05 
Ih-229 I.IE-03 3.7E-05 5.SE-04 4.3E-03 S.4E-04 3.OE-05 3.7E-04 2.SE-03 

i: ~ ~ 13t k -3 r§4 
7h-229 8.75O 2.4E-06 4.4E-05 M.E-04 6.3E-05 - .SE-06 3.E-05 2.3E-04 
Th-230 5.1E-08 1.6E-09 2.6E-08 2.OE-07 3.8E-08 1.5E-09 2.OE-08 1.6E-07 
Pa-23 1 2.SE-05 8.9E-07 1 .2E-OS 9.3E-05 1.9E-05 6.5E-07 8.7E-06 7.6E-05 
Uh-231 2.5E-13 4.1E-13 4.9E-18 9,.7E-13 L.8E13 2.6E-23 32E-19 6.IE-13 

3E,16 I?-0 -46 E 

Pa-233 6.9E-05 1.6E-06 3.5E-05 2.7E-04 5.3E-05 1.1E-06 2.3E-05 2.IE-04 
U-233 1.2E-O8 5.IE-10 6.7E-09 4.2E-09 9.4E-09 3.SE-10 4.5E-09 3.5E-8 
11-234, 3.E-06 9.2E-08 1.5E-06 1.1E-05. 2.2E-06 5.6E-08 1.IE-06 7.9E-06 
U-234 2.IE-O8 9.7E-10 HE-OS 7.9E-08. I.E-08 5.5E-10 8.3E-09 5.6E-08 

Np-237 7.7E-05 3.OE-06 4.2E-05 2.8E-04 5.5E-05 1.9E-06 2.8E-05 1.9E-04 
Pu-238 2.5B-O8 9.2E-10 1.3E-08 LSAM0 1.E-08 6.1E-1O 9.2E-09 6.SO8M 
U-239 3.6E-06 IA4E-07 1.9B-06 I12E-05 2.6E-06 1.OE-07 1.3E-06 9.1E-06 
Pu-239 9.9E-09 4.2E-10 4.8E-09 3.7E-08' 7AE-09 2.6E-10 3.4E-09 2.9E-08 

Pu-241 7.7E.09 2.9E.10 3.4iE-6 2-.9E-08 5.8E-09 2.IE-1O 2.9E-09 2.IE-OS 
Amn-241 6.9E-04 1.1E-04 4.8E-04 2.OE-03 5.2E-04 6.9E-05 3.4E-04 1.5E-03 
Cm-242 3.2M-O IAE-09 1.7E-09 1.2E-07 2.5E-08 1.OE-09 1.IE-O8 9.5E-OS 
Pu-242 2.2E-07. 7-9E-09 I.IE-07 9.5E-07 l.8E-07 5.4E-09 7.3E-09 6.6E-07 

a. To convert these values to conventional units (nriremy per pCi/g or mrem/dy per pCi/cm2)ý, multiply by 3.70 E-03

F-iS Draft N1JREG-1640, Vol.2

Steel Dose FactorsAppendix F

DmftNUREG-1640,Vol.2F-15



Table F.8 Dose factors' for FE-EAFD-PROCESS-W 
Mass dose factors (pjSvly per Bqtg) Surficial dose factors (jsSvly per Bq/cm2) 

Radionuclide Mean 5 O 50 956 Mean 5t 0 956 
H-3 O.O11+00 O.OE1300 O.OE3+00 O.OE+OO O.O13+00 0.13+00 O.OE+OO O.O13+00 
C-14 4.013-04 2.613-05 2.I13-04 1.411-03 3.013-04 1.813-05 1.5E-04 l.I13-03 
Na-22 2.113+02 2.813+01 1.313+02 6.5E+02 1.613+02 1.6E+01 9.2E+01 5.2E+02 
P-32 6.2E-02 3.613-03 3.OE-02 2.2E-01 4.713-02 2.OE-03 2.I13-02 1.913-01 

'S 3,11' 05 

CI-36 6.513-02 7.2E-03 -4.I13-02 2.OE-01 4.913-02 4.813-03 2.813-02 1.713-01 
K-40 2.813I-01 3.4E+00 1.813+01 8.7E+01 2.OE+OI 2.2E+00 1.3E+01 6.413+01 
Ca-41 5.913-04 4.2E-05 3.2E-04 2.OE-03 4.513-04 2.6&0O5 2.213-04 1.613-03 
Ca-4S 1 .6E-03 1.2E-04 9.4E-04 5.213-03 1 .213-03 7.3&0O5 6.7E-04 4.213-03 

Mu-54 3.OE-+O 2.4E-O1 -.-5E+OO 1.2iE+O1 2-.'iE'+OFO0' 1.6E-01 L.E+FOO 8.9E+00 
Fe-55 1.7E-04 I.5E-05 1.IE-04 5.6E-04 1.2E-04 9.813-06 7.4E-05 4.OE-04 
Co-57 5.9E-02 4.913-03 3.6E-02 1.9E-01 4.413-02 3.4&-03 2.5E-02 1.613-01 
CO-58 1.5114OO 1.I13-01 9.2E-01 4.9E+fOO 1.2E+OO0 S.1E-02 7.E-O1 3.913+00 

Ni-59 8.OE.05 8.2E-06 4.513-05 2.71E-04 5.813-05 4.913-06 3.413-05 1.SE.04 
Co-60 5.9E+00 4.5E-01 3.613+00 2.013+01 4.3E+00 2.813-01 2.6E+00 1.413+01 
Ni-63 2.113-04 2.2E-05 1.213-04 7.113-04 1 .5E-04 1 .513-05 8.413-05 4.813-04 
Zn-65 6.913+01 8.613+00 4.4E+01 2.1E+02 5.213+01 5.I13+00 3.313+01 1.713+02 

Se-75 1.713+01 4.513-01- 9.6E+00 -5.9E+01 1.313+O1 '3.6E-O 6.513+00 4.7E+01 
Sr-85 1.6E+00 1.011-01 8.913-01 5.2E+00 1.2E+00 6.811-02 6.013-01 4.513+00 
Sr-89 7.8E-03 6213-04 4.5E-03 2.6E-02, 5.813-03 3.413-04 3.E-03 2.013-02 
Sr-90 1.6E-01 M.E-02 9.013-02 4.8E -01 1.2E-01 8.9E-03 6.813-02 4313-01 

Mo-93 1.6E-03 1.411-04 1.O13-03 4.313-03 1.2E-03 1.113-04 7.3E-04 3.913-03 
Nb-93m 2.7E-03 212E-04 M.E-03 8.9E-03 2.113-03 1.413-04 1.1E-03 7.213-03 
Nb-94 6.913+00 5.213-01 4.OE+OO 2.4E401 5.213+OO 3.913-01 2.7E+00 1.813+01 
Nb-95 ___ 1.$E+00 LI.E-OI 9.413-01 6.211+00 1.313+00 8.3E-02 7.0&01I 4.711+00 

TC.99 6.8E-04 7.1E-05 4.3E-04 2.011-03 S.OE-04 4.613-05 3.OE-04 1.6E-03 
Ru-103 5.711-01 4.611-02 3-3E-01 2.OE+OO 4.313-01 2.9E-02 2.313-01 1.411+00 
Ru-106 4.3&01I 4.E-02 2.411-01 1.513+00 3.213-01 2.813-02 1.9E-01 1.O11+00 
A&-1O8m 3.4E+00 3.311-01 2.113+00 IE+01 2.5E+OOW 1.9E-01 1.4E+00 8.413+00 

Ag-11rn 5.711+00 4.311-01 3.313+00 1.911+01 4.4E+OO 2.6E-01 2.4E+00 1.713+O1 
Sb-124 1.O13+00 3.713-02 4.4E-O1 3.BE+OO 7.513-01 2.OE-02 3.E-01, 2.5E-OO 
1-125 O.OE13+O0 O.OE+OO O.OE+FOO O.OE134O O.13+00 O.OE+OO O.OB+OO0 O.OE+OO 
Sb-125 2.711-O1 9.2E-03 1.2E-OI 9.8E-01 2.l13-01 5.7E-03 9.3E-02 M.E-O1 

1-13 1 O.OE+FOO O.OE+OO O.OE+OO0 O.OE+OO O.OE+FOO O.OE+FOO O.O13+00 O.OE+OO 
Ba-133 1.IE+OO0 9.OE-02 5.613-01 4.OE+OO 7.911-01 4.813-02 3.9E-01 2.713+00 
Cs-134 3.IE+02 4.3E+O1 2.OE+02 9.5E+02 2.4E+02 2.813+01I 1.E+2 S.AE+02 
Cs-137 1.3E+0O2 1.713+01 7.313+01 4.OE+02 9.813+01 l.O13"1 5.513+01 3.OE+02
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Table M~ Dose factors' for FE-EAFD)-PROCESS-W 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (ttSv/y per Bq/cm2) 

Radionuiclide Mean 5th 0 5h Mean 5 0MO" 9P' 

Ce-144 019O 1.5E-02 I.IE-Ol 6.213-01 1.411-01 9.5E-03 7.8E-02 4.513-01 
Pm-147 3.7E-03 2.6E,04 2.IE-03 1.313-02 2.9E-03 1.6E-04 1.413-03 l.I13-02 

,Eu-152 4.7E+00 3.8E-01 2.4E+00 1.713+01 3.SE+00 2.l13-01 l.8E+OO 1.2E+01 
Eu-154 5.5E+00 4.313-01 2.9E+00 1.913+01 4.I13+00 2.715-01 2.013+00 1.6E+01 

Re--186' 4S-03i i.E-O5 7.5E'-04 2.OE-02 3.6E-03 I.4E-05 4.9E-04 1.7E-02 
Ir-192 5.313+01I .8E400 2.5E+01 2.O13+02 3.&E+01 1.4E+00 1.9E+01l .5E+02 
Pb-210 1.512+02 2.413+01 9.913+01 4.3E+02 1.2E+02 1.4E+01 6.8E+Ol 3.5E+02 
Po-210 6.013+01 S.lE+OO 4.2E+01 1.6E+02 4.A1+01 5.313+00 3.OE+0l 1.3E+02 

Rn-222 O.OE+OO O.O13+00 O.OE3+00 O.6&6O O.OE+-O"O OJOE+OO O.O13+00 O.OE+OO 
Ra-223 3.OE-Ol I.7E-02 1.5E-Ol LIE+OO 2.3E-01 l.I13-02 LIlE-Ol 9.SE-Ol 
Ra-224 4.413-02 2.213-04 5.3E-03 2.3E-01 3.5E-02 1.5E-04 4.OE-03 1.9E-Ol 
Ac-225 2.IE-Ol 8.7E-03 L.OE-0l 7.9E-01 1.613-01 5.O13-03 6.SE-02 6.7E-01 

Ra-226 9.iE-OO 5.SE-Ol 5.2E+00 3.2E+01 6.7E+00 4.411-01 3.5E+00 2.2E+01 
Ac-227 1.2E+02 S.2E+00 6.3E+01 4.1E402 8.5E+01 5.5E+00 5.OE+0l 2.8E+02 
lb-227 S.SE-Ol 3.A1-02 3.OE-OI 1.813+00 4.2E-01 2.2&02 2.OE-Ol 1.6E+00 
Th-229 3.5E+01 2.5E+00 l.8E+O1 1.215+02 2.6E+01 1.9E+00 1.3E+01 9.51E+01 

nh-229 1.6E+02 l.O13+01 9.3E+01 5.9E+02 1.2E+02 6.IE+OO 6.OE+Ol 4.2E+02 
Ik-230 2.3E+01 1.5E+00 1.4E+01 8.5E+01 1.7E+01 9.IE-O1 9.7E+00 62E+Ol 
P9-231 7.7E+01 6.3E+001 4.6E+01 2.613+02 5S.E+O1 3.8E+00 3.213+01 1.9E+02 
Th-231 9.3E-09 1.413-16 2.415-12 4.5E-08 B.OE-09 9AE-17 1.6E-12 3.013-08 

Pa-233 2.7E-01 2.013-02 1.4E-01 9.SE-01 2.OE-Ol 1.2E-02 I.OE-Ol 7.3E-01 
U-233 l.2E+FOl BIE-Ol v.4E+0O 41.7E+fOl 9.IE+OO 4.9E-01 44E4+00 3.4E+01 
Th-234 1.913-02 1.4E-03 9.913-03 6.lE-02 1.415-02 8.116-04 7.115-03 5.OE-02 
U-234 1.2E+0l 7.3E-01 6.2E+OO 3.7E+FOl 8.7E+OO S.2E-01 4.0E400 3.2E+01 

Np-237 5.OE+OI 3.8E+OO 2.7E401 I.813+02 3.9E401I 2.3E+OO 2.013+01 I.E4E+ 
Pu-238 2.5E+OI l.9E+O 1.413+01 U.E+Ol 1.9E+01 l.3E4-OO 9.SE+OO 6.7E+OI 
U-238 1.O13+01 7.5E-01 5.SE4+OO 3.813+01 7.04WO 4.9E-01 3.913+0OO 2.9E4Ol 
Pu-239 2.7E-4-0 2.O134W 1.4E+01 9.3E-+Ol 2.OE+O1 12E+00 I.OE+Ol 6.6E-fOl 

Pu-241 4.2E-01 3.2&02 2.3E-01 l.SE+OO 3.2E-01 1.913-02 I.fiE-O1 1.1E+OO 
Am-241 3.9E+01 3.013+00 2.315+01 1.3E+02 2.9E+01 1.7E+00 1.6E+01 9.9E+01 
Cm-242 1.3E+001 I.OEO1 7.3E-01 4.7E+00 9.913-01 7.lE-02 5.4E-01 3.4E400 
Pu-242 2.5E+01 1.7E+00 IAE+Ol 9.7E+01 1.9E+01 1LIE+OO I.OE+OI 6.3E+01 

a. To convert these values to conventional units (mreni/y per PCl/g or mrem/y per P l/cmýý multiply by 3.70 E-03
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Table F.9 Dose factorstm for FE-SLAG-PROCESS-W 
Mass dose factors (jaSvfy per Bq/g) Surf icial dose factors (jpSv/y per Bq/cm2) 

Radionuclide Mean* * 5 I 5O* 95 Mean P50O1 95t's 
H-3 o.oE+oo O.OE+OO O.OE+OO O.OE+OO O.OE+OO O*OE+OO O.OE+OO O.OE+OO
C-14 1.4E-O5 3.4E-07 6.013-06 5.E-05 1.I-O1-0 1.9E-07 3.8E-06 4.013-05 
Na-22 2.3E+01 2.913+00 1.5E+01 6.613+01 1.8E+O1 1.713+00 1.O13+01 6.013+01 
P-32 5.1E-03 2.613-04 2.6E-03 2.OE-02 3.813-03 1 .5E-04 1.911-03 1.413-02 

CI-36 4.313-03 2.3E-04 2.5E-03 1 .5E-02 3.213-03 1 .5E-04 1 .7E-03 1 .213-02 
K-40 9.613-01 7.OE-02 5.413-01 M.E+FOO 7.3E-01 4.7E-02 3.613-01 2.6E+OO 
Ca-41 2.613-03 2.8E-04 1.7E-03 7.9E-03 2.OE-03 1.9E-04 1.I13-03 7.013-03 
Ca-45 6.613-03 8.6E-04 4.2E-03 2.013-02 5.1E-03 5.OE-04 3.2E-03 1.7E-02 

'41.9 -, 3:O-0, .6$-o 
W4-4 1.O11+01 1.3E+00 6.7E+00 3.1E+01 7.6E+00 9.213-01 5.3E+00 2.4E+01 

Fe-55 3.2E-05 2.9E-06 1.9E-05 1.211-04 2.5E-05 2.OE-06 1.3E-05 9.2E-05 
Co-57 I .SE-03 6.9E-05 9.9E-04 67-3 1A.E-03 4.E-O5 6.613-04 4.8E-03 
Co-58 5.013-02 1.613-03 2.5E-02 1.8E-01 3.813-02 1.OE-03 1.713-02 1.E-O1 

Ni-59 2.2E-06 7.IE-OS 9.6E-07 S.SE-06 1.7E-06 4.2&09 6.7E-07 6.7E-06 
Co-60 1.8E-01 6.8E-03 8.9E-02 6.713-01 1.4E-O1 4.1E-03 6.413-02 5.2B-O1 
Ni-63 5.813-06 1 .7E-07 2.413-06 2.413-05 4.5E-06 1 .3E-07 1 .713-06 2.OE-05 
Zn-65 2A4E-02 8.I13-04 1.IE-02 1.OE-01 1.9E-02 4.9&-04 8.4E-03 7.113-02 

So-75 -~2.1E400 2.E-01 1.2E+00 7.4E+00 1.613+00 1.3E-01 -9 .2E-01 5.313+00 
Sr-85 7.2E+00 9.7E-O1 4.5E+00 2.1E+O1 5.313+00 5.6E-O1 3.4E+00 1.613+01 
Sr-89 3.3E-02 5.2F-03 2.3E-02 9.6E-02 2.5E-02 2.913-03 1.6E-02 &1E-02 
Sr-90 5.7E-01 7.7E-02 4.OE-OI 1.7E+00 4A4E-01 4.7E-02 2.9E-01 1.5E+00 

Mo93 3.613-05 1.1E-06 1.7E-05 12E-04 2.7E-05 6.913-07 1.2E-05 9.5E-05 
Nb-93m. 9.5P,03 1.1E-03 5SE-03 2.5E-02 6.5E-03 5.9E-04 3.813-03 2.2E-02 
Nb-94 3.3E+01 4.2E+00 2.1E+O1 1.OE+02 2.5E+01 2.8E+OO 1.5E-I01 7.313+01 
Nb-95 8.3E+00 1.1E+OO 5.5E+00 2.5E+01 6.1E+OO 7A4E-01 3.913+00 2.OE-I-1 

TC-99 I.SE-05 6.E-07 M.E-06 6.5E-05 1.313-05 4.2E-07 6.6E-06 5.3E-05 
Ru-103 1.811-02 6.1E-04 8.7E-03 6.SE-02 1.3E-02 3A4E-04 61E-03 5.2E-02 
Ru-106 I.4E-62 4.7B-04 6.3E-03 5.2E-02 1.IE-02 3.E-04 4.9E-03 435E-02 
Ag-lO8m 1.IE-01-, 2.3E-03 5.6E-02 4.E-O1 8.5E-02 1.613-03 3.9E-02 3OE-O-1 

Ag-I l0i 1.7E-01 4.7E-03 M.E-02 6.OE-01 1.3E-01 3.7E-03 6.2E-02 4.8E-01 
Sb-124 2.&E+00 1.OB-O1 1.5E+00 1.OE+O1 2.013+00 6.7E-02 I.OE+OO 7.5E+00 
1-125 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE400 
Sb-125 7.4E-01 3.E-02 _4.OE-01 2.5E+00 5.513-01 2.,S5&02 2.6E-01 .22E+00 

1-13 1 O.OE+OO O.013+00 O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE+OO 
Ba-133 5.OE+OO 6.8E-01 3.2E+00 1.5E+01 3.8E+00 4.E-O1 2.2E+00 1.313+01 
Cs-134 8.OE-O1 7.7E-02 S.OE-O1 2.4E+00 6.OE-O1 4.6E-02 3.6E-01 1.7E+OO 
Cs-137 3.3E-01 M.E-02 1.9E-01 I.OE+OO 2.5E-01 2.OE-02 1.4E-01 7.7E-01
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Table F.,i9 Dose factors' for FE-SLAG-PROCESS-W 
Mass dose factors (giSv/y per Bq/g) Surficial dose factors (iiSv/y per eq/cm2) 

Radionuclide Mean 5m95* Mean 51h 50* 9P* 

ic14 .611-0 I 1.IE-O1 5.7E-1- '2.5EO 6.413-01 7.2E-02- 3.9E-01 2.1E+OO 
Pm-147 1.I1E-02 1.5E-03 7.3E-03 3.5E-02 9.613-03 1.O13-03 5.2E-03 2.6E-02 
Eu-152 2.213+01 3.OE+OO 1.5E+01 6.SE+O1 1.7E+01 2.013+00 l.13+01 4.9E+Ol 
Eu-154 2.6E+01 3.4E+00 L.8E+Ol 9.213+01 1.913+01 2.2E+00 1.3E+01 6.013+01 

-Re-186 1.813-05 I.4E-07 3-113-06 8.O13-05 1.313-05 9.513-08 2.lE-06 6.713-05 
11-192 2.OE-Ol 2.OE.02 1LIE-O1 7.OE-O1 1.613-01 1.41-02' 8.O13-02 5.913-01 
Pb-210 3.OE-O1 3.I13-02 1.8E-O1 1.OE+OO0 2.313-01 2.OE-02 1.213-01 .E 
Po-210 1.213-01 I.13-02 8.OE-02 3.913-01 9.513-02 S.213-03 5.813-02 3213-01 

Rý-'222 O.OE+OO - .OE3+00 .O13+00 O.O11+00 O.OE+OO O.OE+OO O.OE+OO O.O13+00 
Ra-223 1.213+00 1.213-01 7.3E-01 4.313+00 9.313-01 9.13-02 5.I13-01 3.013+00 
Ra-224 2.lE-Ol 1.413-03 4.OE-02 I.lE+OO: 1.613-01 9E-04 2.5E-02 8S.OE-Ol 
Ac-225 7.813-01 7.313-02 4.511-01 2.9E+00 5.7E-01 4.111-02 2.913-01 2.IE+OO 

Ra-226 4.IE+O1 5.i813+00 "2.9E+01 1.IE+02 13.1+01 -3.8E40 1.9]3+01 9.2E+fOl 
Ac-227 3.6E+02 4.4E+01 2.1E+02 1.213+03 2.7Ed+02 2.711-1-1 1.513+02 9.913+02 
IT-227 1.7E400 2.IE-O1 1.IE+OO 4.711400 1.3E+OO 1.3E-01 7.5E-01 3.9E+OO 
Thb-228 l.O13+02 l.513+01 7.I13+01 3.IE+0O2 7.913+01 S.IE+QO 4.9E+01 2A4E+02 

nh-229 4.4E+02 5.613-4-1 2.613+02 1.5E+03 3A4E-102 3.1131-0 1.8E+02 1.113+03 
Th-230 6.5E+O1 M.E4+OO 4.2E+l 2.013-102 4.913+O1 4.513+OO 2.9E-I01 1.513+02 
Pa-231 2.3E4-02 2.613-1-1 1.511+02 7.OE-+02 1.913+02 1.913+01 1.IE-402 5.7E+02 
Th-231 3A4E-08 9.113-16 I.511-11 2.OE-07 2.613-08 6.613-16 1213-1 1 1.5E-07 

Pa-233 1.4E+OO 1.611-01 9.111-01 4.5E+OO 1.O134-0 LI.E-O1 5.9B-O1 3.613+00 
U-233 3.413+Ol 4.OE-+OO 2.I134-O1 9.0E+01 2.0E+01 2.413+-0 1.513-1-0 8.113401 
lb-234 9.613-02 1.2E-02 5.311-02 2.5E-O 6A4E-02 7.5E-03' 4.I11-02 2.IE-O1 
U-234 3.2E-1-1 4.OE-I.O 2.0E+01I1.OE-+O2 2.411401 2.41+00 1.413-1-1 7.6E+01 

V, W_ -"PAX 

Np-237 1.413402 1.613+01 9.3134-1 4.6E+-02 1.113+02 9.913+00 6.3134Ol 3.5E4+02 
Pu-238 7.313+01 9.O13+00 4.113+O1 2.413+02 5.413+01 5.IE+OO 2.913401 1.913+02 
'U-238 2.912+O1 3.6E400 1.911+01 9.5E+O1 2.3E+01 2.1E+00 1.2E+01 U.E4O1
Pu-239 7.6E+01 S.SE-+O 4.913+01 2.3E+02 5.7E4-01 5.013-4-0 3.4E+O1 I.8E+02 

Pu-241 1.213400 1.4E-OI 7.E-O1 4.OE+OO 9.315-01 8.411-02 5.4E-O1 3.1E+OO 
Am-241 1.213+02 1.5E+FO1 6.9E+01 3.613+02 9.0E+O1 9.3E+O0 4.813+O1 3.1E+02 
Cm-242 3.9134W 4.4E-0I 2.613+00 1.I13+01 2.9E+OO 2.9E-01 ISE+OO 9.3E+00 
Pu-242 7.4E+O1 92E+00 4.4E+01 2.4E+02 5.6E+0"1 5.1E+OO 3.2E+01 1.9E+02 

a. To convert these values to conventional units (mrem/y per pCifg or mrem/y per pCifcm2) multiply by 3.70 E-03
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Table F.10 Dose factors' for FE-ATMO-REFINER-W 
Mass dose factors (pSv/y per Bq/g) Surfficial dose factors (pSv/y per Bq/crm2) 

Radionuclide Mean P 50% 95Ih Mean 5P 5O0" 9 Pd 

H-3 6.4E-04 3.8E-05 2.&E-04 2.4E-03 4.BE-04 2.2E-05 2.IE-04 1 .7E-03 
C-14 3.6.E-06 1.7E-07 1.6E-06 I.6E-05 2.8E-06 1.3E-07 I.2E-06 I.IE-05 
Na-22 4.5E+00 3.5E-01 2.5E+00 1.6E+01 3.3E+00 1.9E-01 1.7E+00 1.2E+01 
P-32 I.8E-04 7.E-06 V.E-05 6.5E-04 1.4E-04 4.3E-06 4.5E-05 5.2E-04 

444. -~ ~ ~ 782$ 74.-LJ ý 

CI-36 2.7E+00 S.IE-02 9.3E-01 1.IE+O1 2.IE+00 3.E-02 6.6E-01 8.6E+00 
K-40 4.lE-OI 2.4E-02 2.1E-Ol 1.6E+00 3.OE-O1 1.5E-02 1.6E-01 1.IE+OO 
Ca-41 I.SE-O5 7.3E-07 8.9E-06 6.2E-05 l.E-O5 4.8E-07 6.3E-06 4.9E-05 
Ca-45 2.5E-05 1.OE-06 1.OE-OS 9.E-O5 1.9E-05 7.E-07 7.9E-06 7.5E-05 

Mn-54 3.9i-03' 2.IE-04 1.5E-03 I.E-02 3-OE-03 1.2E-04 12E-03 1.2E-02 
Fe-55 3.2E-06 1.SE-O7 1.4E-06 M.E-05 2.4E-06 9.7E-08 1.OE-06 8.AE-06 
Co-37 2.8E-64 1.5&-05 1.E-04 I.OE-03 2.OE-04 9.7E-06 9.2E-05 8.OE-04 
Co-58 5.4E-04 2.3E-05 2.4E-04 1.9E-03 __4.1E-04 1.6E-05 1.6E-04 1.8E-03 

Ni-59 2.8E-06 1.E-07 1.2E-06 I OE-O5 2.2E-06 7.3E-08 8.6E-07 8.5E-06 
CO-60 3.8E-02 1.6E-03 I.SE-02 1.4E-O1 2.9E-02 9.6E-04 I.E-02 1.OE-OI 
Ni-63 6.5E-06 3.7E-07 3.E-06 2.8E-05 4.9E-06 2.E-07 2.lE-06 2. lB-OS 
Zn-65 1.IE-O1 6.8E-03 5.8E-02 3.8E-01 _8.9E-02 4.3E-03' 4.OE-02 3.2X-01 

TOV u 

SO-75 1.6E-02 4.4E-04 6.9E-03 6.4E-02 1.2E-02 2.3E-04 4.6E-03 5213-02 
Sr-85 512E-04 2.IE-OS 2.1E-04 2.OE-03 3.9E-04 LI.E-OS 1.6E-04 1.5E-03 
Sr-89 1.OE-04 4.2E-06 4.SE-05 3.7E-44 7.7E-05 3.E-06 3.OE-OS 2.7E-04 
Sr-90 7.8E-03 3.2B-04 3.4E-03 2.8E-02 6.1E-03 1.9E-04 2.4E-03 2.2E-02 

mo-93 2.8E-04 I.2E-O U.E-04 1.JE-03 2.1E-04 7.2E-06 9.OE-OS 8.2B-04 
Nb-93m 1.7E-04 9.5B-06 8.IE-OS 6.7E-04 I.4E-0 S.4E-06 6.OE-0S S.4B-04 
Nb-94 1.2E-01 4.4E-03 4.9E-02 S.OE-O1 9.3E-02 2.7E-03 3.5E-02 3.7E-01 
Nb-95 ___3.3E-04 LI.-OS M.E-04 1.3&-03__ 2.5E-04 7.OE-06 9.1E-OS 1.OE-03 

TC-99 7.3E-05 3.OE-06 3A4E-05 2.8E-04 5.5E-05 21EB-06 2.4E-05 2.SE-04 
Ru-103 1.IE-04 6.2E-06 5.SE-05 4.3E-04 8.8E-05 4.6E-06 4.OE-OS 3.4B-04 
Ru-106 8.3E-04 3.7E-05 3.'7E-04 3.2E-03 6.SE-04 2.OE-OS 2.6E-04 2.5E-03 
Ag-lO8m 5.7E-02 3.1-E-03 2.9E-02 1.9E-101 4AE-02 1.7E-03 2.lE-02 1.5E-0l 

Ag-I l0m 6.4E-03 2.9E-04 2.9E-03 2.6E-02 4.9B-03 1.8E-04 2.IE-03 2.3E-02 
Sb-124 2.5E.04 4.SE-06 9.6"-5 9.3E-04 2.OE-04 2.9E-06 6.8E-05 U.E-04 
1-125 2.7E+OO 1.2E-01 1.3E+00 1.OE+O1 2.1E+OO 8.1E-02 9.OE-OI 8.OE+OO 
Sb-125 M.E-03 2.JE-OS M.E-04 5.1E-03- 9.3E-04 1.4E-OS 3.5E-04 3.6E-03 

1-131 2.4E-O1 M.E-03 7.OE-02 1.OE+0O 1.9E-01 4.7E-03 S.E-02 8.2E-01 
Ba-133 1JSE-02 6.8E-04 8.&E-03 6.4E-02 M.E-02 4.8E-04 6.4E-03 5.SE-02 
Cs-134 LI.E+0O 7.4E-02 5.6E-01 3.SE-100 USAE-I 4A4E-02 3.9E-01 3.1E+0O 
Cs-137 1.6E-02 9.OE-04 8.4E-03 5.6E-02 1.2E-02 6.4E-04 5.8E-03 4.5E-02
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Table F.10 Dose factors for FE-ATMO-RFEFIER-W 
Mass dose factors (ILSv/y per Bgfg) Surficial dose fatctors (ItSv/y per Bg/cm2) 

Radionuclide Mean 5Ih 50d' 95' Mean 5h 50P 95"' 

Ce-la4 1.E-03 5.4E-05 5.3E-04 5.IE-03 L.IE-03 4.OE-O5 4.2E-04 3.8E-03 
Pm-147 l.4E-04 5.3E-06 6.8E-05 5.OE-04 LIlE-04 3A4E-06 4.8E-05 3.9B-04 
Eu-152 5.8E-02 3.OE-03 2.3E-02 2.2E-OI 4.4E-02 I.SE-03 1.8E-02 1.SE-O1 
Eu-154 5.lE-02 2.6E-03 2.4E-02 2.lE-01 3.9E-02 1.7E-03 1.6E-02 IA4E-01 

Re-186 4.4E-06 1.9E-08 S.7E.07 2.011-05 3.3E-06 1.IE-08 3.7E-07 1.E-O5 
Ir-192 2.3E-02 5.6E-04 1.OE-02 8.4E-02 1.SE-02 3.2E-04 7.SE-03 .62E-02 
Pb-210 4.2E+00 2.7E-01 1.9E+00 1.7E+01 3.2E+00 1.5EOl IAE+O0 1.2E+01 
Po-210 1.4E+O0 9.1&-02 6.2E-01 5.4E+O0 1.1E+O0 5.6E-02 4AE-O1 4.6E+00 

Rn-222 O.OE+OO 0.OE+0O O.OE+OO O.OE+OO O.OEOO 0O.OE+OO O.OE+OO O.OE+OO 
Ra-223 5.3E-03 1.7E-04 L.SE-03 1.9E-02 4.2E-03 I.OE-04 1.2&03 ,IAE-02 
Ra-224 1.2E-04 6.8E.07 1.7E-05 6.9E-04 9.2E-05 4.1E-07 1.2E-05 S.OE-04 
Ac-225 4.OE-03 1.2E-04 1.5E-03 1.5E-02 3.3E-03 8.5E-05 1.OE-03 1.2E-02 

Ra-226 1.7E-01 6.3E-03 7A4E-02 6.1E-01 1.3E-01 4.IE-03 5.OE-02 5.2E-01 
Ac-227 6.4E400 3.OE-O1 2.4E+00 2.6E+01 5.OE+O0 I.SE-O1 l.7E+OO 1.7E+0l 
Uh-227 2.OE-02 7.2E-04 6.$E-03 6.3E-02 1.5E-02 4.2E-04 5.OE-03 5.8E-02 
Th-228 I.4E400 4.6E-02 5.3E-01 6.OE+00 1.OE+O0 3.2E-02 3.SE-Ol 4.1E400 

Th-229 92E+00 3.5E-01 3.7E+00 3.5E+01 6.8E+00 2.IE-O1 2.7E+O0 2.9E+01 
Th-230 1.3E+00 5.9E-02, 5A4E-01 5.5E+00 1.OE+O0 3.9E-02 4.OE-O1 3.8E+00 
Pa-231 4.6E+00 1.9E-01 1.9E+00 1.9E+01 3.5E+00 1.IE-Ol 1.4E+00 1.3E+01 
Th-231 1.5E-11 1.2E-18 M.E-15 5.2E-11 1.1E-Il 6.8E-19 6.SE-15 4.4E- Il 

Pa-233 6.6E-05 2.8E-06 3.OE-O5 2.AE-04 5.1E-05 I.E-06 2.lE.05 1.9E-04 
U-233 7.OE-O1 2.7E-02 3.OE-O1 2.4E400 5.3E-01 1.7E-02 2.2E-01 2.OE+OO 
Th-234 6.6E-05. 2.1E-06 2.5E-05 2.4E-04 5.3E-05 1.3E-06 1.7E-05 2.2B-04 
U-234 6.3E-01. 2.9E-02, 2.9E-01 2.3E+00 5.OE-Ol I.9E-02 2.OE-01 2.OE+OO 

Np-237 2.9E+00 12I 2- 1.2E+00 L.E+0l 2.IE+00 6.4E.02 8.5E-01 8.OE+OO 
Pu-238 1.5E+00 6.7E-02 6.3E-01 6.6E+00 1.IE+O0 4.4E-02 4.4E-01 4.2E+00 
U-239 6.4E-O1 2.6E-02 2.7E-01 2.2E+00 4.BE-01 1.6E-02 I.SE-01 1.9E+00 
Pu-239 1.613+00 M.2-02 7.2E-01 6.lE+O0 1.2E+00 4.3E-02 4.SE-0I 4.SE+O0 

4L 

Pu-241 2.1E-02 9.7E-04 1.1E-02, 8.O13-02 1.6E-02 6.6E-04 7.3"-3 5.6E-02 
Am-241 2.3E+00 9.9E-02 9AE-01 BAE+OO 1.7E+00 7A4E-02 6.4E-01 7ME+00 
Cm-242 4.8E-02 L.SE-03 2.2E-02 L.SE-0l 3.6E-02 1.2E-03 I.7E-02 I.E-OI 
Pu-242 1 .6E+00 JE-02 6.2E-01 6.6E+00. 1.2E+00 4.2E-02 4.5E-01 4.7E+00 

a. To convert these values to conventional units (mnrezn/y per pCitg or unreni/y per pCi/cn% multiply by 3.70 E-03
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Table F.11 Dose factorsO for FE-SLAG-STORAGE-N 
Mass dose factors (iiSvly per Bq/g) Surficial dose factors (paSv/y per Bq/cm2) 

Radionuclide Mean 5d 0 5 Mean 5 O'50 9 5Ih 

H-3 O.013+00 O.OE+OO O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.O13+00 O.OE+0O
LSE-03 2.3E-06 2.OE-04 9.1E-03 1 .213-03 I.6E-06 1.3E-04 6.111-03

Na-22 5.5E-04 8.1E-06 1.113-04 2.3E-03 4.013-04 4.8E-06 8.3E-05 1.5E-03 
P-32 1.0E-10 1.2E-12 3.213-11 6.6E-10 1.4E-1O 9.3E-13 2.3E-11 5.511-10 

CI-36 1.SE+OO 6.1E-03 25-1 6.713+00 1.3E+00 4.613-03 l.813-01 4.7E+00 
K-40 9.7E-02 4.2E-04 IA4E-02 3.3E-01 7.1E-02 2.9E-04 1.013-02 2.6E-01 
Ca-41 U.E-OI 7.4E-04 2.7E-02 5.7E-01 9.813-02 5.4E-04 1.9E-02 3.633-01 
Ca-45 8.213-02 3.7E-04 1.2E-02 3A4E-01 6.1E-02 2.713-04 8.113-03 2.3E-01 

Mn-54 1.6E-04 1.5E-06 4.OE-05 7A4E-04 1.1E-04 1.2E-06 2.8E-05 5.8E-04 
Fe-55 5.AE-07 9.E-09 1.5E-07 2.311-06 4.113-07 6A4E-09 1.O13-07 1.711-06 
Co-57 1.311-07 6.1E-1O 2.013-08 "5.3E-07 9.113-08 3.6E-10 1.513-08 3.4E-07 
Co-SS 4.IE-O8 1.1&10O 4.713-09 1.7E-07 lIE-08 7.5E-1II 3.4E-09 1.2E-07 

Ni-59 5.IE-O8 7.SE-11 5.413-09 2.3E-07 4.E-OS 5.9E-1I 3.713-09 1.631-07
Co-60 3.913-06 2.2E-08 7.I13-07 1.913-05 2.9E-06 1.4E-0S 
Ni-63 1.IE-07, 3.IE-1O 1.5E-08 4.SE-07 7.413-08 1.713-10 
Zn-65 3.311-08 1.4E-1O 5.9E-09 I 2E-07 2.213-08 S.5E-11I 

sie-75 2.5E-03 3.8E-06 1.913-04 8.311-03 1.8E-3" 2'.6E-06 
Sr-85 2.I11-03 6.3E-06 2.4E-04 9.5E-03 I.511-03 4.313-06 
Sr-89 2.6E-03 8.OE-06 3.813-04 9.7E-03 2.OE-03 5.1E-06 
Sr-90 1.OE13-01 3.9E-02 1.OE+0O 3.4E+01 7.5E+00 2.3E-02

5.013-07 1.213-05 
1.113-09 3A4E-07 
3.9E-09 9.SE-08 

I.4E-04 5.412-03 
1.&E-04 7.OE-03 
2.6E-04 7.811-03 
7.3E-01 2.2E+01

MO-93 5.8E-04 9.4E-07 5.7E-05 2.1E-03 4.2E-04 8.2E-07 4.2E-05 1.6E-03 
Nb-93m 5.SE-06 7.5E-09 1.413-06 3.113-05 4.5&.06 5.6E-09 9.SE-07 2.113-05 
Nb-94 9.011-05 1.3E-06 1.9E-05 3.613-04 ý6.5E-05 1.IE-06 1.3E-05 2.613-04 
Nb-95 1.2E-03 1.7E-10 3.3E-09 4.713-08 8.813-09 1.2E-16 2.413-09 3A4E-08 

TC-99 1.9E-01 -~1.8E-03 4.4E-02 9.213-01 1.413-01 U.E-03 3A4E-02 6.7E-01 
Ru-103 4.6E- 11 5.2&14 3.3E-12 2.613-10 3A4E-11 3.211-14 2.713-12 1.913-10 
Ru-106 2.2E-07 I.7E-1O 1.9E-0S 6.I13-07 1.513-07 l.E-1O 1.3E-09 U.E-07 
Ag-108m __3.1E-07 5.I13-10 2AE-08 1.213-06 2.2E-07 3.1&-10 1.8E-08 _9.213-07 

Ag-11ib I.2E-07 2.213-1O 1.311-08 5.013-07 9.OE-OS 1.613-10 9.1E-09 3.613-07 
Sb-124 9.613-10 7.611-12 2.013-10 4.E-09 6.9E-10 4.SE-12 1.3E-10 3.OE-09 
1-125 O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE3+00 O.OE+OO O.OE+OO O.013+00 
Sb-125 2.113-08 1.211-10 3.6E-09 8.712-08 1.6E-08 7.9E-11I 2.6E-09 5.9E-08 

1-13 1 O.O13+00 O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ba-133 8.OE-04 1.1E-05 1.9E-04 3.6E-03 5.913-04 7.2E-06 1.3E-04 2.7E-03 
Cs-134 2.4E-02 1.4E-04 4.3E-03 7.2E-02 1.9E-02 9.113-05 3.IE-03 7.2E-02 
Cs-137 2.713-02 1I .E-04 3.7E-03 9.513-02 2.2E-02 8.O13-05 2.515-03 6.8E-02
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Table F~iI Dose factors for FE-SLAG-STORAGE-N 
Mass dose factors (ttSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 51h 50"' 95"' Mean 5"' 50"' 95"' 
~4l ~ #4.2E 29E.09 i~E1 W2 9El2'3E409.  

Cc-1449.OE-06 7.1E-08 1.6E-06 IiiE-5 1.E0 .I08- .E-06 2.5E-05 
Pm-147 9.8E-06 IA4E-07 2.2E-06 4.1E-05 7.113-06 9.6E-08 1.4E-06 3.IE-05 
Eu-152 7.6E-05 8.OE-07 1.7E-05 4.2E-04 5.7E-05 6.4E-07 1.2E-05 3.2E-04 
Eu-154 1.OE-04 1.2E-06 2.5E-05 4A4E-04 8.OE-05 9.3E-07 1.813-05 3.6E-04 

Re-186 2.513-33 3.8E-38 2.OE-36 7.3E-35 L.8E-35 2.2E-38 1.E-36 4.8E-35 
Ir-192 2.6E-07 2.8E-09 5.2E-08 9.9E-07 2.OE-07 1.9E-09 3.5E-08 B.OE-07 
Pb-210 8.7E-04 3.OE-06 9.OE-05 4.OE-03 6-713-04 2.IE-06 6.1E-O5 3.3E-03 
Po-210 I.CE-04 4.E-07 1.3E-05 3.2E-04 7A4E-05 3.2E-07 8.6E-06 2A4E-04 

Rn-222 O.OE+OO O.OE+00 O.OE+OO O.OE+O0 O.O13+00 0.OE+OO O.OE+O0 O.OE+O0 
Ra-223 1.2E-12 1.313-14 3.2E-13 5.IE-12 9.1E-13 1.OE-14 2.3E-13 4A4E-12 
Ra-224 1 .6E-34 2.4E-37 IA.E-35 4AE-34 1 .3E-34 1 .7E-37 9.8E-36 1.813-34 
Ac-225 7.6E-16 7.6E-19 1.3E-16 2.6E-15 6.3E-16 4.0E-18 8.6E-17 1.9E-15 

Ra-226 6.&E-02 9.5E-04 1.613-02 2.3E-01 5.013-02 5.6E-04 1.1E-02 I.8E-O1 
Ac-227 4.8E-02 7.6E-04 1.IE-02 l.8E-O1 3.5E-02 4.9E-04 7.8E-03 IA4E-01 
nh-227 3.OE-1I 7.313-14 3.5E-12 9.IE-1I 2.2E-lII 4.8E-14 2.4E-12 6.2E-I11 
Th-228 S.6E-04 2.6E-06 I.OE-04 3.2E-03 6.3E-04 1.6E-06 6.9E-05 2.3E-03 

Th-229 8.OE-03 I.7E-OS 6.2E-04 2.9E-02 6.IE-03 1.2E-05 4.E-04 2.5E-02 
TM-230 1.7E-03 2.5E-06 9.7E-05 5.SE-03 1.IE-05 1.3EAO6 6.711-05 4.3E-03 
Pa-231 1.2E-01 I.4E-03 3.5E-02 5.IE-0I 9.6E-02 9A4E-04 2-5E-02 3.6E-01 
Th-231 1.2&-115 3.2E-123 2.4E- 119 2.9E-1 15 8.9E-1 16 2.OE-123 1.9E- 119 18E- 115 

Pa-233 2.4E-09 2.2E- I I U.E-10 I.OE-08 I.SE-09 1.2E-l1 3.1E-1O 6.1E-09 
U-233 1.7E+OO 5.1E.03 2AE-OI 7.8E4O0 1.2E+O0 3.5E-03 1.613-01 S.SE+OO 
TM-234 2.3E-10 7.7E-13 3.6E-1I1 9.013-10 1.7E-10 5.SE-13 2A4E-1 I 6.9E-10 
U-234 1.SE-f-O0 5.5E-03 1.9E-01 7.OE400 1.3E.+O 3.5E-03 IAE-O1 5.5E40O 

Np-237 2.OE-403 8.4E-fO0 U.E402 7.3E+03 1.4E+03 6.1E+OO 2.E+0-2 6.0E+03 
Pu-238 3-3E-03 9.4E-06 2.9E-04 1.3E-02 2.6E-03 4.7E-06 2.2E-04 1.1E-02 
U-239 2.2E+00 5.9E-03 2.OE-OI 5.8E+O0 1.SE-I-O 4.E-03 1.5E-01 4.5E+OO 
Pu-239 4.3E-03 9.IE-06 3.3E-04 1.4E.02 3A4E-03 5.3E-06 2.5E-04 8.6E-03 

Pu-241 3.3E-05 1.2E-7 4.SE-06 1.3E-04 2.5E-05 I.OE-07 3.4E-06 1.OE-04 
Am-241 6.OE-03 1.6E-04 2.1E-03 2.2E-02 4A4E-03 1.IE-04 IA4E-03 1.6E-02 
Cmn-242 2.5E-06 S.4E-08 6.9E-07 S.1E-06 1.9E-06 3.4E-OS 4.9E-07 6.7E-06 
Pu-242 4.9E-03 7.913-06 3.OE-04 l.E-02 3.7E-03 5.4E-06 2.IE.04 9.OE-03 

a. To convert these values to conventional units (mrcm/y per pCi/g or mrCem/y per p~/n9) ultiply by 3.70 E-3
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Steel Dose Factors Appendix F 

Table F.12 Doss factor? for FE-SLAG-ROADBED-W 
Mass dose factors (;tSv/y. per Bq/g) Surficial dose factors (pjSvly per Bq/cm2) 

Radiornuclide Mean 5* 9f 9511 Mean P 501 95* 
H-3 O.OE+OO O.OE+OO O.OE3+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 9.5E-06 2.2E-07 3.711-06 4.213-05 7.313-06 1.6E-07 2.3E-06 3.4E-05 
Na-22 3.9E+01 3.7E+00 2.4E+01 1.313+02 2.9E+01 2.213+00 1.7E+01 9.9E+0l 
P-32 7.1EZ-03 3.E-04 3.313-03 2.7E-02 5.313-03 2.311-04 2.411-03 2.113-02 

CI-36 5.213-03 2.713-04 2.9E-03 1.913-02 3.9E-03 1.7E-04 2.113-03 M.E-02 
K-40 1.6E+00 8.413-02 8.O13-01 6.IE+OO 1.1E+00 5.513-02 5.613-01 3.813+OO 
Ca-4l 1.E-03 1.5E-04 L.E-03 5.5E-03 1.4E-03 9.9E-05 7.OE-04 4.613-03 
Ca-45 4.6E-03 4.913-04 2.8E-03 1.4E-02 3.4E-03 3.111-04 2.013-03 1.1E-02 

MNf-54 I. 7E+01 1.5E+00 1.OE+O1 5.613+01 1.313+01 1.OE+OO 6.8E+00 4.3E+01 
Fe-55 2.313-03 1.513-06 1.213-05 B.OE-O5 1.7E-05 1.1E-06 8.613-06 6.4E-05 
Co-57 8.OE-03 1.4B.04 3.713-03 3.E-02 6.211-03 2.OE-04 2.513-03 2.4E-02 
Co-58 8.2E-02 2.7E-03 3.7E-02 3.2E-01 6.3E-02 1.8E-03 2.513-02_ 2.5E-01 

Ni-59 1.5E-06 4.6E-08 6.2B-07 5.813-06 1.I13-06 2.913-08 4.2E-07 4.413-06 
Co-60 3.113-01 9.2E-03 1 .E-O1 I.213+00 2AE-01 5.211-03 9.213-02 8.9E-01 
Ni-63 4.IE-06 L.OE-07 1.SE-06 I.4B-O5 3.IE-06 8.111-09 I.IE-06 1.2E-05 
Zn-65 M.E-02 I.5E-0 2.913-02 2.4E-01 4A4E-02 l.113-03 2.2E-02 1.713-01 

So-75 4.8E+00 3.513-01 2.513+00 1.8E+O1 3.5E+00 2.4E-01I1.8E+0O 1.213+01 
Sr-85 1213+01 1.O13+00 7.OE-FOO 3.8E+01 8.6E+00 7.OE-OI 4.7E+00 3.013+01 
Sr489 4.2E-02 5.5E-03 2.9E-02 1.211-O1 3.213-02 3.5E-03 2.OE-02 1.OE-Ot 
Sr-90 3.913-01 4.513-02 2.5E-01 1.3E3+OO 3.OE-Ol 2.8E-02 1.7E-01 9.513-01 

X._ j W-1 Xý-n D H tT7 -,W. E-ýA 

Mo-93 3A4E-05 9.8E-07 1.6E-0S 1.E-04 2.6E-03 6.OE-07 I.OE3-05 9.8E-O5 
Nb-93m 6.1E-03 6.713-04 3.913-03 2.OE-02 4.7E-03 4.613-04 2.713-03 1.7E-02 
Nb-94 5.5E+01 5.5E+00 3.3E+01 1.813+02 4.2E+01 3.113+00 2.3E+01 1.413+02 
Nb-95 1.3E+01 1.313+00 7.713+00 4.&E+01 1.OE+OI 8.6E-01 5.3E-f00 3.313+01 

TC-99 1.313-05 5.OE-07 6.613-06 5.O13-05 I.OE-OS 3.7E-07 4.5E-06 4.OE-05 
Ria-103 2.8E-02 6A4E-04 1.3E-02 LIE-0l 2.213-02 4.9E-04 9.513-03 7.7E-02 
Ru-106 3.5E-04 1.E-0S l.813-04 1.413-03 2.713-04 6.313-06 1.211-04 1.E0"3 
AS-1O8m I.SE-O1 4.513-03 8.SE-02 6.5E-01 1.313-01 2.8E-03 6.4E-02 4.613-01 

Ag-110mi 2.9E-01 5.913-03 1.4E-O1 1.IE+OO 2.213-01 i4FE03 9.7E-02 8.2E-01 
Sb-124 4.6E+00 1.8E-OI 2.113+00 1.713+01 3.313+00 1.O13-01 1.5E+00 1.2E+01 
1-125 O.OE+OO .O11+00 O.OE3+00 O.OE4O) O.OE3+00 O.OE+OO O.OE+OO O.OE3+00 
Sb-125 1.3E+00 4.813-02 7.113-01 4.9E+00 9.713,01 2.8E-02 5.IE-O1 3.4E+OO 

1-131 O.OE+CO O.0E4( 0 .OOE+OO O.OE13-00 O.OE+0O O.O13+O0 O.O11+00 0.11+00 
Ba-133 1.113+01 1.113+00 6.6E+00 3.SE+O1 8.4E+00 7.4E-01 4.6E+00 2.7E+01 
Cs-134 I.4E+OO 1.013-01 7.913-01 5.OE+OO 1.O13+00 6A4E-02 5.2E-01 4.OE+OO 
Cs-137 2.013-03 1.3E-04 1.O13-03 7.2E-03 1.513-03 8.411-05 7.3E-04 S.4E-03
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Table F.12 Dose factors for FE-SLAG-RoADBED-W 
Mass dose factors, (itSvly per Bq/g) Surf icial dose factors (pSvIy prBq/cm2) 

Radionuclide Mean so, 501h 95"' Meani P" 50"' 95"' 
~41' ~:;~YA~L1 3E~2~ 5JEO1 . Ef0>0 E -4.~2~ E~2~Q 

Ce-144 4.6E-01 5.013-02 3.OE-O1 l.4E+OO 3.413-01 3.2&-02 2.111-01 1.I11+00 
Pm-147 SAE-03 7.3E-04 5.013-03 2.7E-02 6.6E-03 4.5E-04 3.313-03 2.3E-02 
Eu-152 3.9E+0-1 4.213+00 2.3E+01 1.2E+02 2.9E+01 2.7E+00 1.6E+01 9.5E+01 
Eu-154 4.3E+01 4213+00 2.611+01 1.411+02 3.3E+01 3.OE+OO 1.9E+01 1.113+02 

<~9AE-O'I~1A &-- E±6b j-6E -- o~~ -1,- -- 3 
-0-4 1, 6f16 & 4O E 

Re-186 .5-5 1.513-07 6.813-06 2.6E-04 4.113-05 1.O13-07 4.6E-06 2.OE-04 
Ir-192 3.7E-01 2.613-02 2.I13-01 1.3E+00 2.713-01 1.913-02 1.5E-01 8.213-01 
Pb>-210 2.1E-O1 1.613-02 1.213-01 7.913-01 1.513-01 1OE-02 7.811-02 5.013-01 
Po-210 8.513-02 8.213-03 5.013-02 2.6E-0l 6A4E-02 4.6E,03 3A4E-02 2.IE-01 

1.3 E-04_ 77 ff 1, 1 1, ý 
PRi-rn2 0.&6.OE400 0.O13+00 O.OE+00 OAE0 .OE+O0 O.OE+OO O.OE+O0 O.OE+O0 
Ra-223 8.O11-01 6.E-02 3.8E-01 2.913+00 5.9E-01 4.213-02 2.613-01 2.213+00 
Ra-224 6.9E-03 2.513-05 9.1E-04 4.I13-02 5.lE-03 2.113-05 6.41-04 2.9"-2 
Ac-225 L.SE-Ol 1.5E-02 9.713-021 6.OE-Ol 1.413-01 9.513-03 6.513-02 4.9E-01 

Ra-226 6.613+01 7.6iE+OO -4.613+01 2.IE+02 4.913+01 4.5E4+00 2.813+01 1.4E+02 
ýAc-227 2.313+02 2.313+01 1.511+02 7.113+02 1.SE+02 1.5E+01 l.113+02 5.7E+02 
Th-227 1.613400 1.911-01 9.9E-01 4.913+00 1.213+00 1.013-01 7.4E-01 4.011+00 
Th-228 1.IE+02 1.5E+01 7.213+01 3.SE+02 8.4E+01 9.713+00 5.311+01 2.513+02 

nh-229 2.913+02 2.313401 1.813+02 9.9E+I02 2.3E+02 1.6E+O1 1.213+02 8.013+02 
Th-230 4.6E+01 3.613+00 2.6E+01I 1.513+02 3.6E+01 2.JE+OO 1.9E+01 1.213+02 
Pa-231 1.613+02 1.4E+01 9.413+01 5.513+02 1.313+02 9.7E+00 6.913+01 5.013+02 
7h-231 ___8.713-08 1.811-16 60OE-12 S.1E-07 6.013-08 1.OE-16 4.5&-12 3.6E-07 

Pa-233 2.3E+00 1.9E-01 1A4+O 7.213I00 1.SE+O00 1.4E-OI 9.3E-01 5.8E+00 
U-233 2.3E+01 1.911+00 1.311+01 8.01+01 1.813+01 1.2E+O00 9.1E+OO 6.5E-I01 
nh-234 6.013-02 6.013-03 3.613-02 1.913-01 4.513-021 4.IE-03 2.513-02 1.6E-01 
U3-234 22E+01 I.SE+00 1.3E+01 7.7E+01 1.713+01 1211+00 9.113+00 6.3E+01 

Np-237 1.OE+02 9.913+00 5.8E+01 3.613+02 8.1E401- 5.913+00 4213+01 2.7E+02 
Pu-238 4.9E+01 3.7E+00 2.9E+O 1 1.713+02 3.8E1301 2.4E+00 1.913+01 1.3E+02 
U-238 2.OE+O1 1.8E+00 LI.E+01 7.4E+01 1.613+01 1IE+00 8.IE+0O 6.4E+01 
Pu-239 5.4E+01 4.1E+0O 2.913+01 1.811+02 4.213+01 2.813+00 2.213+01 I.SE+02 

Pu-241 9.513-01 7.113-02 4A4E-01 2.$E+00 6.913-01 4.013-02 3.313-01 2.6E+00 
Am-241 B.OE+OI 8.1E+0O 4.2E+01 2.7E+02 6.013+01 4.7E+0O 3.4E1301 2.OE+02 
Cmn-242 2.613+00 2A4E-01 1.613+00 .513+00 2.011+00 1.5E-01 1.I13+00 6.713+00 
Pu-242 5.013+01 3.9E+00 2.913+01 1.813+02 3.&E+01 2.3E+00 2.113+01 IAE+02 

L. To convert these values to conventional units (mrcm/y per pCilg or mrem/y per pCi/cm2), multiply by 3.70 E-03
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Table F.13 Dose factors for FE-METL-LGMASS-N 
Mass dose factors -(pSvty per Bqtg) Surficial dose factors (piSv/y per Bq/cm2) 

Radionuclide Mean 5" 50m 5t Meadi 50 50P 95d" 
H-3 0.OE+O0 O.O13+00 0.OE+OO 0.013+00 0.013+00 0.013+00 0.OE+0oO .OE+oo 
C-14 6.IE-06 2.313-06 5.513-06 I.I13-05 4.6E-06 1.411-06 3.9E-06 I.I13-05 
Na-22 7.6E-03 4.613-04 5.9E-03 2.013-02 5.6E-03 2.811-04 3.9E-03 I.7E-02 
P-32 S.SE-07 2.511-08 3.2E-07 2.113-06 4.313-07 1.713-09 2.113-07 M.E-06 

CI-36 3.413-06 6.9E-07 3.113-06 7.213-06 2.613-06 4.7E-07 2.IE-06 6. IE-06 
K-40 5.913-04 3.4E-05 4.3E-04 1.613-03 4.413-04 2.513-05 2.9E-04 I.E-03 
Ca.41 0.013+00 0.OE+O0O .OE+00 0.OE+OO 0.OE+00 0.O13+00 O.O13+00 .OE+00 
Ca-45 3.311-08 1.6E-09 2.513-08 8.5&-08 2.4E-08 1.2E-09 1.8E-08 6.9E-08 

Mln-54 2.4E-01 7.1E-02 2.2E-O1- 4'.6E-0-1 1.8 -E701 4. .3E- -0 2 1.5E-01 4.2E-01 

Fe-55 0.OE+OO 0.010 .OE+OO O.OE+00 0. 011+00 O.OE+0O 0 .OE+00 0OOO .OE+OO 
Co-57 3.9E-02 1.6E-02 3.6E-02 7.113-02 2.913-02 9.OE-03 2.5E-02 6.6E,02 
Co-59 2.113-01 8.1&-02 1.9E-01 4.I11-01 1.6E-01 4.513-02 1.313-01 3.513-01 

Ni-59 0.OE+00 0.013+00 0.OE+O0O0.OE+O0 0.013+00O .OE+O0 0.OE+O0 0.OE+OO 
Co-60 2.611+00 9.9E-01 2.4E+00 4.813+00 2.011+00 5.3E-01 1.613+00 4.513+00 
Ni-63 0.OE+O0 O.OE+OO 0.OE+OO 0.O13+00 0.O13+00O .OE-i0O 0.OE13-00 0.OE+OO 
Zn-65 3.7E-02 3.OE-03 3.013-02 9.6E-02 2.813-02 2.3E-03 2.OE-02 L1E-02 

JE61 4,0 PI _ 

Se-75 5.IE-02 4.111-03 4.3E-02 I.E-O1 3.913-02 3.313-03 2.913-02 1.113-01 
Sr-85 3.AE-04 2.2E-05 2.41-04 L.OE-03 2.713-04 1.5E-05 1.6E-04 8.4E-04 
Sr-89 6.613-07 4.3E-08 4.513-071 1.9E-06 5.OE-07 2.9E,09 3.3E-07 1.5E-06 
Sr-90 6.211-07 4.SE-08 4.713-07 I.E-06 4.7E-07 2.4E-08 3.2E-07 1.E-06 

Mo-93 2.OE-04 7.8E-05 1.9E-04 3.6E-04 1.5E-04 4.9E-05 I.3E-04 3.3E-04 
Nb-93m 1.113-07 6.7E-09 9.2E-08 3213-07 8.7E-08 4.3E-09 6.OE-08 2.611-07 
Nb-94 6.5E-03 4.1E-04 5.OE-03 I .SE-02 4.9E-03 2.5E-04 3.4E-03 1.313-02 
Nb-95 1.8E-04 1.2E-05 1.E-04 5.SE-04 1.4E-04 7.9E-06 8.8E-05 4.313-04 

TC-99 4.1E-05 1.7E-05 3.8E-05 7.5E-05 3.E-05 1.OE-OS 2.6E-O5 7.OE-05 
Ru-103 4.3E-02 1.5E-02 4.OE-02 8.8E-02. 3.3E-02 9.013-031 2.7E-02 7.813-02 
Ru-106 1.6E-01 6.113-02 1.5E-01 3.OE-01 1.2E-01 3.713-02 1.OE-O1 2.7E-01 
AS-108m 2.OE+FOO 7.513-01 1.9E+00 3.8E+00 1.5E+FOO 4.2E-01 1.3E+OO 3.SE+0OO 

Ag-I 10mn 1.9E+00 6.613-01 1.7E+00 3.3E+00 I.4E+OO 4M2-01I 1.E+OO 3.2E+00 
Sb-124 2.7E-01 9.5E-02 2.6E-01 5.3E-01 2.1E-01 5.711-02 I.E-Ol 4.5E-01 
1-125 O.OE+O0 O.OE+OO O.OE+O0 O.OE+OO O.OE+O0 O.OE+OO O.OE+O0 O.OE+OO 
Sb-125 4.OE-OI 1.5E-01 3.713-O1 7.5E-01 3.lE-0l 9M3M0 2.613-01 6.9E-01 

1-13 1 O.OE+0 0.EO O.OE+O00 0114 OE0 0 O.OE+ O0 O.OE +OO0 O.OE+O0 0.140 .OE+OO 
Ba-133 I.4E-03 9.3E-05 l.O13-03 3.7E-03 l.I13-03 5.ý6E-O5 6.611-04 3.3E-03 
Cs-134 5.3E-03 3.3E-04 3.9E-03 I.4E-02 4.OE-03 1.7E-04 2.9E-03 1.2E-02 
Cs-137 2.5E-03 1.5E-04 1.9E-03 6.8E-03 1.913-03 9.7E-OS 1..3E-03 5.S13-03
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Table F.13- Dose factors 3 for FL-METL,-LGMbsS-N 
Mass dose fa~ctors (pSv/y per Bqfg) Surficial dose factors (p~Sv/y per Bq/cm2) 

Radionuclide Mean 5"' 50"' 95"' Mean 51' 50"' 951' 
~e-41 1.OBr& '-6,P-+6 -P.0,1+O0 A.Efi ,0E+,<.0E4O~ -O.O)SO 

Ce-144 613-05 3.S13-06 6.513-05 2.613-04 6.8 1E-05 2 :.8E :- 06 . 4.613-05 `21.13-04
.Pm-147 O.OE+00 O.OE+OO O.13+60 0.013+00 0.013+00 O.OE+OO O.OE+OO O.OE+OO 
Eu-152 0.O11+00O0.OE+OO 0.O13+00 0.013+00 0.13+00 O.O13+00O0.OE+O0 0.13+O00 
Eu-154 4.613-03 2.7E-04 3.413-03 1.2E-02 3.513-03 1.613-04 2.413-03 i.OE-02 

Re.-I86 1 .213-07 1 .311-10 8.7E-09 6.OE-07 9.313-08 S.513- 11 6.5E-09 4.911-07
lr-192 
Pb-210 
Po-2 10 

Rn-222 
R~a-223 
Ra-224 
Ac-225

9.A1-02 5.913-03 7.711-02 2.313-01 7.2E-02 4.2E-03 .5.IE-02 -2.11-01 

9.913-06 1.913-06 7.2E-06 2.1E-05 6.813-06 1.I13-06 5.3E-06 1.813-05 
1.3E-09 9.2E-10 9.7E-09 3.513-08 9.613-09 4.713-10 6.9E-09 2.9E-OS 

O.OE+O-0 O.OE+00 O.OE+O0 O.OE+100 0.OE+00 0.OE4-00 0.OE+00 0.OE+00 
2.213-05 1.813-06 1.3E-05 7.611-05 1.7E-05 1.1"-6 9.313-06 5.4E-05 
6.I13-07 6.2E-10 4.713-08 3.SE-06 4.913-07 4.313-10 3.311-08 2.6"-6 
1.813-06 5.2E-08 7.613-07 7.311-06 1.4E-06 3.813-08 5.311-07 5.213-06

-Ra-226 3.913-02 6.9&-03 3.113-02 1.O11-01 
Ac-227 1.413-03 9.O13-05 1.O13-03 3.7E-03 
Th-227 0.OE+00 0.OE+OO O.OE+00 O.OE+100 
Th-228 4.OE-03 2.113-04 3.IE-03 1.1E-02

3.013-02 4.7E-03 2.2E-02 8.413-02 
1.1E-03 4.6E-05 6.813-04 3.213-03 

O.04-00 0.OE+O0 O.OE+00 O.OE+0O 
3.013-03 1.613-04 2.011-03 9.511-03

AE7.-~ 

Thi-229 9.SE-04 5.OE-05 6.SE-04 2.513-03 7.lE-04 2.9E-05 4.0E-04 2.I13-03 
7h-230 2.2E-06 1.513-07 1.613-06 6.113-06 1.6E-06 9.113-08 1.113-06 4.913-06 
Pa-231 1.OE-04 6.9E-ý06 8.IE-05 2.9E-04 7.813-05 4.S13-06 5.5E-05 2-3E-04 
nh-231 4.7E-16 1.0&-27 1.1E-21 2.013-15 4.2E-16 9.SE-28 9.213-22 IAE-15 

Pa-233 2.6E-05 1.5E-06 1.8E-05 8.O13-05, 2.013-05 L.OE-06 1 E-OS 6.1"-5 
U-233 5.4E-08 3.I13-09 4.E-08 I.513-07 4.I13-08 2.OE-09 2 7E-OS 1.3E-07 
Th-234 1.O13-06 4.2E-08 6.913-07 3.313-06 8.IE-07 2A.1308 4.813-07 2.613-06 
U-234 9A4E-08 6.5E-09 7.OE-08 2.613-07 7.013-08 4.6E-09 5.IE-08 2.OE-07 

Npi-237 7.913-04 4.5"-5 5.8E-04 2.IE-03 6.OE-04 3.113-05 4.3E-04 1.913-03 
Pu-238 .LIE-07 6.9E-09 B.OE-08 3.OE-07 9.3E-08 4.6E-09 5.513-08 2-511-07 
U-238 4.OE-05 2.2E-06 2.9E-05 1.2E-04 3.OE-05 1.5E-06 2.OE-OS 9.2E-05 
Pu-239 4.2"S0 2.2E-09 2.9E-08 1.113-07 3.2E-08 1.513-09 2.313-08 9.811-08 

IN-241 2.3E-08 l.E-09 1.711-08 6.E-08 1.7E-08 9.313-10 1.IE-08 5AE-08 
Am-241 1.OE-05 6.5,E-07 7.7E-06 2.9E-05 7.6E-06 4.613-07 5.1E-06 2.2"-5 
Cm-242 7.113-08 4.5E-09 5.513-08 2.013-07 5.4E-08, 2.9E-09 3.7E-09 1.513-07 
Nu-242 1.41-07 8.813-09 1.I11-07 3.813-07 U.E-O8 3.913-09 4.6E-08 2.IE-07 

a. To convert these values to conventional units (mnreni/y per pCi/S or mrexny per pCi/cml) multiply by 3.70 E-03
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Table F.14 Dose factors' for FE-METL-SMMASS-N 
Mass dose factors (giSv/y per Bq/g) Surf icial dose factors (pSv/y per Bq/cm2) 

Radiornuclide Mean 5t' 501h 95"' Mead . 5th 50"' 95"' 
H-3 O.OE13-00 0.OE+O0 O.O13+00 0.O13+00 O.OE+O0 0.O13+00 0.O13+00 O.OE+O0 
C-14 l.I13-06 2.6E-07 9.7E-07 2.413-06 U.E-07 1.6E-07 6.3E-07 2.113-06 
Na-22 1.3E-03 6.313-05 9.IE-04 4.013-03 9.9E-04 3.811-05 6.4E-04 3.l13-03 
P-32 3.6E-08 9.4E-l0 1.3E-08 1.513-07 2.7E-08 5.5E-10 8.6E-09 1l-O1-7 

Cl-36 6.013-07 S.&E-OS 4.911-07 l.4E-06 4.613-07 5.613-08 3.413-07 1.2E-06 
X-40 l.l13-04 5.4E-06 7.OE-05 3.413-04 S.E-05 2.9E-06 4.911-05 2.713-04 
Ca-41 O.OE+O0 0.013+00 0.O11+00 O.OE+00 0.O13+00 0.O11+00 0.O13+00 0.13+O00 
Ca-45 5.313-09 2.313-10 3213-09 l.7E-O8 4.013-09 IA4E-10 2A4E-09 1.413-08 

M~n-54 4.213-02 9.313-03 3.ý6E-0 1.O13-01 3.2E-02 5.813-03 2.511-02 9.IE-02 
Fe-55 0.OE+OO 0.OE+O0 O.OE+O0 0.13+00 O.O13+00 O.O13+00 0.O13+00 O.13+00 
Co-57 6.3E-03 1.5E-03 5.4E-03 1.5E-02 4.911-03 9.513-04 3.613-03 1.3E-02 
Co-58 3.013-02 6.513-03 2.513-02 6.8E-02 2.2E-02 M.E-03 I.813-02 5.7E-02 

Ni-59 O.OE+OO O.013+00 0.OE+00 0.OE+00 O.OE+O0 0.OE+O0 0.O13+00 0.13+O00 
Co-60 4.9E-01 1.I1-01 *4.1E-O1 L.IE+O0 3.713-01 6.113-02 2.913-01 l.11+00 
Ni-63 O.OE+OO 0.013+00 0.OE+OO 0.OE+O0 0010 O.OE+O 0 0.O11+00 0.O-OO 013E+00 
Zn-65 6.4E-03 4.113-04 4.7E-03 l.813-02 4.913-03 2.9E-04 3.113-03 l.4E-02 

_____ fl "A~ 

Se-75 7.6E-03 -' 6.OE-04 5.313-03 2.l13-02 5.913-03 3.4E-04 3.E-03 2.E0 
Sr-85 4.611-05 2.2E-06 2.9E-05 1.511-04 3.513-05 1.211-06 2.011-05 1.2E-04 
Sr-89 8.213-08 3.513-09 5.IE-08 2.6E-07 6.3E-08 2113-09 3.613-08 2.2E-07 
Sr-90 L.1E-07 4.6E-09 7.2E-08 3.7E-07 8.913-08 3.013-09 4.9E-09 3.413-07 

Mo-93 3.511-O5 7.813-06 3.E-O5 8.2E0S 2.713-05 -4.213-06 2.O11-05 7.4E-05 
Nb-93m 1.9E-08 8.313-10 1.213-03 5.413-08 1.413-08 4.513-l0 9.IE-09 4.3E-08 
Nb-94 1.213-03 6.013-05 8.3E-04 3.8E-03 9.5E-04 3.813-05 5.l13-04 3.2E-03 
Nb-95 2211-05 7.313-07 U.E-05 7.BE-05 1.7E-O5 4.811-07 8.711-06 5.711-05 

TC-99 7A4E-06 1.7E-06 6.5E-06 1.713-05 5.611-06 1.OE-06 4.E-06 l.5E-05 
Ru-103 5.2E-03 L.OE-03 3.911-03 1.213-02 3.911-03 5.9E-04 2.9B-03 1.1E-02 
Ru-106 2.9E-02 5.9E-03 2A4E-02 6.513-02 2.213-02 3.6E-03 1.613-02 5.SE-02 
Ag-lO8m 33BE-O1 9.211-02 3.113-01 8.5E-01 2.E-0l 5.4E-02 2.113-01 7.813-01 

Ag-I l0m 3.I11-01 7.3B-02 2.6E-01 7.011-01 2.411-O1 4.4E-02 IBE-O1 6313-01 
Sb-124 3.713-02 S.OE-03 3.OE-02 9.013-02 2.0E-02 4.6E-03 2.l13-02 7.911-02 
1-125 O.OE+00 O.OE+OO O.O13+00 O.OE+00 O.O13+00 0.O13+00 0.OE+00 O.O11+00 
Sbo-125 7.111-02 M.E-02 6.IE-02 1.613-01 5A4E-02 9.913-03 4.E-02 l.4E-01 

1-13 1 O.OE+OO 0.O13+00 0.OE+O0 O.OE+O0 O.OE+OO 0.O13+00 0.O13+00 0.OE+OO 
Ba-133 2.4E-04 8.7E-06 1.613-04 7.013-04 1.9E-04 6.613-06 1.113-04 6.IE-04 
Cs-134 9.IE-04 4.411-O5 6.3E-04 2.7E-03 6.9E-04 2.7E-05 4.411-04 2.313-03 
Cs-137 4.713-04 2.IE-05 3.011-04 1.513-03 3.513-04 1.313-05 2.013-04 1.2E-03
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Table t.14 Dose factors' for FE-METL-SMMASS-N 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm 2) 

Radionuclide Mean 56 50*, 951 Mean 51 501 956 

Cc-144 1.5E-05 5.5E-07 9.6E-06 4.7E-05 1.2E-05 3.7E-07 6.4E-06 3.9B-05 

Pm-147 9.5E-10 4.3E-1 1 6.3E-10 3.0E-09 7.3E-10 2.5E- II 4.4E-10 2.4E-09 

Eu-152 7.6E-04 4.1E-05 4.5E-04 2AE-03 5.8E-04 2.7E-05 3.2E-04 2.0E-03 
Eu-154 82.E-04 3.8E-05 5.4E-04 2.5E-03 6.2E-04 2.4E-05 3.6E-04 2.OE-03 St '. - , I " A- - ,

4- -i -6AE-0 i"24~ >~-0 I I- f -~'0 Z 
Re-186 l.IE-09 1.6E-14 1.IE-11 5.7E-09 8.1E-10 1.0E-14 7.4E-12 5.02-09 

lr-192 1.3E-02 7.2E-04 9.4E-03 42-02 1.0E-02 4.5E-04 6.3E-03 3.3E-02 
Pb-210 1.5E-06 2.1E-07 1.2E-06 4.1E-06 1.2E-06 1.2E-07 7.9E-07 3.1E-06 

Po-210 2.1E-09 8.3E-11 1.3E-09 6.5E-09 1.6E-09 5.3E-11 8.6E-10 5.3E-09 

Rn-222 • 0.0+00 0.01+00 0.0E+00 0.02+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Ra-223 1.2E-06 3.0E-08 4.0E-07 5.6E-06 9.4E-07 1.8E-08 3.2E-07 3.5E-06 

Ra-224 5.8E-09 7.8E-14 5,5E-11 2.6E-08 4.3E-09 5.3E-14 3.8E-1 I 2.4E-08 

Ac-225 8.4E-08 7.7E-10 2.1E-08 3.8E-07 6.5E-08 5.1E-10 1.6E-08 2.7E-07 

- ' 

Ra-226 7.2E-03 8.5E-04 5.61-03 2.0E-02 5.52-03 5.8E-04 3.9E-03 1.6E-02 

Ac-227 2.3E-04 12E-05 1.6E-04 7.3E-04 1.7E-04, 9.2E-06 1.IE-04 6.3E-04 

Th-227 4.22-07 9.1E-09 1.8E-07 1.6E-06 3.2E-07 7.6E-09 1.3E-07 IAE-06 

Tb1-228 7.5E-04 3.E-05 4.9E-04 2.4E-03 5.6E-04 2.3E-05 3.SF-04 1.9E-03 

Th-229 1.7E-04 1.0E-05 I.IE-04 5.1E-04 1.3E-04 5.72-06 7.SE-05 4.2E-04 

Th-230 4.1E-07 1.A-08 2.5E-07 1.3E-06 3.3E-07 L.IE-08 1.7E-07 1.IE-06 
Pa-231 2.0E-05 1.5E,07 1.3E-05 6.2E-0S 1.5E-05 5.9E-07 8.9E-06 5.3E-05 

Th-231 6.6E-21 3.2E-39 1.5E-29 2.2E-20 4.8E-21 2.2E-39 7.4E-30 1.4E-20 

Pa-233 2.5-06 9.4E-08 13E-06 9.0E-06 1.8E-06 6.62-08 9.21M07 6.6E-06 
.U-233 9.0E-09 4.1E-10 6.0E-09 2.9E-08 6.9E-09 3.0E-10 4.2E-09 2.1E-08 
:Th-234 1.OE-07 2.2E-09 5.0E-08 3.8E-07 7.8E-08 1.9E-09 3.7E-08 3.3E-07 

U-234 1.6E-08 8.4E-10 1.0E-08 4.6E-08 1.2E-08 5.913-10 7.1E-09 3.8E-08 

Np-237 . !.4E-04 6.9E-06 8.6E-05 4.3E-04 1IE-04 3.9E-06 6.1245 3.6E-04 

Pu-238 1.9M-08 8.6E-10 12E-08 6.6E-08 1.5E-08 5.80-10 8.02-09 5.72-08 
U-238 7.1E-06 2.$E-07 4.7E-06 2.1E-05 5.3M-06 2.1E-07 3.4E-06 1.7E.05 

Pu-239 6.7E-09 3.$E-10 4.9E-09 2.2E-08 5.0E-09 2.7E-10 3.3E-09 1.6E-08 

Pu-241 4.1E-09 1.92-10 2.42-09 I.4E-08 3.IE-09 1.2E-10 1.8E-09 .IE-08 
Am-241 1.8,-06 9.81-08 1.2E-06 5.6E-06 1.E-06 6.12-8 8.8E-07 4.22-06 
Cm-242 1.0E-08 4.42-10 7.0E-09 3.2E-08 8.0E-09 3.1&-10 4.72-09 2.6E-08 

Pu-242 1.5E-08 8.7E-10 9.62-09 5.2E-08 1.2E-08 5.1E-10 6.8E-09 4.0E-08 

a. To convert these values to conventional units (mremy per pCi/g or mrnmty per pCilcm) multiply by 3.70 E-03
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Table F.15 Dose factorst for FE-METLJ-SMOBJCT-N 
Mass dose factors (pzSv/y per Bq/g) Surficial dose factor (ttSv/y per Bq/cm1 

Radionuclide Mean P" 50"' 95"' Mean 5"' 50"' 95"' 
H-3 O.OE+OO O.OE+OO O.OE+OO O.O13+00 O.OE+OO 0.O11+00 O.OE1+00 .011+00 
C-14 l.4E-04 2.313-05 I.O13-04 3.6E-04 1.OE-04 1.413-05 7.7E-05 2.913-04 
Na-22 1.313-01 4.6E-03 7.913-02 4.OE-Ol 9.5E-02 3.7E-03 5.3E-02 3.3E-01 
P-32 4.6E-06 8.1E-08 1.5E-06 1.9E-05 3.SE-06 5.6E-08 1.OE-06 1.6E-05 

CI-36 7.713-05 .4AE-0-6- 5.3E,-065- -2-.IE-04 S5.'9E-1OS 5 6.3E-06 3.9E'-05 I .S1304 
K-40 9.813-03 2.6E-04 6.2E-03 3.OE-02 7.413-03 1.613-04 4.413-03 2.511-02 
Ca-4l O.OE+OO O.OE+00O0.OE+OO O.OE+OO O.OE+0O O.OE+OO O.OE+OO O.OE+OO 
Ca-45 6.5E-07 2.IE-08 3.7E-07 2.213-06 4.9&-07 1.5E-08 2.611-07 1.713-06 

Mn-54 3.913+00 5.513-01 3.lE+OO 9.9E+00 3.013+00 3.613-01 2.OE+OO 8211+00 
Fe-35 0OE O.OE+ OO O.O13+00 O.OE+ OO O.OE+ OO 0.O13+00 O.OE+ OO O.OE+ OO0.130 
Co-57 .1.2E+00 2.OE-Ol 9.6E-Ol 3.lE+OO 9.3E-01 1.213-01 6.913-01 2.4E+00 
Co-58 2.913+00 4.6E-01 2.2E+00 7.3E+00 2.2E+00 2.SE-Ol 1.6E+00 6.IE+OO 

+0~ -o oQj~ ef' 741f V+ 
Ni-59 0O. 01+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO .O13+00 O.O13+00 O.OE+OO 
Co-60 4.413+01 7.5E+00 3.4E+01 LIlE+02 3.3E+01 4.411+00 2.513+01 S.6E+Ol 
Ni-63 O.O13+00 O.OE+OO O.OE+OO O.OE+0O .O13+00 O.O13+00 O.OE+OO O.O13+00 
Z11-65 6.IE-OI 2.9E-02 3.9E-01 1.813+00 4.6E-01 l.6E-02 2.8E-01 1.6E-I00 

6,E ý-' 1 

So-75 9.813-01 4.9E-02 6.6E-01 2.9E+00 7.3E-01 2.913-02 4.7E-01 2.4E+0O 
Sr-85 4.6E-03 2.AE-04 2.7E-03 l.4E-02 3.413-03 1.311-04 2.OE-03 1211-02 
Sr-89 1LIE-O5 3.7E-07 6.011-06 4.E-OS 9.3E-06 2.5E-07 4213-06 3.211-05 
Sr-90 I.4E-05 6.7E-07 M.E-06 4.6E-05 L.IE-05 3.713-07 5.4E-06 4.E-O5 

Mo-93 l.4E-02 2.5E-03 1.lE-02 3.7F,02 LIlE-02 1.413-03 7.9E-03 3.E-02 
Nb-93m 7.611-06 3.OE-07 4.6E-06 2.7E-05 5.6E-06 2.OE-07 3.l13-06 2.011-05 
Nb-94 1.IE-Ol 4.4E-03 6.SE-02 3.511-01 8.4E-02 2.913-01 4.913-02 3.011-01 
Nb-95 1.9E-03 9.3E-03 I.OE-03 6.2E-03 I.4E-03 4.&E-05 7.6E-04 4.511-03 

TC-99 9.4E-04 1.6E-04 7.E-04 2.413-03 7.E-04 9.0,-05 5.311-04 1.911-03 
Ru-103 5.413-01 7.2E-02 U.E-01 1.5E+00 4.O11-01 4.5E-02 2.713-01 1.211+00 
Ru-106 2.8E+00 4.4E-Ol 2.2E+00 7.OE+0O 2lIE+OO 2.SE-OI 1.6E+00 5.5E+00 
Ag-lO0in 3.6E4-01 6.113+00 2.8E+01 9.IE+O1 2.7E+01 3.7E+00 2.OE+0l 7.313+01 

Ag-I t0m 2.9E+01 S.IB+OO 2.3E+01 7.6E+01 2.2E+01 2.9E+00 1.6E+OI 6.OE+OI 
Sb-124 3.5E+00 5.513-01 2.6E+00 9.513+00 2.6E+00 3.413-01 1.813+00 7.4E+00 
1-125 .011+00 O.OE+OOW O.OE+OO O.O13+00 O.OE1300 .O13+00 O.O13+00 O.OE+OO 
Sb-125 7.4E+00 1.313+00 5.7E+00 1.913+01 5.6E+00 7.513-01 3.9E+00 1.6E+01 

1-13 1 O.OE+OO O.OE+OO O.OE+OO O.O13+00 .013+00 O.OE+OO O.013+00 O.O13+00 
Ba-133 2.7E-02 8.611-04 1.711-02 S.AE-02 2.IB-02 6.213-04, L.E-02 6.911-02 
Cs-134 9.411-02 3.E-03 M.E-02 3.3E-01 7.OE-02 2.I13-03 3.8E-02 2.711-01 
Cs-137 U.E-02 1.SE-03 2.713-02 l.4E-0l 3.E-02 LIlE-03 1.811-02 9.611-02
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Table F.I5 Dose factorsW for FE-METL-SOIBJCT-N 
'Mass dose factors (ISv/y per Bq/g) Surficial dose factors (tISv/y per Bq/cm2) 

Radionuclide Mean P 50h, 95M Mean 5th 50* 9 5 1h 
C..I•41 1'.51304, -4.7E .06:,' <.IE~05- 5 5.•EO4 2A.IE. 4 3IOE'06 58s--- -.. 4.13• D 
Ce-144 1.6E-03 7.4E-05 9.6E-04 5.2E-03 1.2E-03 5.6E-05 6.SE-04 3.9E-03 
Pm-147 1.9E-07 8.9E-09 I.IE-07 6.5E-07 1.5E-07 5.7E-09 8.OE-08 5.2E-07 
Eu-152 7.6E-02 2.8E-03 4.6E-02 2.6E-01 5.8E-02 1.7E-03 3.3E-02 2.0E-01 
Eu-154 7.8E-02 3.9E-03 4.6E-02 2.7E-01 5.9E-02 2.7E-03 321E-02 1.9E-01 

Re-186 2.4E-07 3.6E-12 !.9E-09 1.3E-06 1.8E-07 2.6E-12 1.31-09 9.OE-07 
Ir-192 1.4E+00 6.31-02 9.11-01 4.61+00 1.11+00 4.51-02 6.5E-01 3.3E+00 
Pb-210 52.1-04 62E-05 3.6E-04 1.5E-03 3.92-04 3.9E-05 2AE-04 1.11-03 
Po-210 1.9E-07 7.21-09 1. 1E-07 6.2E-07 1.41-07 3.7E-09 7.9E-08 4.8E-07 

Rn-222 0.013+00 0.00 0.02+00 0.01+00 0.0E+O0 0.0g+00 0.01+00 0.02+00 
Ra-223 1.6E-04 3.11-06 4.1E-05 6.6E-04 1.2E-04 1.9E-06 3.OE-05 5.3E-04 
Ra-224 6.9E-07 7.8E-12 4.2E-09 3.6E-06 5.11-07 6.21-12 3.31-09 2.7E-06 
Ac-225 9.7E-06 7.13-08 2.0E-06 4.1E-05 7.4E-06 4.6E-08 1.41-06 3.71-05 

* Ra-226 7.01-01 7.OE-02 4.9I-01 2.2E+00 5.22-01 4.1E-02 3.2E-01 1.6E+00 
Ac-227 2.8E-02 9.61-04 1.7E-02 9.61-02 2.11-02 6.9E-04 1.2&-02 7.2E-02 
Tn-227 52.E-05 8.41-07 2.21-05 2.01-04 4.0E-05 5.91-07 1.61-05 1.6E-04 
Th-22S 7.1E-02 2.31-03 4.0E-02 2.41-01 5.41-02 1.51-03 2.9E-02 1.9E-01 

Th-229 2.0E-02 7.1E-04 1.3E-02 6.4E-02 1.5E-02 5.4E-04 8.81-03 5.41-02 
Th-230 4.6E-05 2.2E-06 3.0E-05 1.5M-04 3.41-05 1.3E-06 2.1E-05 1.21-04 
Pa-23 ! 2.4E-03 8.8E-05 1.2E-03 8.UE-03 1.81-03 5.81-05 8.3E-04 6.61-03 
"lb-231 1.91-18 8.5E-37 1.3E-27 3.5E-18 1.6E-18 7.1E-37 7.9E-28 2.4E-18 

NI -

Pa-233 2.91-04 9.41-06 1.5E-04 1.IE-03 2.2i-04 6.02-06 1.11-04 .41E-04 
U-233 4.03-06 1.5E.07 2.4E-06 1.3E-05 3.1E-06 9.51-08 1.5E-06 I.IE-05 
Th-234 1.31-05 2.9E-07 5.61-06 5.01-05 9.9E-06 1.82-07 3.8E-06 3.6E-05 
U-234 6.2E-06 221-07 3.8E-06 2.11-05 4.7E-06 1.6E-07 2.7E-06 1.71-05 

Np-237 1.713-02 7.4E-04 1.0E-02 5.91-02 1.3E-02 4.6_-04 7.02-03 4.5E-02 
Pu-238 7.71-06 2.5E-07 4.2E-06 2.7E-05 5.82-06 1.82-07 3.02-06 2.11-05 
U-238 8.6E-04 3.5E-05 5.3E-04 3.01-03 6.5E-04 1.9E-05 3.5E-04 2.3E-03 
Pu-239 2.92-06 1.3E-07 1.5E-06 9.2E-06 2.1E-06 9.02-0 1.IE-06 7.52-06 

Pu-241 1212-06 5.3E-08 7.32-07 3.92-06 9.0E-07 2.6E-08 5213-07 3.02-06 
Am-241 6.02-04 2.61-05 3.6E-04 2.1203 4.4E-" 1.7205 2.5-04 1.6203 
Cm-242 .E-06 1.5-07 2.4E-06 I.4-05 31-06 1.12-07 1.72-06 1.12-05 
Pu-242 5.71-06 2.71-07 3.5E-06 2.0E-05 4.3E-06 1.8E-07 2M.-06 1.41-05 

a. To convert these values to conventional units (mren/y per pCi/g or mrem/y per pCi/cme), multiply by 3.70 E-03
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Table F.16 Dose factors' for FE-METL-VEHICLE-N 
Mass dose factors (tISv/y per Bq/g) Surficial dose factors (ItSv/y per Bq/jcm) 

Radionuclide, Mean 50 5"'A 95* Mean 5& 50* 956 

H-3 0.0E+00 0.OE+00 O.OE+00 O.OE+00 O.OE+0O 0.0E+00 0.0E+O0 0.OE+00 

C-14 I.OE-04 1.8E-05 8.6E-05 2.5E-04 7.9E-05 1.2E-05 6.3E-05 2.OE-04 
Na-22 I.4E-01 4.9E-03 8.8E-02 4.5E-01 1.IE-01 3.6E-03 6.1E-02 3.4E-01 
P-32 1.0E-05 2.4E-07 4.6E-06 3.8E-05 7.8E-06 1.7E-07 3.2E-06 32E-05 

CI-36 5.8E-05 8.4E-06 4.6E-05 1.6E-04 4.4E-05 5.3E-06 3.2E-05 1.3E-04 
K-40 1.2E-02 4.7E-04 7.6E-03 3.9E-02 8.8E-03 3. IE-04 5.0E-03 3.IE-02 

Ca-41 O.OE+00 0.01+00 0.0E+00 0.0E+00 0.0E+00 O.OE+00 0.0E+00 O.OE+00 
Ca-45 5.2E-07 2.1E-08 3.5E-07 1.6E-06 4.1E-07 1.4E-0S 2.3E-07 1.3E-06 

Mn-54 4.5E+00 7.213-01 3.7E+00 1.1E+O 3.4E+00 4.9E-01 2.6E+00 8.9E+O& 
Fe-55 0.01E+0 0.OE+00 0.0E1+0 0.OE+00 r.O1+00 O.OE+00 O.OE+" 0.0E3+00 
Co-57 6.1E-01 1.2E-01 4.9E-01 1.5E+00 4.6E-01 7.2E-02 3.5E-01 I.IE+00 

Co-58 3.9E+00 7.2E-01 3.2E+00 9.6E+00 3.OE+00 4.31-01 2.4E+00 7.7E+00 

Ni-59 0.0E+O0 0.0E+OO 0.0E+0 0 0.0E+OO 0.0E+OO 0.OE+00 0.OE+10 0.0E+O0 
Co-60 5.3E1+01 I.OE+01 4.4E+01 1.3E+02 4.1E+O1 6.1E+00 3.1E+01 1.0E+02 
Ni-63 0.0E+00 O.OE+00 0.0E+O 0.0OE+O0 O.OE+00 0.0E+00 0.0E+00 0.0E+00 
Zn-65 7.5E-01 3.7E-02 5.2E-01 2.3E+00 5.6E-01 2.4E-02 3.6E-01 1.71E+00 

Se-75 8.2E-O1 4.3E-02 5.4E-01 2.4E+00 6.4E-O1 2.7E-02 3.6E-01 2.1E+O0 
Sr-85 6.0E-03 2.9E-04 3.6E-03 2.0E-02 4.4E-03 1.9E-04 2.4E-03 1.6E-02 
Sr-89 1.IE-05 4.1E-07 6.3E-06 3.9E-05 8.3E-06 3.2E-07 4.5E-06 3.2E-05 

Sr-90 1.0E-05 4.5E-07 6.4E-06 3.1E-05 7.4E-06 3.2E-07 4.7E-06 2.5E-05 

Mo-93 I.SE-03 3.2E-04 1.5E-03 4.3E-03 i.3E-03 2.0E-04 1.0E-03 3.5E-03 
Nb-93m 9.&E-07 3.7E-08 6.3E-07 3.OE-06 7.4E-07 2.5E-08 4.5E-07 2.5E-06 
Nb-94 1.3E-01 4.8E-03 7.9E-02 4.3E-01 9.4E-02 3.5E-03 5.6E-02 3.1E-01 
Nb-95 3.5E-03 1.3E-04 2.1E-03 I.IE-02 2.7E-03 8.2E-05 I.4E-03 7.9E-03 

Tc-99 7.OE-04 1.3E-04 5.9E-04 1.7E-03 5.3E-04 8.6E-05 4.0E-04 1.3E-03 
Ru-103 7.71-01 1.5E-01 6.0E-01 2.OE+00 5.9E-01 9.0E-02 4.5E-01 1.6E+00 
Ru-106 3.01+00 5.5E-01 2.6E+00 7.4E+00 2.31+00 3.3E-01 1.SE+00 5.9E+00 
Ag-10Sm 3.7E+01 6.9E+00 3.1E+01 9.4E+01 2.SE+01 4.3E+00 2.1E+01 7.1E+01 

Ag-110m 3.4E+01 6.3E+00 2.9E+01 8.21+01 2.6E+01 4.01+00 2.l1+01 6.sE+o0 
Sb-124 5.2E+00 9.2E-01 4.3E+00 1.3E+01 4.0E+00 5.SE-01 3.21+00 1.11+01 
1-125 0.0E+00 0.01+00 O.OE+00 0.0E+00 0.OE+00 0.0E+00 0.01+00 0.0E+00 

Sb-125 7.5E+00 1.46+00 5.9E1+00 1.83+01 5.61+00 3.26-01 4.4E+00 1.5E+01 

1-131 0.01+00 0.0E+00 0.0E+00 0.01+00 0.0E+00 0.0E+00 0.01+00 0.01+00 
Ba-133 2.31-02 9.31-04 1.4E-02 6.9B-02 1.86-02 6.9E-04 9.11-03 6.36-02 
Cs-134 1.01-01 3.66-03 6.46-02 3.36-01 7.SE-02 2.31-03 4.3E-02 2.76-01 
Cs-137 4.SE-02 1.8E-03 3.1E-02 1.5E-01 3.66-02 1.1E-03 2.06-02 1.26-01

Steel Dose Factors Appendix F
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Table Fk16 Dose factors' for FE-METL-V$HICLE-N 
Mass dose fatctors (ttSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 5 02!T 951h Mean 5th 50th 951h 

Ce-l44 1.511-03 5.SE-05 L OE-03 4.9E-03 1 2E-03 3.9E-05 6.913-04 3.813-03 
Pma-147 8.9E-08 3.E-09 5.2E-08 3.2E-07 6.813-08 2.3E-09 3.7E-08 2.3E-07 
Eu-152 7.913-02 3.2E-03 4.9E-02 2.613-01 6.I13-02 2.l1&03 3.411-02 2.l1301 
Eu-154 8.813-02 4.OE-03 5.SE.02 2.7E-Ol 6.5E-02 2.713-03 4.013-02 2.OE-Ol 

Re-186 1.6E-06 1.413-09 LIlE-07 7.9E-06. 1.313-06. 9.513-10 8.9E-08 6.013-06 
Jr-,I92 1.6E+00 1.O13-01Il.1E+OO 4.9E+00 1.2E+00 6.5E-02 7.313-01 3.7E+00 
Pb-210 1.2E-04 1.4E-OS 9.5E-05 3.E-04 9.913-05 I.OE-05 5.913-05 2.5E-04 
Po-210 25SE-07 l.113-08 1.5E-07 8.3E-07 1.913-07 7.513-09 1.OE-07 6.2E-07 

Rn-rn2 O.OE+OO O.O13+00 O.O13+00 O.OE+OO O.013+00 O.OE+OO 0.013+00 O.O13+00 
Ra-223 3.813-04 2.3E-05 1.7E.04 1.513-03 3.013-04 1.2E-05 1.3E-04 1.213-03 
Ra-224 l.I13-05 9.6E-09 9.3E-07 SAE-05 8.913-06 5.913-09 6.3E-07 4.2E-05 
Ac-225 3.E-05 7.E-07 1.2E.05 I.IE-04 2.413-05 4.lE-07 85E-06 I.IE-04 

Ra-226 7.6E-01 7.813-02 5.2E-01 2.1E+00 5.913-01 6.lE-02 3.6E-01 1.9E+00 
Ac-227 2.3E-02 8.9E-04 1.413-02 7.9E-02 1.SE-02 5.411-04 9.911-03 .62E-02 
Th-227 9.3E-05 2.6E-06 4.5E-05 2.713-04 6.2E-05 1.613-06 3.213-05 _1.9E-04 
Th-228 8.O13-02 3.OE-03 5.OE-02 2AE-01 6.OE-02 1.9E-03 3.7E-02 1.9B-01 

, 77 -. 7

Th-229 1.613-02 5.913-04 9.511-03 5A4E-02 122E-0 3.SE-04- VE-03 4.4E-02 
7k-230 4.lE-O5 1.5E-06 2.6E-05 IAE-04 3.2&05 9.711-07 1.813-05 1211-04 
PA-231 I.SE-03 7.5E-05 LIlE-03 5.911-03 1.3E-03 5.5E-05 S.OE-04 4.E-03 
7b-231 4.SE-l5 1.6&-26 l.6E-20 2.I13-14 3.SE-15 I.E-26 I.E-20 I.7-14 

Pa-233 4.I13-04 l.4E-05 2.3E-04 1.31-03 3.113-04 1.2E-05 1.7E-04 LIlE.03 
U-233 4.713-07 .2.IE-O8 2.9E-07, 1.613-06 3.613-07 1.3E-08 2.IB-07 1.E-06 
7L-234 1.813-05 7.8E-07 IE-IOS 6.813-05 IA4E-05 4.7E-07 7.511-06 5.2E-05 
U-234 9AE-07 3.3E-08 5.613-07 3.OE-06 7.113-07 2.I13-08 3.E-07 2.513-06 

_ 0 3 , ~w' 5 

Np-237 1.3E-02 5.313-04 7.7E-03 4.2E-02 9.7E-03 3213-04 5.5E-03 3.2E-02 
Pu-238 8.913-07 3.3E-08 5.813-07 2.913-06 6.7E-07 2.713-08 4.I13-07 2.IE-06 
U-238 7.l13-04 3.2E-05 4-213-04 2.3E-03 5.4E-04, 2.1E-05 3.013-04 l.813-03 
Pu-239 3.7E-07 1.6E-08 2.611-07 l.E-06 2.OE-07 1.O13-08 1.813-07 8.913-07 

Pu-241 3.013-07 LIlE-08 1.9E-07 l.O13,06 2-313-07 7A4E-09 1.213-07 7.E-07 
Am-241 1.413-04 4.8E-06 92E-05 ' 4.613-04 L.E-041 3.613-06 5.913-05 3.3E-04 
Cm-242 6.313-07 2.4E-08 3.9B-07 1.913-06 4.9E-07 1.6E-08 3.OE-07 l.7E-06 
Pu-242 8.813-07 3.4E-O8 5.8E-07 2.7E-06 6AE-07 L.8E-O8 3.713-07 2.IE-06 

aL TO convert these values to conventional units (mnrem/ly per pCi/g or mrem/y per pCi/cm3), multiply by 3.70 E-03
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Table F.17 Dose factors8 for FE-MEETL-BLDGSTR-N 
Mass dose factors (#Sv/y per Bq/g) Surflicial dose factors (p&Sv/y per Bq/cm2) 

Radionuclide Mean 5th 5V" 95"' Mean 5"h 50"' 95"' 
H-3 0OEO .OE+ OO O.OE+ OO O-.O0E001+00 0.O11+00 O.OE+00 0.OE+00 O.OE+OO 
C-14 3.E-05 1.I1E-05 3.OE-05 7.6E-05 2.7E-05 6.E-06 2.IE-0S 6.7E-05 
Na-22 3.413-02 1.5E-03 2.3E-02 1.O13-01 2.7E-02 1.IE-03 1.611-02 8.6E-02 
P-32 3.513-06 I.I13-07 1.6E-06 IA4E-05 2.6E-06 7.7E-08 l.113-06 9.9E-06 

~~~~~ -4,2J~ K 
CI-36 1.9E-05 3.6E-06 1.613-05 4.6E-05 1.513-05 2.213-06 LI.E-05 4.1E-05 
K-40 2.7E-03 1 E-04 1.713-03 8.5E-03 2.011-03 8.413-05 1 .3E-03 6.713-03 
Ca-41 0.OE+00 .0.E+O0 0.O13+00 0.O13+W 0.013+00 O.OE+00 O0.E+00 O.OE13-00 
Ca-45 1 .9E-07 1.013-08 1 .2E-07 5.4E-07 I .E-07 6.2E-09 9.3E-08 4.5E-07 

Mn-54 1.1E+O0 2.7E-O1 9.3E-Ol 2.5E+00 M.1-01 1.7E-01 6.4E-01 2.1E+O0 
Fe-55 O.013+00O0.OE+OO 0.O11+00O0.OE+0O 0.OE+OO O.OE+00O0.OE+00O0.OE+O0 
Co-57 3.2E-01 9.9E-02 2.913,01 6.SE-0l 2.4E-O1 5.9E-02 1.9E-01 5.9E-01 
Co-58 9.3E-01 2.5E-01 7.9E-01 2.IE+00 7.IE-Ol 1.6E-01 5.4E-0l 1.SE+O0 

Ni-59 0.OE+00 O.OE+O0 0.0E+00O .OE+O00 0.0E+O0 0.OE+O0 0.0E+00 0.OE+O0 
Co-60 1.213+01 3.5E+00 L.OE+OI 2.7E4-01 9.OE+O0 I.9E+Oý0 7.OE+OO 2.3E+01 
Ni-63 0.OE+00 0.OE+0 O .OE+00 0.OE+00 O.OE+OO O.OE+O0 O.OE+00 0.OE+O0 
Zn-65 1.713-05 1.IE-06 1.3E-05 4.5E-05 1.E-05 3.813-07 8.8E-06 3.7E-05 

Se-75 2.E-01 I.E-02 2.IE-01 7.713-01 2.1E-01 1.IE-02 1.4E-0l 6.313-01 
Sr-85 1 .5E-03 8.7E-05 .013-03 4.113-03 1 .2E-03 6.2E-05 6.6E-04 4. IE-03 
Sr-89 3.SE-06 1 .713-07 2.6E-06 1 .2E-05 3.OE-06 I OE-07 1 SE-06 I OE-05 
Sr-90 3.6&-06 1.9E-07 2.4E-06 1.1E-05 2.6E-06 1.2E-07 1.713-06 8.7E-06 

Mo-93 2.5E-03 7.OE-04 2.2E-03 5AE-03 1.9E-03 4.E-04 1.5E-03 4.7E-03 
Nb-93m M.E-06 6.9E-0S 9.2E-07 4111-06 I.IE-06 3.813-08 6.9E-07 4.OE-06 
Nb-94 3.OE-02 1.5E-03 2.013-02 8.8E-02 2.3E-02 9.8E-04 IAE-02 U.E-02 
Nb-95 S.OE-04 4.5E-05 5.5E-04 2.613-03 6.IE-04 2.5E-05 3.9E-04 2.OE-03 

TC-99 2.4E-04 6.SE-05 2.OE-04 S.4E-04 I.SE-04 3.9E-05 I.4E-04 4.5E-04 
Ru-103 2.0E-01 5.3M-2 1.7E-01 4.E-01 1.5E-01 3.OE-02 1.2E-01 4.IE-01 
Ru-166 7.4E-01 2.OE-OI 6.6E-01 1.611+00 5.6E-01 1.2E-01 4.4E-01 1.3E+00 
Ag-IO8zn 9.0E+00 2.4E+00 .7.913+00 1.913+01 6.SE+OO I.5E+00 5.6E4-00 1.613+01 

-6t-O 6. 45r',-` 
Ag-11rn 8.1E+O00 2.SE400 7.OE+OO 1.8E+O1 6.2E+O00 1.5E400 4.SE+-00 1.0E+01 
Sb-124 1.2E4+00 3.E-O1 1.04-00 2.6E4-00 9.IE-OI 2.OE-01 7.I13-01 2.3E-"O 
1-125 0.OE+fOO 0.OE+O O0.OE+00 0.O13-4-0 O.OE+OO O.OE+00 0.013+O0 0.O13-m 
Sb-125 I.8E400 5.3E-01 '1.6E+-00 3.9E+OO 1.4E+00 3.2E-01 1.113+00 3.4E+O0 

1-131 0.OE-+00 O.OE+0 O EO O.OE+-0 0.0 O 0.OE+OO 0.O13-00O .OE+OO O.OE+O0 
Ba-133 6.6E-03 3.E-04 4.5E-03 1.9E-02 5.011-03 2.3E-04 3.2E-03- 1.7E-02 
Cs-134 2.4E-02 1.OE-03 1.713-02 6.6E-02 l.811-02 6.OE-04 l.2E-02 6.2E-02 
Cs-137 L.1E-02 5.2E-04 7.8E-03 3.E-02 8.7E-03 3.513-04 5.513-03 2.713-02
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ITable V37 Dose factors for FEMETL-BLDGSTR-N 
Mass dose factors. (piSv/y per Bqfg) Surf icial dose factors (#Sv/y per Bq/cm 2) 

Radionuclide Mean 5h 501, 95h1 Mean 561 501h 95111 

Ce-144 4.SE-04 2.1 £-05 3.013-04 1.413-03 3.5E-04 1.5E-05. 2.lE-04 L.IE-03 
Pm-147 5.2E-08 2.413-09 3.713-08 1.413-07 4.OE-08 1.913-09 2.6E-08 1.213-07 
Eu-152 2.013-02 9.8E-04 1.313-02 5.813-02 1.513-02 6.613-04 9.213-03 4.613-02 
Eu-154 2.1E-02 1.0&-03 1.5&-02 6.l13-02 1.613-02 6.913-04 1.O13-02 5.3E-02 

Re-186 9.813-07 l.113-09 5.813-08 5.711-06 7.S13-07 6.613-10 il3.68E- 3.7E-0 
lr-192 4.E-O1 2.&E-02 3.313-01 l.13+00 3.2E-01 1.513-02 2.3E-01 9.713-01 
Pb-210 2.011-04 3.6E-05 1.713-04 5.013-04 1.5E-04 2.2E-05 L.IE-04. 3.913-04 
Po-2 10 5.813-08 3.4E-09 3.8E-O8 1.SE-07 4.413-08 2.OE-09. 2.BE-08 IAE-07 

Rn2 .O13+00 0.013+00 .013+00 O.O13+00 O.OE+0O O.013+00 0.013E00OO .OE+10O0 
Ra-223 II2E-04 7.BE-06 6.013-05' 4.211-04 8.9E-05 5.613-06 4.2E-05 3.S15-04 
Ra-224 2.7E-06 2.6E-09 1.913-07 1.313-05 1.9E-06 l.813-09 1.5E-07 9.SE-06 
Ac-225 8.813-06 2.5E-07 3.6E-06 3.513-05 6.713-06 1.613-07 2.5E-06 2.9E-05 

Ra-226 I.813-01 2.613-02 1.415-01 4.913-01 1.413-01 1.613-02 9.513-02 4211-01 
Ac-227 7.111-03 3.313-04 4.9E-03 2.113-02 5.5E-03 2.113-04 3.313-03 I.813-02 
Th-227 2.711-05 1.IE-06 IA4E-05 9.2E-05 2.IE-05 6.613-07 9.913-06 7.413-05 
Th-228 1.913-02 1.IE-03 1.313-02 5.6E-02 1.413-02 6.5E-04 9.211-03 4.013-02 

6.2&0 2 

IM-229 5.2E-03 2.9E-04 3.6E-03 1.513-02 4.O13-03 1.7E-04 2A4E-03 1.313-02 
Th-230 1.3E-05 6.5&-07 8.213-06 3.911-05 9.711-06 4.313-07 6.2E-06 3.IE-05 
Pa-231 5.2E-04 3.OE-05 3.6E-04 1.5E-03 4.OE-04 1.913-05 2.5E-04 1.313-03 
Th-231 3.911-15 1.913-26 1.E-20 2.013-14 2.6E-15 IAE-26 1.IE-20' 1.513-14 

Pa-233 1.313-04 5.813-06 9.315-05 4.113-04 9.913-05 3.7E.06 5.713-05 3.213-04 
U-233 6.613-07 3.3E-08 4.5E-07 2.213-06 5.OE-07 1.913-08 3.OE-07 1.613-06 
11-234 6.7E-06 2.911-07 4.113-06 2.213-05 5.213-06 1.913-07 3.O13-06 1.7E-05 
U-234 IA4E-06 7.2E-08 9.2E-07 U.E-06 1.OE-06 6.013-09 6.6E-07 3.2E-06 

Np-237 4.E-03 1.9E-04 2.9B-03 1.3M- 3.I13-03 U.E-04 1.913-03 .9.7E-03 
Pu-238 I.E-06 6.9E-08 9.OE-07 4.E-06 1.OE-06 5.6E-08 6.213-07 3.011-06 
U-239 2.5E-04 1.3E-05' 1.8E-04 7.7E-04 1.913-04 7.BE-06 1.3E-04 6.OE-04 
Pu-239 5.3E-07 3.113-08 3.8E-07 1.613-06 4.013-07 2.IE-O8 2AE-07 1.212-06 

~ .~L 6- `7 

Pu-24 1 4.6E-7 2.3E-08 3.OE-07 1.4E-06 3.6E-07 1.713-08 2.2E-07 1.2E-06 
Am-241 2.2E-04 U.E-05 1.5E-04 7.213-04 1.7E-04 9.OE-06 1.OE-04 5.813-04 
'Cm-242 9.6E-07 5.lE-08 6.2E-07 2.813-06 U.E-07 3.613-08 4.513-07 2.513-06 
Pu-242 1.2E-06 6.3E-08 S.OE-07 3.6E-06 9.OE-07 4.913-08 5.413-07 3.E-06 

L. TO convert these values to conventional units (mrcnly per pCi~g or mremty per pCi/cm2ý), multiply by 3.70 E-03
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Table 1.18 Dose factors' for FI-SLAG-CONCBAS-N 
Mass dose factors (PSv/y per Bq/g) Surf icial dose factors (;tSv/y per Bq/cm2) 

Radionuclide Mean 51h 01 95m Mean 5th 50* 95th 
H-3 OE0 O.OE+OO O.OE+OO 0.011+00 0.OE+00 O.OE+0 0 O.OE+ OO O.OE+ OO0.110 
C-14 5.413-09 1.513-10 2.3E-09 2.013-03 4.2E-09 8.0E-l 11 l.711-09 1.613-08 
Na-22 2.7E+00 2.813-01 1.5E+00 8.O13+00 2.OE+OO l.9E-01 l.1E+OO 6.413+00 
P-32 2-7E-06 .O13-07 1 .313-06 9.9E-06 2.OE-06 6.8E-08 9.9E-07 7.81E-06 

il $4£ 

CI-36 3.OE-05 1.IE-06 1.5E-05 1.113-04 2.2E-05 7.5E-07 LIlE-OS 8.5E-05 
K-40 1.1E-O1 8. IE-03 M.E-02 4.E-Ol 8-5E-02 4.5E-03 4-211-02 3.2E-01 
Ca-41 0.OE+O0 0.O11+00 0.O13+00 O.O13+00 O-OE+O0 O.OE+0O O.OE+OO 0.OE+O0 
Ca-45 2.3E-06 2.613-07 IA.E-06 7.213-06 L.SE-06 1 .6E-07 I OE-06 5.8E-06 

Mn-S4 9.4E-01 LIlE-O1 6.E-01 3 .IE+00 7.113-01 6.7E-02 4.OE-O1 2.5E+00 
Fe-55 O.OE+OO 0.OE+OO 0.OE+00 0.O13+00 O.OE+OO 0.OE+O0 O.OE+O0 0.6E+00 
Co-57 1.8E-04 7.3E-06 8.6E-OS 6.3E-04 1.4E-04 3.9E-06 6.0&-05 4.711-04 
Co-58 1.7E-03 7.3B-05 8.O11-04 6.113-03 1.3E-03 4.213-05 5.613-04 5.OE-03 

Ni-59 O.O13+00 0.OE+OO O.OE+OO O.O13+00 0.OE+O00 0.6i+60 O".OE+00 0.013+00 
Co-60 2.IE-02 6.413-04 9.713-03 8.5B-02 1.6E-02 4.E-04 7.OE-03 6.4E-02 
MI-63 0.OE+OO 0.OE+O0 O.OE+0O 0.OE+00 0.OE+0O O.OE+OO O.OE+OO O.OE+00 
Za-65 3.E-03 7.4E-OS 1.5E-03 LIlE-02 2.4E-03 5.6E.-05 LOE-03 8.SE-03 

Se-75 1.27.-l 9.813-03 61.7E-02 4.37-Ol 9.E-02 7.1E-03 4.9E-02 3.5E.-01 
Sr-SS 2.47-Ol 2.611-02 1.3E-01 8.6E-01 1.811-01 1.513-M 1.0&01O 6.013-01 
Sr-89 5.411-05 5.S11-06 3.213-OS 1.7E-04 4.E07.O 4.011-06 2.3E.-05 1.313-04 
Sr-90 4.513-05 4.OE-06 2.813-05 I.47-04 3.47-OS 2.4E-06 2.27.-05 I.JE-04 

Mo-93 3.7E-O7 9.111-09 1.513-07 1.5E.-06 2.S7.-7 7.5E-09 LIlE-07 1.213-06 
Nb-93m 1.77.-0S 2.IE-06 1.17-OS 5.7E.-05 1.37-OS UE-06 7.411-06 527.-O5 
Nb-94 4.4E.+00 4.5E-01 2.711+00 1.4E+01 3.3E+00 2.87-Ol 2.OE+0O 1.IE+01 
Nb-95 1.57.-O 1.711-02 9.9E-02 5.113-01 1.2E.-01 I.113-02 6.2B-02 3.9E.-01 

TC-99 3.47.-OS 1.2E-09 1.47-OS 1.313-07 2.67.-O8 7.07.-b 1.E07.O 9.7E-0S 
Ru-103 3.7E.-04 9.0E-06 1.7E-04 1.5E-03 2.9E-04 5.7E-06 l.2E-04 I1.1-03 
Ru-106 7.213-03 2.OE-04 3.411-03 2.5E-02 .57.S-03 1.4E-04 2.4E-03 2.113-M 
Ag-108m M.E-02 4.013-04 6.813-03 5.713-02 L.7-02 3.O7.-04 437E-03 3.913-02 

Ag-11rn 1.413-02 3.313-04 7.313-03 5.17.-02 1.OE-02 2A47-04 4.7E-03 3.6E-02 
Sb-124 7.9E.-02 2.7E-63 3.6E-02 2.57-Ol 5.S13-02 2.OE-03 2.5E-02 2.E-17.  
1-125 0.O13+00 0.013+00 O.OE+00 O.0E+O0O .OE+OO 0.OE+OO 0.013400 0.07.400 
Sb-125 9.6E.-02 4.OE-03 4.5E-02 3.2E.-01 M.E-02 2.5E.-03 3.47-02 2.77.-01 

1-131 0.07.400 0.07.400 0.OE+00O0.07.400 0.OE+OO 0.O13+00 0.O11+00 0.013400 
Ba-133 8.7E.-01 7.7E-02 4.913-01 2.57E400 6.9E.-01 4.9E-02 3.47-Ol 2.2E+00 
Cs-134 9.0E-02 7.l13-03 5.213-02 3.47-Ol 7.513-02 4.2E-03 3.8E-02 2.89E-01 
Cs-137 4.E-02 3.911-03 2.513-02 1.47.-O 3.313-02 2.2E-03 1.713-02 M-1..O
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Table F.IS Dose WacOWs for FE-SLAG-CONCBAS-N 
Mass dose factors (;tSvly per Bqfg) Surficial dose factors (IASvIy per Bq/cm2) 

Radionuclide Mean P 501 95'6 Mean P5O0P 95sb 

Ce-144 i.E0 .E0 .E0 1.8E.01 ".3E-02 3.3E-03 2.1E.02 1.5E-01 
Pm-147 6.3E-07 7.2E-08 4.E.07 2.]E-06 4.0E-07 4.3E-08 2.BE-07 1.6E-06 
Eu-152 3.1E+0O 3.0,-O1 1.8E+OO I.OE+01 2.4E+00 1.8E-01 1.2E+00 7.SE+OO 
Eu-154 3.1E+O_ .3.9E-01 2.OE+OO 9.7E+00 2.3E+00 2.5E,01I 1.E+OO 6.8E+00 

Re-186 2.IE-08 6.9E-1I1 2.9E.!09 9.7E-09 1.6E-09 4.2E-II1 2.IE-09 6.8E-08 
Ir-192 9.3E-03 6.7E-04 4.7E-03 2.9E-02 6.5E-03 4.2E-04 3.IE-03 2.5E-02 
Pb-210 9.7E-06 7.OE-07 5.IE-06 3.IE-O5. 6.8E-06 4.2"-7 3.4M0 2.SE-05 
Po-210 2.OE-08 1.6E-09 LI1E-08 6.5M-O 1.5E-08 8.9E-10 7.7E-09 SAE-08 

Rn222 O.OE+OO O.OE+OO O.OE+OO O.OE+OO0 O.0E4.00 O.OE+OO O.OE+OO O.OE+OO 
Ra-223 3.8E-03 2.OE-04 2.OE-03 1.613-02 2.9E-03 1.2E-04 IA4E-03 LI.E-02 
Ra-224 2.2E-04 9.3E-07 3.8E-05 LI.E-03 1.7E-04 4.9E-07 2.6E-05 9.2E-04 
Ac-225 2.lE-03 9.BE-05 9.9E-04 U.E-03 1.5E-03 6.2E-05 7.6E-04 6.1E-03 

Ra-226 4.4E+OO 4.6&0O1 2.6E+OO l.E401 3.3E+00 3.0,0O1 I.SE+OO 1.2E+O1 
Ac-227 S.OE-OI 7.BE-02 4.9E-01 2.3E+OO 6.1E-OI 4.E-02 3.5E-01 2.2E+OO 
T7h-227 3.0E-03 3.IE-04 2.3E-03 1.2E-02 2.9E-03 2.OE-04 1.6E-03 9.SE-03 
Th-228 2.9E+OO 2.BE-O1 1.8E+OO 9. 1 E--0 2.2E+00 2.OE-1 1.3E.+00 7.AE+00 

Th-229 5.5E-01 5.6E-02 3.3E-01 1.9E+OO 4.3E-01 3.7E-02 2AE-01 1.6E+OO 
ThM-230 1.4E-03 U.E-04 9.4&04 4.BE-03 1.1E-03 B.1E-05 6.2E-04 3AE-03 
Pa-231 6.012-02 6.OE-03 3.6E-02 l.9E-OI 4.6E-02 3.9E-03 2.7E-02 1.5E-0OI 
Th-231. 6.OE-12 1.1E-20_ 5.7E-16 3.E-1I3 4.SE-12 7.5E-21 4.3&-16 2.IE-1I 

Pa-233 I.SE-02 1.SE-03 I.IE-02 5.9E-02 I.4E-02 1.IE-03 7.5E-03 S.4E-02 
U3-233 B.OE-06 7.SE&07 4.7E-06 2.6E-05 6.OE-06 5.1E-07 3.2E-06 2.OE.OS 
Th-234 8.IE-04 B.OE-OS S.OE-04 2.6E-03 6.2E-04 5.IE-05 3.4E-04 2.2E-03 
U-234 lI-E-05 L.8E-06 1.1E-05 S.7E-05 l.4E-05 I2E-06 7.9E-06 4.7E-05 

Np-237 4.2E-01OI0 .E0 .EW 32E0 .E0 .1-1 LE0 

Pu-238 1.6E-05 2.lE-06 I.OE-05 4.9B-05 l.2E-05 l.E-06 7.E-06 4.3E-05 
U-23S 2.3E-02 2.8E-03 IAE-02 U.E-02 I.SE-02 1.6M-3 L.OE-02 5.8E-02 
Pu-239 6AE-06 6.E-07 3.SE-06 2.IE-05 4.9t-06 4.2E-07 2.7E-06 1.7E-05 

Pu-241 6.7E-06 6.4E-07 4.3E-06 2.2E-05 5.2E-06 4.2"-7 2.9B-06 1.9B-O5 
Am-241 3.3E-03 3.6E-04 2.OE-03 9.7E-03 2.6E-03 1.9E-04 1.SE-03 8.3E-03 
Cm-242 I.2E-05 1.3E-06 6.9E-06 4.OE-05 9AE-06 SBlE-07. 5.1E-06 3.3E-05 
Pu-242 IAE-05 1.6E-06 8.5E-06 4.SE-05 L.IE-05 9AE-07 6.3E-06 3.7E-05 

a. To convert these values to conventional units (mrem/y per pCiIg or mrem/y per pCi/cm2), multiply by 3.70 E-03
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Table F. 19 Dose factorsa for FE-SLAG-ROADBED-N 
Mass dose factors (piSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 5"b 50d' 95"' Mean 5"' 50"b 95d' 
H-3 0.O13+00 O.OE+O0 001+0 O.OE+00 0 .OE+00 0 .OE+OO .O+ O0.OE+00 O.OE+0O

2.1E-07 6.213-09 
2.713+01 4.5E+00

1.113-07 7.713-07 
I.SE+01 7.713+01

1.613-07 4.113-09 7.413-0g 
2.013+01 2.513+00 1.3E+01

P-32 2.6E-04 1.511-05 IA4E-04 9.413-04 2.1E-04 1.O13-05 9-8E-05 7.4E-04 
6.1E-66-- 46.E- 7ý 1.-T6 -EO3 5;s1E'6` - .E-0-. '3 

1.E0 .6E-03 U.E--03ý 2.013-03 
CI3 263E3i-04 3.AE-05 1.111-03 7.013-03 

K-40 1.2E+00 I.2E-01 6.813-01 3.511+00 9.I13-01 7A4E-02 5.113-01 2.9E+00 
Ca-41 0.O13+00O .OE+O0 0.O13+00 O.OE+00 0.013+00O .OE+OO O.OE+O0 O.OE+O0 
-Ca-45 1.211-04 1.9E-05 8.513-05 3.111-04 9.313-05 1.IE3-05 6.013-05 2.7t-04 

Cr-SI~ 1 ~ A-03: 3.2134O 5ýI0 U 310 ý7.IE 21-*"~~26-) 
Mn-54 9.2E.+00 ' 1.-5E+FOO 6.613E+00 2 1.6E- 0FI 6.9E+00 7.7E -01 -+-4.5E4-00 2.IE+01
Fe-55 O.O11+00 0.OE+OO O.O11+00 0.O1240 O.O134-0 O.OE+00 O.O13+00 O.OE+O0 
Co-57 4A4E-03 1 .8E-04 2.3E-03 1.513-02 3.3E-03 1 .3E-04 1 .713-03 1.2E-02 
Co-58 1.6E-02 6A4E-04 8.813-03 -5.3E-62 1.213-02 4.7E-04 6.7E-03 4.313-02 

Ni-59 0.13+O0 OO+0 0.O13+00 0.O13+00 0.OE+00 0.O13+00 O.OE+00 0.13+O00 
Co-60 2.2E-01 9.613-03 I.113-01 8.OE-01 1.713-01 5.213-03 7.6E-02 6.111-01 
141-63 O.OE+O0 0.OE-'-O O.O13+00 .O13+00 O.O13+00 O.CE13-00 0.O13+00 0.O13+00 
Zn-65 3.213-02 9.SE-04 1.6E-02 1.I13-01 2.413-02 S.713-04 L.IE-02 9.OE-02 

Se-75 1.5E+00O 2.113-01 9.513-01 4.2E4-00 1.IE+00 1.IE-0' -7.013-01 3.9E+00 
Sr-85 2.3130a 3.6E-01 1.5E+FO0 6.613+00 1 .E+0O 2.OE-0I .O13+00 5.313+00 
Sr-89 4.8E-03 8.013-04 3.3E-03 1.4E-02 3.7E-03 4.7E-04 2.313-03 1.213-02 
Sr-90 3.OE-03 5.4E-04 2.IE-03 8.3E-03 2.313-03 3.2E-04 I.4E-03 7.4E-03 

Mo-9i3 '- 86E-06 3.E-07 4.5E-06 3.3E-05 6.813-06 2.011-07 3.013-06 2.413-05 
Nb-93m 4.E-04 8.413-05 3.I13-04 1.213-03 3.313-04 4.E045 2.2E-04 9.7E-04 
Nb-94 4213+01 6.613+00 3.OE+OI I.113+02 3.313+01 3.713+00 2.IE+01 1.OE+02 
Nb-95 1.5E+00 1.913-01 9.813-01 4.513+00 1.113+00 1.313-01 7.013-01 3.7E+00 

.,91 SE-06 74.6-8' 9.9E-07 7.3E-06 1 .5E-06 5.5E-08 6.611-07 5.7E.06 
Ru-103 3.513-03 1.313-04 1.7E-03 IA4E-02 2.7E-03 8.913-05 1.2E-03 1.OE-02 
Ru-106 O.OE+O0 0.O13+00 O.OE+00 0.OE+O0 0.OE+00O .OE+00 O.OE+O0 O.OE+O0 
Ag-108m 1.E-0I 4.6E-03 7.7E-02 5.113-01 1.IE-01 3.9E-03 5.6E-02 4.311-01 

Ag-I 10i 1.4E-01 4.913-03 7.9E-02 4313-01 LI1E-0I 3.2E-03 5.3E-02 3.9E-01 
Sb-124 7.9E-01 4.313-02 4.713A01 2.713+00 6.OE-01 2.5E-02 3.OE-0I 2.3E+00 
1-125 O.OE+O0O .OE+O0 0.OE+O0 O.OE+O0 O.OE3+00 O.OE+O0 0.OE+00O .OE+O0 
Sb-125 9.4E-01 4.2E-02 5.2E-01 3.4E+00 7.OE-01 3.6E-02 3.413-01 2.4E+I00 

1-13 1 O.GE-4-O O.OE+00 O.OE+00O0.OE+00 O.O13+00 0.06OE 0.1+00 " O.OE+O0 O0EO0 
Ba-133 S.4E+O0 1.4E+00 6.013+00 2.4E+01 6.313+00 9.313-1 4.OE+OO 1.8E+01 
Cs-134 9-313-01 1.111-01 5.613-01 2.8E+00 7.OE-01 7.2E-02 4.IE-01 2.3E+00 
Cs-137 8.713-05 1.111-05 5.613-05 2.7E-04 6.6E-05 6.6E-06 3.9E-05 2.I13-04

C-14 
Na-22

6.2E-07 
6.6E+01

F-38
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*Table F39 Dose factors' for FE-SLAG-ROADBED-N 
Mass dose factors (piSv/y per Bq/g) - Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 50350P 95* Mean 5t23 50' 9Pt 
4Ij -`1 48.4E;02 j;_3E-02,-----ý'5E-02;23, ~ IL ~E 7.2-0 -4'0 O~I.E 

Ce-144 1.913-01 3.213-02 -1.313-01 5A4E-01 1 .513-01 2.113-02 9.013-02 4.513-01 
PM-147 1.9E-04 3.213-05 1.3E-04 5.213-04 I.4E-04 1.9E-05 9.1 E-05 4.2E-04 
Eu-152 3.013+01 4.913+00 2.1E+01 8.213+01 2.313+01 2.813+00 1.4E+01 7.OE-I0I 
Eu-154 3.3E+01 4.913+00 2.3E+01 9.1E+01 2.513+01 2.813+00 1.6E+0I 7.613+01 

Re-186 6.013-07 2.913-09 9.113-08 2.6E-06 4A4E-07 2.013-09 6.013-08 2.2E-06 
kr-192 8.AE-02 .713-03 5.3E-02 24-1 6.313-02 5.7E-03 3.913-02 1.913-0I1 
Pb-210 6.1E-04 6.913-05 3.813-04 1.913-03 4.E-014 4.9E-05 2.711-04 1.713-03 
Po-210 2A4E-06 2.8E-07 1.5E-06 7.2E-06 I.&E-06 I.8E-07 1.113-06 5.713-06 

Rn-22 O.OE+0O O.O134O0 O.OE+00 0.013+00 .013+00 0.EO 0.11+00 O.13+O00 
Ra-223 1.613-02 1.6E-03 9.613-03 5.31302 1213-02 9.9E-04 6.6E-03 4213-02 
Ra-224 1.613-05 7.2E-08 2.513-06 7.912-05 1.213-05 4.013-08 1.7E-06 6.013-05 
Ac-225 I 2E-03 1.O13-04 6.013-04 4.213-03 9.9&04 6.113-05 4.313-04 3213-03 

Ra-226 4.913+01 7.513+00 3.513+01I 1.E+02 3.7E+01 4.613+00 2.613+01 1.2E+02 
.Ac-227 8-5E+00 1313+00 62E+00 2.413+01 6.4E+00 8.IE-01 4.1E+00 1.SE+OI 
Th-227 4.913-02 6213-03 3213-02 1.413-01 3.7E-02 3.8E-03 2.3E-02 1.2E-0lI 
Th-228 3.5E+01 5.5E+00 2.4E+0I 9.613+01 2.6E+01 3.7E+00 1.7E+01 7.813+01 

Th-229 -6134+ 1.113+00 5.OE+0 I.811+01 5.2E+00 6.313-01 3.4134O0 1.7E+01 
Th-230 2.OE-02 2.913-03 1.5E-02 5A4E-02 1.613-02 2.OE-03 9.&E-03 5.1E-02 
Pa-231 SA4E-01 1.213-01 6.213-01 2.5130M 6A4E-01 7.81-02 4.2E-01 2.OE+O0 
TM-231 I.SE-10 M.E-19 2.3E-14 1.3E-09 1.513-10 5.613-19 I.813-14 9.OE-10 

Pa-233 2.OE.O1 2.813-02 U.E-01 5.413-01 1.513-01 1.9E-02 9.813-02 4.7E-01 
U-233 6.I13-03 U.E-03 4.013-03 1.7E-02 4.613-03 5.913-04 3.I13-03 1.3E-02 
Th-234 M.E-03 4.E-04 2.6E-03 1.113-02 3.013-03 3.IE-04 1.613-03 9.913-03 
U-234 1.813-03 3.013-04 1.2E-03 5.013-03 1.311-03 1.613-04 8.815-04 4.1E-03 

NP-237 4.813+00 7.7E-01 3.513+00 1.3E+01 3.7E+00 4.7E-01 2.413+00 1.OE+O1 
Pu-238 6.5E-04 1.1E-04 4.7E-04 I.7E-03 5.OE-04 6.4F,05 3.3E-04 I ME-3 
U-239 6.113-01 9.513-02 4.013-01 1.SE400 4.513-01 5.5E-02 2.9E-0 1.5E+00 
Pu-239 1313-03 2.1E-04 S.913-04 3.8E-03 9.7E-04 IAE-04 6.]E-04 3.JE-03 

Pu-241 4.OE-04 6.613-05 2.913-04 I.IE-03 3.O13-04 3.613-05 2.OE-04 8.713-04 
Am-241 1.9E-01 3.3E-02 1.3E-01 5.2E-01 1.41-01 2.013-02 9.513-02 4.6E-01 
Cm-242 3.213-04 5A4E-05 2.3E-04 8.813-04 2AE-04 3.3E-05 1.613-04 7.5E-04 
Pu-242 5.7E-04 9.SE-05 4.OE-04 1.6E-03 4.4E-04 5.IE-05 2.913-04 1.3F,03 

LTo convert these values to conventional units (n-myprpigo rmyper pCi/cm1), multiply by 3.70 &.03
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Table F.20 Dose factors for FE-SCRP-TRANSPO-W 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (pSvIy per Bqcmz2) 

Radionuclide Mean 56 50" 95* Mean 5f' 50* 9 5th 
H-3 0.0E+00 0.OE+00 0.0E+00 0.OE+00 0.OE+00 0.0E+00 0.OE+00 0.0E+00 
C-14 422E-04 2.6.-04 4.2E-04 5.71-04 3.1E-04 1.3E-04 2.92-04 5.8E-04 
Na-22 2.21+02 1.4E+02 2.2E+02 3.02+02 1.71+02 7.1E+O1 1.51+02 3.02+02 
P-32 1.3E-01 8.1E-02 1.31-01 1.81-01 9.91-02 4.2E-02 9.2E-02 1.81-01 

CI-36 3.4E-02 2.1E-02 3.41-02 4.71-02 2.6E-02 1.1E-02 2.4E-02 4.71-02 
K-40 1.61+01 1.02+01 1.6E+01 2.2E+01 12E+01 5.22+00 1.IE+01 2.2E+01 
Ca,41 0.OE+00 O.OE+00 0.OE+00 0.0E+O0 0.0E+00 0.02+00 0.01+00 0.0E+00 
Ca-43 1.5E-03 9.3E-04 1.5E-03 2.1E-03 1.11-03 4.8E-04 1.IE-03 2.IE-03 

Mn-54 8.51+01 5.3E+01 8.62+01 1.21+02 6.4E+01 2.7E+01 6.OE+01 1.2E+02 
Fe-55 0.0E+00 0.0E+00 O.OE+00 0.OE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Co-57 3.8E+00 2.4E+00 3.8E+00 5.2E+00 2.91+00 1.2E+00 2.72+00 5.3E+00 
Co-58 9.5E+01 5.8E+01 9.6E+01 1.3E+02 7.21+01 3.0E+01 6.62+01 1.32+02 

Ni-59 0.OE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Co-60 2.5E+02 1.623+02 2.6E+02 3.5E+02 1.9E+02 8.2E+01 1.8E+02 3.5E+02 
Ni-63 0.011+00 0.0o+00 o .o+00 0.o1+00 o.0o+00 o.0o+00 0.0o+00 o.OE+00 
Zn-65 6.0E+01 3.7E+01 6.02+01 8.2E+01 4.5E+01 1.9E+01 4.2E+01 8.22+01 

Se-75 2.5E+01 1.51+01 2.51+01 3.42+01 1.92+01 7.8E+00 1.7E+01 3.4E+01 
Sr-,85 4.7E+01 2.9E-101 4.7E+01 6.4E+01 3.6E+01 1.5E+01 3.3E+01 6.5E+01 
Sr-89 1.22-01 7.1E-02 1.2E-01 1.6E-01 8.82-02 3.72-02 3.1E-02 1.6E-01 
Sr-90 1.31-02 7.9E-03 1.3E-02 1.72-02 9.6E-03 4.12-03 8.9E-03 1.8E-02 

V1! IME® .'W' 

Mo-93 4.E-04 2.7E-04 4.32-04 5.9E-04 3.23-04 1.42-04 3.02-04 5.9E-04 
Nb-93m 722-05 4.5E-05 7.2E-05 9.91-05 5.4E-05 2.3E-05 5.02-05 9.9E-05 
Nb-94 1.6E+02• 1.OE+02 1.6E+02 2.3E+02 1.2E+02 5.32+01 1.1E+02 2.32+02 
Nb-95 7.2E+0I 4.5E+01 7.3E+01 9.9E+01 5.5E+01 2.3E+01 5.12+01 9.9E+01 S • ( ,• :• • '+ • . .. .. " ........ .. ., I' . , ,.;. . ... • :.W ..  

TC-99 2.8&-03 1.3E-03 2.8E-03 3.92-03 2.1E-03 9.1E-04 2.0E-03 3.923-03 
Rn-103 4.62+01 2.9E+01 4.7E+01 6.4E+01 3.5E+01 1.5E+01 3.21+01 6AE+01 
Ru-106 2.12+OI 1.32+01 2.1E+01 2.8E+01 1.62+01 6.6E+00 1.4E+01 2.82+01 
Ag-108m 1.62+02 1.OE+02 1.62+02 2.2E+02 1.21+02 5.2E+01 1.IE+02 2.22+02 

Ag-110m 2.82+02 1.81342 2.82+02 3.92+02 2.1E+02 9.1E+01 2.0E+02 3.93+02 
Sb-124 1.8E+02 1.11+02 1.84E02 2.5E+02 1.4E+02 5.72+01 1.32+02 2.5E+02 
1-125 6.5E-02 4.0E-02 6.6E-02 8.92-02 4.9E-02 2.1E-02 4.6E-02 9.0E-02 
Sb-125 4.1E+01 2.5E+01 4.1E+01 5.61+01 3.1E+01 1.3E+01 2.9E+01 5.61+01 

1-131 2.5E+01 1.5]+01 2.5E+01 3.62+01 1.92+01 8.02+00 1.7E+01 3.4E+01 
Ba-133 2.82+01 1.72+01 2.82+01 3.82+01 2.1E+01 9.0E+00 2.02+01 3.9E+01 
Cs-134 1.62+02 9.92+01 1.6E+02 2.2E+02 1.2E+02 5.11+01 1.12+02 222+02 
Cs-137 6.2E+01 3.82+01 6.22+01 8.5E+01 4.7E+01 2.0E+01 4.3E+01 3.5E+01
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Appendix F Steel Dose Factors 

Table F40O Dose factors' for FE-SCRP-TR4NSPO-W 
Mass dose factors (gSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 5th 50Ph 95th Meadn 5 th 50'b 95&h 

Ce-144 3.3E+00O2.OE+00 3.3E+00 4.5E+00 2.5E+00 LI.E+O0 2.3E+O0 4.5E+00 
Pmi-147 l.113-04 6.513-05 L.IE-04 IA4E-04 7.9E-05 3AE-05 7.4E-05 1.515-04 
Eu-152 1.1E+02 6.913+01 1.I13+02 1.S13+02 S4E+OI 1.6E+01 7.815+01 1.5E+02 
Eu-154 l.2E+02 7.5E+01 1.213+02 1.713+02 9.2E-+0I 3.913+01 8.5E+0I 1.7E+02 

7, ... 7,5E 

Re-186 2.S&01 1.413-01 2.4E-0I 3.9E-01 1.913-01 7.5E-02 1.7E-01 3.5E-O1 
Ir-192 7.IE+DI 4.4E+0l 7.113+01 9.7E+I01 5.4E+0OI 2.3E+-0l 5.OE-+0l 9.713+01 
Pb-210 1.6&-02 1.OE-02 1.613-02 2.213-02 1.2E-02 5.2E-03 1.IE-02 2.2E-02 
Po-210 8.3E-04 5. [E-04 8.3E-04 1.JE-03 6.3E-04 2.713-04 5.813-04 l.I13-03 

Rn-222 9.613+01 4.813+01 82E+01 1.315+02 6.513+01 2.613+01 5.9E+0l 1.2E+02 
Ra-223 1.813+01 1LE+O1 1.SE+Ol 2.5E+01 1.4E+01 5.7E+00 1.3E+0l 2.5E+01 
Ra-224 6.113I-01 3.413+01 5.9E+01 9.7E+01 4.611+01 1.815+01 4.2E+01 8.8E+Ol 
Ac-225 IAE+01 8.SE+OO 1.4E+01 2.013+01 i.IE+0I 4.5E+00 9.9E+00 1.913+0I 

Ra-226 I.7E-02 1.IE+02 1.7E+I02 2AE+02 1.3E+02 5.613+01 1.2E+02 2.4E+02 
Ac-227 1.OE+01 6.4E+00 L.OE+01 I.4E+0l 7.811+00 3.313+00 7.2E+00 l.4E+0l 
Th-227 5.913+00 3.613+00 5.9E+00 8.113+00 4.413+00 1.911+00 4.1E+O0 8.lE+00 
Th-228 1.3E+02 7.9E+01 1.313+02 1.7E+02 9.613+01 4.I11+01 8.9E+01 1.SE+02 

nh-229 7.9E+00 4.9E+00 7.9E+00 I.l15+01 5.913+00 2.513+00 5.S13+00 I.IE+0I 
Th-230 2.3E-03 IA4E-03 2.313-03 3.2E-03 1.7E-03 7AE-04 1.613-03 3.213-03 
Pa-231 2.lE+0O 1.313+00 2.lE+00 2.0E+00 1.6E+00 6.6E-0l l.4E+00 2.8E+00 
Th-231 1.513-02 3.3E-03 1.IE-02 3.9E-02 LI.E-02 1.9E-03 7.7E-03 3.2E-02 

Pa-233 1.315+01 8.IE+00 1.3E+01 1.SE+0 Il.OE+O 1 4213+00 9.3E+OO 1.813+01 
U-233 2.013-05 1.313-05 2.013-05 2.BE-05 1.513-05 6.5E-06 IA4E-05 2.9E-05 
Th-234 7.3E-01 4.5E-01 7AE-01 1.01+00 5.S-O&0 2.3E-01 5.I13-01 1.O13+00 
U-2.34 3.7E-04 2.313-04 3.7E-04 S.IE-04 2.8E-04 1.2E-04 2.613-04 5.IE;04 

Np-237 6.2E4+00 3.913OW 6.3E+O0 8.611+00 4.7E+O0 2.OE+0OO 4.4E400 9.61300 
Pu-238 1213-04 7.3E-05 1.2t-04 1.6E-04 S.E-05 3.813-05 8213-05 '1.6E-04 
U-239 3.3E-01 2.013-01 3.313-01 4.513-01 2.5E.-01 1.113-01 2.3E-01 4.5&-01 
Pu-239 4.515-05 2.8E-05 4.513-05 6.113-05 3AE-05 1AE-05 3.E-05 6.2E-05 

Pu-241 5.313-05 3.3E-05 5.4E-05 7AE-05 4.OE.05 1.713-05. 3SE-05 7.413-05 
Am-241 1.5E,01 9.3E-02 I -1.EO 2.113-01 1.IE-0l 4.811-02 1.O13-01 2 IE-Ol 
Cm-242 1.713-04 1.O13-04 1.713-04 2.313-04 1.3E-04 5.AE-05 12E-04 2.3E-04 
Pu-242 2.013-04 1.3E-04 2.013-04 M.E-04 1.SE-04 6.513-05 IAE-04 2.8E-04 

aL To convert these values to conventional units (rmyper pCi/g or mmnr/y per pCi/cm 2), multiply by 3.70 &-03
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Steel Dose Factors Appendix F 

Table F.21 Dose factor& for FE-SLAG-TRANSPO-W 

Mass dose factors (pSv/y per Bq/g) Surficial dose factors (IiSv/y per Bq/cm2) 

Radionuclide Mean 59' 500' 951h Mead 5"' 50*" 956
H1-3 
C-14 
Na-22 
P-32

0.0E+00 0.0E+00 
6.2E-07 1.8E-08 
4.5E+01 7.8E+00 
5.9E-03 3.7E-04

0.0E+00 
3.0E-07 
3.21+01 
3.21-03

0.01+00 
2.01-06 
1.2E+02 
2.212-02

0.OE+00 
4.5E-07 
3.4E+01 
4.41-03

0.0E+00 
1.21-08 

5.2E+00 
2.02-04

0.OE+00 
2.3E-07 
2.4E+01 
2.2E-03

0.0E+00 
1.7E-06 
1.0E+02 
1.6E-02

CI-36 3.5E-03 1.9E-04 2.01-03 1.3E-02 2.51-03 1.4E-04 1.4E-03 8.7E-03 
K-40 1.81+00 1.61-01 1.IE+00 5.6E+00 1.3E+00 I.IE-01 7.4E-01 4.0E+00 
Ca-41 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.OE+00 0.0E+00 0.OE+00 
Ca-45 5.4E-04 9.0E-05 3.8E-04 1.4E-03 4.1E-04 5.6E-05 2.9E-04 1.3E-03 
U . , 5- ....O3 1.392-',- t-- 3 - .'•' - f )'" • • _ ,
Mn-54 2.0E+01 3.5E+00 1.41+01 5.5E+01 1.5E+01 2.01+00 I.IE+01 4.2E+01 
Fe-55 0.0E+00 0.0E+00 0.0E+00 0.OE+00 O.0E+00 O.0E+00 0.0E+00 0.0E+00 
Co-57 4.7E-03 2.4E-04 2.5E-03 1.6E-02 3.6E-03 1.4E-04 1.7E-03 1.4E-02 
Co-58 9.4E-02 4.4E-03 4.9E-02 3.2E-01 7.0E-02 2.5E-03 3.3E-02 2.4E-01 

Ni-59 0.0E+00 0.01+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Co-60 3.4E-01 1.6E-02 1.7E-01 1.2E+00 2.5E-01 9.1E-03 1.3E-01 8.71-01 
Ni-63 0.013+00 0.01+00 .OE+00 0.O1+0 0.0E+00 0.01+00 0.01+00 0.0E+00 
Zn-65 7.8E-02 2.4E-03 4.0E-02 2.73-01 6.0E-02 2.0E-03 2.8E-02 2.2E-01 

Se-75 4.1E+00 5.8E-01 2.8E+00 1.2E+01 3.OE+00 3.5E-01 1.9E+00 8.7E+00 
Sr-85 1.4E+01 2.4E+00 9.81+00 3.5E+01 1.0E+01 1.4E+00 6.91+00 2.9E+01 
Sr-89 3.11-02 5.3E-03 2.2E-02 8.1E-02 2.3&-02 3.31-03 1.4&-02 6.6E-02 
Sr-90 5.1E-03 9.4E-04 3.7E-03 1.4E-02 3.91-03 6.0E-04 2.5E-03 1.IE-02 

Mo-93 6.0E-07 2.6E-08 3.2E-07 2.1E-06 4.3E-07 1.6E-08 2.3E-07 1.6E-06 
Nb-93m 2.91-05 5.1E-06 2.1E-05 7.72-05 2.21-05 3.4E-06 1.5E-05 6.4E-05 
Nb-94 6.7E+01 1.1E+01 4.9E+01 1.8E+02 5.0E+01 6.8E+00 3.4E+01 1.4E+02 
Nb-95 1.6E+01 2.51+00 1.IE+01 4.4E+01 1.2E+01 1.6E+00 8.4E+00 3.6E+01 

Tc-99 3.9E-06 1.8E-07 2.1E-06 1.4E-05 2.9E-06 1.4E-07 1.32-06 1.0E-05 
Ru-103 3.61-02 1.51-03 2.1E-02 1.2E-01 2.72-02 92E-04 1.4E-02 9.7E-02 
Ru-106 2.72-02 9.5E-04 1.6&_02 9.3E-02 2.2E-02 5.2E-04 1.0E-02 8.21-02 
Ag-10$m 2.21-01 7.2E-03 1.2&-01 8.0E-01 1.72-01 4.6E-03 8.4E-02 6.4E-01 

V.4'd.4J.. L. , - , _7P 'UAl-, fi !9A 

Ag-110M 3.5-0! 1.32-02 2.011-01 1.22+00 2.621-01 7.02-03 1.4E-01 8.4E-01 

Sb-124 5.1E+00 2.9E-01 3.01+00 1.7E+01 4.0E+00 1.6E-01 2.1E+00 1.4E+01 
1-125 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 
Sb-125 1.6E+00 8.1E-02 9.0E-01 5.4E+00 1.2E+00 5.IE-02 6.9E-01 4.0E+00 

1-131 0.0E+00 0.0E+00 0.0E+00 0.OE+00 0.0E+00 0.OE+00 0.OE+00 0.0E+00 

Ba-133 .IE2+01 2.1E+00 8.1E+00 3.0E+01 8.4E+00 1.4E+00 5.6E+00 2.5E+01 
Cs-134 1.7E+00 2.3E-01 1.1E+00 5.3E+00 1.3E+00 1.42-01 82E-01 3.9E+00 
Cs-137 6.7E-01 8.3E-02 4.42-01 1.9E+00 5.02-01 5.0E-02 3.22-01 1.7E+00
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Table F.Zj Dose factors' for FE-SLAG-TRANSPO-W 
Mass dose factors (pSv/y per Bq/g)- Surficial dose factors (pSv/y per Bq/cm2)

Radionuclide Mean 51h 501 95m 

Ce-144 1.2E+00 2.213-01 912E-01 31E+00 
Pm-147 4.2E-05 7.5E-06 3.OE-05 L.IE-04 
Eu-152 4.5E+01 7.9E+00 3.4E+01 1.2E+02 
Eu-154 4.9E+01 8.8E+00 3.6E+01 1.3E+02 

Re-186 2.9E-05 L.IE-07 3.9E-06 1.5E-04 
Ir- 192 4.5E-01 5211-02 2.9E-01 1.3E4-00 
Pb-210 I.E-04 2.013-05 9.5E-05 4.813-04 
Po-210 7.BE-06 9A4E-07 5.6E-06 2.3E-05 

Rn-r 0.EO O.OE1+00 0.'OEý+OO0 O'.OE'+O() 
Ra-223 1.3E+00 1.2E-01 7.5E-01 4.3E+00 
Ra-224 2.8E-01 LIlE-03 4A4E-02 1.6E+00 
Ac-225 8.6E-Ol 6.4E-02 4.4E-Ol 3.IE+00

Ra-226 7.1E+Ol 1.313+01 S.IE+Ol 1.913+02 5.3E+01 7.1E+00 3.E+Ol0 l.4E+02 
Ac-227 4.2E+OO 7.2E-01 3.OE+OO IIE+O1 3.lE+OO 4.6E-01 2.2E+OO 9.0E+O0 
TM-227 7.9E-01 L.OE-OI 5.4E-O1 2.3E+O0 5.9E-01 7.2E-02 3.9E-01 2.0E4-OO 
Th-228 5.013+01 9.2E-1-0 3.6E+FOI1l.3E402 3.813+01 5.4E4-00 2.6E+01 LIlE+02 

Th-229 32E+00 5.4E-O 2.3E+00 8.OE+OO 2AE+OO 3.5E-01 1.6600O 7.5E+00 
Th-230 9.3E-04 L.SE-04 6.5E-04 2.5E-03 7.OE-04 L.OE-04 4.513-04 2213-03 
Pa-231 8.AE-01 1.5E-01 6.1E-O 2-3E+00 6.3E-01 7.9E-02 4A4E-01 IJgE+0O 
Th-231 3.6E-08 5.3E-17 3.9E-12 2A4E-07 2.613-08 4.7E-17 2.2E-12 1.5E-07 

Pa-233 2.5E+00 3AE-Ol 1.7E+00 7.1E+OO L.SE+OO 2.5E-01 l.2E+00 5.3E+00 
U3-233 S.2E-06 1.5E-06 6.IE-06 2.2E-05 6.313-06 L.OE-06 4.1E-06 1.9E-05 
.n-234 1.3E-01 2.013-02 8.3E-02 3.9E-01 9.6E-02 1.3E-02 5.7E-02 3.E-OI 
U3-234 1.5E-04 2.8E-05 1.1&-04 3.8E-04 L.IE-04 1.6E-05 7.5E-05 3.2E-04 

Np-237 2.6E-.00 4.2E-01 1.9E+00 6.5E+00 1.9E+00 2.7E-01 1.3E+00 6.lE+OO 
Pu-238 4.8E-05 9.IE-06 3.6E-05 1.3E-04 3.6E-05 5.2E-06, 2.5E-05 I.OE-04 
U-23g 1.3E-01 2.3E-02 9.7E-02 3.4E-O1 9.SE-02 1.5E-02 6.8E-02 2.E-0I 
Pu-239 1 BE-OS 3A4E-06 M.E-05 4.813-05 1.4E-05 1.9E-06 9.4E-06 4.OE-05 

Pu-241 2.2E-0 '4.IE-06 1.6&-05' -5.8E-05 l.6E-O5 2.5E-06 lIJE-05 4.9E-05 
Am-241 6.OE-02 1.IE-02 4.E-02 1.6E-01 4.613-02 7.3E-03 3.OE-02 1.3E-01 
Cm-242 6.OE-05 L.IE-05 4.E-05 1.6E-04 4.5E-05 6.IE-06 3.3E-05 M.E-04 
Pu-242 9.2E-05 l.6E-05 5.9E-05 2.2E-04 6.3E-05 8.SE-06 4.OE-05 2.OE-04 

Z,~' ' I VO J ~I D lt"M by, 
a. To convert these values to conventional units (mrcxny per pCi/g or mrem/y per i=2mutpyb3.0E3
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Mea 5'sh 50& 95*t 

~4.3E-0i~157.2 29EO' L+Q 
9A4E-01 1.4E-Ol 6.5E-01 3.OE4-OO 
3.2E-05 4.7E-06 2.2E-05 9.2E-05 
3.4E+Ol 4.SE+FOO 2.3E-FI-O 10E+02 
3.7E+01 5.2E+00 2.4E+O1 L.IE+02 

2213-05 6.8E-08 2.BE-06 1.IE-04 
3.513-01 3.3E-02 2.IE-O1 1.JE+OO 
1.2E-04 1.2E-05 6.9E-05 4.013-04 
5.9E-06 6.3E-07 3.9E-06 l.8E-O5 

O.O11-+-0 O.OE+OO O.OE+OO O.OE-I-O 
9.9E-01 S.OE-02 5.5E-01 3,3E+00 
2.IE-OI 8.5E-04 3.2E-02 I.1E+OO 
6.3E-01 4.4E-02 3.3E-01 2.2E+OO
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Table F.22 Dose factore for FEEAMflTRANSPO-W 
Mass dose factors (paSv/y per Bq/g) Surficial dose fhctors (jLSv/y per Bq/cm2l) 

Radionuclide Mean P~ 500' 95"' Meai 5P 501b 95* 
H-3 O.OE+OO 0.OE+O0 0.OE+00 O.OE+00 O.OE+00 0.OE+O0O .OE+O0 0.OE+OO 
C-14 1.SE-05 I-SE-06 1.2E-05 5.7E-05 M.E-05 M.E-06 S.IE-06 4.6E-05 
Na-22 4.IE+02 7.3E+01 2.9E+02 I.E+03 3.2E+02 4.6E+01 1.9E+02 9.2E+I02 
P-32 7.8E-02 5.3E-03 4.3E-02 2.9E-01 5.$E-02 3.7E-03 2.9E-02 2.IE-Ol 

3" iv.S'.~ ~~ 
CI-36 4ý.3E-02 5.OE-03 2.7E-02 1.3E-01 3.2E-02 3.E-03 1.9E-02 1.0'-O1 
K-40 5.2E+01 9.2E+00 3.8E+01 l.4E+02 4.OE+Ol 5.7E+00 2.6E+01 1.2E+02 
Ca-41 0.OE+O0 0.09+00 O.OE+00 0.OE+00 0.OE+O0O .OE+O0O0.OE+O0 O.OE+O0 
Ca-45 L.IE-04 L.OE-05 7.3E-05 3.E-04 8.&E-05 6.SE-06 4.9E-05 2.SE-04 

Mn-54 5.6E+00 6.7-OI 3.4E+00 1.7E+01 4.2E+00 3.5E-01 2.5E+00 l.4E+Ol 
Fe-55 0.OE+O0 0.OE+O0 0.OE+00 0.OE+00 0.OE+00O .OEOO 0O.OE+00O .OE+0O 
Co-57 1.5E-01 1.5&-02 9.3E-02 4.6E-01 1.2E-01 I.OE-02 6.9E-02 3.9E-01 
Co-SB 3.1E400 3.7E-01 2.OE-4-0 8.9E+00 2.3E+00 2.3E-01 1.4E+00 7.2E+00 

Ni-59 0.OE+O0 0.OE+OO 60'E'+00 0.OE+O0 0.OE+OO O.OE+00 0.OE+00O0.OE+O0 
Co-60 U.E+0I 1.IE+OO 7.2E+00 3.lE+0l 8.IE+O0 8.2E-01. 4.7E+00 2.5E+01 
Ni-63 0.OE+O0 0.OE+OO 0.OE+00 0.OE+OO 0.OE+O0 0.OE+O0O .OE+OO 0.OE+O0 
Zn-65 2.IE+02 4.OE+OI 1.5E+02 5.8E+02 1.6E+02 2.3E+01 I.OE+02 4.9E+02 

S'Of 

Se-75 3.6E+01 13K+O 2.2E+01 1.2E+02 2.7E+01 L.OE+OO 1.6E+01 9.3E+01 
Sr-85 2.9E+00 2.8E-O1l .8E+OO 8.9E+00 2.2E+00 1.7E-01 1.3E+00 7.IE+OO 
Sr-89 V.E-03 6.5&-04 4.2E-03 2.OE-02 4.9E-03 4.4E-04 3.E-03 L.SE-02 
Sr-90 I.IE-03 9.OE-05 6.8E-04 M.E-03 S.lE-04 6.IE-05 4.5E-04 2.7E-03 

Mo-93 1.9E-05 2.OE-06 1.2E-05 5.6E-05 IA4E-05 I.4E-06 8.7E-06 4.IE-05 
Nb-93m 6.3E-06 5.5E-07 3.7E-06 2.2E-05 4.7E-06 3.6E-07 2.5E-06 1.5E-0S 
Nb-94 1.4E+O1 1.2E+00 9.5E+O0 4.8E+O1 LI.E+O1 8.3E-01 5.7E+-00 4.OE+Ol 
Nb-95 3.6E-I-0 3B-0l 2.3E-400 1.IE+0l 2.7E+FOO 2.lE-O1 1.5E+00 9.OE+O0 

TC-99 1.2E-04 IA4E-05 8.OE-O5 3.5E-04 8.8E-05 9.6E-06 5.7E-05 2.9E-04 
Ru-103 1.2E4.00 I.4E-01 7.9E-01 3.8E+OO 8.8E-01 8.6E-02 5.5E-01 2.gE+O00 
Rii-106 L.2E-O1 9.7E-02 M.E-O1 -2.6E+00 6.4E-O1 6.3E-02 3.7B-O1 2.04-00 
A&-lO&m 7.OE+0OO 7.6E-01 4.5E+00 2.IE+01I 5.2E+OO 4.SE-01 3.4E+O0 1.6E+01 

Ag-110m I.IE+OI IE-IOO 7.IE+00 3.3E+01 8.3E+06 i.lE-Ol 5.1E+OO 2.5E+01 
Sb1,24 1.9E+00 6.6E-02 1.IE+00 6.IE+OO 1.4E+00 4.SE-02 7.OE-0l 4.SE+0O 
1-125 O.OE+0O O.0E400 0.OE+00O .OE+00 O.OEOO 0O.OE+O0O .OE+OO O.OE+O0 
Sb-125 5.7E-0l 2.2E-02 3.2E-0l1l.9E+00 4.5B-O1 l.E-02 22E-01 1.6E+00 

1-13 1 O.OE+OO O.OE+OO 0.OE+00 O.OE+O0 O.OE+00O0.OE+O0 0.OE+00 0.OE+OO 
Ba-133 2.3E+00 2.2E-01 I.4E+OO 7.2E+00 1.7E+00 l.7E-Ol 9.9E-Oll 5.8E+00 
Cs-134 6.6E+02 l.IE+02 4.7E+02 1.7E+03 4.9E+02 7.2E+01 3.3E+02 1.3E+03 
Cs-137 2.6E+02 4.SE+0l l.8E+02 6.8E+02 2.OE+02 2.&E+01 1.3E-I02 5.9E+02
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Table F.22 Dose factors8 for FE-EAFD-TI ASPO-w 
Mass dose factors (IgSv/y per.Bq/g) Sufficial dose factors (jiSvly per Bq/cmn2) 

Radionuclide Mean 5 ~ 50 951h Mean 56 50"' 95* 

Ce-144 2.7E-O1 2.7E-02 1.5E-01 8.EO I 2.OE-OI 1.6E-02 L.E-0I 6.4E-O1 
Psn-147 9.2E-06 8.2E-07 5A4E-06 2.E-05 7.OE-06 5.IE-07 3.8E-06 2.5E-05 
Eu-152 9.2E+00 I.OE+OO 5.9E+00 2.8E+01 6.9E+00 6.5E-01 3.9E+00 2.3E+01 
Eu-154 9.9E+00 1.IE+OO 6.OE+00 3.2E+01 7.5E+00 7.6E-01 4.4E+OO 2.6E+01 

Re-186 9SE-03 4.9E-05 1.7E-03 4.6E-02 7.2E-03 M.E-05 1.2E-03 3AE-02 
lr-192 1.2E+02 6.3E+00 6.7E+01 4.0E402 8.9E+01 3.7E+00 4.9E+01 3.4E+02 
Pb-210 6.E-02 l.IE-02 4.SE-02 1.SE-O1 5.OE-02 7.OE-03 3.5E-02 1.E-O1 
Po-210 3.OE-03 5.7E-04 2.lE-03 7.9E-03 2.2E-03 '3.SE-04 1.6E-03 6.3E-03 

Rn-222 OA)E+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ra-223 3.3E-O1 2.OE-02 1.7E-01 LIlE+OO 2.4E-O1 1.3E-02 1.2E-01 8.2E-01 
Ra-224 8.8E-02 4.9E-04 1.5E-02 4.OE-O1 V.E-02 3.7E-04 1.OE-02 3.3B-01 
Ac-225 2.IE-OI 1.3E-02 I.IE-OI 9.7E-01 1.5E-01 7.9E-03 7.4E-02 5.7E-OI 
Ra-225 9.2E-04 5.6E-05 4.E-04 2.9B-03 5.8E-04 3.9E-05 2.9B-04 2.1E-03 

Ac-227 9.9E-01 7.6E-02 5.2E-01 2.8E+00 6.8E-01 5.1E-02 M.E-O1 2.4E+00 
nh-227 1.9E-01 1.5E-02 1LIE-O1 7.IE-OI IA4E-01 9.3E-03 7.5E-02 5.1E-0l 
Ih-228 11E+O1 8.AE-01 6.4E+OO 3.SE+O1 8.3E+00 6.2E-01 4-SE+00 3.1E+O1 

Th-229 6.SE-OI 6.lE-02 4.E-O1 2.3E+00 5.IE-0l 3JE-02 2.9E-01 1.7E+00 
Th-230 2.OE-04 l.7E-O5 1.2E-04 6.4E-04 1.5E-04 1.3B-05 S.JE-05 5.RE-04 
Pa-231 i.7Eoi i.8m0 u.E-61 5IE-O1 M2E-0I L.IE-02 7.5E-02 3.9E-01 
11-231 1.6E-08 5.8E-16 6.6E-12 8.9E,08 1.3E-08 4.5E-16 4.5E-12 6.9M-0 

Pa-233 5.6E-01 5.6E.02 M.E-O1 1.7E+00 4.E-01 3.5E-02 2.4E-O1 1.SE+OO 
U-233 1.SE-06 l.7E-07 1.IE-06 6.2E-06 1.3E-06 1.2E-07 7.4E-07 4.7E-06 
7h-234 2.9E-02 2.4E-03 I.SE-02 I.OE-OI 2.2E-02 l.SE-03 L.E-02 7-5M-0 
U-2.34 3.3E-05 2.8E-06 2.OE-05 LI.E-04 2.4E-05 1.9E-06 1.4E-O5 8.2E-05 

-~ ~ PUTW..  
Np-237 5.2E-01 4.8E-02 3.3E-01 1.7E+0O 4.OE-Ol 3.2E-02 2.2E-01 I.4E+OO 
Pu-238 9.SE-06 9.6E-07 5.BE-06 3.2E-05 7.2E-06 5.6"-7 4.2E-06 2.3E-05 
U-239 2.9E-02 2.7E-03 1.7E-02 9.7E-02 2.2E-02 1.7E-03 1.2E-02 7.9E-02 
Pu-239 3.SE-06 3.9E-07 .2.3E-06 1.2"-5 2.9E-06 2.2E-07 I.6E-06 9.8E-06 

Pa-241 4.5E-06 4.2E-7 2.6E-06 IA4E-05 3AE-06 2.9E-07 l.9E-06 L.IE-05 
Am-241 1.2E-02 1.2".3 7.6E-03 4.OE-02 9.6E-03 7.OE-04 5.4E-03 3.IE-02 
Cm-242 1.3E-05 1.2E-06 7.6E-06 4.2"-5 9.4E-06 8.AE-07 5.7E-06 3.E-05 
Pu-242 1.7E-05 1-.5E-06 LOE-OS__5.5E-05 1.3E-05 9.7E-07 7.7E-06 4.4E.05 

a. To convert teevalue4s" to conv-entional unilts (mrezny per pCifg or mrmm/y per pCi/cm2), multiply by 3.70 E-03
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Table F.23 Dose factors' for FE-METL-TRANSPO-W 
Mass dose factors ( I&Svly per Bq/g) Surficial dose factors (itSv/y per Bq/cm2) 

Radionuclide Mean 5mb 50"' 95"' Mean 5th 506 ; 95"' 
H-3 O.OE-i-O O.OE+OO O.OE+OO O.OE+OO O.OE-I-O O.OE-I-O O.OE+OO O.OE+OO 
C-14 2.8E-05 5.5E-06 2.1E-O5 6.9E-05 2.1E-O5 3.4E-06 1.513-05 5.4E-05 
Na-22 5.OE-02 2.1E-03 2.6E-02 1.813-01 3.8E-02 1.211-03 1.9E-02 1.411-01 
P-32 6.3E-05 1.813-06 3.OE-05 2.6E-04 4.7E-05 U.E-06 2.IE-05 1.813-04 

C1-36 1.6E.05 2. 1E6 IOE-05 5.OE-05 I .2E-05 1.5E-06 7.IE-06 3.9E-05 
K-40 4.QE-03 1.5E-04 2.1E-03 1.513-02 3.OE-03 9.9E-05- 1.5E-03 1.311-02 
Ca-41 O.O13+00 O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.OE+OO 
Ca-45 3.E-07 1.213-08 1.7E-07 1.213-06 2-3E-07 S.IE-09 1.I1E-07 9.3E-07 

Mn-54 -2.1E+OO M.E-O1 1.513OM 5.7E+OO 1.6E+00 2.1IE-01 I.O134-0 4.7E+FOO 
Fe-55 O.OE+OO O.OE+OO O.OE+OO O.OE+OG O.OE+OO O.OE+OG O.O11+O0 O.OE+OO0 

Co-57 2.4E-O1 4.4E-02 1.613-01 6.5E-01 1.8E-OI 3.OE-02 1.213-01 5.213-01 
Co-58 4.713+00 8.5E-01 3.4E+00, 1.213+01 3.5E4+00 5.1E-O1 2.4E+OO 9.7E+OO 

Ni-63 O.OE+OO O.OE-4OO O.OE+OO O.OB+OO O.OE+OO0 0.OE3+-0 O.OE+O O.O13+00 

Zn-65 3.SE-O1 2.OE-02 2.3B-O1 1.2E-1-0 2.913-01 1.2E-02 1.6E-01 9.513-01 

S.-75 5.613-01 2.813-02 3.3E-01 I.8E+OO 4.IE-O1 1.8E-02 2.413-01 1.E+OO 
Sr-SS 7.7E-03 2.611-04 4.E-03 3.011-02 5.7E-03 1.7E-04 3.OE-03 2211-02 
Sr-89 1.7E-05 6.413-07 B.SE-06 5.7E-05. 1.3E-05 4.713-07 6.4E-06 5.O13-05 
Sr-90 3.OE-06 1.OE-07 1 .613-06 I .E-O5 2.213-06 7.213-08 1.2E-06 7.413-06 

Mo-93 3.013-05 5.5E-06 2.2E-05 9.2E-05 2.3E-05 3.5E-06 15O5 6.3E.05 
Nb-93m 1.7E-08 7.OE-1O 9.3E-09 5.4E-08 1.313-09 4.6E-10 6.313-09 4.311-09 
Nb-94 3.SE-02 1.5E-03 2.3E-02 1.3E-01 2.913-02 8.413-04 1.6E-02 1.111-01 
Nb-95 8.7E-03 2.9E-04 4.9E-03 3.OE-02 6.5E-03 1.713-04 3.213-03 2.4E-02 

TC-99 2.OE-04 3.SE-05 1.4E-04 5.213-04 1.5E-04 2.IE05 .13O-044.6E-04 
Riz-103 1.SE+00 2.811-01 1.3E+00 4.813+00 1.3E+00 1.SE-OI S.&E-O1 4.213+00 
Ru-106 1.3E+00 2.311-01 1OE+OO 3.5E+00 1.013+00 1.3E-01 7.213-01 2.713+00 
Ag-1O8m 1.1E+OI 2.OE+0O S.1EOO0 2.9E+01 8.513+00 1.3E+00 5.9E+00 2.6E+01 

Ag-Ib0M I8E401 3.4E+00 1.3E+01 4.5E-f01 1.3E+01 2.1E+OO 9.213+OO 3.7E+01 
Sb-124 7.913+00 1.3E+00 5.5E+00 2.113+01 6.OE+OO 8.OE-O1 3.9E+00 1.SE+O1 
1-125 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.0E400 O.OE+OO O.OE+OO O.OE+OO 
Sb-125 2.6E+00 4.0E-01 1.&E+00 7.OE+OO 2.OE+OO 2.SE-0I 1.2E+00 6.IE+0O 

1-13 1 O.OE+OO O.O13+00 .013+00 .013+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ba-133 6.6E-03 2.4E-04 3.513-03 2.313-02 5.OE-03 1.611-04 2.4E-03 1.913-02 
Cs-134 3.5E-02 1.6E-03 2.OE-02 1.2E-01 2.611-02 1.IE-03 1.5E-02 B.4B-2 
Cs-137 1.4E-02 6.O13-04 9.2E-03 4.&E-02 1.113-02 3.7E-04 5.5E-03 4.2E-02
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Table F.23 Dose factors' for FE-METL-TJANSPO-W 
Mass dose factors (ptSv/y per Bqfg) Surf icial dose factors (ttSv/y per Bq/cm2) 

Radionuclide Mean 51' 50"' 951h Mean 51' 50"' 95w' 

Ce-144 7.2E-04 2.2E-05 4.OE-04 2.6E-03 5.4E-04 1 .6E-05 2.812-04 1 .9E-03 
Pm-147 2.5E-08 6.9E-10 1.2E-08 9.013-08 1.913-08 4.913-10 9.1E-09 6.9E-0S 
Eu-152 2.611-02 1.O13-03 1 .513-02 1 .OE-01I 2.OE,02 6.413-04 9.7E-03 7.313-02 
Eu-154 2.913-02 1.313-03 1.5E-02 1.2E-01 2.I13-02 6.513-04 1.1E-02 7.9M0 

9- -, -ý -3 E -4 E-04 ý9~4~3 .0&oE5 j, 
Re-186 6A4E-05 1.313-07 6.213-06 3.313-04 i.613-05 8.I13-08 4.5E-06 2.4E-04 
Ir-192 1.813+00 9.2E-02 1.O13+00 5.911+00 IAE-I0O 5.213-02 7.8E.O1 4.6E+00 
Pb-2 10 2.613-05 3.OE-06 .813-05 7.8E-05 2.OE-05 I .&E.06 1 .2E-05 6.713-05 
Po-210 1-613-07 6.513-09 9.3E-08 SA4E-07 1211-07 4A4E-09 6.113-08 4.E-07 

Rn-222 0.OE+00 O.OE+O0 0.O13+00 O.O13+00 0.OE+00 O.OE+00 0.OE+00 0O.OE+00 
Ra-223 3.913-03 1-913-04 1-713-03 1 .513-02 2.8E-03 I .11-04 1.313-03 9.13E-03 
Ra-224 5.6E-04 1.I11-06 6.011-05 M.E-03 3.813-04 6.713-07 3,911-05 2.I15-03 
Ac-225 3.813-04 7.9E-06 1 .513-04 1 .711-03 2.813-04 5A4E-06 I OE-04 1 .2E-03 

Ra-226 2.6&-01 2A4E-02 1.6E-01 8.713-01 1.9E-01 1.5"-2 I.l1-01 6.313-01 
Ac-227 2.513-03 7.7E-05 1.4E-03 9.7E-03, 1.E-03 6.811-05 9.IE-04 67413-03 
Ih-227 4.OE-04 1.313-05 l.SE-04 1.613-03 2.913-04 6A4E-06 1.41-04 1.213-03 
Th-228 2.9E-02 1.313-03 ME E-02 1.013-01 2.313-02 7.113-04 1.I13-02 9.I13-02 

Thb-229 1E-3 7.613-05 ý9.6E-04' 6.2'E-03 -1.313-03 5.613-05 7A4E-0-4 4.6E-03 
Th-230 5.5E-07 2213-08 2.813-07 2.OE-06 4.E-07 IA4E-08 1.913-07 1.613-06 
Pa-231 4.7E-04 1.613-05 2.7E-04 1.6"-3 3.5E-04 1.013-05 1.913-04 1.2E-03 
Th-231 2.213-12 3.7E-22 1.1E-16 S.1E-12 1.5E-12 3.313-22 7.613-17 5.313-12 

la23 .313-03 4.613-05 6.613-04 4.613-03 9A4E-04 3.013-05 5.l13-04 3.S13-03 
U-233 4.9E-09 1.9.1-10 2.811-09 1.713-08. 3.6EI-09 1.I13-10 1.&E-09 1.313-08 
Th-234 6.7E-05 2.4E-06 3.2E-05 2.5E-04 4.913-05 1.6"-6 2.1E-05 2.013-04 
U-234 9.OE-08 3211-09 5.2E-08 3.5E-07 6.811-08 2.213-09 3.3E-08 2.711-07 

Mt E' 

Np-237 1.5E-03 4.IE-O5S .IE-04 5.4E-03 1.IE-03 2.BE-05 5.4E-04 4.2E-03 
Pu-238 2.$E-08 1.1E-09 1.4E-0S 1.011-07 2.111-08 7.413-10 1.1"-S 9.311-08 
U-238 7.713-05 2.913-06 4.613-05 2.6E-04 5.8E-05 1.811-06 3.2E-05 2.OE-04 
Pu-239 1.OE-08 4.013-10 5AE-09 3.613-08 7.911-09 3.013-10 3.8E-09 2.911-08 

4 741Iý:ý 
Pu-241 1.3E-0S 5.5E-10 6.8E-09 4.4E-08 9.113-09 3A4E-10 4.813-09 3.213-09 
Am-241 M.E-05 1.E-06 2.013-05 1.2E.04 2.5E-05 9213-07 1-413-05 8.413-05 
Cm-242 3.5E-08 1.213-09 1.8E-08 1.313-07 2.613-08 9.611-10 1.211-08 9.113-08 
Pu-242 4.7E-08 2.2E-09 2.513-09 1.713-07 3.513-08 1.5E-09 1.7E-08 1.313-07 

- 'A~y-~T 

a. To convert these values to conventional uts(mhremly per pCi/g or mren/y per pCi/cm% multiply by 3.70 "-3
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Table F.24 Dose factors' for FE-BOFD-DISPOSL-W 
Mass dose factors (pLSv/y per Bq/g) Surf icial dose factors (paSv/y per Bqtcm2) 

Radionuclide Mean 5 od, 95t& Mean 5 d' 50A' 951h 
H-3 O.OE+OO O.013+00 O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 5.413-07, 2.113-09 3.6E-07 1.713-06 4.OE-07 1.E-08 2.413-07 1.413-06 
Na-22 3.511-01 2.l13-02 3.013-01 9.213-01 2.7E-0I 1.5E-02 2.013-01 7.2E-01 
P-32 8.O13-05 2.7E-06 4.613-05 3.213-04 6.OE-O5 2.OE-06 3.I13-05 212E-04 

CI-36 1.113,04 8.3E-0 8.813-05 2.9E-04 8.613-05 5.7E-06 6.OE-05 2.313-04 
K-40 4.5E-02 3.lE-03 3.SE-02 I.111-01 3A4E-02 2.I13-03 2.511-02 9.713-02 
Ca-41 8.9E-07 4A4E-09 5.5E-07 3.2B-06 6.813-07 3.OE-08 3.813-07 2A4E-06 
Ca-45 2.5E-06 9.9E-08 1.613-06 7.811-06 1.9E-06 7.1"8O LI.E-06 6.E-06 

Sý JT 'A 6

Mnt-54 4.513-03 2.511-04 3.OE-03 IA4E-02 3.513-03 1.6E-04 2.1E-03 1.211-02 
Fe-55 2.613-06 IA4E-07 1.9E-06 7.6E-06 2.OE-06 9.113-08 1.311-06 6.613-06 
Co-57 2.6E-04 M.E-05 1.9E-04 7.E-04 2.013-04 LIE-OS 1.313-04 6.313-04 
Co-58S 2.413-03 I .E-04 1 .7E-03 7.413-03 1.813-03 8.7E-05 1. IE-03 5.813-03 

Ni-59 - .3E-07- 7.SE-09 1.I.E-07 "'3.413-07 1OE-O7 5.3E,09 7.4E-O 2.813-07 
Co-60 9.213-03 4.2E-04 7.I13-03 2.513-02 7.013-03 3.2E-04 4.8E-03 2.I13-02 
Ni-63 3.613-O7 1.513-08 2.7E-07 9.713-07, 2.713-07 1.211-08 1.813-07 M.E-O7 
Zn-65 1.813-01 9.l13-03 1.5E-01 4A4E-01 1.313-O 6.911-03 1.O13-01 3.613-O1 

Se-75 i.713-02 I.O13-03 "2.4'E*-02-- I.2'E-`O1i 2.9E-02 6.811-04 1.613-02 9.5E-02 
Sr-S5 2311-03 1 .313-04 IA.E-03 7.2E-03 1.813-03 7.3E-05 8.711-04 5.713-03 
Sr-S9 1.313-05 6.SE-O7 9.OE-06 3.713-05 9.513-06 4.5E-07 6.3E-06 3.E-05 
Sr-90 3.013-04 1.513-05 2.IE-04 L.OE-03 2.3E-04 9.613-06 1.513-04 7.3E-04 

-~ 9~U2-2~2 ~T6 
Mo-93 3.213-06 l.8E-07 2.3E-06 8.9E-06 2.51-06 I.I11-07 1.6E-06 7.7E-06 
Nb-93m 5.613-06 2.313-07 3.5E-06 1.7E-05 4.213-06 1.513-07 2.511-06 1.313-05 
Nb-94 I.113-02 5A4E-04 7.7E-03 3.313-02 S.E-03 3.213-04 5.1E-03 M.E-02 
Nb-95 2.5E-03 I.IE-04 1.611-03 SA4E-03 1.913-03 7.IE-05 1.2E-03 6.9E-03 

TC-99 1.211-06 7.713-08 9.213-07 3.3E-06 8.8E-07 4.913-08 6.313-07 2.6E-06 
Ru-103 8.O13-04 3.7E-05 5.513-04 2.5E-03 6.013-04 3.OE-O5 4.011-04 2.OE-03 
Ru-106 4.7E-05 2.3E-06 3.6E-05 1.4E-04 3.6E-05 1.413-06 2.313-05 LI.I-04 
Ag-lO8m 5.713-03 3.213-04 4.OE-03 1.6E-02 4.211-03 2.1E-04 2.9E-03 1.3E-02 

Ag-I10 -1 S9M-3 5.E-04 6.513-03 2.7E.02 6.8E-03 3.213-04 4.5E-03 2A4E-02 
Sb-124 1.513-03 3.8&-05 7213-04 .5.4E-03 I.E-03 2.SE-O5 5.013-04 4.313-03 
1-125 O.013+00 O.OE+OC) O.OE+OO O.0E3+00 O.OE+OO O.O13+00 O.OE+OO O.O13+00 
Sb-125 4.4E-04 1.E-0S 2.5E-04 -1.6E-03 3213-04 9.4E-06 1.7E-04 1.213-03 

1-13 1 O.OE-I.O O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ba-133 2.313-03 9.SE-05 1.5E-03 7.OE-03 I.8E-03 5.313-05 1.OE-03 5.SE-03 
Cs,-134 5.3E-01 2.911-02 4.2E-01 1.413+00 4.OE-OI 2.OE-02 3.2E-01 l.113+00 
Cs-137 1.5E-03 U.E-05 1.3E-03 4.013-03 1.IE-03 6.113-05 M.E-04 3.113-03 
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Appendix F Steel Dose Factors 

Table F,24 Dose facOrs for FE-BOFD-DISPOSL-W 
Mass dose factors (;tSvly per Bq/g) Surficial dose factors (p&Sv/y per Bq/cm2) 

Radionuclide mean 95Oh Mean P 0h 9* 

Ce-la l1.5E-04 6.9E-06 l.E0 .E0 ll-46S-6 .E0 .E0 
PM-147 7.5E-06 2.8E-07 4.9E-06 2.1E-OS 5.8E-06 2.OE-07 3.3E-06 1.9E-05 
Eu-152 9.5E-03 3.7E-04 5.3E-03 2.6E-02 6.7E-03 2.3E-04 3.5E-03 2AE-02 
Eu-154 _ 9.2E-03 3.E-04 6.OE-03 3.OE-02 U.E-03 2.2E-04 3.9E-03 2.3E-02 

Re-196 9.3E-06 I.2E-08 8.2E-07 3. 5E-05 6.4E-06 8.1E-09 -5.3E-07 2.8E-05 
IF-192 9.OE-02 2.7E-03 5.9E-02 2.7E-01 6.9E-02 l.SE-03 4.OE-02 2.IE-Ol 
Pb-210 2.4E-01 1.9E-02 2.2E-01 5.8E-01 l.8E-Ol 1.2E-02 I.4E-Ol 4.9E-01 
Po-210 1.OB-OI 6.8E-03 8.9E-02 2.3E-01 7.4E-02 5.OE-03 5.8E-02 2.1E-0I 

Rn-222 O.OE400 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ra-223 2.SE-04 8.3E-06. 1.6E-04 I.OE-03 2.1E-04 4.4E-06 LIlE-04 7.9E-04 
Ra-224 2.6E-06 4.4E-09 l.9E-07 IA4E-05 1.9E-06 3.2E-09 1.5E-07 9.7E-06 
Ac-225 1.3E-04 2.8E-06 6.3E-05 5.3E-04 9.9E-05 2.OE-06 4.3E-05 M.E-04 

Ra-226 1.6E-02 6.7E-04 I.OE-02 4.7E-02 1.2E-02 4.SE-04 7.IE-03 4.OE-02 
Ac-227 2.5E-01 L.OE.02 1.6E-01 8.6E-0l l.9E-Ol 5.6E-03 LIlEOl 6.6E-01 
7k-227 9.OE-04 4.OE-O5 5.4E-04 3.E-03 6.9E-04 2.3E-05 3.5E-04 2AE-03 
Th-22S U.E-02 3.4E-03 4.6E-02 2.IE-Ol 5.3E-02 2.3E-03 3.3E-02 1.7E-01 

Th-229 3.2E-01 l.3E-02 2.lE-Ol I.OE+OO: 2.4E-OlI S.8E-03 I.E-Ol 9.lE-0l 
Th-230 4.7E-02 2.OE-03 2.9E-02 1.5E-01 3.5E-02 l.SE-03 2.JE-02 LIE-OI 
Pa-231 1.6E-01 6.7E-03 LIlE-Ol 4.9E-01 1.2E-01 4.2E-03 7.7E-02 3SE-OI 
Th-231 4.IE-12_ 7.6E-22 l.E-16 1.7E-11 3.OE-12 5.4E-22' 7.9E-17 1.5E-1I1 

Pa-233 4A4E-04 2.OE-05 2.7E-04 IA4E-03 3.4E-04 1.3E-05 L.8E.04 1.2E-03 
U-233 2.4E-02 LIlE-03 I.AE-02 8.IE-02 1.9E-02 6.5E-104 1.OE-02 6.3E-02 
7b-234 IAE-O5 5.2&07 9.7E-06 4.4E-05 L.IE-05 3.7E-07 6.IE-06 M.E-5 
U-234 2.4E-02 LIlE-03 l.5E-02 7.9E-02 1.9E-02_ 7.E-04 L.IE-02 V.E-02 

Np-237 1.OE-Ol 4AE-03 6.6E-02 3.E-Ol 7.6E-02 2.7E-03 4.7E-02 2.6E-01 
Pu-238 M.E-02 2.OE-03 M.E-02 I.6E-OI 3.8E-02 1.5E-03 212E-02 1.2E-01 
U-239 2.2E-02 L.OE-03 l.E-02 7.OE-02 l.7-02 6.7E-04 9.5E-03 5.6E-02 
Pu-239 5.6E-02 2.9E-03 3.5E-02 I.E-Ol 4A4E-02 1.6E-03 2.5E-02 1.5E-01 

Pu-241 9.2E-04 3.8E-05 5.5E-04 2.8E.03 7.OE-04 2.7E-05 3.6E-04 2AE-03 
Am-241 8.6E-02 3.6E-03 5A4E-02 2.7E-01 6.6E-02 2.lE-03 3.6E-02 2.2E-01 
Cm-242 2.7E-03 I.OE-04 I.SE-03 9.lE-03 2.OE-03 6.9E-05 12.&E03 7.3E-03 
Pu-242 5.SE-02 2.2E-03 3AE-02 1.7E-01 4.2E-02 l.4E-03 2.3E-02 IAE-01 

La~a..~M Q.a.  
a. To convert these values to-con'v'entio~nail units (mrem/y per pCifg or rnreni/y per pCi/cm%) multiply by 3.70 E-03
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Table F.M5 Dose factorse for FE-SLAG-DISPOSL-W 

Mass dose factors (ILSv/y per BqIg) Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 550o 95th Mean 5* SO 956 

H-3 0.0E+00 0.0E+00 O.OE+00 0.0E+00 0.0E+00 0.0E+00 O.QE+00 0.0E+00 

C-14 5.2E-08 9.8E-10 2.1E-08 2.1E-07 4.0E-08 6.4E-10 I.4E-08 1.6E-07 

Na-22 1.01E-01 1.3E-02 6.7E-02 3.OE-01 7.9E-02 7.9E-03 5.0E-02 2.6E-01 

P-32 2.1E-05 1.3E-06 L.IE-05 7.6E-05 1.6E-05 7.5E-07 7.1E-06 6.OE-05 

CI-36 1.SE-05 O.0E-06 I.IE-05 5.8E-05 1.3E-05 7.6E-07 7.8E-06 4.8E-03 

K-40 4.2E-03 3.4E-04 2.2E-03 1.5E-02 3.2E-03 2.3E-04 1.7E-03 1.2E-02 

Ca-41 9.3E-06 1.01E-06 6.2E-06 2.9E-05 7.OE-06 6.6E-07 4.3E-06 2.3E-05 

Ca-45 2.3E-05 3.2E-06 1.5E-05 7.OE-05 1.8E-05 2.1E-06 I.IE-05 5.9E-05 

Mn-54 4.4E-02 6.8E-03 2.9E-02 143E-01 3.3E-02 3.9E-03 2.211-02 9.6E-02 

Fe-55 1.2E-07 9.3E-09 6.8E-08 3.8E-07 8.7E-08 6.6E-09 5.IE-OS 2.8E-07 

Co-57 2.3E-05 8.0E-07 1.1E-05 7.9E-05 1.7E-05 4.4E-07 8.1E-06 6.0E-05 

Co-58 2.OE-04 8.5E-06 I.IE-04 6.8E-04 1.6E-04 4.2E-06 7.5E-05 4.9E-04 

Ni-59 7.7E-09 2.5E-10 3.7E-09 3.2E-08 5.8E-09 1.6E-10 2.7E-09 2.3E-08 

Co-60 8.0E-04 2.7E-05 4.0E-04 2.9E-03 6.2E-04 2.0E-05 2.6E-04 2.6E-03 

Ni-63 2.11E-08 6.5E-10 9.2E-09 7.5E-OS 1.6E-08 4.71-10 6.9E-09 6.4E-08 

Zn-65 1.7E-04 4.9E-06 8.7E-05 6.6E-04 1.3E-04 3.3E-06 6.0E-05 5.OE-04 

c-67" .9E-- - ~ 
Se-75 1.2E-02 1.5E-03 7.4E-03 3.7E-02 9.0E-03 9.3E-04 5.3E-03 3.0E-02 

Sr-85 3.OE-02 4.6E-03 2.0E-02 9.4E-02 2.3E-02 2.5E-03 1.4E-02 7.9E-02 

Sr-89 1.4E-04 2.3E-05 L.OE-04 3.9E-04 L.IE-04 1.4E-05 6.7E-05 3.1E-04 

Sr-90 2.1E-03 3.2E-04 !.4E-03 6.2E-03 1.6E-03 2.0E-04 9.7E-04 4.8E-03 
.z- -' 1, 

Mo-93 1.5E-07 5.313-09 7.013-O8 5.3E-07 l.lE-07 3.0E-09 5.2E-08 3.$E-07 

Nb-93m 3.OE-05 4.0E-06 2.1E-05 9.3E-05 2.3E-05 2.5E-06 1.4E-05 7.0E-05 

Nb-94 1.4E-01 2.1E-02 L.OE-01 3.9E-01 I.1E-01 1.2E-02 6.9E-02 3.2E-01 

Nb-95 3.511-02 4.4E-03 2.3E-02 1.0E-01 2.7E-02 2.7E-03 1.6E-02 7.9E-02 

Tc-99 6.3E-08 2.5E-09 3.4E-03 2.2E-07 4.7E-08 1.4E-09 2.4E-08 L.8E-07 

Ru-103 7.6E-05 2.2E-06 3.7E-05 3.0E-04 6.2E-05 1.3E-06 2.5E-05 2.5E-04 

Ru-106 1.9E-06 5.9E-0 9.4E-07 7.1E-06 1.5E-06 3.9E-08 61E-07 5.7E-06 

Ag-108m 4.7E-04 1.3E-05 2.5E-04 1.7E-03 3.5E-04 9.5E-06 1.7E-04 1.3E-03 

Ag-I 10m 7.6E-04 I.8E-05 4.1E-04 2.9E-03 5.7E-04 1.4E-05 2.7E-04 2.IE-03 

Sb-124 1.I3-02 5.4E-04 6.1E-03 3.7E-02 8.4E-03 3.4E-04 4.5E-03 3.1E-02 

1-125 0.0E+00 O.OE+00 O.OE+0 O.OE-I-O O.OE+00 O.OE+00 O.OE+0 0.01E400 

Sb-125 3.6E-03 1.6E-04 1.9E-03 1.3E-02 2.7E-03 I.lE-04 1.4E-03 9.9E-03 

1-131 O.OE+00 0.0E+00 0.0E+00 0.0E+00 O.OE+00 O.0E+00 O.OE+00 0.0E+00 

Ba-133 2.8E-02 4.1E-03 2.0E-02 8.OE-02 2.2E-02 2.5E-03 1.4E-02 6.4E-02 

Cs-134 3.6E-03 4.0E-04 2.2E-03 l.IE-02 2.8E-03 2.3E-04 IAE-03 L.OE-02 

Cs-137 9.6E-06 8.6E-07 5.8E-06 3.2E-05 7.4E-06 5.3E-07 3.8E-06 2.51-05
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Table F.25 Dose factors for FE-SLAG-DISPOSL-.W 
Mass dose factors (ILSv/y per Bq/g) Surficial dose factors (ttSv/y per Bqkcn9 

Radionuclide Mean st 0, 950 Mean si 0, 956 
64 23tý033 2.919 .J,5"3;-:, 

Ce-Ia4 1.4E-03 2.2E-04ý 1OE-03 3.9E-03 1. l&63 1.3E-04 7.3E-04 3.OE-03 
Pm-14? 4.IE-05 6.lE-b6 2.7E-05 1.2E-04 3.2E-05 3.9E-06 2.OE-05 I.OE-04 
Eu-152 1.OE-OI 1.5E-02 6.9E-02 M.E-O1 7.9E-02 8.6E-03 4.7E-02 2.4E-I 
Eu-154 1.IE-Ol 1.6E-02 7.8E-02 3.3E-01 8.8E-02 9.2E-03 5.6E-02 2.SE-Ol 

Rie-186 13E-07 6.OE-1O 1.9E-08 6.4E-0 1.OE-07 3.7E-1O IA4E-08 S.1E-07 
lr-192 1.OE-03 9.1E-05 6.3E-04 3.SE-03 S.OE-04 S.OE-05 4.E-04 2.6E-03 
Pb-210 1.1E-03 9.3E-05 6-5&-04 3.7E-03 9.5E-04 5.7E-05 4.3E-04 2.9E-03 
Po-210 4A4E-04 4.9E-05 2.7&-04 1.4E-03 3.3E-04 2.SE-O5 1.9E-04 1.OE-03 

_ 
_7 

Rn-222 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ra-223 2.6E-03 2.8E-04 1.6E-03 9.&E-03 2.OE-03 1.7E-04 1.IE-03 6.9E-03 
Ra-224 2.8E-05 1.2E-07 4.8E-06 I.2E-04 2.2E-05 7.6E-08 3.2E-06 I.OE-04 
Ac-225 9.&E-04 6.4E-05 4.5E-04 3A4E-03 7.4E-04 4.IE-05 3.2E-04 2.8E-03 

Ra-226 I.SE-O1 2.SE-02 1.2E-01 5.3E-01 1.4E-O1 1.7E-02 S.3E-02 4.2E-Ol 
Ac-227 1.2E+00 1.6E-O1 9.2E-01 3.7E+00 9.3E-01 1.OE-Ol 5.7E-01 3.OE+OO 
Tli-227 6.3E-03 6.5E-04 4.2E-03 l.SE-02 4.&E-03 4.OE-04 M.E-03 1.5E-02 
Th-229 4.4E-01 6.7E-02 3.OE-O1 l4E+O1O0 3.3E-01 4.9E-02 2.OE-Ol 1.IE-*OO 

Th-229 15EO 0 .EO 9.9E-01 4.5E+00 1.IE+OO IA4E-01 7.E-01 3.5E+00 
Th-230 2.3E-01 2.8E-02 1.5E-01 7.OE-O1 1.gE-O1 I.&E-02 LIlE-O1 6.2E-I 
Pa-231 B.OE-OI LI.E-OJ 5-5E-01 2.4E+00 6.OE-OI 6.7E-02 4.OB-OI 1.9E+00 
Th-231 IA4E-10 5.2E-19 2.2&14 7.3E-10 1.1E-lO__ 3.OE-19 1.9E-14 6.OE-IO 

Pa-233 6.IE-03 7.2E-04 4.1E-03 1.9E-02 4.6E-03 4.6E-04 2.9E-03 1.4E-02 
U-233 1.2E-01 M.E-02 73SE-02 3.6E-01 9.IE-02 BAE-03 5.4E-02 2.9E-01 
Th-234 LBE-04 2A4E-05 1.2E-04 5.4E-04 1.4E-04 1.6E-05 U.E-05 4.7E-04 
U-234 1.2E-01 1.3E-02 8.JE-02 3.8E-01 9.1E-02 R.2E-03 5.2E-02 3.OE-OI 

Np-737 5.2E-01 6.6"-2 3.4E-01 1.6E+00 3.8E-01 4.OE-02 2.AE-01 1.2E+00 
Pu-238 2.6E-01 3.E-02 1.6E-01. S.E-Ol 1.9E-01 2.OE-02 1.IE-O1 6.2E-01 
U-238 1.IE-01 1.2E-02 6.8E-02 3.3E-01 8.OE-02 85&-03 4.7E-02 2.SE-O1 
Pu-239 2.8E-01 3.3E-02 1.7E-01 9.9E-01 2.JE-O1 2.3E-02 1.IE-O1 6.5E-01 

Pu-241 4A4E-03 4.9E-04 2.6E-03 1.3E-02 3.3E-03 3.2E-04 2.OE-03 1.OE.02 
Am-241 4.lE-Ol 5.2E-02 2.7E-01 1.3E+00 3.OIEO 3.3E-02 1.9E-01 9.8E-01 
Cm-242 1.4E-02 1.6E-03 8.lE-03 4.2E-02 1.OE.02 1.IE.03 6.IE-03 .3.2E-02 
Pu-242 2.6E-01 2.6E-02 1.SE-O1 8.IE-Ol 2.OE-01 1.6T-02 1.3E.01 6.3E-01 

a. To convert these values to conventional units (meiyper pCi/g or mrezn/y per pCil=2), multiply by 3.70 E-03 _
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Table F.26 Dose factor? for FE-SCRP-DISPOSL-W 
Mass dose factors (p~Sv/y per Bqlg) Surficial dose factors (~ISv/y per Bqtcm2) 

Radionuclide Mean F"' 5O0" 956 Mean 5t 5O0" 95* 
H-3 O.OE+0O O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 1.8E-06 6.5B-07 1.6E-06 3A4E-06 1.E-06 3.E-07 1.1E-06 3.2E-06 
Na-22 1,SE+0O 6.5E-01 1.6E+00 3.5E+00 1.3E+00 3.8E-01 1.1E+OO 3.2E+00 
P-32 9.2E-04 M.E-04 8.2E-04 1.9E-03 7.OE-04 2.OE-04 5A4E-04 1.7E-03 

CI-36 3.IE-04 1.1E-04 2.8E-04 6.E-04 2.i4E-04 F.EOS .E0 .E0 
K-40 IA4E-01 5.OE-02 1.2E-01 2.6E-01 1.OE-OI 2.9E-02 8S8E-02 2.5E-01 
Ca-4l O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE400 O.OE+OO O.OE+OO 
Ca-45 7.8E-06 2.9E-06 7.OE-06 1 .5E-05 5.9E-06 I .E-06 5.OE-06 1 .E-05 

Mnt-54 6.6E-01 2A4E-01 5.9E-01 1.3E+00 5.OE-O1 1.4E-O1 4.2E-O1 1.2E+00 
Fe-55 O.OB+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+0O 
Co-57 6.4E-02 2.3E-02 5.7E-02 I.E-O1 4.8E-02 IA4E-02 4.E-02 1.2E-01 
CO-59 7.OE-OI 2.6E-01 6.2E-01 1.4E+00 5.3E-01 1.5E-01 4A4E-01 1.3E+00 

N-9O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Co-60 2.IE+OO 7.E-01 1.9E+OO 4.IE+0O 1.6E+00 4.5E-01 1.4E+00 3.SE+OO 
Ni-63 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Zn-65 4.7E-01I 1.E-O1 4.2X-01 9.2E-01 3.E-O1 1.OE-O1 3.OE-O1 8.5E-01 

S.-75 2.4E-1 9.OE-02 2.2E-01 4.SE-Ol 1.8E-O1 5.3E-02 1.5E-01 4.4E-O 
Sr-SS 3.E-O1 I.E-01 3 E-01 6.8E-O1 2.6E-01 7.E-02 2.2E-01 6.2E-01 
Sr-S9 1.OE-03 3.SE-04 9.E-04 2.OE-03 M.E-04 2.2E-04 6.4E-04 1.SE-03 
Sr-90 9.2E-05 3.E-05 8.3E-05 I.SE-04 7.OE-05 2.OE-O5 5.9E-05 M.E-04 

, -A 

Mo-93 7.7E-05 2.8E-05 7.OE-O5 1.5E-04 5.9E-O5 1.6E-05 5.OE-O5 1.4E-04 
Nb-93m 1A4E-05 5.OE-06 1.2E-05 2.6E-05 1.OE-05 2.9E-06 8.7E-06 2.5M5O 
Nb-94 1.3E+00 4.6E-01 1.IE400 2.5E+OO 9.6E-01 2.7E-01 &1E-O1 2.3E+00 
Nb-95 4.9E-O1 1.9E-O1 4.4E-O1 9.8E-OI 3.SE-OI 1.IE-01 3.OE-O1 8.9E-O1 

TC-99 1.6E-05 6.OE-06 1.5E-05 3.2E-03 1.2E-05 M.E-06 L.E-O5 3.OE-05 
Ru-103 3.OE-O1 LI.E-01 2.7E-01 5.9E-O1 2.3E-01 6.4E-02 1.SE-O1 5.3E-01 
Ru- 106 O.OE+OO O.OE+0O O.OE+0O O.OE+0O O.OE+OO O.OE+0O O.OE+0O O.OE+00 
AS-108m 1.3E+00 4.6E-01 1.1E+0O 2.5E+00 9.6E-01 2.7E-01 S.lE-O1 2.3E+00 

Ag-ib0m i2En+OO 8.OB-01 2.OE+0O 4.3E+00 1.7E+00 4.7E-01 IAE+00 3.9E+00 
Sb-124 1.3E+00 5.OE-O1 1.2E+00 2.6E+00 I.OE+00 2.9E-01 3.4E-01 2.4E400 
1-125 I.9E-03 7.E-04 1.7E-03 3.7E-03 M.E-03 U.E-04 1.2E-03 3.E-03 
Sb-125 3.2E-01 1.2E-01 2.9E-OI 6.2E-01 2.4E-01 6.SE-02 2.OE-01 5.7E-Ol 

1-131 1.IE-O1 3.9E-02 9.7E-02 2.5E-01 8.7E-02 2.3E-02 6.5E-02 2.3E-O1 
Ba-133 2.6E-01 9.5E-02 2.3E-Ol 5.OE-01 2.OE-O1 5.SE-02 1.7E-Ol 4.7E-01 
Cs-134 1.2E+00 4.SE-01 1.IE+0O 2.4E+00 9.3E-01 2.6E-O1 7.9E-01 2.2E+00 
Cs-137 9.SE-O5 3.6E-05 8.9E-05 I.9E-04 7.4E-O5 2.1E-05 U.E-05 I.8E-04
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Appendix F Steel Dose Factors 

Table F.26 Dose factorse for FE-SCRP-DISPOSL4-W 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (;tSv/y per eq/cmn2) 

Radionuclide Mean 51h 0* 95 Mean StU 9 5 9, 
-5,02 -~2 -6E-O 4O ~ ~ 2D 

Ce-144 9.1E.03 3.E-03 .213-03 l.811-02 6.9P,03 2.OE-03 5.8E-03 1.7E-02 
Pm-147 6.5E-06 2.4E-06 5.913-06 1.3E-05 4.92E-06 1.4E-06 4.2E-06 1.2E-05 
Eu-152 9.2E-01 3.E-OI 9.3E-01 I.SE+OO 6.9E-01 1.913-01 5-9E-01 1.7E+00 
Eu-154 I.OE+OO 3.7E-01 9.I11-01 2.013+00 7.611-01 2.IE-Ol 6A4E-01 1.SE+OO 

_75 1.E- ',2--4. -1 E- 6EE 
Re-186 1.6E-03 3.E.04 1213-03 4.6E-03 1.2E-03 2.lE-04 8-01-04 3.SE-0 
Ir-192 5AE-0I 2.OE-OI 4.9E-01 1.1E+OO LE-01 1.2E-O 3A4E-01 9.7E-01 
Pb-210 S.OE-04 2.913-04 7.2E-04 I.6E-03 6.IE-04 1.713-04 5.JE-04 1.413-03 
Po-210 6.513-06 2AE-06 S."E-6 1.E-05 4.9E-06 IAE-06 4.1E-06 1.2"S0 

R-222 4.9E-05 IiE-05 3.6E-05 1.4E-04 3-8E-05 6.6E-06 2.5E-05 1.1E-04 
Ra-223 4.E-02 1.5E-02 3.7E-02 9.5E-02 3.113-02 9.013-03 2A4E-02 7.7E-02 
Ra-224 9.913-04 2.1E-04 7.2E-04 2.913-03 7.6E-04 M.E-04 4.9E-04 21.213-03 
Ac-225 4.OE-03 IA.E-03 3.5E-03 9AE-03 3.013-03 9AE-04 2.3E-03 7.6E-03 

.Ra-226 1.5E+00 5.4E-O1 1.3E+00 2.8E+00 1.IE+00 M.E-O1 9.4E-01 2.6E+O0 
Ac-227 9.213-02 3.E-02 8.3E-02 I.SE-01 7.OE-02 2.OE-02 5.913-02 1.7E-01 
Th-227 4.6E-02 1.713-02 4.1E-02 9.O13-02 3.5E-02 1.OE-02 2.8E-02 9.3E-02 
lb-229 1.3E+00 4.7E-01 1.2E+00 2.5E+00 9.813-01 2.811-01 8.3E-01 2.3E+00 

v~ 2-ý 

Th-229 9.2E-02 3AE-02 OA4E-02 1.SE-01 7.OE-02 2.OE-02 5.9E-02 1.7E-01 
Th-230 1.611-04 5.9E-05 1.413-04 M.E-04 1.2E-04 3AE-05 1.O13-04 2.9E-04 
PA-231 2.5E-02 9.1E-03 2.3 E,02 4.SE-02 1.9E-O 5.3E-03 1.6E-02 4.SE-02 
Th-231 LBE-O 1.IE-07 3.OE-06 9iSE-05 IAE-05 6.SE-08 2.2E-06 6.9E-05 

P ~ 0 7P y IJ vzf 
Pa-233 I.O13-01I 3SE-02 9.1E-02 2.OE-01 7.7E-02 2.IE-02 6.3E-02 1.9E-01 
U-233 1.813-04 V.E-O5 1.7E-04 3.6E-04 1.4E-04 3.911-05 1.2E-04 3.3E-04 
7b-234 2.3E-03 8.6E-04 2.IE-03 4.6E-03 1.8E-03 5.OE-04 IA4E-03 4.2E-03 
U-234 5.3E-05 1.9E-05 4.7E-05 1.013-04 4.013-05 1.1E-05 3.E-05 9MS-05 

Np-237 6A4-0 2.3E.02 5.7E.02 1.2&-0l 4.SE-02 l.E-02 4.E-02 L.JE-O1 
Pu-238 2.013-05 7.3E-06 lIE-OS 3.9E-05 1.5E-05 4.2E-06 1.3E-05 3.6E-O5 
U-238 6.OE-03 2.213-03 5A4E-03 1.2E-02 4.5E-03 1.3E-03 3.8E-03 LIE-02 
Pu-239 3.9E-05 1.4E-OS 3.5E-05 7.513-05 2.9E-05 8.2E-06 2.5E-05 7.OE-OS 

Pu-241 I.E-06 4.9E-07 1.2E-06 2.6E-06 I.OE-06 2.9E-07 8.6E-07 2.4E-06 
Am-241 5.'7E-03 2.IE-03 5.2E-03 1.IE-02 4.3E-03 1.2E-03 3.7E-03 I.OE-02 
Cm-242 2.JE-OS 7.913-06 1.9E-05 4.2E-05 1.6E-05 4.611-06 IAE-05 3.9E-05 
Pu-242 __ .E-O5 6.IE-06 L.SE-05 3.3E-05 1.3E-05 3.6E-06 1.1E-05 3.OE-0S 

a. To convert these values to conventional units (mrem/y per pCi/g or mren/y per pc/c2), multiply by 3.70 B-03
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Table F.27 Dose factors for FE-EAFD-DýISPOSL-W 
Mass dose factors (j&Sv/y per Bq/g) Surficial. dose factors (pSvly per Bq/cm2) 

Radionuclide Mean 5"' 50"' 95"' Mean 5"' 50"' 95db

H-3 O.O13+00 O.OE+00 0.OE+0O O.OE+00 O.O13+00 0.O13+00 
1.8E-11 l.I13-10 5.8E-10 1.411-10 1.2E-lI1 
4.5E-04 2.2E-03 9.7E-03 2.5E-03 3.OE-04 
4.013-08 3.I13-07 2.4E-06 4.8&-07 2.7E-08 

- 4~6f 4 4to-O I.A68 -O 32~O 
3.813-08 2.8E-07 1.413-06 3.2&072.5E-08 
5.013-05 2.513-04 1.213-03 2.9E-04 3.213-05 
O.OE+OO 0.O13+00 O.O13+00 O.OE+0O O.O13+00 
9.213-11 6.213-10 4.013-09 9.711-10 5.E-l1

O.OE+00O0.OE+OO 
6.SE-11 4.811-10 
1 .613-03 7.913-03 
2.413-07 1.9E-06 
3.0E-90f-1.ýE M' 
1.9E-07 - IlE-06 
1.8E-04 9.713-04 

O.OE+OO O.OE+OO 
4.7E-10 2.SE-09

C-14 
Na-22 
P-32 

CI-36 
K-40 
Ca-41 
Ca-45

1.SE-1O 
3.4E-03 
6.8E-07 

4.4E-097 

3.913-04 
0.OE13-00 
1 .213-09

Appendix FSteel Dose Factors

jlSE-Q7 %16 1.8t0 _ 4 .7 A _ 

M-44.711-05 3.4E-06 2.713-05 1.511-04 3.513-05 2.3E-06 l.SE-05 1.IE-04 

Fe-55 o.oE+0O O.OE+OO .O11+00 O.O11+00 O.O11+00 O.OE+OO 0.11+00 O.11+O00 
Co-57 - .SE-06 1.5E-07 1.2E-06 5.8E-06 1.413-06 LIlE-O7 7.713-07 4.6E-06 
Co-59 2.5E-05 2.413-06 1.5E-05 8.OE-05 1.9E-05 l.4E-06 l.I13-05 7.013,05 

Ni-59 O.iE+0O O.E00 0.O13+00 O.O:E-I-0 O.OE+0O OO13+00 O.O13+00 O.OE+0O 
Co-60 8.713-05 7.I11-06 5.OE-O5 2.9E-04 6.513-05 4.8E-06 3.513-05 2.3E-04 
Ni-63 O.OE+OO O.OE+0D O.OE+0O O.O13+00 0.O13+00O0.OE+0O O.OE3+00 O.OE+OO 
Zn-65 1.6E-03 2.lE-04 1.l11-03 5.lE-03 1.213-03 l.4E-04 7.7E-04 3.5E-03 

Se-75 3.911-04 IA4E-05 2.OE-04 IA4E-03 3.OE-04 9.913-06 1.511-04 1.O13-03 
Sr-85 2.6E-05 1.913-06 1.513-05 8.5E-05 l.813-05 1.2E-06 I.OE-05 6.3E-05 
Sr499 6.5E-08 4.4E-09 3.813-09, 2.113-07 4.813-08 2.8E-09 2.SE-08 1.513-07 
Sr-90 L.IE-08 8.8E-1O 6.6E-09 3.5E-08 8.213-09 5.813-10 4.6E-09 2.613-09 

Mo-93 6.OE-09 5.9E-10 3.7E-09 1.913-08 4.513-09 3.OE-1O 2.7E-09 1.6E-09 
Nb-93m l.9E-09 1.5E-10 1.2E-09 6.3E-09 1.413-09 1.JE-1O 8.IE-lO 5.IE-09 
Nb-94 L.IE-04 l.O11-05 6.511-05 3.5E-04 8.213-05 6.6E-06 4-5E-05 2.7E-04 
Nb-95 2.7E-05 2.4E-06 1 .611-05 9.613-05 2.013-05 1 .612-06 I.OE-05 7.OE-05 

TC-99 1.2E-09 -1.2E-10 7.713-10 4.OE-09, 9.213-10 6.9E-lI1 512E-10 3.3E-09 
Ru-103 9.9E606 9.l13-07 6.215-06 3.2E-05 7.313-06 5.lE-07 4.2E-06 2.711-05 
Ru-106 7.OE-06 6.OE-07 4.3E-06 2.2&0O5 5.2E-06 3.8E-07 3.E-06 M.E-05 
AS-lO8m 6.IE-05 5.3E-06 3.3E-05 2.11E-04 4.5E-03 3.5E-06 2.4E-05 1.6E-04 

Ag-I 10mn 9.lE-05 7.4E-06 5.4E-05 2.9E-04 6.7E-05 5.O13-06 3.8E-05 2.2E-04 
Sb-124 l.4E-05 5.012-07 6.313-06 5.3E-05 L.IE-O5 2.813-67 4.313-06 3.8E-05 
1-125 O.OE+OO O.OE+0O O.OE+0O O.OE+OO0 O.OE+-0O 0.0134-0 O.OE+OO O.OE+0O 
Sb-125 5.IE-06 1.613-07 2.513-06 l.SE-05 4.OE-06 l.O13-07 1.713-06 1.5E-05 

1-13 1 O.OE+OO O.OE400 O.O13+00 1.EO .6&W0 O.OE+0O 0.OE +00 .013+00 
Ba-133 2.5E-05 l.8E-06 IA4E-05 8.513-05 l.8E-05 1.413-06 L.OE-05 6.I13-05 
Cs-134 5.A1-03 7.713-04 3.6E-03 1.613-02 4.111-03 4.8E-04 2.513-03 1.213-02 
Cs-137 2.213-03 2.9E-04 1.5E-03 7.I13-03 1.713-03 l.813-04 I.OE-03 5.3E-03
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Table F.27 Dose factorsa for MEEAFDI-DISPOSL-PW 
Mass dose factors ( j±Sv/y per BqIg) Surficial dose factors (iiSvly per Bq/cm 2) 

Radionuclide Mean 5' 50" 95"' Mean 5th 50th 95d,.  

Ce-144 2.3E-06 I.SE-O1 I.E-06 8.1E-06 1.7&0~6 1.2E-07 9.1E-07 5.7E-06 
Pm-147 1.2E-10 LI.E-II 7.OE-1 1 4.E-IO 9.9E-1II 7.IE-12 4.6E-1lI 3.1E-l0 
Eu-152 7.6E-05 5A4E-06 4.0&-05 2.7E-04 5.7E-05 3.7E-06 3.2E,05 1.8E-04 
Eu-154 8.5E-05 6.1E-06 4.&E-05 2.9E-04 6.4E-05 4.2E-06 3.3E-05 2.3E-04 

~~kX~b~7 A8-4-E -a' 
Re-186 7.1E-08 il.2E1O 1.OE-08' 3.3E-07 4.SE-O8 IA4E-10 6.8E-09 2.5E-07 
Ir-192 LI.E-03 5.1E-05 5.BE-04 3.9E-03 7.8E-04 2.SE-05 3.9E-04 3.OE-03 
Pb-210 LI.E-06 1.5E-07 7.5E-07 3A4E-06 9.2E-07 1.OE-O7 5.IE-07 2.7E-06 
Po-210 2.5E-08 U.E-09 1.7E-08 7.3E-08 1.SE-08 1.9E-09 1.3E-08 5.2E-08 

PRn-222 0. OE+OO O.OE+O0 O.OE+O0 O.OE+00 O.OE+O0 O.OE+O0 O.OE+00 O.OE+00 
Ra-223 2.4E-06 1.2E-07 1.2E-06 8.4E-06 I-SE-06 9.OE-08 7.8E-07 6.1E-06 
Ra-224 3.7E-07 IA4E-09 U.E-08 1.9E-06 2A4E-07 8.3E-10 3.3E-08 LI.E-06 
Ac-225 1.5E-06 6.4E-O8 6A4E-07 5.9E-06 1.1&-06 3.4E-08 5.OE-07 3.9E-06 

Ra-226 I.IE-04 7.8E.06 6.6E-05 3.7E-04 9.2E-05 5.9E-06 4.SE-05 2.7E-04 
Ac-227 8.4E-06 7.0E-07 4.8E-06 2.7E-05 6.3E-06 4.2E-07 3.2E-06 2A4E-05 
IM-227 1.7E-06 I.IE-07 9.2E-07 5.9E-06 1.3E-06 6.6E-08 6A4E-07 4.9E-06 
Th-228 BLOE-OS 5.9E-06 4.SE-OS 2.8E-04 6.IE-05 3.3E-06 3.5E-05 2.2E-04 

5Ž'8 2 O 4,4-1~'~E& 

lh-229 6.5E-06 4.6E-07 3.7E-06 2.2E-05 4.9&-06 3.OE-07 2.4E-06 1.SE-05 
Th-230 3.7E-09 2.9E-10 2.2E-09 1.2E-08 2.BE-09 L.8E-1O 1.6E-09 I.OE-08 
Pa-231 L.8E-06 1.3E-07 1.2E-06 5.SE-06 1.3E-06 8.E-08 7.7E-07 4A4E-06 
Th-231 5.9E-14 2.OE-22 5.9E-18 2.5E-13 3.5E-14 1.4E-22 5.2E-18 1.7E-13 

77,-17-747~ 
PA-233 5.5E-06 4.2E-07 3.OE-06 IJ-5 4.2E-06 2.6E-07 2.2E-06 I.E-05 
U-233 9.1E-IO S.4E-11I 5.2E-10 3.2E-09 6.9E-10 4.7E-1II 3.7E-1O 2.5E-09 
Th-234 2-5E-07 I.9E-OS I.4B.07 9.6E-07 1.8E-07 LI.E-O8 9.7E-08 6.2E-07 
U-234 1__ .6E-09 1.6E-10 9.2E-10 5.OE-09 1.2E-09 LOE-tO 6.2E-10O 4.4E-09 

4".6E-06 2.SE-O7' 2.2E-06 I.8E
Pu-23S I.SE-09 1.2E-10 I.IE-09 6.IE-09 1.4E-09 8.3E-I 1 7.9E-1O 5.2E-09 
U-238 2.7E-07 2.5E-08 1.5E-07 1.OE-06 2.OE-07 1.7E-08 I.OE-07 6A4E-07 
Pu-239 7.3E-10 4.9E-1 I 3.9E-10 2.4E-09 5.5E-10 3.3E-11 3.OE-IO I.9E-09 

Pu-241 e.RE-llI 4.2E-12 3.6E-11 2.OE-1O 4.4E11 2.9-2 2.E-1I 1.6E-1O 
Am-241 I.SE-07 1.3E-08 9.3E-08 6.3E-07 1.3E-07 9.OE-09 7.3E-08 4.7E-07 
Cm-242 2.4E-09 2.OB-1O 1.5E-09 8.1E-09 1.9E-09 1.E-1O 9.7E-10 6.9E-09 
Pu-242 1.6E-09 1.2E-10 9.OB-IO 5.6E-09 1.2E-09 7.5E-1 I 6.6E-10 4.OE.09 

-~--~-4.-BE 

a. To convert these;i vaue0t conventional units (mrcni/y per pCi/g or mrem/y per pCi/cni 2), multiply by 3.70 E-03

F-55 Draft NUREG-1640, VoL 2

Steel Dose FactorsAppendix F

F-55 DmftNUREG-1640,Vol.2



APPENDIX G 
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G DOSE FACTORS FOR COPPER RECYCLE SCENARIOS

This appendix presents tabulated values from the distribution of radionuclide-specific dose 
factors for all copper recycle exposure scenarios. Volumetric (mass) dose factors are based on 
volumetrically distributed residual radioactivity in cleared material. Surficial dose factors are 
calculated by multiplying the mass dose factors by a surface-to-mass ratio distribution 
appropriate for cleared copper. Both sets of dose factors are listed in SI units; the conversion 
factor to convert the dose factors to conventional units is listed in the footnote at the end of each 
table.  

The tabulated values from the frequency distribution of each dose factor consists of the mean 
(arithmetic average) and three percentile values (5t, 50"', and 95"h). A 90% confidence interval 
for any dose factor is the range between the 5'h percentile value and the 95d, percentile value.  

The shading in the tables in this appendix is only to facilitate reading the values in the tables.
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Table G.1 Doss factors' for CU-SCRP-HANDLIN-W 
Mass dose factors (paSv/y per Bq/g) Surficial dose factors (paSvly per Bq/cm2) 

Radiornuclide Mean 5th 50 95* Mean 5t 50* 95 1h 
H-3 1 .E-05 4.6E-06 1 .3E-05 2.7E-05 1 .2E-05 3.3E-06 L OE-05 2.5E-05 
C-14 3.2E-04 5.8E-05 2.SE-04 7.9E-04 2.8E-04 4.E-05 2.3E-04 6.6E-04 
Na-22 3.8E+00 9.7E-0I 3.2E+00 8.6E+00 3.3E+00 7.8&0O1 2.7E+00 7.3E+00 
P-32 3.5E-03 1.5E-03 3.3E-03 6.4E-03 3.OE-03 1.OE-03 2.SE-03 6.2E-03 

_ .O244E~4'-2~-4 t&AtS -4, 04-b 4ý It-' 
CI-36 2.4E-03 1. 1 E-03 2.3E-03 4. E-03 2.I1E-03 7.6E-04 IS.E-03 4.2E-03 
K-40 3.OE-0I 7.7E-02 2.5E-01 6.7E-01 2.6E-01 6.3E-02 2.2E-01 5.7E-OI 
Ca-41 2.&E-04 9.3E-05 2.6E-04 5.5E-04 2.4E-04 6.8E-O5 2.1E-04 4.9E-04 
Ca-IS 9.2E-04 3.5E-04 9.7E-04 1.6E-03 7.SE-04 2.4E-04 M.E-04 1.6E-03 

Mn-54 I.SE+OO 3.7E-01 l.2E+OO 3.3E+OO 1.3E4+00 3.OE-O1I1.1E+OO 2.8E4-00 
Fe-55 1.8E-04 6.4E-05 1.7E-04 3.2E-04 1.5E-04 4.7E-05 1.4E-04 3.2E-04 
Co-57 5.2E-02 1.3E-02 4.3E-02 1.2E-01 4.4E-02 1.IE-02 3.7E-02 9.SE-02 
Co-58 1.7E+OO 4.1E-01 1.4E+OO 3.7E+OO 1.4E+O 3.3E-01 1.2E4,00 3.2E+OO 

2'1 +0 18 -. , 4;e 1 E0r2 fý4,4 

Ni-59 9.1E-05 3.3E-05 8.4E-O5 1.7E-04 7.SE-05 2.3E-05 6.9E-05 1.6E-04 
Co-60 4.8E+00 1.2E+00 4.OE+OO L.E+01 4.OE+OO 9.7E-01 3.4E+00 9.OE+OO 
Ni-63 2.4E-04 8.7E-05 2.2E-04 4.E-04 2.OE-04 6.OE-O5 1.8E-04 4.2E-04 
Zn-65 6.5E-01 1.7E-01 5.5E-01 1.5E+00 5.6E-01 U.E-O1 4.7E-01 1.2E+00 

Se-75 3.9E-01 1.OE-0i 3.3&01 8.SE-O1 M.E-OI M.E-02 2.SE-Ol 7.5E-01 
Sr-85 8.E4E1 2.IE-O1 7.OE-Ol 1.9E+O00 7.IE-O1 1.7E-O1 6.OE-Ol 1.6E+00O 
Sr-89 5.SE-03 2.8E-03 5.6E-03 9A4E-03 4.9E-03 I.SE-03 4.6E-03 9.2E-03 
Sr-90 1.1E-O1 3.5E-02 9.7E-02 2.0E-01 M.E-02 2.5E-02 7.SE-02 2.OE-O1 

Mo-93 2.2E-03 6.SE-04 I.9E-03 4.3E-03 1.8E-03 5.OE-04 1.6E-03 4.E-03 
Nb-93m 2.OE-03 5.2E-04 1.SE-03 4.2E-03 1.7E-03 3.8E-04 IA4E-03 3.9E-03 
Nb-94 2.9E+00 7.5E-01 2.4E+00 6-3E+00 2.4E+00 5.9E-01 2.1E+0O 5.4E+OO 
Nb-95 1.2E+00 3.OE-01 1.OE+OO 2.7E+00 L.OE+OO 2AE-01 S.7E-Ol 2.3E+00 

TC-99 8.1E-04 3.IE-04 7A4E-04 1.5E-03 6.9E-04 212E-04 6.IE-04 1.4E-03 
Ru-103 7.4E.O1 1.8E-O1 6.2B-O1 1.6E+00 6-3E-01 1.5E-01 5.2E-01 1.4E+00 
Ru-106 3.SE-0l 1.3E-01 3.3E-01 8.1E-O1 3.3E-01 9.OE-02 2.8E-O1 6.9E-O1 
Ag-1O8m 2.SE+OO 7.2E-01 2.3E+0O0 6.2E+00 2.4E+OO 5.&E-01 2.OE+OO 5.3E+00 

A&-110m 4.9E+00 1.2E+00 4.IE+OO L.E+01 4.1E+0O 1.OE+OO 3.5E+00 93E+00 
Sb-124 3.2E+00 8.OE-OI 2.7E+00O 7.IE+OO 2.7E+00 6.5E-01 2.3E+00 6.1E+OO 
1-125 8,4E-03 3.3E-03 7.7E-03 1.6E-02 7.2E-03 2-3E-03 6.3E-03 1 .5E-02 
Sb-125 6.5E-01 1.6E-01 5.4E-O1 1.4E+OO 5.5E-01 U.E-01 4.7E-01 I1.2E+00 

1-131 3.9E-01 1.OE-0I 3.2"-1 8.7E-O1 3.3E-Ol "7.9'E-02 2.7E-01 7.7E-01 
Ba-133 4.E-O1 1.1E-0I 3A6-01 9.6E-01 3.7E-01 .SAE-02 3.E-O1 8.2E-01 
Cs-134 2.7E+OO 6.BE-OI 2.2E+OO 6.04-00O 2.3E+0O 5.5E-01 1.9E+OO S.1E4OO0 
Cs-137 1.IE4+OO 2.7E-01 B.SE-01 2.3E+00 S.9E-Ol 2.2E-01 M.E-01 2.0E+00
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Table G.1 Dose factore for CU-SCRP-HANDLJN-W 
Mass dose factors (pSv/y per Bq/g) Surf icial dose hacors (pSv/y per Bq/cmn2) 

Radionuclide' Mean 5Ofl 95' Mean 511 50;1 9591 
~~#44l~~. ;02 2'3 1"~&O 7.EO~ 9E,-O I03> 

Ce-144 9.3E-02 3.8E-02 8.5E-02 1.7E-01 7.41-012' 2:7E-02 7.2E-02 1.6E-01 
Pmi-147 2.7E-03 7.4E-04 2.4E-03 5.6E-03 2.3E-03 5.2E-04 I.9E-03 5.3E-03 
'Eu-152 1.9E+00 5.OE-O1 1.6E+00 4.3E+00 1.6E+00 4.OE-O1 1.4E+00 3.6E+00 
Eu-154 2.2E+00 5.9E-01I 1.E+OO 5.OE+00 1.9E+00 4.E-0I 1.6E+00 4.3E+00 

Re- 196 4.E-03 1.2E-03 3AE-03 9.3E-03 3.5&-03 9.8E-04 2.&E-03 9.3E-03 
Ir-192 1.1E+00 2.7E-01 8.9E-0I 2.4E+00 9.IE-01 2.2E-01 7.6E-01 2.OE+0O 
Pb-210 1.7E+00 6.IE-O1 1.6E+00 3.E+00 1.4E+00 4.5E-01 1.3E+00 3.OE+00 
Po-210 8.3E-01 3.OE-01 7.E-0I 1.5E+00 7.E-O1 2.IE-0I 6.3E-01 1.5E+00 

Ra-223 7.6E-01 3.2E-01 7.2E-01 1.3E+00 6.5E-01 2.3E-01 6.OE-Ol 1.2E+00 
Ra-224 1.IE+00 3.3E-01 8.SE-01 2.4E+00 9.OE-O1 2.4E-0l 7.3E-01 2.JE+O0 
Ac-225 6.4E-O1 2.5E-01 5.9E-0I 1.IE+00 5.5E-01 1.SE-01 5.OE-O1 LI.E+00 

Ra-226 3.9E+00 I .6E0 3.5E+00 7.7E+00 3.3E+00 1.IE+00 3.OE+00 6.&E+00 

,Ac-227 8.6E+01 2.IE+0I 7.E+1 .E+02 7AE+O1 1.5E+01 6.2E+01 1.7E+02 
Th-227 1.OE+O0 3.OE-0l 9.OE-0l 2.IE+O0 9.6E-01 2.IE-O1 7.3E-01 1.9E+00 
Th-22S 2.4E+01 7.1E+00 2.IE+01 5.OE+0I 2.IE+01 5.OE+00 1.7E+01 4.5E+01 

Th-229 '1.1E+02 2.6E+01 I .OE0 2.4E+02 9.7E+01 1.9E+01 8.IE+01 2.2E+02 
Th-230 1.7E+0I 3.SE+0O. 1.5E-'01 3.7E+0-1 1.5E+01 2.SE+0O 1.2E+01 3AE4OI 
Pa-.231 5.7E+01 1.4E+01 5.IE+0I 1.2E+02 4.9E+01 I.OE+0I 4.IE+01 LI.E02 
lh-231 2.3E-04 3.2E-05 1.5E-04 7.OE-04 2.OE-04 2.5E-05 1.2E-04 6.3E-04 

Pa-233 2.3E-01 5.6E-02 l.9E-0I S.OE-0I 1.9E-O1 4.5E-02 1.6E.01 U.E-O1 
U-233 8.8E+00 1.9E+00 .7.9E+00 1.9E+01 7.5E+00 IAE+OO 6.E0O 1SE+O1 
Th-234 1.7E-02 U.E-03 1.5E-02 3.3E-02 1.5E-02 4.9E-03 U.E-02 3.OE-02 
U-234 9.6E+00 1.9E+00 7.7E+00 1.9E+01 7.4E+00 IAE+00 6.1E+0O 1.7E+01 

Np-237 3.6E+01 8.5E+00 3.2E+01 7.6E+01 3.IE+0J 6.2E+00 2.6E+01 7.IE-i0l 
Pu-239 1.9E+01 4.1E4OO 1.7E+01 4.OE+01I .6E+0I 3.IE+00 1.3E+01 3.7E+01 
U-239 7.7E+00 1.7E+00 6.9E+00 1.7E+01 6.6E+00 1.3E+00 5.5E+00 1.5E+01 
Pu-239 2.OE+O1 4.4E+00 1.8E401 4.3E+01 1.7E+01 3.3E+00 1.4E+01 4.OE+01 

__ 11ý 

Pu-241 3.2E-01 7iE-02 2.9E-01 6.9E-01 2.SE-01 5-3E-02 2.3E-01 6.4E-01 
Ani-241 2.9E+01 6.9E+00 2.6E+01 6.2E+01 2.5E+01 5.OE+00 2.1E+O1 5.8E+01 
Cm-242 1.1E+00 2.6E-01 1.OE+0O 2.4E+00 9.6E-01 I.9E-01 S.IE-0I 2.2E+00 
Piz-242. 1.9E+01 4.2E+00 1.7E+01 4.1E+01 1.6E+01 3.IEOO 1.4E+01 3.SE4OI 

a. To convert these values to conveniona units (fmeni/y per pCi/g or mrni/y per pCi/cm2ý multiply by 3.70 E-03
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Table GI Dose hctore for CU-REVD-BAGHOUS-W 
Mass dose fhctors (;tSv/y per Bqtg) Surficial dose factors (pSv/y per Bqtcm2) 

Radionuclide Mean 51b 50* 95* Mean 5th 50* 956 
H-3 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
C-14 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Na-22 2.9E-O2 2.4E-03 ISE-02 9.IE-02 2.5E-02 I.SE-03 1.6E-02 7.9E-02 
P-32 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

-1+00.  
CI-36 ISE-03 2.7E-04 1.4E-03 5.5E-03 1.7E-03 2.OE-04 LIE-03 4.6E-03 
K40 2.2E-03 2.7E-04 1.5E-03 6JE-03 ISE-03 2.4E-04 1.2E-O3 5.9E-03 
Ca4l 1.2E-05 9.5E-07 7.3E-O6 3.9E-05 LOE-05 S.OE-07 6.OE-06 3.4E-05 
Ca-45 2.7E-05 2.6E-06 1JE-05 S.SE-05 2.3E-05 ISE-06 1.3E-05 7.4E-05 

04- 66, 
Ift-54 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.6i O.OE+00 
Fe-55 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-57 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+06 
Co-58 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

l#LP. - 9 1 , Z 

Ni-59 O.OE+00 O.OE+00. O.OE+00 -O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-60 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
NI-63 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.09+00 
Zn-65 2AE-02 ISE-03 1.6E-O2 S.IE-02 2.IE-02 1.4E-03 1.3E-02 6.9E-02 

ME 
Se-75 O.OE+00 O.OE+00 O.OE+00 O.GE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+00 
Sr-85 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sr-99 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00, O.OE+00 O.OE+00 O.OE+00 
Sr-90 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0 OE+00 O.OE+W 

Lffltif6r
Mo-93 O.OE4-00 O.OE4-00 O.OE-i-00 O.OE40 O.OE4-00 O.OE-FOD O.OE4-00 O.OE4a 
Nb-93m O.OE+00 O.OE+W O.OE+W O.OE+W O.OEý00 O.OE+00 O.OE+00 O.OE+OO 
Nb-94 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO 
Nb-95 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

AIR FORKNOW., ý ý 4' -, * , TA R To i 4 Rq W "iýý7 "Gh"MEM M"'M 
TC-99 O.OE+00 O.OE+00 O.OE+00 O.OE+00 .1 0.0660- O.O-E+002 O.OE+00 O.OE+00 
Ru-103 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+100 
Ru-106 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ag-108m O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

jf jjFM 7., -W, @7 -A T"- -M IN WR ALOM MWOU 
Ag-110m O.OE+00 'O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO 
Sb-124 O.OE+00 O.OE+00 O.OE+.00 O.OE+00 O.OE+00 O.DE+00 O.OE+00 , O.OE+00 
1-125 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+W O.OE4.00 
Sb-125 O.OE40ý O.OE-FOO O.OE+W O.OE+00 O.OE4*0 O.OE4-00 O.OE-H* O.OE4-00 

ITIA12- flai"ll-IM FK. Offb qgq7zlfftKý TS40-1-M OM 
1-131 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ba-133 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Cs-134 2.2E-02 2.3E.03 IAE-02 6.9E-02 ISE-02 I-SE-03 1.2E-O2 6.3E-02 
Cs-137 8.5E-03 LOE-03 5.4E-03 2.5E-02 7.3E-03 6.9E-04 4.6E-03 2.2B-02
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Table 61 Dose factore for CU-REVD-BkGI40US.W 
Mass dose factors (ILSv/y per Eq/g) Surficial dose factors (IiSv/y per Bq/cre) 

Radionuclide Mean 51, 501, 95m Mean 5 d, 50* 951b 
-O.DIE4ýýq ýý.q +q OE*0b ;0 -fý 

Cc-144 0.0E+OO O.OE+00 O.0E+OO O.OE+00 O.OE+00 0. .0E+06- --O-.OE+00 O.OE+00 
Pm-147 O.0E+OO O.OE+00 O.0E+O0 O.OE+00 O.0E+OO 0.0E+OO 0.0E+0O I 0.0E+00 
Eu-152 0.0E+O0 0.0E+OO O.0E+O0 0.0E+OO 0.0E+00 0.0E+00 0.0E+00 O.OE+00 
Eu-154 0..0E+O0 0.6E+00 0.0E+00, 0.0E+O0 O.OE+00 O.0E+0O 0.0E+00 O.OE+00 

-q _0 t 
Re. '9912 - OF, 

0.0E+OO O.OE+00 0-0E+00 O.OE+00 O.0E+0O 0. hi 0' O.OE+00 
Ir-I 92 O.OE+00 o.oE+oo O.0E+OO O.OE+()o O.OE+00 0.0E+00 O.OE+00 0.0E+00 

Pb-210 O.OE+00 O.OE+00 O.OE+00 0.0E+OO 0.0E+O0 O.OE+00 O.OE+00 O.OE+00 
Po-210 O-0E+OO 0.OE+O0 O.OE+00 O.OE+00 0.OE+O0 O.OE+00 0.0E+00 O.OE+00 

16 Ru -0. 00E+00 
P-n-222 O.OE+00 O.OE+00 O.OE+00 0.0E+O0 O.OE+00, 0.0E+O0 O.OE+00 O.OE+00 .  

Ra-223 O.OE+00 0.0E+0O 0.0E+OO. O.OE+00 O.OE+00 0.0E+O0 O.OE+00 0.0E+00 
Ra-224 O.OE+00 O.OE+00 O.OE+00 0.0E+0O 0.0E+OO 0.0E+O0 O.OE+00 O.OE+00 
Ac-225 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

c.- 6-f bb V. -*ob go +00 
Ra-226 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.0E+O0 O.OE+00 O.OE+00 
Ac-227 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.0E+O0 O.OE+00 O.OE+00 
Ik-227 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Tk-229 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.0E+O0 O.OE+00 O.OE+00 O.OE+00 

71-90 wi
O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Th-230 O.OE+00 O.OE+00 O.OE+001 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pa-231 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Th-231 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

WR ORAL 
Pa-233 6& '0.0E+O0 O.OE+00 0.0E+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
U-233 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
7b-234 O.OE+00 0.0E+O0 O.OE+00 0.OE+OO O.OE+00 O.OE+00 O.OE+00 O.OE+00 
U-234 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.OE+OO O.OE+00 O.OE+00 

Np-237 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pu-239 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
U-239 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.0E+OO O.OE+00 O.OE+00 
Pu-239 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.0E+OO O.OE+00 O.OE+OD 

N.- 1"'AO: 7 7 b'
Pu-241 O.OE+00 O.OE+00 O.OE+00 O.OE+00 6.6E+00, 0.0E+0O O.OE+00 0.0E+00 
Am-241 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.0E+0O O.OE+00 O.OE+00 
Cm-242 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.0E+OO O.OB+00 O.OE+00 
Pu-242 O.OE+00' 0.0E+0O O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

37 AP 0.  
a. To convert these values to conventional units (nu=Vy per pCi/g or mremly per p0kmý, multiply by 3.70 E-03
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Table G3 Dose factoW for CU-CNVD-BAGHOUS-W 
Mass dose factors (gSv/y per Bq/g) Surficial dose factors (gSv/y per Bqtcxn2) 

Radionuclide, Mean 5d. 50* 9P Mean V 50* 95d
H-3 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

C-14 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Na-22 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

P-32 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
0, OEý '_O.O OA +0_611, O.O#4V'-'- '61 SOE+00 E 

CI-36 O.OE+W O.OE+00 O.OE+00 O.OE+W O.OE4-00 O.OE4-00 O.OE+W O.OE+W 
K40 O.OE+00 O.OE4-00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Ca4l 1.5E-04 2.2E-05 9.7E-05 UE-04 1.2E-04 1.5E,05 7.9E-05 3.6E-04 

Ca-45 3.7E-04 5SE-05 2.5E-O4 LIE-03 3.IE-b4 4.5E-05 2JE-04 SAE-04 

-0OE4 j- 0.  4'ý 
Mn-54 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.0&& O.OE+00 O.OE+00 O.OE+00 

Fe-55 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+00 
Co-57 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Co-58 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
btvf 00 11-0 OB.  

7711 EýM 0. 1 +m 

NI-59 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-60 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ni-63 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
zn-65 3SE-01 3.5E-02 2.5E-01 1.2E+00 3AE-01 3.IE42 22E-01 I.IE+W 

ý'7 
0"0 

Se-75 O.OE-1-00 O.OE+00 O.GE+W O.OE4-00 O.OE4-00 O.OE+W O.OE+W O.OE+W 
Sr-85 O.OE+W O.OE4-00 O.OE+00 O.OE+W O.OE4-00 O.OE4-00 O.OE+W O.OE+W 
Sf-89 O.OE+00 O.OE+00 O.OE+00 O.OE4-00 O.OE+00 O.OE4.00 O.OE+OO O.OE+W 
Sr-90 O.OE4.00 O.OE4-00 O.OE+00 O.OE-fOO O.OE+W O.OE400 0.04W O.OE+W 

_7 _AN - - -11- ýr , 1. , 1! 
A PM t 4,00,`:` .tý_ , X, 

Mo-93 O.OE+W O.OE+00 O.OE+00 O.OE4-00 O.GE+00 O.OE+OO O.OE+W 0.0E+w 

Nb-93m O.OE4-00 O.OE4-00 O.OE4-00 O.OE4-00 O.OE+00 O.OE+00 0.04-00 O.OE+W 
Nb-94 O.OE+00 O.OE4-00 O.OE4-00 0.04-00 O.OE+00 O.OE+OO O.OE+W O.OE+00 
Nb-05 O.OE4-00 O.OE+W O.OE4W O.OE-FOO O.OE-FOO O.OE+W O.OE+W O.OE4W i '! 
TC-99 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE.+00 O.OE+00 O.OE+00 
Ru-103 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+oO 
Ru-106 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ag-108m O.OE+00 :O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

7ý ý#_! _W .."12- NNO -A ý'+ 6 ul, -Rai- A 
Ag-I 10m O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sb-124 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
1-125 O.OE+00 O.OE+06 O.OE+00 O.OE+00 O.OE+OD O.OE+00 O.OE+00 O.OE+00 
Sb.125 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.09+00 O.OE+OO O.OE+00 

'PO 71 
1-131 O.OE+00 O.OE+00 O.OE+00 O.OE+W O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ba-133 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Cs-134 2.OE+00 1AE-01 1.4E+00 5.5E+00 1.7E+00 LIE-01 LIE+00 4.SE+00 
Cs-137 6.OE-01 5.6E-02 3.7E-Ol 2.OE+00 5.2E-01 4.OE-02 UE-01 LSE+00
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Table GA Dose factors' for CU-CNVD-BA(5HOUS-W 
Mass dose fhetors (pSv/y per BqIg) Surficial dose factors (pSv/y per Bq/cin2) 

Radionuclide Mean 51b so* 950 Mean 56 SOP 951, 

Ce- 144 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Prn-147 O.OE+00 0.013+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Eu-152 O.OE+00 O.OE+00 0.013+00 O.OE+00 0.013+00 0.013+60 0.013+00 O.Ot+00 

Eu-154 0.013+00 0.013+00 O.OE+00 0.013+00 0.013+00 O.OE+00 0.013+00 O.OE+00 

CA15w- 6f.

Re-186 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.Oi+00 O.OE+00 O.OE+00 

Ir-192 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+OO O.OE+00 

Pb-210 O.OE+00 O.OE+00 0.013+00 0.013+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 

Po-210 2.313-01 4.2E-02 1.711-01 6.IE-01 1.911-01 2.913-02 I.3E-01 5.513-01 

Rn-222 0.6jj4:60 O.OE+00 O.OE+00 0.011+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Ra-223 O.OE+00 0.013+00 0.011+00 O.OE+00 0.013+00 O.OE+00 0.011+00 O.OE+00 

Ra-224 O.OE+00 O.OE+00 O.OE+00 0.013+00 0.011+00 O.OE+00 O.OE+00 O.OE+00 

Ac-225 O.OE+00 O.OE+00 0.013+00 O.OE+00 0.013+00 0.013+00 O.OE+00 0.013+00 

ý.O-E qýb 
Ra-226 O.OE+00 O.OE+00 O.OE+00 0.013+00 0.013+00 0.013+00 0.013+00 0.013+00 

Ac-227 0.013+00 0.013+00 0.013+00 O.OE+00 0.013+00 O.OE+00 0.013+00 O.OE+00 
lb-227 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 

IM-229 O.OE+00 0.013+00 O.OE+00 O.OE+00 0.013+00 0.013+00 O.OE+00 0.013+00 

,M-229 0.013+00 O.OE+00 0.013+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 
Tb-230 0.013+00 0.013+00 0.013+00 0.013+00 0.013+00 0.013+00 O.OE+00 O.OE+00 

Pa-231 0.013+00 O.OE4W O.OE+00 O.OE4-00 0.04-00 O.OE4-00 O.OE+00 O.OE-FOO 

Th-231 O.OE4W O.OE4W O.OE4001 O.OE4W 0.0134W 0.013+00 O.OE400 O.OE4-00 

OR b-'Ot: ý W - -0. _6 ýf - -7,1 b 
Pa-233 O.OE+00 0.013+00 0.013+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

U-233 0.013+00 O.OE+00 0.013+00 0.013+00 0.011+00 O.OE+OO O.OE+oO O.OE+OO 
1IL-234 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.011+00 
U-234 O.OE+00 0.013+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Np-237 0.013+00 O.OE+00 O.OE+00 O.OE-+00 O.OE+00 O.OE+OO O.OE+OO 0.011+00 
Pu-238 0.013+00 O.OE+00 0.011+00 0.013+00 O.OE+00 O.OE+OO O.OE+00 O.OE+00 
U-239 0.013+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 0.013+00 O.OE+00 
Pu-239- 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

IPW O-Offit"M mPA 
Pu-241 0.013+00 O.OE+.00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 0.013+00 
Am-241 0.013+00 O.OE+00 0.011+00 O.OE+00 O.OE+00 0.0#.+00 0.013+00 O.OE+00 
Cm-242 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+OO 0.013+00 O.OE+OO 
Pu-242 0.013+00 O.OE++00 O.OE+00 O.OE+00 0.013+00 O.OE+W O.OE4W 0.013+00 

a. To convert these values to conventional units (mremly per pCiIg or mmmly per pCi/cmi% muttiply by 3.70 E-03
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Table GA4 Dose factorsa for CU-RE VM-HANDREF-W 
Mass dose factors (IiSv/y per Bq/g) Surficial dose factors (;tSv/y per Bq/cm2) 

Radionuclide Mean 55 o 9 Mean 5t 0h 95* 
H-3 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 5.OE-O5 2.OE-06 2.4E-05 2.OE-04 3.8E-05 1.4E-06 1.7E-05 1.E-04 
Na-22 3.6E+00 1.7E-01 2.OE+OO 1.2E+01 2.8E+O 1.2E-01 I.4E+OO L.OE+O1 
P-32 3.8E-03 1.8E-04 1.SE-03 1.E-02 2.8E-03 I.OE-04 1 .3E-03 LIE-02 

3.0~~ ~~ 4r84,7,j~ ~ 4 
CI-36 2.9E-03 2.2E-04 1.7E-03 9.5E-03 2.2E-03 1.5E-04 1.2E-03 7.7E-03 
K-40 4.5E-01 3.7E-02 2.4E-0l 1.5E+00. M.E-O1 2.lE-02 I.SE-01 I.-1E+0O 
Ca-4l M.E-05 2.6E-06 2.8E-05 2.4E-04 4.5E-05 1.7E-06 2.OE-05 1.8E-04 
Ca-45 1.5E-04 4.E-06 6.2E-05 5.7E-04 1.1E-04 3.2E-06 4.5E-05 4.5E-04 

Mn-54 4.&E-02 2--.3-03 2.3E-0 i.SE-0i 3.6E-0 1.4E-03 1.6E-02 1.3E.01 
Fe-55 1.5E-05 6.4E-07 7.8E-06 5.2E-05 I.IE-05 4.7E-07 5.5E-06 3.6E-05 
Co-57 2.2E-03 9.5E-05- LIE-03 7.5E-03 1.7E-03 6.9E-OS 7.8E-04 6.E-03 
Co-58 2.6E-02 1.2E-03 1.4E-02 1.OE-OI 2.OE-02 8.2E-04 9A4E-03 7.IE-02 

Ni-59 5.5E-06 2.8E-07 2.9E-06 - 2.IE-054 UE-06 I 9E-07 ISE-06 1.6E-05 
Co-60 9.3E-02 4.E-03 4.6E-02 M.E-01 7 4E-02 2.BE-03 3.1E-02 2.9E-01 
Ni-63 1.6E-05 9.OE-07 8.4E-06 6.2E-05 1.2E-05 5.3E-07 5.5E-06 4.4E-O5 
ZR-65 1.2E4+00 7.SE-02 5.9E-O1 4.2E+00 9.OE-O1 4.E-02 4.E-Ol 3.E400 

Se-75 3.8E-01 1.2E-02 l.&E-O1 1.6E+00 2.9E-OI 8.OE-03 L.E-O1 1.2E-+-0 
Sr-85 2.7E-02 M.E-03 U.E-02 9.6E-02 2.1Eý.O 6.6E-04 9.OE-03 7.8E-02 
Sr-89 4.E-04 2.6E-05 2.2E-04 1.5"-3 M.E-04 1.6E-05 1.6E-04 L.JE.3 
Sr-90 8.5E-03 4.OE-04 4.E-03 3.OE-02 6.4E-03 3.E-04 2.SE-03 2.7E-02 

Mo-93 9.9E-OS 8.7E-06 6.OE-05 3.E-04 4.IE-04 6.OE-06 U - 2.7E-04 
Nb-93m 7.9E-05 5.2E-06 4.SE-05 2.9E-04 7.5E-05 3.3E-06 3.OE-05 2.IE-04 
Nb-94 1.2E-01 4.8E-03 5.6E-02 4.E-01 6.OE-05 3.OE-03 3.6E-02 3.E-0l 
Nb-95 3.3E-02 1.2E-3 1.5E-02 I.E-01 9.6E-02 8.7E-04 1.OE-02 1.OE-01 

TO-99 4.E-0S 2.6E-06 2.3E-05 1.7E-04 3.OE-02 1.5E-06 1.5E-05 1.2E-04 
Ru-103 1.1E-02 5.7E-04 5.OF.-03 U.E-02 3.2E-05 3.7E-04 3.7E-03 3.6E-02 
Ru-106 8.2E-03 4.6E-04 4.3E-03 2.9E-02 8.6E-03 3.3E-04 2.9E-03 2.2E-02 
Ag-108m 5.9E-02 2.7E-03 3.E-02 2.2E-0 6.3E,03 1.5E-03 2.1E-02 l.9E-O1 

AS-110m 9.lE-02 4.6E-03 4.5E-02 3.2E-01 3.4E-02 3.IE-03 3.2E-02 2.7E-01 
Sb-124 1.6E-02 2.SE-04 6.5E-03 6.2E-02 7.OE-02 1.9E-04 4.3E-03 4.6E-02 
1-125 O.OE+0C) O.OE+OO O.OE+OO O.OE-I0 1.29-0 O.OE+00O .OE+OO O.OE+fOO 
Sb-125 5.1E-03 9.2E-05 2.OE-03 1.8E-02' 0.0E+00 6.6E-05 1.3E-03 1.5E-02 

1-13 1 O.OE+O0 O.OE+0O O.0E4-OO O.OE+.0O O.OE+OO 0O.OE+OO O.OE+00 O.OE+OO 
Ba-133 2.2E-02 9.6E-04 1.1E-0 7A4E-02 O.OE+O0 6.6E-04 7.2E-03 5.6E-02 
Cs-134 5.5E-1-0 4.E-O1 3.OE+OO0 2.OE4-O1 1.7E-02 2.7E-01 2.2E+0O 1.6E+01 
Cs-137 2.2E4-00 2.OE-01 L.E+0O 7.7E+00 4.3E+00 1IE-OI 8.3E-01 6.7E+.00
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Appendix G Copper Dose Factors.

Table GA Dose factors' for CU-RE VM-HANDREF-W 
Mass dose factors ($tSv/y per Bq/g) Surf icial dose factors (;tSv/y prBq/cm) 

Radionucide Mean P~~ 500 95l' Mean 51b 50"' 95"' 

Ce-144 4.4E-03 2.SE-04 2.2E-03 1.5E-02 1.5E-03 1.7E-04 1.6E-03 1.3E.02 
PM-147 9.3E-05 5.5E-06 4.SE-05 3.3E-04 3.3E-03 3.SE-06 3.E-05 2.5E-04 
Eu-152 7.9E-02 3.5E-03 3.8E-02 2.9E-01 6.8E.05 1.9E-03 2.SE-02 2.5E-01 
Eu-154 S.4E-02 4.2E-03 4.E-02 2.BE-01 6.3E-02 2.BE-03 3.lE-02 2.6E-01 

Re-186 .E04 2.OE-06 '4.4E-05' 1.3E-*03 1.&E-03 1.2E-06 3.1E-05 1.OE-03 
Ir-192 1.OEOO 2.'E-02 4.6&01l 4.OE+0O 2.2E-04 1.6E-02 3.3E-01 3.OE+00 
Pb-210 1.3E4-01 M.E-01 7.3E400 4.SE-1-01 7.9E-01 5.OE-0l 5.2E-0O 3.E+01 
Po-210 4AEOO0 2.7E-01 2A4E+0O 1.5E+0l_ 9.9E+0O 2.OE-OI 1.7E40O 1.2E+01 

Rn-222 0.OE+00O0.OE+00 0.OE+0O O.OE+WO 6.OE.04 O.OE+OO 0O.OE400 O.OE+OO 
Ra-223 1.2E-02 5.8E-04 S.4E-3 5.2&02 O.OE+100 3.5E-04 4.OE-03 3.9E.02 
Ra-224 1.5E-03 L.E-0S 2.2E-04 6.9E-03 9.3E-03 7.IE-06 1.6E-04 5.3E-03 
Ac-225 4.7E-03 2.3E-04 2.E-03 1.7E-02 I.E-03 1.E-04 1.6E.03 IAE-02 

Ra-226 2.OE-O1 U.E-02 9.9E-02 6.9E-O1 6.3E-03 8.7E-03 7.OE-02 5.3E-01 
Ac-227 2.2E+00 1AE-O1 l.1E400 8.3E+00 l.E-0I 9.2E-02 7.E-OI 6.8E+0O 
Th-227 9.5F,03 5.2E-04 4.SE-03 3A4E-02 I.7E.+0 3.OE-04 3.6E-03 2.7F,02 
Th-228 5.3E-01 3.OE-02 2.5E-01 l.$E+OO 7.OE-03 1.9E-02__ 1.7E-01 1.6E+00 

Th-230 3AE-01 1.3E-02 1.5E-01 M.4E+00 1.7E+0O .9SE-03 1.IE-01 8.9B-01 
Pa-231 l.6E+PO0 B.6E-02 7.7E-O1 5.2E+00 2.5E-01 5.4B-02 5.4E-01 4.3E+W0 
Th-231. 2.1E-9 2.7E-16 1.6& 12 L.IE-08 __I.E+0O 1.6E-16 1.2E-12 7.3E.09 

Pa-233 6.2E-03 2.5E-04 3.OE-03 2.2E-02 1.2E40 l.7E-04 2.IE.03. 1.E-02 
U-233 1.7E-01 4.E-03 6AE-02, 59E-01 4.8E-03 M.E-03 4.6E-02 .E1 
Thb-234 7.OE-04 4.OE-05 3.SE-04 2.6E-03 1.3E-01 2.4E-05 2.6E-04 1.SE-03 
U-234 1.6E-0I 5.2E-03 6AE-02 5.9E-O1 5.2E-04 3.2E-03 4.7E-02 4.5E-01 

Np-237 8.4E-O1I 3SE-02 4.9&01I 2.5E+OO I.2E-01 2.SE-02 3.2E-01 1.9E400 
Pu-238 3.E-01 8SM.03 1.5E-01 1.4E+00 6.2E-01 6.4E-03 1.IE-01 1.JE+0O 
U-239 1.5E-01 3.3E-03 5.7E-02 6.IE-0l 2.7E-01 2.SE-3 4.4E-02 4.2E-01 
Pu-239 3.E-01 I.4E-02 1.6E-01 IAE+00 IJE-01 7.SE-03 1.OE-01 1LIE+0O 

Pu-241 -i6E-03 LSE-04 2.5E-03 2-.iE"-02 29E-01 9.8E-05 1.9E-03 I.SE-02 
Am-241 6.6E-01 U.E-02 3.8E-01 .2.lE+00O 4.3E,03 2.7E-02 2.6E-O l.7E+OO 
Cm-242. 2.2&02 1.2E-03 1.2E-02 7.8E-02 52E-01 7.9E-04 7.E-03 .6.9E-02 
Pu-242 3.7E-01 l.J-02 1.5E-01 1.5E+00 l.7E-02 7.9E-03 L.OE-0l 1.JEOO 

& To convert these values to conventional units (mrem/y per pCi/g or mrern/y per pCi/cmA) multiply by 3.70 E-.03
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Table G.5 Dose factors' for CU-CNVM-HANDREF-W 
mass dose factors (ILSv/y per Bq/g Surficial dose factors (I&Sv/y per Bq/cm2) 

Radionuclide Mean 51b 50m 956 Mean 5th 50" 95d* 
H-3 2.713-09 4.111-11 1.I13-09 1-113-08 2A4E-09 3.613-11 9.1E-IO 9.6E-09 
C-14 O.O13+00 O.OE+OO .O13+00 O.O13+00 0.O13+00 O.OE+OO O.OE3+00 O.13+00 
Na-22 O.O13+00 O.OE+0O O.OE+00O0.OE+OO 0.OE+OO 0.OE+0O O.O13+00 0.O13+00 
P-32 4.4E-06 7.611-08 .813-06 1.713-05 3.8E-06 6.513-09 1.513-06 1.513-05 

~i' 377 8~ 27t-07 62.~O o6 it4OY 
CI-36 O.OE.+Oo - O.OE+OO 0.O13+00 .O13+00 O.O13+00 O.O13+00 0.OE+00 0.OE+OO 
K-40 O.O13+00 O.OE+O0 O.OE+OO .O13+00 O.O13+00 0.O13+00 O.OE+OO O.OE+0O 
Ca-41 O.OE+OO O.OE+OO 0.13+00 O.O13+00 0.O13+00 O.013+00 O.O13+00 O.O1300 
Ca-45 O.OE+0O O.O13+00 0.013+00 O.O13+00 O.O13+00 O.O13+00 .013+00 .013+00 

44#-0 HI4&0ý ,ý m 5' 
Mn-54 6.3E-03 1.713-03 4.&E-03 1.513-02 5.313-03 1.413-03 3.911-03 I.E-02 
Fe-55 1.OE-05 2.OE-06 S.OE-06 2.513-05 8.6E-06 1.6E-06 6.4E-06 2.3E-05 
Co-57 4.211-04 1.1E-04 3-3E-04 9.711-04 3.613-04 9.3B-O5 2.613-04 9.513-04 
Co-58 5.313-03 1.513-03 4.E-03 1.E-02 4.413-03 1.O11-03 3.513-03 I.111-02 

N-94.413-06 1.OE-06 3.513-06 LI.E-0S 3.713-06 S.IE-O7 2.S13-06 9.311-06 
Co-60 I.9E-02 5.213-03 1.513-02 4.2E-02 1.613-02 4.011-03 1213-02 3.811-02 
Ni-63 II2E-05 2.913-06 9.IE-06 2.713-05 I.O13-05 2.OE-06 7.7E-06 2.613-05 
Zn-65 4.OE-03 1 .2E-03 3.2E-03 9.913-03 3.E-03 8.813-04 _2.613-03 8.2E-03 

, - -' ' , , ' 
Se-75 4.813-04 1.213-05 3.013-04 1.613-03 4.E-04 1.O13-05 2.3E-04 M.E-03 
Sr-85 6.9E-03 1 .713-03 5.513-03 1 .7E-02 5.9E-03 1 .3E-03 4.411-03 1 .5E-02 
Sr-89 2.9E-04 6.011-05 2.4E-04 7.2E-04 2.513-04 4.5E-05 2.OE-04 6.SE-04 
Sr-90 1.113-02 2.413-03 8.4E-03 2.9E-02 9.213-03 1.9E-03 6.6E-03 2A4E-02 

Mo-93 5.9-0 1.913-05 5.5E-05 1.6E0 6.013-05 1'.4 E -E-0 05 1.5E-04 
Nb-93m 5.813-05 1.513-05 4.613-05 IA4E-04 M.E-OS 1.I-O1S0 3.813-05 1.5E-04 
Nb-94 IA4E-02 3.813-03 1.2E-02 3.113-02 1.213-02 2.6E-03 9.613-03 3.OE-02 
Nb-95 2.8"-3 6.713-04 2.213-03 6.9E-03 2.313-03 4.8E-04 1.8E-03 5.7E-03 

Tc4-9 ''2.9E-05 6.5E-06 2A4E-05 7.2M-5 2.511-05 5.413-06 2.OE-OS 6.8E-05 
Ru-103 I.SE-03 4.OE-04 U.E-03 4.5E-03 1.5E-03 2.813-04 1.1E-03 4.113-03 
Ru-106 2.3E-03 6.611-04 1.811-03 5.3E-03 2.0E403 4.9E-04 135E-03 5.OE-03 
AS-lO8m IA4E-01 3.913-02 1.113-01 3.211-01 1.213-01 3.013-02 9.9E-02 2.9E-O1 

Ag-11rn 1.913-01 5.3E-02 1.613-01 4.6E-01 1.613-01 4.2E-02 1.3E-01 3.E-OJ 
Sb-124 8.713-03 2.313-03 7.E-03 1.9E-02 7.413-63 1.9E-03 5.6E-03 L.SE-02 
1-125 O.OE+OO O.OE+0O O.OE+OO O.013+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Sb-125 3A4E-03 8.511-04 2.SE-03 S.1IE-0'3 2.9E-03 6.5E-04 2.313-03 6.9E-03 

1-13 1 O.OE3+00 O.OE+O0 O.OE+OO O.OE+OO O.OE3+00 O.OE+OO O.OE+OO O.OE+OO 
Ba-133 7.4E-03 1.8E-03 5.913-03 I.&E-02 6.3E-03 I.4E-03 4.7B-03 I.6E-02 
Cs-134 O.O11O0 .O13+00 0.O13+00 .O13+00 O.O13+00 O.OE+OO O.OE+OO 0.O13+00 
Cs-137 O.OE+OO O.O13+00 O.OE+OO O.O13+00 O.OE+OO O.O13+00 O.OE+OO O.OE+OO
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Table G.ý,;Dose factors' for CU-CNVM-HAIDREEF-W 
Mass dose factors (pSvly per Bq/g) Surficial dose factors (IiSv/y per Bq/cm2) 

Radionuclide Mean 5thO01 951h Mean 5th 501, 95P 

Ce-144 7.OE-04 l.8E0 5.713-04 1.613-03 6.6S0 1.513-04 4SE-04 1.613-03 
Pmn-147 5-2E-05 1.313-05 4.013-05 1.3E-04 4.4E-05 I.O13-05 3.3E-05 1.213-04 
Eu-152 5.&E-03 1.5E-03 4.6E-03 1.413-02 4.9E-03 1.213-03 3.7E-03 1.3E-02 
Eu-154 6.5E-03 l.SE-03 5.OE-03 1.6E-02 5AE-03 1.313-03 4.313-03 i.A1-02 

Re-186 2.lE-07 4.9E-I0 2.13-09 l.l13-06 I.SE-7' 3.9E-10 1.7E,08 l.O13-06 
Ir-192 4.4E-02 1 .2E-02 3.5E-02 l.013-01 3.6E-02 9.3E-03 3.013-02 8.013-02 
Pb-210 9.3E-02 2.2E-02 7A4E-02 2.2&-01 8.013-02 1.613-02 6.3E-02 1.9E-Ol 
Po-210 2.813-02 6.5E-03 2.2E-02 6.813-02 2.4E-02 4.813-03 1.8"-2 6.2E.02 

Rn-rn2 7.I13-09 4.613-1 U.E-09 4.OE-07- 5.913-08 3.913- 11 3.513-09 3.2"-7 
Ra-223 l.4E-03 1.5E-04 9.5E-04 4A4E-03 12E-03 LIlE-04 7.6E-04 -4-.JE03 
Ra-224 2.613-05 5.7E-O8 2.3E-06 1.3E-04 2.lE-05 4A4E-08 1.713-06 9.7E-05 
Ac-225 3.lE-06 l.9E-08 1.O13-06 1.213-05 2.6E-06 1.613-08 7.E-07 L.IE-05 

Ra-226 2.9E-02 - 8.E-03 2A4E-02 6.0E-02 2.5E-02 6.2"-3 2.013-02 6.IE-02 
Ac-227 6.913-03 1.1E-04 3.2E-03 2.S13-M 6.1E-03 8.813-05. 2.6E-03 2.OE-02 
Th-227 2.2"-5 1.7E-07 7.5E-06 9 2E-05 l.813-05 l.4E-07 6.013-06 7.6E-05 
Th-229 I.SE-03 I.7E-05 7.7E-04 7.6E-03 1.613-03 l.4E-0S 5.813-04 6A4E-03 

ME- E-0 
Th-229 9.6E- ,03 9.SE-05 3.7E-03 3S-2 8.4E-03 8SOE-OS 3.lE-03 3.IE-02 
Th-230 l.4E-03 1.7E-05 5.813-04 5.0E-03 II2E-03 l.E-O5 4.6E-04 4.8E-03 
Pa-231 5.1"-3 7.OE-O5 2.2E-03 2.OE-02 4.E-03 6.E-05 1.6E-03 1.6E-02 
7h-231 2.5&-15 3.lE-26 2.1E-20 B.SE-15 2.OE-15 3.OE-26 1.313-20 8.3E-15 

Pa-233 1.6E-06 l.9E-08 7.613-07 5.5E-0 1.313-06 1.2E-08 5.813-07 4.713-06 
U-233 7.2E-04 7.E-06 2.8E-04 3.OE-03 6.6E-04 5.5E-06 2.3E-04 2.6E-03 
Th-234 2.9E-07 3.3E-09 LIlE-07 1.2E-06 2.5E-07 2.7E-09 9.7E-08 9.413-07 
U-234 6.SE-04 9.2E-06 3.OE-04 2.7E-03 5.7E-04 7AE-06 2AE-04 2.313-03 

Np-237 3.OE-03 4.E-05 1.213-03 1.2F,02 2E03 3.5E-5 l.I13-03 1.O1-02 
Pu-238 .1.4E-03 2AE-05 5.9E-04 5.5E-03 1.213-03 l.9E-05 4.8E-04 4.813-03 
U-239 6.2E-04 8.OE-06 2.5E-04 2.7E-03 5AE-04 6.313-06 2.011-04 2.4E-03 
Pu-239 1.6E,03 2.5E-05 6.I13-04 6.9E-03 1.3E-03 l.9E-05 5.211-04 5 6E-03 

Pu-241 2.5E-05 4A4E-07 9AE-06 L.OE-04 2.IE-05 U.E-07 8.211-06 S9.3E-05 
Am-241 2.5E-03 3.lE-05 l.OE-03 .9SE-03 2.2E-03 2.413-05 8.413-04 8.4E-03 
Cm-242 8.IE-05 7.2E-07 3.2E-05 3.2E-04 6.913-05 6.5E-07 2.6E-05 2.9E-04 
Pu-242 1.6E-03 2.2E-05 6.IE-04 6.3E-03 1.411-03 L.8E-05 4.513-04 5.5E-03 

-.. - 4J~1J1._q3 

L. To convert these values to conventional units (nire/y per pCi/g or mrem/y per pCi/cm 2) multiply by 3.70 E-03
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Table G.6 Dose factors for CU-ELRM-HANDREF-W 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (IiSv/y per Bq/cm2) 

Radionuclide Mean 5' 50* 95m Mean 5* 50m 95P 

H-3 4.5E-11 1.5E-13 1.4E-I1 1.8E-10 3.8E-11 1.3E-13 1IE-11 1.5E-10 

C-14 0.OE+00 0.0E+00 0.OE+00 0.OE+00 0.OE+00 O.OE+00 0.0E+00 0.OE+00 

Na-22 O.OE+00 0.0E+00 0.0E+00 0.OE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

P-32 3.9E-07 2.8E-09 9.4E-08 1.8E-06 3.4E-07 2.0E-09 8.IE-08 1.5E-06 

CI-36 0.0E+ 0.0E+00 0.0E+00 0.0E .OE+0.0E+00 0.0E+00 0.OE+00 

K-40 0.OE+00 O.OE+00 0.0E+00 0.OE+00 0.0E+00 0.OE+0O 0.OE+00 0.OE+00 

Ca-41 0.0E+00 0.0E+00 0.OE+00 0.0E+00 O.0E+00 0.0E+00 0.0E+00 0.0E+00 

Ca-45 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.OE+00 0.OE+00 0.0E+00 

Mn-54 2.12-05 1.3E-06 L3E-05 6.9E-05 1.8E-05 8.9E-07 1.IE-05 6.1E-05 

Fe-55 3.4E-08 1.6E-09 2.2E-08 1.2E-07 2.80-08 12E-09 1.8E-08 1.0E-07 

Co-57 1.4E-06 7.1E-08 8.8E-07 4.7E-06 1.2E-06 4.72-08 7.3E-07 3.9E-06 

Co-58 1.6E-05 7.9E-07 9.8E-06 5.4E-05 1.3E-05 5.6E-07 8.3E-06 4.6E-05 

Ni-59 1.5E-08 6.82-10 9.1E-09 4.9E-08 1.3E-08 5.2E-10 7.6E-09 4.4E-08 

Co-60 6.5E-05 3.2E-06 3.9E-05 2.1E-04 5.5E-05 2.4E-06 3.3E-05 1.7E-04 
Ni-63 3.9E-08 2.0E-09 2.4E-08 1.2E-07 3AE-08 1.3E-09 2.OE-08 .IE-07 

Zn-65 1.3&-05 7.0E-07 8.2E-06 4.4E-05 1.IE-05 5.1E-07 6.8E-06 3.7E-05 

Se-75 7.OE-05 7.6E-07 2.82-05 3.0E-04 6.02-05 6.12-07 2.5E-05 2.6E-04 

Sr-85 2.1E-05 8.3E-07 1.2E-05 6.9E-05 1.8E-05 7.7E-07 1.0E-05 6.0E-05 

Sr-89 8.4E-07 3.5E-08 4.5E-07 2.7E-06 7.3E-07 3.2E-08 3.7E-07 2.6E-06 

St-90 3.7E-05 2.2E-06 2.2B-05 1.3E-04 3.2E-05 1.7E-06 1.7E-05 1.1E-04 

Mo-93 2.3E-07 9.8E-09 1.6E-07 6.8E-07 2.0E-07 8.8E-09 1.3E-07 6.2E-07 

Nb-93m 1.9E-07 8AE-09 1.2E-07 6.2&-07 1.6E-07 6.32-09 1.0E-07 5.2E-07 

Nb-94 4.7E-05 1.8-E06 3.1E-05 1.3E-04 4.0E-05 1.5E-06 2.5E-05 1.2E-04 

Nb-95 7.0E-06 3.1E-07 4.5E-06 2.2E-05 5.9E-06 2.5E-07 3.7E-06 1.9I-05 

Tc-99 9.8E-08 4.5E-09 6.1E-08 32E-07 8.6E-08 3.82-09 5.2E-08 3.0E-07 

Rn-103 4.5E-06 2.12-07 2.8E-06 1.4E-05 3.8E-06 1.7E-07 2.3E-06 1.32-05 
Ru-106 7.6E-06 4.1E-07 5.0E-06 2.3E-05 6.6E-06 3.0E-07 4.3E-06 2.2E-05 

Ag-108m 4.7E-04 2.2E-05 3.1E-04 1.4E-03 4.0E-04 1.9E-05 2.4E-04 1.3E-03 

Ag-lIOm 6.4E-04 3.22-05 4.3E-04 1.9E-03 5.5E-04 2.3E-05 3.5E-04 1.9E-03 

Sb-124 2.5E-05 1.4E-06 1.5E-05 8.02-05 2.2E-05 1.2E-06 1.3E-05 7.0E-05 

1-125 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 

Sb-125 1.2E-05 5.8t-07 7.3E-06 3.6F-05 1.0E-05 4.3E-07 6.12-06 3.3E-05 

_ ffq ý-N f 
1-131 0.0E+00 0.OE+00 0.OE+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 O.0E+00 

Ba-133 2.4E-05 1.3E-06 1.5E-05 7.5E-05 2.OE-05 l.IE-06 13E-05 6.3E-05 

Cs-134 0.0E+00 0.OE+00 0.0E+00 0.0E+00 0.OE+00 O.OE+00 0.0E+00 0.0E+00 

Cs-137 0.0E+00 0.0E+00 0.OE+00 0.0E+00 O.OE+00 0.0E+00 0.0E+00 0.OE+00
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Appendix G Copper Dose Factors 

Table G.6? Dose factorsa for CU-ELRM-IiArlREF-W 
Mass dose factors (ptSv/y per Bq/g) Surficial dose factors (I.Svly per Bq/cm 2) 

Radionuclide Mean 5th so 95d' Mean 5h50"' 9 51k 

Ce-144 2.3E-06 1.2E-07 1.5E-06 7.4E-06 2.OE-06 9.7E-08 1.2E-06 6.SE-06 
Pm-147 lJSE-07 9.2E-09 L.OE-07 5.7E-07 1.5E-07 6S09 .E-08 .E0 
Eu-152 2.OE-05 9.3E-07. 1.3E-05 5.8E-05 1.7E-05 9.2E-07 I.IE-05 5.8E-05 
Eu-154 2.2E-05 1.OE-06 1.4E-05 7.1E-05, 1.E-05 7.6E-07 12e-O5 5.9E.05 

Re-186 1.2E-10 2.4E-14--3.1E-12 -6.OE-IO 1.OE-10 i.8-4i 2.3&-12 5.0B.10 
lr-192 1.3E-04 6.2E-06 8.2E-05 4.IE-04 1.1E-04 4.8E.06 6.6E-05 3.4E-04 
Pb-210 3.2E-04 1.SE-05 1.9E-04 I.IE-03 2.8E-04 1.2E-05 1.5E-04 1.OE-03 
Po-210 S.SE-05 3.7E-06 5.2E-05 3.2E-04 7.5E-05 2.SE-06 4.2E-05 2.5E-04 

Rn-rn2 2.SE-IO 9.0-15 3.4E-12 1.2E-09 2.4&-10 6.4E-15 2.7E-12 9.6E-10 
Ra-223 2.2E-06 4.4E-08 9.6E-07 7.4E-06 1.9E-06 3.8E-08 7.SE-07 6JSE-06 
Ra-224 1.3E-08 1.3E-12 3.3E-10 7.OE-08 1.1E-08 1.IE-12 I.JE-10 6.IE-O 
Ac-225 4.6E-09 I.IE-1 1 8.6E-10 2.OE-08 3.9E-09 9.6E-12 6.9E-10 1.6E-09 

Ra-226 9.7E-05 4.6E-06 6.7E-05 U.E-04 S.4E-05 3.9E-06 5.2E-05 2.6E-04 
Ac-227 2.4E-05 1.4E-07 6.AE-06 9.9E-05 2.OE-O5 9.6E-08 6,IE-06 9.3E-05 
7b-227 3.6E-08 1.1E-1O 9.8E-09 1.5&-07 UMl-O 1OE-1O 8.1E-09 1.2E-07 
Th-228 S.OE-06 2.9M-0 1.7E-06 2.2E-05 4.2E-06 2.4E-08 1.4E-06 1.SE-05 

Th-229 2.6E-05 L.IE-07 9.4E-06 1.IE-04 2.2E-05 9.2E-08 7.SE-06 9.4E-05 
Uh-230 4.E-06 ISE-08 14E-06 1.9E-05 3.5E-06 1.7E-09 1.IE-06 U.E-05 
Pa-23 I 1.7E-05 9.3E-08 S.OE-06 7.OE-05 165E-05 6.4E-09 3.8E-06 S9E-05 
Th-23 I 5.8E-20 5.4E-35 2.OE-27 1.IE-19 4.OE-20 2.9E-35 1.4E-27 1.2F,19 

Pa-233 3.7E-09 2.OE-1 I .1E-09 1.5E-08 32E-09 1.6E-1 I 892E-10 1.3E-08 
U-233 2.4E.06, 1.3B-08 72E.-07 1.IE..05 2.OE-06 1.1E-08 5.9E-07 9.3E-06 
Th-234 S.7E-1O 2.6E-12 1.SE-lO 2.5E-09 4.SE-1O 2.3E-12 1.6E-10 2a3E-09 
U-234 2.2E-06 1.3E-08 7.5E-07 9.OE.06 1.SE-06 9.8E-09 5.4E-07 72E-06 

Np-237 9.4E-06 5.6E-08 2.9E-06 4.2E-05 7.5E-06 52E-0 23E-06 3.5E-05 
Pu-238 4.6E-06 2.9E-08 1.4E-06 2.IE-05 3.9E-06 2.4E-08 1.IE-06 1-5E-05 
U-239 19E-06 1.OE-OS 5.9E-07, BSE-06 1.6E-06 9.9E-09 4.gE-07, U.E-06 
Pu-239 52E-06 2.9E-08 1.7E-06 2.3E-05 4.4E-06 2.2B-O8 1.4E-06 2.1E-05 

Pu-241 9.7E-08 5.3E.10 2.4E-08 3.9E.07 7.4E-08 4.5E-10 2.OE-0 3.IE-07 
Am-241 7.9E-06 4.5E-08 2.5E-06 3.SE-05 7.IE-06 3.5E-08 1.9E-06 2.9B-05 
Cm-242 2.4E-07 1.4E-09 7.2E-09 1.IE-06 2.OE-07 1.3E-09 S5.E-08 S.8E-07 
Pu-242 4.8E-06 3.OE-08 1.6E-06 1.SE-05 4.IE-06 22E-08 1.2E-06 1.6E-05 

aL To convert these values to conventional nts(mreinly per pCilg or nirern/y per pCi/cm2), multiply by 3.70 E-03
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Table G.7 Dose factors' for CU-RE VM-HANDMAN-W 
Mass dose factors (ltSvly per Bq/g) Surficial dose factors (#tSv/y per Bq/cm2) 

Radionuclide Mean 56 50* 95"1 Meaw 5th 50* 95* 
H-3 1.5E-07 5.7E-09 9.9E-08 5.OE-07 1.E-07 3.6E-09 7.9E-08 4.2E-07 
C-14 0.02+00 0.02+00 0.OE+00 0.02+00 0.OE+00O0.02+00 0.02+00 0.OE+00 
Na-22 0.02+00 0.02+00 0.02+00 0.02+00 0.OE+00 0.OE+00 0.02+00 0.02+00 
P-32 2.&E-05 1.42-06 1.5E-05 1.12-04 2.4E-05 1.2E-06 1.1-05 9.82-05 

CI-3 0.2:0 0.20.OE+ý00 0.20 .OE+00 0.02+00 0.02+00 0.OE+00 
K-40 0.02+00 0.02+00 0.02+00 0.02+00 0.OE+00 0.02+00 0.02+00 0.02+00 
Ca-41 0.02+00 0.02+00 0.02+00 0.02+00 0.OE+00 0.02+00 0.02+00 0.02+00 
Ca-45 0.02+00 0.02+00 0.OE+00 0.02+00 0.OE+00 0.OE+00 0.02+00 0.02+00 

Mn-54 5.SE-02 1.5E-02 4.8E-02 1.E-01 4.9E-02 1.2E-02 3.9E-02 1.22-01 
Fe-55 9.3E-05 2.ME05 7.2E-05 2.22-,04 7.82-05 1.72-05 6.02-05 I.9E-04 
Co-57 3.9E-03 1.12-03 3.3E-03 9.02-03 3.3E-03 8.2E-04 2.5E-03 8.3E-03 
Co-58 5.02-02 1.2E-02 4.0E-02 1.2E-01 4.3E-02 9.7E-03 3.3E-02 1.OE-01 

-LIB 3.E-2 02,, .  
Ni-59 4.02-05 1.OE-05 3.3E-05 9.42-05 3.4-05 7.8-06 2.82-05 8.72-05 
Co-60 1.72-01 4.32-02 1.42-01 4.02-01 1.5E-01 3.4E-02 1.2E-01 3.7E-01 
Ni-63 M.1-04 2.7E-05 8.8E-05 2.6E-04 9.2E-05 2.OE-05 7.3E-05 2.3E-04 
Zn-65 3.8E-02 9.7E-03 3.1-02 9.1E-02 3.2E-02 7.6E-03 2.52-02 8.42-02 

S,-75 3.3E-03 1.7E-04 2.2E-03 1.02-02 2.8E-03 1.3E-04 1.7E-03 9.22-03 
Sr-95 1.3-02 3.2E-03 1.02-02 3.3E-02 1.E-02 2.42-03 8.5E-03 3.02-02 
Sr-89 5.6E-04 1.3E-04 4.2E-04 1.42-03 4.7E-04 9.5E-05 3.4-04 1.E-03 
Sr-90 2.OE-02 5.1-03 1.6E-02 5.1E-02 1.7E-02 3.6E-03 1.3E-02 4.6E-02 

Mo-93 6.5E-04 1.7E-04 5.3E-04 1.5E-03 5.6E-04 1.3-04 4.32-04 1.5E-03 
Nb-93m 5.52-04 1.3E-04 4.42-04 1.3E-03 4.72-04 1.02-04 3.5E-04 1.3-03 
Nb-94 1.E-01 3.E-02 1.02-01 2.92-01 1.12-01 2.72-02 8.72-02 2.&2-01 
Nb-95 2.7E-02 5.92-03 2.12-02 6A.8202 2.32-02 4.62-03 1.62-02 6.2E-02 

- 6~6~0Y~-~ ~52O-d 
TC-99 2.8E-04 6.42-05 2.22-04 6.82-04 2.42-04 5.3E-05 1.9E-04 5.6E-04 
Ru-103 1.6E-02 4.02-03 1.3E-02 3.7E-02 1.42-02 2.72-03 1.1-02 3.4-02 
Ru-106 2.1-02 6.5E-03 1.72-02 4.62-02 1.82-02 4.6E-03 1.5E-02 4.2E-02 
Ag-108m 1.3-01 3.5E-02 1.12-01 3.1u.01 1.22-01 2.82-02 8.62-02 3.1-01 

77 7-.7 z 'SIX~ 
Ag-11rn 1.92-01 5.32-02 1.5E-01 4.22-01 1.62-01 4.1-02 1.3-01 3.92-01 
Sb-124 8.32-02 2.02-02 6.6E-02 2.02-01 7.1E-02 1.72-02 5.42-02 1.82-01 
1-125 0.02+00 0.OE+00 0.02+00 0.OE+00 0.02+00 0.OE+00 0.02+00 0.OE+00 
Sb-125 3.2E-02 8.22-03 2.62-02 7.42-02 2.7E-02 6.42-03 2.12-02 6.42-0 

1-131 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 
Ba-133 1.4-02 3.32-03 1.12-02 3.4-02 1.2E-02 2.62-03 9.22-03 3.22-02 
Cs-134 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 
Cs-137 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00 0.02+00

Copper Dose Factors Appendix G
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Table G.7 Dose factors for CU-REVM-HANDMAN-W 
Mass dose factors (FSv/y per Bq/g) Surficial dose factors (izSv/y per Bq/cm 2) 

Radionuclide Mean 5"' 50"h 95"' Mean 5"' 50* 95 
~ ~.S.04 j-0~41 

Ce-144 2.6E-03 7.8E-04 2.2E-03 6.2E-03 2.2E-03 5.7E-04 1.gE-03 5.6E-03 
PM-147 1.9&-04 4.9E-O5 1.5E-04 4.613-04 1.6E-04 3.E-05 i.2E-04 4.1E-04 
Eu-152 2.1E-02 5.6E-03 1.8E-02 5.0E-02 1.SE-02 4.2E-03 !.4E-02 4.6E-02 
Eu-154 2.4E-02 6.5E-03 2.0E-02 5.6E-02 2.0E-02 4.9E-03 1.6E-02 5.0E-02 

Re-186 2.OE-06 3.8E-09 2.4E-07 1.IE-05 I.7E-06 3.2E-09 1.8E-07 8.4E-06 

Ir-192 4.3E-02 I.IE-02 3.4E-02 1.OE-01 3.6E-02 8.3E.-03 2.8E-02 7.7E-02 
Pb-210 8.713-01 1.9E-01 7.0E-01 2.IE+00 7.5E-01 1.5E-01 5.8E-01 2.OE+00 
Po-210 2.6E-01 6.2E-02 2.2E-01 6.0E-01 2.2E-01 4.4E-02 1.713-01 5.5E-01 

Rn-22 4.9E-06 6.0E-09 3.8E-07 2.9E-05 4.2E-06 5.5E-09 3.1E-07 2.5E-05 
Ra-223 5AE-03 5.9E-04 3.2E-03 1.7E-02 4.5E-03 5.4E-04 2.8E-03 1.3E-02 
Ra-224 8.6E-05 2.1E-07 9.2E-06 5.0E-04 7.3E-05 1.9E-07 8.4E-06 4.0E-04 
Ac-225 2.013-04 4.0E-06 8.0E-05 7.6E-04 1.7E-04 3.2E-06 6.4E-05 6.8E-04 

Ra-226 1.IE-01 3.1E-02 8.9E-02 2.4E-01 9.4E-02 2.3E-02 7.1E.02 2.3E-01 
Ac-227 3.9E-01 1.SE-02 2.6E-01 1.2E+00 3.4E-01 !.4E-02 2.113-01 I.IE+00 
Th-227 1.0E-03 3.8E-05 5.3E-04 3.9E-03 8.9E-04 3.2E-05 4.5E-04 3.OE-03 
Th-228 9.5E-02 5.2E-03 6.2E-02 3.3E-01 8.0E1-02 3.9E-03 4.9E-02 2.4E-01 

Th-229 5.2E-01 2.2E-02 3.OE-01 1.7E+00 4.4E-01 1.8E-02 2.5E-01 IAE+00 
TM-230 7.9E-02 3AE-03 4AE-02 2.5E-01 6.8M-02 2.4E-03 3.6E-02 2.3E-01 
Pa-231 2.6E-01 I.IE-02 1.6E-O1 9.3E-01 2.2E-01 8.8E-03 1.3E-01 7.3E-01 
Th-231 1.8E-13 3.3E-24 1.3E-18 6.5E-13 1.6E-13 2.5E-24 1.2E-I8 4.9E-13 

Pa-233 8.9E-05 3.7E-06 5AE-05 2.SE-04 7.3E-05 3.3E-06 4.4E-05 2.3E-04 
U-233 3.8E-02 1.5E-03 2.3E-02 1.3E-01 3.3E-02 1.3E-03 1.9E-02 I.I13-01 
Th-234 1.6E-05 7.0E-07 9.4E-06 5.4E-05 I.3E-05 6.0E-07 7.5E-06 4.7E-05 
U-234 3.6E-02 1.5E-03 2.3E-02 1.IF3-O1 3.IE-02 1.4E-03 I.9E-02 9.9E-02 

Np-237 1.5E-01 6.2E-03 1.OE-01 4.4E-01 1.3E-01 4.4E-03 9.9E-02 3.7E-01 
Pu-238 7.8E-02 3.7E-03 5.0E-02 2.6E-01 6.7E-02 2.7E-03 3.9E-02 2.5E-01 
U-239 3.2E-02 I.9E-03 2.IE-02 1.0E-01 2.7E-02 1.4E-03 1.6E-02 9.4E-02 
Pu-239 8.7E-02 3.5E-03 5.313-02 2.8E-01 7.4E-02 3.2E-03 4AE-02 2.4E-01 

Pu-241 1.3E-03 7.6E-05 8.5E-04 4.IE-03 I.IE-03 5.3E-05 7.8E-04 3.7E-03 
Am-241 I.4E-01 5.913-03 8.6E-02 4.6E-01 1.2E-01 4.9E-03 6.9E.-02 4.011-01 
Cm-242 4.3E-03 2.1E-04 2.6E-03 1.4E-02 3.6E-03 1.5E-04 2.2E-03 1.2E-02 
Pu-242 7.9E-02 3.4E-03 4.$E-02 2.5F-C 6.9E-02 2.9E-03 3.9E-02 2.3E-01 

a. To convert these values to convetonal units (mrcn/y per pCig or mrcmty per pCi/cm 2), multiply by 3.70 E.-03
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Table G.8 Dose factorst for CU-RE VM-HANDDIS-W 
Mass dose factors ( jgSv/y per Bq/g) Surficial dose factors (p&Svly per Bq/cm2) 

Radionuclide Mean 51h1 50*1 95th Mean 5th 501h1 95' 
H-3 0.OE+00 0.OE+00 O.OE+O0 0.OE+0O O.OE+00 0.OE+00 0.OE+00 0.OE+O0 
C-14 0.OE+00 0.OE+00 0.OE+00O .OE+00 O.OE+00 0.OE+00 0.OE+00 O.OE+00 
Na-22 O.OE+00 O.OE+00O0.OE+00 0.OE+O0 0.OE+00 0.OE+0O O.OE+00O0.OE+00 
P-32 6.SE-07 1.9E-09 2.9E-07 2.6E-06 5.&E-07 l.2E-08 2.3E-07 2.3E-06 

CI-36 0.OE+00 O.OE40O O.OE+W O .OE+O0 0.OE+-0 O0.OE+O0 0.OE+00 0.OE+00 
K-40 0.OE+00 0.OE+-0 O0.OE+-00 0.OE+00 0.OE+00O .OE+OO 0.OE4-OO 0.OE+00 
Ca-41 0.OE4+OO 0.OE+-0O O.OE+00 0.OE+00 0.OE+WO .OE+O O0.OE+-0 O0.OE+00 
Ca-45 0.OE+00O .OE+0 O .OE+.0 O0.OE+,00 0.OE+00 0.OE40 O .OE+0 O.0OE+00 

Mn-54 2.8E-02 6.5E-03 2.2E-02 6.6E-02 2.4E-02 5.SE-03 1.SE-02 612E-02 
Fe-S5 0.OE+00 0.OE+00 O.OE+O0 0.OE+00 0.OE+00 0.OE+00O0.OE+00 0.OE+00 
Co-57 1.8E-03 4.8E-04 I.4E-03 4.4E-03 l.5E-03 3.4E-04 1.2E-03 4.1E-03 
Coo-SB 2.OE-02 4.4E-03 1.6E-02 4.9E-02 1.7E-02 3.2E-03 1.3E-02 4.4E-02 

Ni-59 0.OE+O0 0.OE+00 O.OE+00O0.OE+0O 0.OE+00O .OE+O0O0.OE+00 0.OE+00 
CO-60 S.SE-02 2.4E-02 7.OE-02 2.OE-0l 7.2E-02 1.7E-02 5.SE-02 1.7E-01 
Ni-63 0.OE+00 0.OE+O0O .OE+O0O .OE+00 0.OE+00O0.OE+00 0.OE+00 O.OE+0O 
Zn-65 1.7E-02 4.OE-03 1.4E-02 4.1E-02 1.4E-02 2.9E-03 1.2E-02 3.5E-02 

So-75 1.4E-03 8.8E-05 8.5E-04 '46-E--03 I.2-fE-03 6.3E-05 6.9E-04 3.8E-03 
Sr-85 5.2E-03 1.2E-03 4.OE-03 1.3E-02 4.4E-03 8.IE-04 3.4E-03 1.1E-02 
Sr-89 1.2E-05 2.6E-06 9.5E-06 3.E-05 I.IE-05 l.8E-06 7.7E-06 2.9E-05 
Sr-90 3.OE-06 7.OE-07 2.4E-06 7.3E-06 2.6E-06 S.IE-07 I.SE-06 7.IE-06 

! Pl-& 7.  
Mo-93 6.3E-06 1.6E-06 S.1E-06 1.5&-03 5.E-06 1.2E-06 4.3E-06 'f.3E-0S 

Nb-93m LI.E-06 2.9E-07 8.IE-07 2.SE-06 9.OE-O7 2.2E-07 6.6E-07 2.3E-06 
Nb-94 6.1E-02 1.5E-02 4.7E-02 1.5E-01 5.3E-02 1.IE-02 3.9E-02 1.E-01 
Nb-95 8.6E-03 I.SE-03 6.2E-03 2.2E-02 7.4E-03 1.4E-03 5.2E-03 2.IE-02 

TC-99 1.IE-06 3.OE-07 8.7E-07 2.9E-O6 9.7E-07 2.1E-07 7.E-07 2.5E-06 
Ru-103 5.6E-03 1.2E-03 42&-03 1.4E-02 4.7E-03 8.3E-04 3.5E-03 1.E-02 
Ru-106 5.9E-03 1.3E-03 4.9E-03 IA4E-02 5.IE-03 1.OE-03 4.2E-03 1.2E-02 
Ag-108m 6.3E-02 I.6-02 5.IE-02 1.5E-01 5.4E-02 1.3E-02 4.IE-02 1S4E-1 

Ag-] 10mn 8.7E-02 2.3E-02 7.3E-02 2.IE-Ol 7.5E-02 I .E-02 5.6E-02 1 .E-01 
Sb-124 3.2E-02 7.2E-03 2.5E-02 7.9E-02 2.8E-02 5.4E-03 2.OE-02 7.4E,-02 
1-125 O.OE+-0 O .OE+FOO O.OB+00 O.OE4+O0 0.OE+00 O.OE+0O O.OEI+0O O.OE+OO 
Sb-125 I.SE-02 3.6E-03 1.2B-02 3.7E-02 1.3E-02 2.BE-03 1.OE-02 3.3E-02 

1-13 1 0.OE400 O.OE+00 O.04aO 0.OE+O00 O.OE+00 0.OE+OO O.OE4+O0 O.OE+0O 
Ba-133 6.7E-03 1.7B-03 5.5E- 03 1.7E-02 5.7E-03 1.3E-03 4.5E-03 1.3E-02 
C3-134 O.OE+OO O.OE+O0 O.OE+O0 O.OE+O0 0.OE+00 O.OE+O O .OE+O-0 O.OE+00 
Cs-137 O.OE+00 O.OE+O0 0.0E4O00 O.OE+O0 O.OE4-00 O.OE+OO O.OE4+00 O.OE+0O
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Table GA8 Dose factors* for CU-RE VM-{ANDDIS-W 
Mass dose fiactors (pjSvly per Bqfg) Surficial dose factors (p~Svly per Bq/cm2) 

Radionuclide Mean sb 50th 95* Mean SSo, 956 

Ce-144 2.9E04K 7.OE-05 2A4E-04 7.2E-04 2.SE-04 5.5E-05 1.9E.04 6.6E-04 
Pmn-147 1.6E-08 3JE-09 1.2E0S 3.6E-08 IAE-O8 2.SE-09 1.OE-08 3.4E-08 
Eu-152 I.OE-02 2.6E-03 7.9E-03 2.5E-02 8.7E-03 1.9E-03 6.&E-03 2.2E-02 
Eiz-154 L.IE-02 2.6E-03 9.9E-03 2.7E-02 9.7E-03 2.OE-03 U.E-03 2.6E-02 

~ __ ~4~.-rib_ 
Re-186 4.4E-08 3.7E-12 1.OE-09 2.6E-07 3.7E-08 3.5E-12 8.5E-10 2.OE-07 
Ir-192 1.7E-02 3.9E-03 1.4E-02 4.2E-02 1.5E-02 2.9E-03 II2E-02 3.9E-02 
Pb-210 1.2E-05 2.9E-06 9.2E-06 2.SE.05 1.OE-05 2.3E-06 7.7E-06 2.5M50 
Po-210 2.OE-07 4.9E-08 1.6E-07 4.7E-07 I.SE-07 3.6E-08 1.3E-07 4.7F-07 

Rn-222 2.OE-O7 8.8E-12 3.6E-09 1.IE-06 1.7E-07 6.9E-12 2.BE-09 9.3E-07 
Ra-223 7.9E-05 3.2E-06 3.7E-05 2.9E-04 6.8E-05 2.SE-06 3.IE-05 2.6E-04 
Ra-224 1.7E-06 1.OE-1O 4.2E-08 B.1E-06 1.4E-06 9.3E-I1 3AE-08 7.9E-06 
Ac-225 2.6E-06 2.6E-08 7.IE-07 1.I1E-05 2.2E-06 2.OE-08 5.9E-07 9.4E-06 

Ra-226 1.5E-02 3.5E-03 1.3E-02 3.6E-02 U.E-02 2.8E-03 9.9E-03 3.4E-02 
Ac-227 7.SE-05 3.8E-06 4.9B-05 2.5E-04 6.7E-05 3.2E-06 3.&E-05 2.2E-04 
T1-227 6.3E-06 I.9E-07 3.OE-06 2.4E-05 5.3E-06 1.SE-O7 2.4E-06 1.9E-05 
nh-228 7.5E-04 3.5E-05 4.4E-04 2.6E-03 6.5E-04 2.5E-05 3.9E-04 2.4E-03 

Th-229 6.lE-OS 2.BE-06 3.8E-OS 2.OE-04 5.2E-05 2.3E-06 3.2E-05 1.7E-04 
nh-230 3.4E.08 1.5E-09 22E-08 1.1E-07 2.9E-08 1.2Y-09 1.7E-08 9.8B-08 
Pa-231 1.6E-05 B.OE-07 1.OE-05 S.2E-05 IA4E-05 6.2E-07 9.6E-06 5.OE-OS 
nh-231 1.5E-17 5.2E-34 1.4E-25 4.9E-17 1.2E-17 5.OE-34 ___5&E25 3.SE-17 

~W 
Pa-233 2.4E-05 9.4E-07 1.4E-05 8.7.E-05 2.1E-O5 .7.3E-07 I.IE-05 7.7E-05 
U-233 8.4E.09 3.9E-10 5.4E-09 2.SE-08 7.E-09 2.9E-10 4AE-09 2.3E-08 
TM-234 .LIE-06 4.IE-08 5.7E-07 3.6E-06 9.2E-07 3.OE-08 4.7E-07 3AE-O6 
U-234 iJE-OS 6.3E-10 9.4E-09 5.2E-08 1.3E-08 5A4E-10 7.9E.09 4.OE-08 

09 7' PI:_ý&-T 9WL;g~ 
Np-237 5.2E-05 2.3E-06 3.SE-05 1.6E-04 4.4E-05 1.7E-06 2.8E-05 I.52-04 
'Pu-238 1.7E-08 U.0-10 1.12-08 5.2E-08 1.52M0 5.2E-10 8.82409 4.4E-08 
U.-238 2.4E-06 1.2E-07 1.62406 7.9E-06 2.1-06 9.12408 1.3E-06 6.7-06 
Pu-239 6.5E-09 2.6E-10 4.OE-09 2.02408 5.6209 2.3E-10 3.5E-09 1.9248 

Pu-241 5.42-10 2.4E-11 3.3E-10 1.8249 4.6E-10 1.92-112.7E-10 1.7E-09 
Am-241 1.7E-06 6.2&-08, 1.0E-06 5.62-06 1.42-06 4.6E248 8.2E-07 4.9E-06 
Cm-242 2.02-08 1.02-09 1.2E-08 6.4E-08 1.72-08 7.8-10 1.02-08 6.02-08 
Pu-242___ 1.42 7.02-10 9.12-09 4.2E-08 1.22-08 5.52-10 7.3E-09 3ISM0 

a. To convert these values to conventional units (mremy per pCi/g or mrem/y per pCi/cm2), multiply by 3.70 E-03
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Table G.9 Dose factors for CU-RE VS-HANDLIN-W 
Mass dose factors (;tSvly per Bq/g) Surficial dose factors (I±Sv/y per Bq/cm2) 

Radionuclide Mean 5"' 50"' 95"' Mean P" 50"' 951' 
H1-3 0OEO .OE+00 O .OE+ OO 0.OE+00 0.OE+0 O O. 0E400 O.OE+0 O O.OE+ OO009:0 
C-14 I.4E-04 2.5E-05 1.OE-04 4.2E-04 1.2E-04 1.8E-05 B.IE-05 3.6E-04 
Na-22 4.OE+O1 9.9E+00 3.2E+01 1.OE+02 3.4E+01 7.2E+00 2.5E+01 S.8E+O1 
P-32 M.E-02 2.3E-03 7.SE-03 3.2E-02 9.SE-03 1.6E-03 6.5E-03 3.OE-02 

CI-36 7.8E-03 2.OE-03 6.IE-03 i.SE-02 6.7E-0 1.SE-03 5.2E-03 1.E-02 
K-40 3.2E+00 7.7E-O1 2.6E+00 7.2E+00 2.7E+00 5.OE-O1 2.2E+00 6.7E+00 
Ca-41 2.OE-03 3.3E-04 1.5E-03 5.2E-03 1.7E-03 2.5E-04 1.2E-03 4.7E-03 
Ca-45 11- 5.1E-03 I OE-03 3.E-03 1 .3E-02 4.3E-03 7.OE-04 3.E-03 1 .2E-02 

?&.54 I.SE-O1 3.E-02 1.2 E-01 3.SE-0i 1.3E-O1 a2.3"E-02 9.4E-02 3.9E-01 
Fe-55 1.1E-05 2.2E-06 S.OE-06 2.&E-05 9.OE-06 1.6E-06 6.6E-06 2.3E-05 
Co-57 1.5E-02 3.4E-03 1.IE-02 3.6E-02 1.2E-02 2.5E-03 9.3E-03 3A4E-02 
Co-58 IA4E-01 3.2E-02 1.IE-01 M.E-O1 1.2E-01 2.3E-02 8.8E-02 3.2E-O1 

Ni-59 4.7E-06 1.OE-06 3.7E-06 1.IE-05 4.OE-06 7.6E,07 3.OE-06 I OE-05 
CO-60 5.1E-O1 1.IE-O1 4.OE-O1 1.3E+00 4.E-0l B.OE-02 3.E-O1 LI.E+OO 
Ni-63 1.2E-05 2.7E-06 ý9.5E-06 3.OE-05 1.OE-05 2.OE-06 S. E-06 2.5E-05 
Zn-65 i.IE-OI 2.OE-02 9.3E-02 2.SE-O1 9.3E-02 1 .6E-02 6.6E-02 2.5E-01 

-~~~ 0 -~. __ 

Se-75 4.5E+00 8.7E-01 3.5E+00 1.2E+01 3.9E+00 6.2E-01 2.9E+00 1.1EO1 
Sr-S5 3.5E+00 6.9E-0l 2.6E+00 L.OE-I-1 3.OE+00 5.2E-01 2.lE-I-O 8.3E+00 
Sr-89 1.6E-02 3.7E-03 1.3E-02 3.7E-02 1.4AM 3.E-03 1.1E-02 3.E-02 
Sr-90 2.3E-01 5.1E-02 1.7E-01 5.5E-01 1.9E-01 3.6E-02 1.4E-O1 5.5E-01 

Mo-93 9.3E-05 2.3E-03 7.E-05 2.3E-04 8.OE-05 1.7E-05 6.OE-05 2.OE-04 
Nb-93m 6.6E-05 IA4E-05 5.3E-05 1.8E-04 5.6E-05 1.IE-05 4.E-05 1.6E-04 
Nb-94 3.OE-OI 7.OE-02 2.4E-O1 7.E-01 2.6E-01 4.9E-02 2.OE-O1 6.6E-O1 
Nb-95 S.8E-02 1.7E-02 6.3E-02 2.5E-01 7.5E-02 1.E-02 5.2E-02 2.2E-01 

K TK-7 Ai R- A-4 " 

TC-99 3.9E-05 1.OE-O5 3.OE-O5 9.6E-05 M.E-05 8.OE-06 2.5E-05 9.OE-05 
Ru-103 5.2E-02 1.2E-02 4.OE-02 IA4E-01 4.4E-02 S.IE-03 3.3E-02 1.2E-01 
Ru-106 1.2E-03 2.6E-04 9.5E-04 2.9E-03 1.OE-03 1.9E-04 7.7E-04 2.5E-03 
Ag-lO8m __3.OE-O1 6.9E-02 2.4E-O1 7.3E-01 2.6E-01 4.8E-02 1.9E-01 7.OE-OI 

A&. I I 4.9E-01 1.IE-O1 3.SE-O1 1.3E+00O 4.2E-01 9.2E-02 3.2E-01 1.1E+O0 
Sb-124 2.6B-01 6.2E-02 2.OE-0I V.E-01 2.3E-01 4A4E-02 IJE-Oh 6.4E-O1 
1-125 6.1-02 I.6-02 5.02-02 1.52-01 5.2E-02 1.02-02 3.9E-02 I.4E-01 
Sb-125 7.52-02 1.6-02 6.12-02 1.92-Oh 6.42-02 1.2E-02 4.8E-02 1.6E-01 

7NSI-.AW.-2. . ~ Ž4~l 

1-131 5.6E-01 6.3E-02 3.5-01 1.82+00 4.8B-01 4.2E-02 3.02-01 1.62+00 
Ba-133 3E.1200 6.7-01 2.4E2+00 8.52+00 2.72+00 S.OE-O1 h.9E40 7.9E+0O 
Cs-134 2.&E2+01 6.72+00 2.2E+01 7.32+01 2.52+01 4.72+00 1.8E-+01 7.02+01 
Cs-137 7.3E-02 1.4-02 5.3E-02 2.12-01 6.3E-02 1.22-02 4.5E-02 1.82-Oh

Draft NUREG-1640, Vol 2 0-18
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Table G.9 Dose factors'm for CU-RE VS-HANDLIN-W 
Mass dose fadtors (juSv/y per Bq/g) Surticial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 5"' so* 951' Mean 5"' 50"' 956' 

Ce-144 2.2E-01 6.3E-02 L.8E-Ol 5A4E-01 1.9E-OI 4.7E-02 1.5E-01 4.813,01 
Pmn-147 6.SE-03 I.SE-03 5.2E-03 1.7E-02 5.8E-03 1.2E-03 4.2E-03 1.7E-02 
Eu-152 1.6E+01 3.7E+60 1.3E+0I 4.2E+01 1.4E+01 2.6E+00 1.IE+OI 4.2E+01 
Eu-154 1.SE+0l 4.OE+0O 1.3E+01 S.IE+0l 1.5E+01 2.SE+OO 1.IE+O1 4.213+01 

Re-I 86 3.3E-05 5.1E-07 9.6E-06 1.6E.04 2.8E-05 4.OE-017 8.3E-06 :1.4E-04 
Ir-192 1.IE-O1 2.3E-02 8.AE-02 2.9E-O1 9.6E-02 1.7E-02 7.2E-02 2.6E-01 
Pb-210 1.OE-O1 1.9E-02 7.7E-02 2.6E-01 S6E-02 l.4E-02 62E-02 2.5E-01 
Po-210 3.6E-02 7.5E-03 2.8E-02 9AE-02 3.IE-02 5.7E-03 2.3E-02 8.AE-02 

Rn-rn2 O.E 00 .OE+00 O.OE+OO O.OE+O O.OE+O0 O.OE+OO O.OE+OO O.OE+00 
Ra-223 2.IE-O1 4.013-02 1.5E-01 5.4E-O1 I8E-O1 2.BE-02 1.2E-01 .SE-O1 
Ra-224 3.4E-03 6.5E-05 LI.E-03 I.E-02 2.SE-03 4.E-05 9.3E-04 L.IE-02 
Ac-225 2.9E-0l 4.4E-02 1.9E-Ol 8.1E-O1 2.5E-OI 3.3E-02 1.613-01 9.O13-01 

Ra269.5E+002O+0 7.4E+00 .E0 8.2E+00 I.7E+OO 5.9E+00 2.3E+01 
Ac-227 2.6E+02 5.1E+OI 2.OE+02 6.SE+02 2.3E+02 3.913+01I lE+02 6.6E+02 
Th-227 1.7E+00 3.4"-l 1.3E4-00 4.OE+O0 1.4E+00 2.7E-01 1.1E+OO 3.7E+00 
TM-228 9.3E+01 2.4E+01 7.4E+01 2.313+02 S.OE+OI 1.SE+OI 6.1E+Ol 2.1E402 

Th-29 3.3E+02 6.2E+01 2.5E+02 9.3E+02 2.9E+02 5.2E+01 2.OE+02 S.IE+02 
Th-230 5.013'-01 l.OE+O1 3.6E+01 -IAE+02 4.3E+01 7.&EO00 2.9E+01 1.3E+02 
Pa-231 I.gE+02 3.3E+01 1.4E+02 4.413+02 1.6E+02 2.7E+-oi IIE+02 4.OE+02 
Th-231 4.7E-07 1.IE-13 5.9E-IO 2.7E-06 4.OE-7 7.3E-14 4.2E-10 2.2E-06 

ft-233 1.5E+O0 2.613-01 1.2E4-00 4AE4E+O 1.3E+OO 2.OE-O1 9.9E-O1 4.OE-+00 
U-233 2.5E+fOl 4.JE+O0 2.OE+POI 6.2E+POl 2.1E+POI. 4.OE+O0 1.6E401I 5SE+fOl 
Th-234 4.5E-02 1.OE-02 3.5E-02 1.2E-01 3-9E-02 7.8E-03 2.8E-02 1.1E-O1 
U3-234 2.5E+01 43E+0O ISE-E+O 6.6E+01 2.IE+01 3.4E+OO 1.5E+-01 6.1E+O1 

Np-237 I.E-P02 2.E1E+O1 8.3E+01 3.2E-+02 9.A1+O1 1.6E+01 6.613+O1 2.7E+02 
Pu-238 5.5E+01 9.7E4-00 4.IE+01 LSE+02 4.8E+01 7.lE+O0 3.4E+01 1.3E+02 
U-239 2.3E+01 4.OE+OO 1.6E+01 6AE+O1 2.OE+O1 3.0E+00 I.4E+0I S.SE+O1 
Pu-239 __ 5.8E+*O1 1OE+OI 4.4E401 1.5E-+02 5.OE+fO1 SAEPOO 3.6E+01 IAE+02 

Pu-241 9AE-01 1.8E-O1 7.OE-01 2.6E+00 8.IE-O1 1.3E-01 5.7E-01 2.5E+00 
Am-241 9.OE+O1I .8E+O1 6.7E+01 2.4E+02 7.8E+O1 1.4E+01 5.5E+01 2.1E+02 
Cm-242 3.OE+00 6.3E-01 2.3E+00 7.6E+00 2.5E+00 5.013-01 1.9E+00 6.9E+00 
Pu-242 5.4E+01 9.7E+00 4.3E+01 1.2E+02 4.6E+01 8.O13+00 3.2E+01 12E+02 

a. To convert these values to conventional units (mrcm/y per pCi/g or mreniy per pCi/cnlr) multi-ply by 3.70 E-03
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Table G.10 Dose factors' for CU-CNVS-HANDLIN-W 
Mass dose factors (,uSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm!) 

Radionuclide Mean sb 50a' 956 Mean 5 * 50 951h 

H-3 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 O.OE+OO O.OE+OO O.OE+OO O.OE+OG O.OE+OO O.OE+OO O.OE400 O.OE+OO 
Na-22 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
P-32 9.5E-04 4.OE-O5 5.9E-04 3.3E-03 8.2E-04 3.E-05 4.7E-04 3.OE-03 

CI-36 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
K-40 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

Ca-45 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE-4-O O.OE+OO 

Mn-54 I.4E+OI 3.IE+OO 1.IE+01 3.6E+01 I.2E4O1 2. 1E+O0' -- 8.8E+00 3.0EO 
Fe-5S 9.7E-04 IS.E-04 7.6E-04 2.5E-03 8.3E-04 1 .5E-04 6.IE-04 2.2E-03 
Co-57 1.3E+00 3.2E-01 9.9E-01 3.3E+00 I.lE+OO 2.3E-01 B.IE-Ol 3.OE+OO 
Co-58 1.2E+01 2.7E+00 8.4E+OO 3.lE+O1 9.8E+00 1.9E+00 7.3E+00 2.7E+01 

Ni-59 4.2E-04 I.OE-04 3.3E-04 9.8E-04 3.6E-04 8.2E-05 2.8E-04 9.OE-04 
Co-60 4.6E+01 I.OE+O1 3.7E+01 I.IE+02 4.6E+01 7.4E4-00 3.OE+OI 1.IE+02 
Ni-63 L.E-03 2.6E-04 8.91E-04 3.OE-03 9.7E-04 I.SE-04 7.5E-04 2.6E-03 
Zn-65 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

Se-75 6.3E-01 4.7E-02 4.2E-01 1.9E+00 5.4E-01 3.9E-02 3.5E-01 1.7E+00 
Sr-4S 1.6E+00 3.3E-01 l.2E+OO 4.OE+00 1.3E+00 2.4E-O1 9.9E-01 3.7E+00 
Sr-89 7.lE-03 1.9E-03 5.SE-03 1.6E-02 5.9E-03 1.3E-03 4.9E-03 I.E-02 
ST-90 1.IE-OI 2.9E-02 9.OE-02, 2.9E-01__ 9.$E-02 2.OE-02 7.5E-02 2.5E-01 

Mo-93 3.4E-03 2.3E-03 6.7E-03 2.OE-02 7.IE-03 1.6E-03 5.7E-03 I.SE-02 
Nb-93m 5.9E-03 1.5E-03 4.7E-03 I.4E-02 5.OE-03 I.IE-03 3.9E-03 1.E-02 
Nb-94 2.8E+0-1 6.7E+00 2.2E+01 6.9E+01O 2.4E+01 5.3E+00 1.7E+01O 6.2E+01 
Nb-95 5.9E+00 1.2E+00. 4.6E+00 I.4E+OI 5.IE+0O 3.IE-Ol. 3.&E+00 1.3E+01 

TC-99 2.9E-03 7.OE-04 2.2E-03 7.OE-03 2.5E-03 4.7E-04 l.9E-03 6.4E-03 
Ru-103 2.9E+00 5.6E-01 2.3E+00 7.2E+00 2.5E+00 4.4E-01 1.9E+00 7.IE+OO 
Ru-106 SA4E-02 l.9E-02 6.7E-02 2.OE-Ol 7.3E-02 1.5E-02 5AE-02 2.OE-OI 
Ag-lO$m 2.2E-01 4.1E-02 1.6E-01 612E-01 I.9E-1 3.0E-02 1.3E-01 6.OE-OI 

AS-11rn 3.SE-01 5.2E-02 2.5E-01 9.6E-01 3.OE-O1 4.2E-02 2.IE-O1 9.5E-01 
Sb-124 2.OE+Ol 4.2E+00 1.7E+01 5.IE+OI 1.7E+01 3.OE+00 I.4E+Ol 4.6E+0I 
1-125 O.OE+OO O.OE4-00 0.OE+O0 O.OE+O0 0.OE+00O .OE+O0 O.OE+00O0.OE+O0 
Sb-125 6.9E+00 1.6E+00 5.4E+00 1.6E+0-1 5.8E+00 1.2E+00 4.5E+00 1.4E401 

1-131 0.OE+O0 0.OE+O0 O.OE+O0O0.OB+0O O.OE+00O .OE+00 0.OE+O0O .OE400 
Ba-13 1.6E+00 M.E-OI 1.3E+00 4.IEOO0 I.4E+O0 2A4E-O1I .OE+OO 3.6E+00 
Cs-134 O.OE+OO 0.OE+O0O .OE+0O O.OB-I-O O.OE+OO O.OE+OO O.OE+OO O.OE+00 
Cs-137 0.OE+O0 0.OE+O0 O.OE+0O 0.OE+OO O.OE+OO O.OE+O0 O.OE+O0 0.OE+00
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Table dIO Dose factors' for CU-CNVS-HANDLIN-W 
Mass dose factors (ptSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm')

G-21 DraIkNUREG-1640, VoL 2

Radionuclide Mean 5U1 5 0PI 95h~ Mean 5th 50"9'1 

Ce-l44 5.8E-02 1.4F,02 4.-7E02 1.4E-Ol 4.9E-02 1.O.E-02 3.8E-02 1.3E-Ol 
Pm-147 1.7E-03 3.9E-04 1.3E-03 4.2E-03 l.4E-031 2.8E-04 1.IE-03 3.5E-03 
Eu-152 4.4E+OO 9.2E-01 3.4E+OO I.IE+Ol 3.7E+00 7.1E-01 2.6E+60 9.7E+00 
Eu-154 4.7E+00 L.E+OO 3.SE+OO 12E+01 4.011+00 7.SE-OI 2.9E+00 1.1E+01 

Re.-186 3.5Eý-4 9.6E-07 4.6E-05 I.SE-03 2.9E-04 7-.6Ei-07- 3.8E-05 1.SE-03 
Ir-192 7.JE-02 1.OE-02 5.4E-02 2.OE-O1 6.1E-02 7.5E-03, 4.2E-02 1.6E-01 
Pb-210 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Po-210 O.OE+OO O.OE+CO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

Rn-r O.OE+OO O.EO O.OE+OO O.E+00 0.EO O.O13+00 OO+O .EO 
Ra-223 7.6E-02 9.9E-03 4.5E-02 2.5E-01 6.5E-02 6.4E-03 3.8E-02 2.1IE-01 
Ra-224 4.4E-04 S.4E-07 4.6E-05 2.6E-03 3.8E-04 6.8E-07 4.2E-05 2.1E-03 

Ra-225 5.9E-02 9.2E-03 3.8E-02 1.E-O1 S.OE-02 6.$E- 03 M.E-02 1.5E-01 
Ra-226 7.6E1-00 l.8E+00 6.1E-4-O 1.9E+01 6.6E+00 1.4E+00 4.7E+00 1.SE+O1 
Ac-227 4.3E-03 1.IE-04 1.9E-03 1.6E-02 3.7E-03 8.3E-05 1.5E-03. 1.5E-02 
Uh-227 l.SE-02 U.E-04 9.OE-03 5.7E-02 1.5E-02 5.9E-04 7E-0ý3 5.2E-02 
Th-228 1.7E+00 7.6E-02 1.OE+OO 5.5E+00 I.4E+OO 5.9E-02 8.4E-O1 4.5E+00 

'M-229 5.9E+OO 2.9E-01 3.3E+OO 2.OE+fO1 5.IE+00 1.9E-O1 2.7E+-00 1.7E4O1 
Th-230 8.9E-O1 3.9E-02 4.9E-01 3.IE-+OO 7.9E-01 2.7E-02 3.9E-01 2.9E+OO 
Pa-231 3.OE+OO l.E-0l L.SE+0 1.OE+Ol 2.7E400 9.6E-02 1.5E+00 9.3E+OO 
Th-231 2.8E-I 1 6.8E-22 2.7E-16 L3E-1O 2.4E-1 1 5.2E-22 2.1&-16 1.2E-10 

Pa-233 1.9E-02 8.6E-04 LI.E-02 7.OE-02 1.7E-02 7.5E-04 8.8B-03 5.5E-02 
U-233 4.1E-O1 1.8E-02 2.6PAO I l.4E-+00 3.5E-01 1.6E-02 2.OE-0l 1.2E+O0 
Th-234 5.3E-04 2.4E-05 M.E-04 1.8E-03 4.SE-04 2.OE-05 2.5E-04 1.5E-03 
U-234 4AE-01I .SE-02 2.5E-01 1.5E+00 3.8E-01 M.E-02 2.1E-Ol 1.3E+O0 

Np-237 1.9E+OO 7.8E-02 1.1E+OO 6.OE+O00 1.6E+POO 6.1E-02 9.1E-01 5.7E+00 
Pu-238 9.IE-01 4.SEM0 5.6E-01 2.9E+OO 7.6E-01 3.5E-02 4.7E-01 2.6E+OO 
U-239 4.OE-01 1.5E-02 2.1E-OI 1.4E+fOO 3.5E-01 1.2E.02 I.SE-O1 1.E4E+O 
Pu-239 9.9E-01 3.8E-02 5.9E-01 3.5E-+00 9.6E-01 3.2B-02 4.9E-01 2.9E+OO 

Pu-241 1.6E-02 6.3E-04 9ý.3E-03 5.5E-02 IA4E-02 5.9E-04 7.5E-03 4.7E-02 
Am-241 1.5E-+-0 6.2E-02 9.5E-01 5.OE4-OO 1.3E+O 4.9E-02 7.6E-01 4.3E400 
Cm-242 5.OE-02 2.2E-03 2.7E-02 1.9E-01 4.3E-02 l.8E-03 2.3E-02 I.SE-01 
Pu-242 9.9E-01 3.9E-02 5.7E.01 3.SE+00 U.E-01 3.0E.02 4.4E-01 3.1E400 

aL To convert these values to conventional units (mreni/ per pCVg or mre*/ per picMa2), multiply by 3.70 E-03
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Table G.11 Dose factore for CU-ELRS-HANDLIN-w 
Mass dose factors (;iSv/y per Bq/g) Surficial dose factors (;LSv/y per Bqcni 2) 

Radionuclide Mean 5h0 95* Mean 5"' 50"' 95"' 
H-3 O.OE+00 O.OE+0O O.OE+00 O.OE+O0 0.OE+00 O.OE+00O0.OE+00O0.OE+00 
C-14 O.OE-t0O O.OE+O0 O.OE+00 0.OE+0O 0.OE+00 O.OE+0O O.OE+00O .OE+0O 

Na-22 0.OE+00 O.OE+00 0.OE+00O .OE-fOO 0.OE+0() O.OE+00 O.OE+00O0.OE+0O 
P-32 2.6E-04 4.6E-06 1.IE-04 1.IE-03 2.3E-04 3.8E-06 8.8E-05 9.6E-04 

6i36 O.OE+00O0.OE+00 O.OE+00 0O. OE+ 0 0 O.OE+O0 O.OE+0O O.OE+0O O.OE+0O 

Ka-40 O.OE+O0O0.OE+00 0.OE+OO O.OE+0O O.OE+00 O.OE+OO O.OE+00 O.OE+0O 
Ca-45 0.OE+00 0.OE+00 0.OE+OO O.OE+0O O.OE+00 0.OE+00 O.OE+00 O.OE+00 
Ca4 O.O i0 :89'.E0 .E0 01;5E-Oi:< O+0 O.E0 I.E0 O.3P.+?6 

MnP 9.E0 12+0 4.E0 .EJ 46+0 93-1 .E0 .E0 
Fe~-54 5.6E4-00 1.2E+00 4.E0 .OE -03A+O 4.6E4-00 9.3E-01 3.34E-00 98E-104 
Co-55 5.3E-O1 7.3E-05 4.EO2.SE+0 LE03 3.5E-04 5.1E-02 32AE-04 9.8E-04 
Co-57 5.3E-'01 7.9E-0I 3.OE-OO 1.5E+00 4.5E-01 S.9E-Ol 323E-01 l.OE+0 

Co5 4.E0 7.9E-01 3.EAO 1. 1  E+ 2.Ed+0 ~5.9E012.2B+OO .9+0 
N-e- 18-4 3S-5 13-4 46-4 .E0 .EO .E0 .E0 

Co-59 1.9E+01 3.5E+05 1.3E-04 6.E-04 1.6E+04 2.2E+05 1.2E+0I 4.5E+04 
Co-60 1.9E4-014I.2E4,00 .E0 1.4E-01 4.OEfl .E-f04 32E+00 12.E4-014 .6E-f03 
ZN-63 4.7E-04 7.4E-Ol 3.5E-04 1.2E-03 4.OE+00 7.8E.OI 2.3E+00 8.7E+O 

Zn65 3.4W3O7.E-1 2.E-FO I.E0 _.E*0 5$-1 23+ .E0 
S-675 .E0 .E0 .E0 I.4E+O0 ffOW0 6.IE-03 14 -AAR~l+ 

Se-75 35.E-01 8.5E-031 .6E-01 IA3E-+00 4.3E-01 6.lE-03 3.2E-0O 1.2E+O 
Sr-89 2.2E-.02 9.3E-013l.SE-02 1.3E-02l 4.3E-2 3.SE-013 .2E-02O 1.2E+01 

Sr-90 4.3E-01 L.OE-0l 3.OE-O1 1.2E+00 3.7E-0I 7.2E-02 2.5E-01I .IE+00 

Mo-93 3.5E-03 S.4E-04 2.6E-03 9.6E-03 3.OE-03 5.9E-04 2.3&-03 8.2E-03 
Nb-93m 2.5E-03 5. IE-04 IS.E-03 6.3E-03 2.2E-03 3.9E-04 I SE-03 5.6E-03 
Nb-94 1.2E+01 2.4E-H0 BS.E+0 3.4E+01 L.OE+01 I.9E+00 6.9E+00 2.9E+01 
Nb-95 1.9E+0O 3.2E-01 I.3E+O _5.3E400 l.6E+O0 2.4E-01 I.IE+0O 4.9E4,00 

-,~A 7l' ~ 

Tc-99 1.4E-03 2.9E-04 9.7E-04 3.7E-03 1.2E-03 2.2E-04 8.OE-04 3.5E-03 
Ru-103 L.IE+00 1.7E-01 7.7E-01 2.8E+00 9.IE-OI 1.IE-01 6.3E01l 2.5E+WO 
RU-106 3.8E-02 8.6E-03 2.7E-02 L.E-01 32E-02 6.OE-03 2.3E-02 8.9E-02 

Ag-108m 1.2E+02 2.5E+01O 8.2E+01 2.9E402 9.9E-+01 1.7E+01 6.9E+01 2.7E+02 

Sb-124 7.6E+0OO I.SE+-0O 5.2E-I0 2.1E+01 6.5EA-00 IIE+00 4.3E+00 l.SE+01 
1-125 O.OE+0O O.OE+00 O.OE-I-0O .OE+00 O.OE+-00 O.OE+00 O.OE+0GO O.OE+-0O 

Sb-125 2.9E400 6.OE-OI 2lE+-0O 7.SE+-00 2.4E+00 4.9E-01 1.7E+00 6.6E4+00 

1-13 1 O.OE+00 O.OE+00O .OE+O00 O.OE+0O O.OE+00 O.OE+00 O.OE+0O ".E+00 

Ba-133 6.2E+00 1.2E4+00 4.4E+0OO 1.7E+fOI 5.3E+00 9.5E-01 3.0E+00 1.5E-+01 
Cs-134 O.OE+-00 O.OE+0O O.OE+O0 0.OE+00 0.OE+W00 O.E+00 0.OE+0O O.OE+0O 
Cs-137 O.JE+-00 0.OE+00 O.0E400 O.OE+0O 0.OE-+0O O.OE+0O O.OE+00 O.OE+00
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Appendix G Copper Dose Factors 

Table G. 1 Dose factors' for CU-ELRS-HA~NDLIN-W 
Mass dose factors (gSv/y per Bqfg) Surf icial dose factors (pSv/y per Bq/cn9) 

Radionuclide Mean 51h 501h 95"' Mean 5th 50"'5d 

Cc-144 7.OE-02 1.613-02 5.l13-02 I.SE-0I 6.OE-02 II2E-02 4A4E-02 1.613-01' 
Pmn-147 2.113-03 4.E-04 1.513-03 5.9E-03 1.913-03 3.1E-04 1.3E-03 5.5E-03 
Eu-152 5.313+00 l.113+00 4.OE+00 1.4E+Ol 4.5E+00 8.AE-01 3.3E+00 1.2E+01 
Eu-154 6.013+00 1.2E+00 4.413+00 1.713+01 5.113+00 9.311-01 3.5E+00 1.6E+01 

Re-186 3.313-05 9.613-09 l.l13,06 1.713-04 3.1&-05 6.113-09 9.I13-07 1.613-04 
Ir-192 3.213-101 7.IE400 2.3E-101 7.513+01 2.8E-tOl 5.5E+fOO l.813+01 7.4E+Ol 
Pb-210 3.SE+00 7.713-01 2.SE+FOO 9.213+00 3.3E+00 5.913-01 2.313+00 8.8E400 
Po-210 l.I13400 2.OE-O1 7.711-01 2.613+00 9.OE-0l 1.5E-01 6.613-01 2.513400 

Rn-rn2 .OE00.OE+00 O.OE+ 00 0.6iOEFOO O.OE+O0 O.OE+O0 O.OE-NX)0 O.OE+O0 
Ra-223 4.9E-02 3.013-03 2.313-02 1.713-01 4.313-02 2.4E-03 l.SE-02 1.6E-O1 
Ra-224 9.713-05 2.213-08 3AE-06 5.81-04 9.713-05 LSE-OS 3.OE-06 4.913-04 
Ac-225 6.IE-05 2.4E-07 1.3E-05 2.813-04 5.513-05 2.I13-07 l.011-05 2.1E-04 

Ra-226 9.713+00 2.213+00 7.E+O0 2.5E401 8.211+00 1.7E+00 -5.6E+00 2.3E+01 
Ac-227 2.BE-Ol 3.SE-03 1.2E-01 1.213+00 2.6E-01 3.013-03 9.3E-02 1.I13+00 
Th-227 6.613-04 6.6E-06 2.513-04 2A4E-03 5.7E-04 5.2E-06 2.IE-04 2.313-03 
lb-228 9.213-02 1.413-03 4.8E-02 3.2E-01 B.1E-02 1.1E-03 3.9E-02 2.8E-01 

90 ,4 , - aaa ~iAVb1;5E 7 
Th-229 3.5"1O 5.613-03 1.613-01 I.3E+O0 3.013-01 3.5E-03 1.211-01 1.OE+O0 
TU-230 5.313-02 5.6E-04 2.2E-02 1.913-01 4.813-02 4.113-04 1.SE-02 1.713-01 
Pa-231 2.0"1O 2.3E-03 9.6E-02 8.41-01 1.7E-01 1.713-03 U.E-02 7213-01 

M_ __ý 4z~44:$ 4i7 I 
Th-232 2.3E-01 M.E-03 9.SE-02 9.OE-O1 1.9E-01 2.513-03 7AE-02 7.IE-Ol 
Pa-233 9.4E44 9.813-06 3.311-04 3.711-03 9.2E-04 6.913-06 2.9E-04 M.E-03 
U-233 2.9E-02 2.8E-04 LI.E-02 UX1.EO 2.513-02 1.913-04 S.7E-03 1.OE-01 
Th-234 2.2E-05 2.7E-07 S.7E-06 S.&E-05 l.9E-05 2.013-07 7.3E.06 1.7E-05 
U-234 2.7E,02 3AE-04 L.1E-02 1.l13-01 2.413-02 2.S13-04 9.5E-03 9-5E-02 

Np-237 1.2E-01 1.5E-03 4.6E-02 4.911-01 L.OE-Ol .LIE-03 4.06-02 3.813-01 
Pu-238 5.713-02 7.2E-04 2AE-02 2.613-01 5.)E-02 5.BE-04 2.O13-02 2.2E-01 
U-238 2AE-02 2.5E-04 9.SE-03 9AE-02 2.lE-02 2.1E-04 7.513-03 7.9E-02 
Pu-239 6.5E-02 6.213-04 2.6E-02 2.4E-0l 5.6E-02 5.AE,04 2.1E-02 2.113-01 

PU-241 9.713-04 1.1605 4.OE-04 3.61303 B4E-04 7.16-06 3AE-04 3.O0603 
Am-241 9.913-02 1.2E03 4.2E602 3.7E-01 8.7E-02 8.9B-04 3.213-02 3.56.01 
Cm-242 2.7E-03 U.E-05 1.21103 1.01302 2AE-03 3.1 E05 9.213-04 9.IE-03 
Pu-242 5.5E-02 7.9E-04 2.4E-02 2.3"01 4.8602 5.7E-04 1.913-02 1.7E-0I 

p, ~ TE 
a. To convert these values to conventional units (mremly per pCifg or mrmi/y per pCi/cm2), multiply by 3.70 E-03
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Table G.12 Dose hdore for CU-ATMO-REVERAT-N 
Mass dose factors (;tSv/y per Bqtg) Surficial dose factors (pSv/y per Bqfcrný 

Radionuclide Mean 51h 500 95* Mean P 50* 95* 
H-3 5.6E-04 6.IE-05 4.113-04 1.7E-03 4.8E-04 4.5E-05 3-3E-04 1.4E-03 
C-14 1.6E-02 1.7E-03 1.113-02 5.IE-02 1AE-02 UE-03 SAE-03 4.6E-02 
Na-22 1.311-04 4.2E-05 1.111-04 2.9E-04 1.113-04 3.0ý05 8.9E-05 2.811-04 
P-32 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.011+00 

CI-36 5.2E-02 4.6E-O3 3.4E-02 1.613-01 4.413-02 4.5E-03 2.SE-02 1.313-01 
K-40 3.9E-05 1.2E-05 3.3E-05 8.313-05 3AE-05 9.2E-06 2.713-05 7.913-05 
Ca4l 8.9E-08 2AE-08 7.3E-08 2.OE-07 7.5E-09 I.SE-08 SSE-08 ISE-07 
Ca45 1.2E-07 3AE-08 9.5E-08 2.SE-07 LOE-07 2.6E-08 7.9E-08 2.6E-07 

Mn-54 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Fe-55 O.OE+00 O.OE+00 O.OE+00 0.011+00 0.011+00 O.OE+00 O.OE+00 O.OE+00 
Co-57 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-58 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

mv 
NI-59 O.OE40 O.OE4-00 O.OE-FOO O.OE-FOO 0.013+00 O.OE4.00 O.OE+00 O.OE4.00 
Co-60 O.OE4,00 O.OE+00 O.OE-FOO O.OE-FOO O.OE+00 O.OE4-00 O.OE4.00 O.OE+(* 
NI-63 O.OE+W O.OE+W O.OE+00 O.OE+W O.OE4-00 O.OE+OO 0.011+00 O.OE+W 
Zn-65 4.5E-05 1AE-05 3.8E-05 9.7E-05 3.9E-05 LOE-05 3-IE-05 8.913-05 

MEN ý3 
So-75 O.OE4-00 O.OE4.00 O.OE+W 0.013+00 O.OE+00 O.OE+W 0.0134-00 O.OE4-00 

Sr-85 O.OE4-00 0.0134-00 O.OE+W O.OE-FOO O.OE4-00 O.OE+W 0.013+00 O.OE+W 
Sr-89 0.013+00 O.OE400 O.OE+W O.OE4.00 O.OE400 O.OE+00 0.013+00 0.0114-00 
Sr-90 O.OE+00 O.OE+00 0.0400 O.OE+W O.OE4-00 O.OE+00 O.OE+00 O.OE+00 

Mo-93 O.OE4-00 O.OE+W 0.04-00 O.OEA-00 0.013+00 O.OE+W O.OB+W O.OE-FOO 
Nb-93m O.OE4-00 0.01340 O.OE+00 O.OE+00 O.OE+00 O.OE-FOO O.OE40 O.OE-FOO 

Nb-94 O.OE4,00 O.OE+W O.OE+00 O.OE+00 O.OE-H* O.OE+W O.OE-H* O.OE-FOO 

Nb-95 O.OE400 O.OE+W O.OE-FOO O.OE-FOO 0.04-00 0.013+00 O.OE-1-00 O.OE+W 
q4ff Lg'q m N NINE" 901- PIk4WT'- 1117,17 DAME 9,11 MIN 

TC-99 O.OE+00 O.OE4-00 O.OE+00 O.OE4-00 O.OE4-00 O.OE+W O.OE+DO O.OEI-00 
Ru-103 O.OE+00 O.OE4-00 O.OE+W O.OE+W O.OE4-00 O.OE+00 O.OE4-00 O.OE+W 
Ru-106 O.OE+W O.OE+W O.OE4-00 O.OE+00 O.OE-FOO O.OE-FOO O.OE-FOO O.OE+00 
A9408m O.OE+W O-OE+00 0.04-00 O.OE+00 O.OE+W O.OE-+00 O.OE-H* 0.013+00 

Ag.. I 10m O.OE-FOO O.OE-FOO O.OE-FOO O.OE+00 O.GE+00 O.OE-FOO O.OE+W O.OE-FOO 

Sb-124 O.OE+00 O.OE4-00 O.OE4-00 O.OE4-00 O.OE+00 O.OE+00 0.011+00 0.011+00 
1-125 2.4E-02 22M3 1.6E-02 7JE-02 2.011-02 1.7E-03 1.3E-02 5.9E-02 
Sb-125 O.OE+W O.OE4-00 O.OE+00. O.OE-FOO O.OE4M O.OE+W O.OE4-00 O.OE-FOO 

I WINY PEN 
1-131 1JE-03 IME-04 9.DE-04 6.OE-03 LSE-03 8.7E-05 7.8E-04 5.OE-03 
Ba-133 O.OE+W O.OE+W O.OE+W O.OE+W OA4ý O.OE+00 O.OE-fOO O.OE+00 
Cs-134 7.911-05 2.4E-05 6.6E-05 1JE-04 6.6E-O5 I.&E-05 5.3E-05 1.5E-04 
Cs-137 1.2E-04 3.$E-05 LOE-04 2.6E-04 LIE-04 2.8E-05 8.lE-63 2.5E-04
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Table GA2 Dose fadon* for CU-ATMO-REVERAT-N 
Mass dose factors (;tSv/y per Bq/g) Surficial dose factors (ttSv/y per Bq/cm2) 

Radionuclide Mean P 501h 956 Mean P 506 9P 
00 40, 1 :1 ý 10 P.  t2- "Al 

Ce-144 O.OE+00 0.013+00 0.013+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 0.013+00 
PM-147 O.OE+00 O.OE+00 0.012+00 0.013+00 O.OE+00 O.OE40 O.OE+00 O.OE+00 
Eu-152 0.013+00 0.013+00 O.OE+00 0.013+00 0.013+00 0.013+00 O.OE+00 O.OE+00 
Eu-154 0.013+00 O.OE+00 0.013+00 0.013+00 O.OE+00 0.013+00 0.011+00 O.OE+00 

ý'O 0 
Re 196 6.OE+00 0.013+00' O.OE+00 O.OE+00' O.OE+00 0.013+00 O.OE+00 0.013+00 
Ir-192 O.OE+00 0.013+00 O.OE+00 O.OE+00 0.013+00 0.013+00 O.OE+00 O.OE+00 
Pb-210 O.OE+00 0.013+00 O.OE+00 0.013+00 O.OE+00 0.013+00 O.OE+00 0.013+00 
Po-210 0.013+00 O.OE+00 0.011+00 0.013+00 O.OE+00 0.013+00 O.OE+00 0.013+00 

, , 7 . ; wr .% 

W DmIlt + 0 0 b b'. R ti-at, bo 
JW 0 Ult.-P, =M% ýf_ J.- - _- 
Al 

Rn-222 0.011+00 0.013+00 0.011+00 0.011+00 0.013+00 0.013+00 0.013+00 0.013+00 
Ra-223 0.013+00 0.013+00 O.OE+00 0.0E+W O.OE+00 O.OE+00 O.OE+00 0.013+00 
Ra-224 O.OE+00 0.013+00 0.011+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 0.013+00 
Ac-225 0.013+00 0.013+00 0.011+00 O.OE+001 O.OE+00 O.OE+00 O.OE+00 0.013+00 

0.  410 Im M.M.  
Ra-226 0.0E+W 0.0114-00 O.OE400 0.013400 0.013400 O.OE+00 0.0134W 0.013+00 
Ac-227 O.OE4-00 0.011+00 O.OE+00 O.OE+W 0.013+00 0.013+00 O.OE+W O.OE-H* 
7h-227 0.013+00 0.013400 0.013+00 O.OE4-00 0.0134-00 0.011+00 O.OE400 0.613+00 
lb-228 0.0134-00 0.0134-00 O.OE+W O.OE4-00 O.OE+00 O.OE+W O.OE+W O.OE+W 

..........  
lb-229 O.OE+W O.OE+W 0.013+00 O.OE+00 0.0134-00 O.OE400 O.OE+W O.OE+W 
lb-230 0.0134-00 O.OE4W O.OE+00 O.OE+W 0.011+00 0.013+00 O.OE+W O.OE+W 
Pa-231 0.013+00 O.OE40 O.OE+Ob O.OE+W 0.0134-00 0.013+00 O.OE+W O.OE+00 
Th-231 O.OE4W O.OE4-00 0.0134-00 0.0134-00 O.OE+00 O.OE4W O.OE+W O.OE+W 

Pa-233 O.OE+W O.OE+W O.OE40 0.013400 O.OE+W O.OE4_00 O.OE+W O.OE+W 
U-233 O-OE+W O.OE4-00 0.0114-00 O.OE+W O.OE4-00 O.OE+W O.OE+W O.OE+W 
Th-234 O.OE+00 0.013400 O.OE-H* 0.0+00 O.OE+W O.OE+W O.OE4W 0.6E+W 
U-234 O.OE+00 O.OE+W 0.012+00 O.OE+00 O.OE4W O.OE+W O.OE4-00 O.OE+W 

Np-7.37 O.OE400 0.0134M O.OE+W O.OE , +W O.OE+W O.OE+W O.OE+W. O.OE+W 
Pu-239 O.OE+00 0.013+00 O.OE+00 0.011+001 0.013+00 O.OE4W O.OE4W O.OE+W 
U-238 O.OE400 0.013+00 O.OE4W O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+W 
Pu-239 O.OE400 O.OE+00 O.OE-K* O.OE-FOD 0.011+00 O.OE+W O.OE+00 0.013400 

K-68 Nlfb 77 A 
Pu-241 O.OE44* 0.0+00. 0.0134W O.OE+00 O.OE+00 O.OE+(* O.OE+00 O.OE+00 
Am-241 O.OE+00 0.011+00 O.OE+00 O.OE+00 0.013+00 0.011+00 0.011+00 0.013+00 
Cm-242 O.OE+00 0.013+00, 0.013+00 O.OE+00 0.013+00 0.011+00 0.013+00 0.013+00 
Pu-242 O.OE+00 0.013+00 0.013+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 

WV. 
AW 4 Aý 77m qý, __r 

L To convert these values to conventional units (mrem/y per pC or irýý per pCit=T)ý multiply by 3.70 E-03
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Table G.13 Dose factore for CU-ATMO-CONVERT-N 
Mass dose factors (pSv/y per Bqtg) Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 56 500 95* Mean 5-h 50d' 95* 
H-3 9AE-06 2.9E-07 5.OE-06 3.3E-05 8AE-06 2.OE-07 4.OE-06 2.8E-05 
C-14 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Na-22 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
P-32 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

01.0, ýE VO 
P 01ý Ttoo 

CI-36 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
K-40 O.OE+00 O.OE+bO O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ca-41 O.OE+00 O.OE+00, O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ca-45 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

6,+'0 4'00 "T d' - -- T , -- :-,W ---"---.Lt:.  OE OE+Q S --O.OE 
Mh-54 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Fe-55 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-57 O.OE+00 O.OE+00 O.OE+00 O.GE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-58 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

IN , a:: -"- -M 0. 0.0 
Ni-59 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-60 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ni-63 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Zn-65 LOE-03 2.5E-04 7.5E-04 2.5E-03 8.6E-04 I.gE-04 6.3E-04 22E-03 -0 .0 +0 -' ý'O 0 1 0---, -Ag -b- J§' A-Rob-'- -ý07, 
Se-75 0' OE+00 6.6&io O.OE+00 O.OE+00 '6.OE+00 O.OE+00-'!' O.OE+OO 
Sr-85 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
ST-89 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sr-90 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE4-00 

qjff&ý 1: Abwft 

Mo-93 O.OE+00 O.OE+00 O.OE4-00 O.OE+00 O.OE+00 O.OE+00 O.OE4-00 O.OE+00 
Nb-93m O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Nb-94 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Nb-95 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

I NO
TC-99 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ru-103 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ru-106 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
AS-108m O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

7771*:ýEý, -0 -M --.T'- 7 
AS-110m O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sb-124 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
1-125 O.OE+00 O.OE+00 O.OE+00 O.OEý00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sb-125 -.O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

1-131 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.GE+00 
Ba-133 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.GE+00 
Cs,134 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Cs-137 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00
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Table G.6 Dose factor& for CU-ATMO-C<ONVERT-N 
Mass dose factors (piSv/y per Bqfg) Surficial dose factors (p~Sv/y per Bq/cm2) 

Radionuclide Mean 5t" $01 95m' Mean 5th 5061 9 P1 

Cc-144 O.O13+00 O.OE+O0 O.OE+OO O.O13+00 O.013+00 O.OE+OO O.OE+O0 O.OE+OO 
Pm-147 O.OE+OO O.O13+00 O.OE+OO O.OE3+00 0.O13+00 O.13+00 O.OE+OO O.OE+OO 
Eu-152 O.OE+OO O.OE+OO O.O11+00 O.OE+OO O.OE+00 O.OE+OO O.O13+00 O.OE+O0 

Eu-154 O.OE+OO O.OE+OO O.0E400 O.OE3+00 O.OE+OO O.O13+00 O.O13-00 0.013+00 

IR-196 O.O11+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+FOO O.OE+OO0 O.0E400 

Pb-210 5.013-02 I.113-02 3.4&-02 1.O13-01 4.311-02 9.O11-03 2.813-02 9.2E-02 
Po-210 9.213-03 2.011-03 6.513-03 2.113-02 7.013-03 1.613-03 4.913-03 1.SE-02 

Rn-222 O.OE+OO O.OE+OO O.OE+O 6.013+00 O.OE+OO O.OE+OO O.OE+00 O.O13+00 
Ra-223 O.OE3+00 O.OE+OO O.OE+ 0O.O13+OO O.OE+O0 O.OE+O O.O13+00 O.013+00 
Ra-224 O.OE+OO O.OE+OO O.O134O0 O.O13400 O.114-0 O.O13+00 O.OE+OO O.O13E400 
Ac-225 O.OE+OO O.OE+O O.O13+00 O.OE+OO 0 O.OE+eO O.OE+O O.O13+00 O.0E400 

Ra-26O.E+ 0O.EO O.EO O.+O OO+O O.OaO O.E+O O.E-' 
Ra-227 O6.OE+OO O.OE+OO062 O.OE+O0 O.OE+OO O.OE+OO O.O134-00 O.OE3+-0 O.O0140 
Ac-227 O.OE+O0 O.OE+OO O.OE+OO O.OE+O O.O13+00 O.O134-0 O.OE+OO0 0.O0140 

Th-227 _O.E3+00 O.OE+OO O.OE+OO O.O13+0 O.OE+OO O.OE+OO0 O.OE+OO O.OE+OO 

Th-229 O.O13+00 O.OE+OO O.OE+OO O.OE+OO 0.6iO O.OE3+00 O.OE+OO O.OE+OO 
nh-230 O.OE+OO O.OE+OO O.O134W O.OE+OO O.OE+O0 O.OE+OO O.OE+OO O.OE+OO0 
Pa-23 1 O.OE+FOO O.OE+OO O.OEOO O.OE+OO0 O.OE34W O.OE+OO0 O.OE+OO O.OE+OO 
'11-231 O.OE+OO O.OE+OO O.OE+O0 O.OE4+OO O.OE-F-OO O.OE+OO O.OE-1O0 O.OE+OO 

Pa-233 .O13+00 O.O13+00 O.OE+OO O.O13+00 O.OE+OO O.OE+0O O.013+00 O.OE+OO 
U-233 0.O13+00 O.O13+0 O.OE+OO O.OE+OO O.OE3+00 O.O13+00 O.OE+O0 O.O13+00 
'11-234 .OE3+00 O.O13+00 O.OE+OO O.OE+O0 O.O13O0 O.OE3+00 O.O13-00 O.OE+OO 
LU-234 O.OE+OO O.OE+OO O.OE3+00 O.OE+OO O.OE+OO .OE3+00 0.OE3+00 O.OE+OO 

Np-237 .OE3+00 O.O13+00 O.OE+OO O.OE3+00 O.O13+00 O.1+00 O.OE+OO O.O13+00 
Pu-238 O.O13+00 O.OE+00 0.O13+00 O.OE+OO O.OE+OO O.O13+O0 O.OE3+00 O.OE+O0 
U-238 O.OE+O0 O.OE+O0 O.13+00, O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.OE+O0 
Pu-239 O.O13+00 O.013+00 O.OE+OO O.O13+00 O.OE+OO O.013+00 O.OE+O0 O.13+O00 

Pu-241 O.OE+O0 O.OE+OO .O13+00 O.O13+00 O.OE-IO0 0.013+00 O.OE400 O.OE+OO 
.Am-241 O.013+0 O.OE+OO O.OE+OO O.O13+00 O.OE+00 O.OE+OO O.O13+00 O.OE+O0 
Cm-242 O.OE+OO O.O13+00 O.OE+OO O.O13+00 O.OE400 O.013+00 O.OE+OO O.O13+00 
Pu-242 O.O13+00 .O13+00 O.O13+00 O.OE+OO O.OE+OO O.O13+00 0.O130 O.O13+00 

a. To convert these values to conventional units (mrerny per pCi/S or mrem/y per pCi/cm), multiply by 3.70 E-03
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Table G.14 Dose factors' for CU-REVD-TRANSPO-W 
Mass dose factors (gSv/y Rer Bqtg) Surficial dose factors (pSv/y per Bqlczný 

Radionuclide Mean 5th 50m 956 Mean 5* 506 951h 

H-3 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
C-14 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O-OE+00 O-OE+00 

Na-22 3.5E+00 LIE+00 2.8E+00 7.6E+00 3.OE+00 7JE-01 2.4E+00 6.9E+00 
P-32 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.Ot+00 

T- , , '-"0 

--------- W , 
CI-36 2JE42 7.3E-03 2113-02 6.9E-02 2.313-02 5JE-03 l.8E-02 5.BE-02 
K-40 2.7E-01 7.5E-02 2JE-01 6.3VAl 2.3E-01 5.313-M I.SE-01 5.5E-01 
Ca-41 O.OE4-00 O.OE+00 O.OE400 O.OE+00 O.OE+W O.OE40 O.OE+W O.OE+M 
Ca-45 2.2E-05 6.2E-06 I.SE-05 4.9E-05 ISE-05 4AE-06 IAE-05 4.8E-05 

Ab-54 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Fe-55 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-57 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+OO 
Co-58 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.DE+00 

7 WRM w "I 'O.6t -,Lý V Wý. I 
Ni-59 O.OE+00 O.OE+00 O..OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-60 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ni-63 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Zn-65 4.5E+00 1.2E+00 3.6E+00 I.OE+01 3.9E+00 8.6E-01 3-OE+00 9.7E4-00 

-d ME WN, U- A
Se-75 O.OE-FOO O.OE+00 O.OE+W O.OE4,00 O.OE+00 O.OE-fOO 0.0400 O.OE+W 
Sr-85 O.OE+00 O.OE-H* O.OE+W O.OE+M O.OE-4-00 O.OE+W O.OE+W O.OE+w 
Sr-99 O.OE4-00 O.OE-H* O.OE+00 O.OE4,00 O.OE+00 O.OE+00 O.OE+00 O.OE+W 
Sr-90 O.OE-FOO' O.OE+00 O.OE+00 O.OE+W O.OE+00 O.OE+W O.OE+00 O.OE4-00 

2'-qlffft 4-M P-MOMT! -:. AkA NIE M- qR 
Mo-93 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Nb-93m O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Nb-94 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.6Eý00 O.OE+00 O.OE+00 O.OE+OO 
Nb-93 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.011+00 O.OE+00 O.GE+00 

TC-99 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OB+00 O.OE+00 O.OE+00 O.OE+00 
Ru-103 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ru-106 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Ag-108m O.OE+001 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
"b, 'Ad -I MR-01 

AS-110m O.OE+00 O.O'E+00 O.OE+00 O.OB+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sb-124 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
1-123 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 

Sb-M O.OE+00' O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

ý,P]Vft IN 
1-131 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 D.OE+00 O.OE+00 

Ba-133 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OF.+00 O.OE+00 O.OE+00 O.OE+00 
Cs-134 2.5E+00 72Y.-Ol 2.IE+00 5.6E+00 2.IE+00 SAE-01 1.7E+00 S.OE+00 
Cs-137 I-OE+00 2.SE-01 ME-01 2.3E+00 9.6E-01 2.IE-01 6.6E-01 2.IE+00
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Table G.14, Dose factoW for CU-REVD:mýSPOW 
Mass dose hctors (ASv/y per Bq/g) Surfielal dose factors (IiSv/y per Bq/=2) 

Uffionuclide Mean 5 d, 502, 9510 Mean P so* 950
0 VIVE400 09 

Ce-144 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pm-147 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Eu-152 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Eu-154 O.OE+00 O.OE+00 -O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

0 
Re-196 O.OE+W O.OE+00 O.OE4W O.OE4-00 O.OE+W O.OE4W O.OE.4_00 O.OE+W 

Jr-192 O.OE+00 O.OE+00 O.OE4W O.OE+W O.OE+W O.OE+W O.OE+00 O.OE4W 

Pb-210 O.OE+W O.OE+W O.OE+W O.OE+W O.OE4-00 O.OE4-00 O.OE+00 O.OE+00 

Po-210 O.OE4-00 O.OE4-00 O.OE+00 O.OE+W O.OE+00 O.OE+00 O.OE4W O.OE+00 
+ 4M 

Rn-222 O.OE+00 O.OE400 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+W O.OE+W 
Ra-223 O.OE+W O.OE4-00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ra-224 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+W O.OE+00 

Ac-225 O.OE+00 O.OE+00 O.OE+W O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
IR-111- -MIN T ff '0" E POP 

Ra-226 O.OE+00 O.OE4-00 O.OE4700 O.OE+00 O.OE4-00 O.OE4-00 O.OE4W O.OE4-00 

Ac-227 O.OE+00 O.OE-W O.OE+00 O.OE4-00 O.OE+W O.OE+W O.OE+00 O.OE4W 
Th-227 O.OE+00 O.OE+00 O.OE+00 O.OE+W_ O.OE+W O.OE+00 O.OE4W O.OE+OO 
7b-228 O.OE4-00 O.OE+00 O.OE4W O.OE4W. O.OE+W O.OE-f-00 O.OE4W O.OE4W 

MEMO i"OfA OA E -460- 77ý ý'Vk I t 0 1-19 ' Etw" '(P 
Th.229 O.OE4-W O.OE+W O.OE+OD O.OE-1-00 O.OE+W O.OE4-00 O.OE+W O.OE4-00 
Th-230 O.OE+00 O.OE+00 O.OE+W O.OE4W O.OE+W O.OE+W O.OE4W O.OE+W 
Pa-231 O.OE+00 O.OE+W O.OE+00 O.OE4-00 O.OE+00 O.OE4-00 O.DE4*0 O.OE440 

Th-231 O.OE4-00 O.OE+W O.OE-4-00 O.OE4W O.OE"O O.OE4-00 O.OE-4-00 O.OE+00 

01 
PI-233 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
U-233 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Th-234 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
U-234 O.OE+00 O.OE+00 O.OE+00 O.OB+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

r__ 7 _P 'Oy 71-.ý 'T _fA95LOM-10.0 _T 
Np-237 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pu-239 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
U-239 O.OE+OO O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pu-239 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

-_'M01_ý ý.O_ 6" 
r ýk NEW +00 O.OE4M +00 

PU-241 O.OE4W O.OE4W O.OE4W O.OE+W OE+00 O.OE O.OE 
Am-241 O.OE+W O.OE400 O.OE+00 O.OE+00 O.OE4W O.OE+00 O.OE+00 O.OE+W 
,Cm-242 O.OE4-00 O.OE+W O.OEi-00 O.OE4-00 O.OE+W O.OE4-00 O.OE+00 O.OE+W 
Pu-242 O.OE+00 O.OE+W O.OE+00 O.OE+W O.OE4W O.OE4-00 O.OE+00 O.OE4W 

. CW _11A V-0,6L,", 
a. To convert these values to conventional units (mrem/y per pCilg or mrcnL/y per pCikrm,2ý multiply by 3.70 E-03
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Table G.15 Dose factore for CU-CNVD-TRANSPO-W 
Mass dose factors (pSv/y per BqW Surficial dose factors (pSv/y per Bq/cm2) 

Radionucflde Mean 56 50 9P Mean 5th 50d' 95* 
H-3 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+OO O.OE+00 
C-14 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Na-22 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+W O.OE4-00 

P-32 O.OE+W. O.OE4-00 O.OE+00 O.OE4-00 O.OE+W O.OE+00 O.OE+00 O.OE+00 
0.04,00F 0;6 t 0 -T O.OE+00'-ý ý--O.l 4-00 O-Al 

CI-36 O.OE+00 O.GE+00 O.OE+W O.OE+00 O.OE+00 O.OE+00 O.OE4.00 O.OE4-00 

K-40 O.OE+00 O.OE+W O.OE4-00 O.OE+00 O.OE-FOO O.OE+W O.OE+00 O.OE+W 
Ca-41 O.OE-FOO O.OE+00 O.OE+W O.OE+00 O.OE-fOO O.OE4,00 O.OE-FOO O.OE4-00 
Ca-45 O.OE+00 O.OE-FOO O.OE+00 O.OE+W O.OE4-00 O.OE-FOO O.OE+00 O.OE4-00 
ýb - h ý, . - .-- -0 .Q--l, 0 6.'dt ý I ý 400 OE4 "W'd - --- " -A, -- -, 
Mn-54 O.OE-fOO O.OE-FOO O.OE4-00 O.OE4M O.OE4-00 O.OE4-00 O.OE+00 O.OE+00 

Fe-55 O.OE+00 O.OE-FOO O.OE-FOO O.OE4-00 O.OE+W O.OE+00 O.OE+00 O.OE+00 
Co-57 O.OE-1-00 O.OE+00 O.GE4-00 O.OE-FOO O.OE4-00 O.OE+W O.OE-FOO O.OEtw 
Co-59 O.OE+00 O-OE+OO O.OE+00 O.OE4-00 O.OE4-00 O.OE+00 O.OE+W O.OE+W 

t, , - ---- ý .. -:. 446" -`-76'dk4ýoo 
V," 0.' 6t 4- 00", 0 OE+00-,,-,-::, O.OE O.OE4'-+W 

Ni-59 O.OE+W O.OE+00 -06ý 0.6i O.OE+W O.OE+00 O.OE+W O.OEA-00 
Co-60 O.OE+00 O.OE+00 O.OE+W O.OE+00 O.OE+OO O.OE4-00 O.OE4-00 O.OE4-00 

Ni-63 O.OE+00 O.OE4-00 O.OE4,00 O.OE4-00 O.OE+W O.OE+00 O.OE+W O.OE+W 
Zn-65 7.8E+OI 2.2E-+Ol 6AE+01 ISE+02 6.7E+01 1.5E+01 5.OE+01 1.6E+02 

OA 'm 
AR 

Se-75 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 OE+00 
Sr-85 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO 
Sr-89 O.QE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+00 
Sr-90 O.OE+00 O.OE+00 O.OE+00 O.OE+00 OA+00 O.OE+OO 0.0E+ft O.OE+00 

OL - 41- - i 
Mo-93 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Nb-93m O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00. O.OE+00 
Nb-94 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+00 O.OE+00 
Nb-95 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

OE ý'W-17-71AWW7 ACIM A-PE04 
TC-99 O.OE-FOO O.OE+00 OAý66ý- 6'6i O.OE+00 O.OE+W -'O.OE+W O.OE+00 
Ru-103 O.OE+00 O.OE+00 O.OE4-00 O.OE+W O.OE+00 O.OE+W O.OE+W O.OE4-00 
Ru-106 O.OE+00 O.OE+W O.OE+00 O.OE4-00 O.OE+00 O.OE4W O.OE+00 O.OE+00 
.AS-108m O.OE-FOO O.OE4-00 O.OE-FOO O.OE+W O.OE+00 O.OE+W O.OE+W O.OE-FOO 

5m, - `- ....... bt 43 
9." '03 ,,z3 -,,&9E

--49-M DINY", _ý4ý 
Ag-1-10m -6-07i-46 O.OE+W O.OE+00 O.OE4W O.OE+00 O.OE+W O.OE+W O.OE+00 

Sb-124 O.OE+00 O.OE4,00 O.OE-FOO O.OE4.00 O.OE-+00 O.OE-H* O.OE4-00 0.0400 
1-125 O.OE+00 O.OE+W O.OE-FOO O.OE+W O.OE4-00 O.OE+W O.OE40 O.OE+00 
Sb-125 O.OE+00 O.OE+W O.OE-FOO O.OE-q* O.OE-FOO O.OE-H* O.OE+W O.OE+00 

"0OE 

1-131 O.OE-FW O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ba-133 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+00 
Cs-134 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Cs-137 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00
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Table G.15 Dose factore for CU-CNVD-IW$PO-W 
Mass dose factors (gSv/y per Bq/g) Surficial dose factors (gSv/y per Bq/cm2) 

Radionuclide Mean 501h 95* Mean 51h 50ýh 95* 
At -0- O.OE+00 -'O.,'PE+00 0.0)5+00, 41 0 -ýODý +00 OF, -0.  

Ce-144 O.OE+00 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pin-147 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Eu-152 O.OE+00 O-OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Eu-154 O.OE+00 O-OE+00 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

- 6 
Of+ 0, ,dQ; 

Re-196 O.OE4-00 O.OE+W O.OE+00 O.OE+00 O.OE*W O.OE4-00 O.OE+00 O.OE+W 
Ir-192 O.OE-+00 O.OE4W O.OE+W O.OE+00 O.OE4-00 O.OE+W O.OE-f-00 O.OE4W 

Pb-210 2.5M 7.OE-03 .2.OE-02 5.SE-02 2.IE-02 4.9E-03 1AE-02 5AE-02 
Po-210 S.OE-04 2.OE-04 6.3E-04 ISE-03 6.9E-04 1.5E-W ME-04 I.&E-03 

Rn-222 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ra-223 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ra-224 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ac-225 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

-4" 06" 'OE, 
Ra-226 O.OE+00 O.OE+00 O.OE+067" O.OE+00 O.OE+00 O.OE+00 O.OE+Oo O.OE+00 
Ac-227 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
It-227 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
11-229 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

It-229 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
n-230 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
PA-231 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Th-231 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

+ OP .V6 
Pa-233 O.OE4-00 O.OE4-00 O.OE+W O.OE4W 0.'OE+W O.OE+00 O.OE+00 O.OE4-00 
U-233 O.OE-1-00 O.OE-§-(O O.OE+00 O.OE+W O.OE+W O.OE4-00 O.OE"O O.OE+00 
lb-234 O.OE-4-00 O.OE+W O.OE+00 O.OE+00 O.OE4W O.OE"O O.OE+00 O.OE+W 
U-234 O.OE-1-00 0.0E+W O.OE+W O.OE+W O.OE+00 O.OE+00 O.OE400 O.OE4a 

ýP. 4*0' -,0'.'(0 F-P w, 
Np-237 O.OE+W O.OE+W 0.0400 O.OE+00 O.OE4*0 O.OE.+00 O.OE+W O.OB-4-00 
Pu-239 O.OE+00 O.OE4W O.OE-f-00 O.OE+00 O.OE+W O.OE4M O.OE400 O.OE4-00 

U-238 O.OE+00 O.OE+W O.OE-H* O.OE+00 O.OE4-00 O.OE4W O.OE+W O.OE400 

Pu-239 O.OE4*0 O.OE+W O.OE+00 O.OE+W O.OE4*0 O.OE4eO O.OE+00 O.OE+W 

W 4PiL ý-'Ob NO: 
Pu-241 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Am-241 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Qn-242 O.OE+OD O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pu-242 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE44)0 O.OE+00 O.OE+00 O.OE+00 

b.  
a. To convert these values to conventional units (=wnly per pCiIg or nuem/y pa pCTan% multiply by 3.70 E-03
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Table G.16 Dose factors' for CU-SCRP-TRANSPO-W 
Mass dose fdctors (;iSv/y per Bq/g) Surficial dose factors (piSv/y per Bq/cm2) 

Radionuclide Mean 5' 50* 95* Mean 5k S0& 95th 

H-3 0.OE+O0 O.OE+O0 0.O13+00 O.O13+00 0.OE+00 O.OE+O0 0.OE+OO 0.O13+00 
C, 14 4211-04 2.613-04 4.lE3-04 5.8E-04 3.6E-04 I.8E-04 3.313-04 6.113-04 
NA-22 2.211+02 1.4E+02 2.213+02 3.I11+02 1.9E+02 9.3E+01 1.813+02 3.213+02 
P-32 1.3E-01 8.213-02 U.E-0I I.813-01 1IE-01 5.413-02 I.O13-01 1.913-01 

CI-36 3.4E-02 2.113-02 3.413-02 4.8E-02 2.913-02 1.4E-02 2.713-02 5.OE-02 
K-40 1.611+01 1.OE+0l 1.613+01 2.311+01 1.4E+01 6.9E+00 1.313+01 2.411+01 
Ca-41 0.OE+0O 0.013+00 0.OE+00O0.OE+00 0.013+00 0.033+00 0.OE+O0 0.O13+00 
Ca-45 1.513-03 9.613-04 1.513-03 2.113-03 1.313-03 6.4E-04 II2E-03 2.2E-03 

hMn-54 8.5E+01 5.4E+01 9.513+01 1.213+02 7.313+01 3.6E+01 6.8E+01 1.311+02 
Fe-55 O.OE+0O O.OE+O0 0.OE+00O0.OE+OO 0.O13+00 0.O13+00 0.D13+00 0.013+00 
Co-57 3.813+00 2.4E+00 3.813+00 5.313+00 3.313+00 1.6E+00 3.OE+0O 5.613+00 
Co-58 9.5E+01 6.IE+01 9.5E+01l 1.313+02 8.IE+01 4.013+01 7.511+01 1.413+02 

4 2 ~ 9.M+ ..t .4J 91. 

Ni-59 O.OE+-00 0.O134O0 O.0E400 0.OE+00 O.OE+O0 0.O13400 O.O13+00 O.OE+0O 
Co-60 2.513+02 1.613+02 2.5E+02 3.613+02 2.2E-+02 1.IE+02 2.013+02 3.8E+402 
Ni-63 0.OE+O0 0.013+00 O.OE+00O O.OE+00O0.OE+00 0.OE+00 O.OE+ O .OE+00 
Zn-65 6.OE+01 3.813+01 6.OE+01 8-4E+01 5.113401 2.513+01 4.713+01 8.8E+01 

So-7S 2.4E+01 1.6E+01 2.SE+01 3.4E+OI 2.113+01 1.OE+OI 1.913+01 3.6E+01 
Sr4S5 4.7E+01 3.OE+01 4.7E+01 6.6E+01 4.OE+01 2.013+01 3.713+01 6.913+01 
ST-89 1.2E-01 7.411-02 1.213-01 1.6E-01 9.9E-02 4.9E-02 9213-02 1.711-01 
Sr-90 1.3E-02 8.OE-03 1-313-02 I.8E-02 1.113-02 5.4B-03 1.O13-02 1.913-02 

Mo-93 4.3E-04 2.7E-04 4.3E-04 6.013-04 3.6E-04 I.SE-04 3.4E-04 6.3E-04 
Nb-93m 7.213-05 4.5&-05 7.211-05 I.OE-04 6.113-05 3.OE-05 5.7E-05 1.113-04 
Nb-94 1.613+02 1.O13+02 1.613+02 2.313+02 1.4E+02 6.9E+01 l1.313+02 2.413+02 
Nb-95 7.2E+01 4.613401 7.311+01 I.OE-+02 6.2E+PO1 3.OE+01I 5.813401 1.OE13+02 

TC-99 2.8E-03 1.SE-03 2.SE-03 3.913-03 2.413-03 1.213-03 2.2E-03 4.2E-03 
Ru-103 4.613+01 2.913401 4.713+01 6.513+01 4.013+01 1.9E+01 3.713+-1 6.7E+01 
RU-106 2.I13+01 1.3]3+01 2.I13-4-0 2.9E401I 1.8]3+O1 8.7E+0OO 1.0E+01 3.0+01, 
Ag-lO9m l.6B+02 1.O13+02 1.611+02 2.3E-+02 1A413402 6.913401 1.313+02 2.4E+02 

Ag-I 10in 2.8E+02 I.SE+02 2.8134M 4.OE-+02 2.4E+02 I.2E+0O2 2.213+02 4.2E+02 
Sb-124 I.SE-+02 L2E+*02 I.8E+02 2.5E+f02 I.5E+0O2 7.613+01 1.413+02 2.6E-+02 
1-125 6.SE-02 4.213-02 6.5E-02 9.1E-02 5.613-02 2.713-02 5.213-02 9.511-02 
Sb-125 4.1E+01I 2.613+01 4.111+01 5.7E+FOl 3.5E+01I I.7E+01 3.211401 6.0+0O1 

1-131 2.5E+01I 1.511+01 2.513+01 3.6E+01I 2.IE+01 l.O'E-Pi-0 2.OE4-0I 3.6E+01 
Ba-133 2.8E+01 I.8E401 2.8E+FOI 3.913+01 2.4E+01 1.2E.+01 2.2E+01I 4.1E+01I 
Cs-134 1.633+02 1.O13+02 1.611+02 2.211+02 1.413+02 6.813+01 1.E402 2.413+02 
Cs-137 6.2E-+0I 3.913+01 6.213+01 8.611401. 5.313+01 2.6E+FOI 4.913+01 9.1E+01
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Table G.~16 Dose factors' for CU-SCRP-TRANSPOW 
Mass dose factors (pSv/y per Bqfg) Surficial dose factors (p.Sv/y per Bq/cml) 

Radionuclide Mean Pt 50uh 95th Mean 5th 5Q0h 95th 

Ce-144 3.3E+00 2.IE+OO- 3.3E+00 4.6E+00 2.&E+00 1.4E+OO 2.6E+00 4.SE+O0 
Pma-147 L.IE-04 6.6E-O5 L.OE-04 L.5E-04 9.OE-05 4.4E-05 8.AE-05 1.5E-04 
Eu-152 L.IE+02 7.OE+DI lIlE+02 1.6E+02 9.5E+01 4.7E+01 9.9E+01 1.6E+02 
Eu-154 1.2E+02 7.6E+01 1.2E+02 1.7E+02 L.OE+02 S.1E+Ol 9.7E+01 l.SE+02 

Re-186 2.5E-01 l.E-0I 2.4E-Ol 3.9E-01 2.E-0l 9.OE-02 2.OE-0l 3.E-Ol 
Ir-102 7.]E+01 4.5E+01 M.E+Ol 9.9E+01 6.IE+O1 3.OE+Ol 5.6E+01 1.OE+02 
Pb-210 1.6E-02 L.OE-02 1.6E-02 2.2E-02 l.4E-02 6.8E-03 l.E-02 2AE-02 
Po-210 8.3F,04 5.3E-04 9.3E- 04 1.2E-03 7.E-04 3.E-04 6.6E-04 1.2E-03 

Rn-222 9.6E-f01 4.6E+01 9.2E+01 1.3E+02 7.3E+0l 3.E+Ol 6.9E+01 1.3E+02 
Ra-223 L.8E+Ol L.IE+O1 I.SE+Ol 2.6E+01 1.5E+01 7AE+O0 1.5E+01 2.6E+01 
Ra-224 6.lE+OI 3.3E+01 5.SE+Ol 9.7E+01 5.2E+01 2.2E+01 4.9E+Ol 9.OE+OI 
Ac-225 l.4E-*1 9.6E+00 I.4E+O1 2.OE+OI 1.2E+01 5.7E+00 LIlE+Ol 2.OE4Ol 

Ra-226 1 .7E"02 L.1E+02 1.7E+02 2.4E+02 1.5E+02 7AE4E-1 l.4E+02 2.6E+02 
Ac-227 L.OE+Ol 6.5E-90 L.OE+0l IAE401 S.8E+OO 4AE+00 8.2E4+00 1.SE+Ol 
It-227 5.9E400 3.7E+O S.SE+O0 8.2E-4-0 5.OE+O00 2.4E+O0 4.7E400 S.4E+O0 
Uh-228 1.3E+02 S.OE+0l 1.3E+02 L.8E+02 L.IE+02 5AE4Ol l.0E402 19E+02 

Th-229 7.9E4+00 5.OE+OO 7.0E+O0 LIlE4OI 6.7E+00 3.3E4+00 6.3E4+00 1.2E-4-0 
Ih-230 2.3E-03 M.E-03 2.3E-03- 3.2E-03 2.OE-03 9.7E-04 L.SE-03 3A4E-03 
Pa-231 2.IE+O0 l.3E+FOO 2.OEOO 2.9E+O0 1.8E+00 S.7E-0I 1.6E4O0 3.OE400D 
Uh-231 l.E.02 3.3E-03 .LIE-02 3.SE-02 _l.3E-02 2.3E-03 9.3E-03 3.E-02 

Pa-233 l.3E+O 8.4E+OO 1.3E401 1JE-+Ol IIE+OI 5.5E+O0 LIE+O1I l.E+Ol0 
U-233 2.OE-OS 1.3E-05 2.OE-05 2.BE-O5 1.7E-05 8.6E-06 1.6E-05 3.OE-O5 
It-234 7.3E-01 4.EE-OI 7.3E-01 L.OE+O0 6.2E-01 3.OE-OI 5AE-0l L.OE+OO 
U-234 3.7E-04 2.3E-04 3.7E-04 5.2&04 3.2E-04 1.6E-04 3.OE-04 5.5E-04 

Np-237 6.2E+OO 3.9E+O0 6.2E+OO 8.7EI-OO 5.3E+O0 2.6E+O0 S.OE+OO 9.2E400 
Pu-239 1.2E-04 U.E-O5 1.2E-04, 1.6E-04 L.OE-04 5.OE-O5 9.3E-05 1.7E-04 
U-238 3.3E-01 M.E-Ol 3.3E.01 4.6E-01 2.BE-O1 IAE-Ol 2.6E-01 U.E-0l 
Pu-239 __ 4.5E-05 2.SE-OS 4.5E-O5 6.2E.05 3.8E-05 l.9E-O5 3.6E-05 6.6E-05 

Pu-241 5.3E-O5 3.4E-OS. 5.3E-05 7.SE-O5 4.6E-05 2.3E-05 4.3E-OS 7.9E-05 
Am-241 I.E-Ol 9AE-02 1.5E-01 M.E-0l l.E-0l 6.3E-02 1.2E-01 2.2E-01 
Cm-242 1.7E-04 LIlE-04 1.7E-04 2AE-04 1.5E-04 7.2E-05 1.3E-04 2-5E-04 
Pu-242 2.OE-04 1.3E.04 2.OE-04 2.SE-04 M.E-04 B.5E-05 1.6E-04 3.OE-04 

a. To convert these values to conventional units (mrenify per pCitg or tnrem/y per pCikca multiply by 3.70 E-03
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Table G.17 Dose factor? for CU-RE VM-TRANSPO-W 
Mass dose factors (piSv/y per Bq/g) Surficial dose factors (ItSv/y per Bq/cm2) 

Radionuclide Mean 5d. 50m 95 Mean 51O50 95d' 
H-3 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Na-fl O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
P-32 6.8E.05 3.3E-46 3.8E-05 2.4E-04 5.7E-05 3.OE-6 3.OE-O5 2.OE-04 

6i60 O.OE+OO0 O.OE+OO0 O.OE+OO0 O.OE+OO O.OE-4-OO O.OE+OO0 O.OE+OO O.OE+OO 
Ca-40 O.OE+OO0 O.OE+OO0 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO0 O.OE+OO0 
Ca-41 O.OE+OO0 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO0 O.OE+OO O.OE+OO 

F-55 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+fOO O.OE+OO O.QE+OO0 O.OE+OO 

Co-60- 4.E+00OO '.00 1.2E+00 3.9EO .E+OO 1.3E4+00 l.E-O 3.3E+OO 3.3E4-0 
Ni-63 O.OE4+OO O.OE4-00 O.OE+OO O.OE+OO O.OE+OO0 O.OE4_00 O.OE+OO O.OE+OO 

Co-57 65.E-02 3.9E-03 5.5E-02 1IAE-01 5.IE-02 IA9E-02 3.3E-02 1.2E-01 
Co-58 1.2E+00 8.401 9.E-0 1 2.4E-Ol 6.4E-OlW 2. 7E-01 6. E-02 2.lEOI 64E-O 

Sr-89 6.6E4-04 2.OE-04 5.2E*04 1.6E-3 5.7E-04 1.4E-4 4.3E4-04 l.4E-03 
Co-60 l.2E-04 3.6E-O5 3.9E+00 2.E- 4 .1E4-04 2.7E-O5 3.3E4-00 2.3E-0 

Mo-93 9.7E-01 2.E-01 8.3E-01 2I.E-OS 8.2E-01 2.3E-0165.8E-01 1.78-05 

Se-75 6.4-02 1.78-01 5.28-01 1.S8+00 U.E-0l lAE-0l 3.2E-01 1.4E-00 

Sri-10 3.88-01 1.18-01 3.1E-01 8.78-01 2.3E-01 6.2E-02 2.68-01 8.28-01 
Sru-10 3.1E-01. 1.08-01 52E7-041.6.7-01 2.68-01 72-02 2.2-041 5.8-01 
AgRSi9 3.2E04+0 3.6E+05 2.68+00 6.58+00 2.6040 27.0-01 82E-805 262E+00 

Ag-h9rn 4.E+00 4.6E+07 3.9E+06 l.IE+01 1.2E-06 3.2E+07 3.3+00 M.E+00 
Sb-124 2.28+-00 6.7-01 1.8E4+00 4.7E+0 2.9E+fO0 4.38-01 21E5+00 4.48+00 

Sb-125 7.4E-01 2.78-01 6.2E-01 1.5E+00 6.3E-01 1.78-01 4.18-01 1.4E4-00 

Ba-133 2.6-01 8.08-02 2.38-01 5.58-01 2.2E-01 7.48-02 2.2E-01 5.48-01 
AS-1084 0.0800 0.08+00 0.08+00 0.08+00 0.08+00O 7.OE+0 0.08+00 0.2E+00 

As-13m 0.8E+00 1.6E-100 0.08+00 0.08+00 0.01+00 0.08+00 3.3E+00 0.08+00 

Dra, NU0-6: VL2G3
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Table G.17 Dose factors8 for CU-RE VM-TRANSPO-W 
Mass dose factors (;tSv/y per Bq/g) Sufficial dose factors (ILSv/y per Bq/cm 2) 

Radionuclide Mean P5P 96 Mean 5-h 50t 956" 
1$E-O3- P ý.-0 -13E.02 ___1 -03 ~3.7&03, ý42.O2 

Ce-144 I.E-02 4.5E-03 II2E-02 3.2E-02 1.2E-02 3.2E-03 9.SE-03 2.9E-02 
Pm-147 4.9E-07 1.5E-07 4.2E-07 1.IE-06 4.2E-07 1.1E-07 3.5E-07 1.OE-06 
Eu-152 5.3E-01I 1.E-OI 4AE-O1 1.2E+OO 4.6E-01 1.2E-01 3.6E-01 LI.E+OO 
Eu-154 S.7E-O1 2.OE-Ol 4.6E-01 1.3E+00 4.9E-01 1.5E-01 3.7E-O1 1.2E+00 

ReL 6 IS.E-O5 5.JE-08 2.2E-06 9.9E-05 1 .6E-05 .ISE-O8 IS.E-06 8.3E-05 
ir-192 9.3E-01 2.SE-0I 7.8E-01 2.IE+OO B.OE-O1 2.1E-OI' 6.3E-01 2.OE+OO 
Pb-210 3.OE- 04 9.9E-05 2.5E-04 6.4E-04 2.5E-04 M.E-05 2.OE-04 5.7E-04 
Po-210 LI.E-OS 3.5E-06 9.6E-06 2.4E-05 9.5E-06 2.5E-06 7.6E-06 2.1E-0 

Rn-rn2 I.E-04 1.6E-07 1.OE-05 5.6E-04 1.IE-04 1.1E-07 8.1E-06 5.OE-04 
Ra-223 1.OE-02 1.IE-03 6.4E-03 2.SE-02 8.7E-03 8.2E-04 5.3E-03 2.8B-02 
Ra-224 1.IE-03 2.9E-06 I.IE-04 5.2E-03 9.2E-04 2AE-06 L.OE-04 4.3E-03 
Ac-225 3.9E-04 1.1E-05 I.SE-04 1.6E-03 3.5E-04 £.OE-06 1.5E-04 1.E-03 

Ra-226 9.3E-01 2.6E-01 6.9E-01 1.&E+00 7.1E-O1 I.9E-OI 5.5E-01 1.7E+00 
Ac-227 3.3E-03 l.4E-04 2.3E-03 L.OE-02 2.9E-03 1.2E-04 1.9E-03 9-3E-03 
Th-227 4.&E-04 2.lE-O5 2.9E-04 1.6E-03 4.2E-04 I.E-05 2.3E-04 1.5E-03 
Th-228 4.OE-02 2.3E-03 2.7E-02 1.2E-01 __3.E-02 l.7E-03 2.2E-02 LIlE-OI 

Th-229 2.6E-03 1.3E-04 1.7E-03 9.2E-03 2.2E-03 LI.E-04 1.4E-03 7.OE-03 
Th-230 7.6E-07 3.9E-08 5.OE-O7 2.4E-06 6.6M-7 3.3E-08 3.9E-O7 2.lE-06 
Pa-231 6.5E-04 3.6E-05 4.E-04 2.OE-03 5.6E-04 2.9E-O5 3AE-04 1.SE-03 
IM-231 1.4E-12 1.5E-23 8.3E-19 4AE-12 1.2E-12 IAE-23 7.5E-19 3.7E-12 

Pa-233 I.6-03 76EiO5 9.7E-04 5.5E-03 IA4E-03 6.IE-O5 SIE-04 4.6E-03 
U-233 6.4E-09. 3.5E-10 4.4E-09 1.9E-08 5.4E-09 2.BE-1O 3.5E-09 1.7E-09 
Th-234 8.IE-OS 3.SE.06 5.OE-05 2.6E-04 7.OE-OS 3.2E-06 3.9E-05 2.5E-04 
U-234 1.2E-07 5.9E-09 L.IE-OS M.E-07 I.OE-07 4.7E-09 6.5E-08 3.2E-07 

ý, bL~*ffTTF 
Np-237 2 .OE-03 9.8E-05 IA4E-03 6.IE-03 I.E-03 9.OE-05 1.IE-03 5AE-03 
PN-238 3.7E-OS 1.7E-09 2.SE-08 1.IE-07 3.2E-08 1.7E-09 2.OB-08 9.7E-08 
U-239 I.OE-04 5.IE-06 7.IE-05 3.2E-04 9.7E-05 4.3E-06 5.7E-05 2.6E-04 
Pu-239 1.4E-O8 7.2E-10 9.5E-09 4.5E-08 I.2E-08 5.6E-1O 7.6E-09 4.OE-08 

Pu-241 1.7E-08 9.2M-10 II2E-08 5.3E-08 I.4AM 6.9E-1O 9.3E-09 4.2E-08 
Am-241 4.9E-05 2.3E-06 3.5E-05 1.5E-04 4.2E-05 1.7E-06 2.SE-OS I.3E-04 
Cm-242 4AE-O 2.8E-09 3.OE-08 U.E-O7 3.SE-08 2.6E-09 2A4E-08 1.2E-07 
Pu-242 6.3E-08 3AE-09 4.3E-08 1.9E-07 5.3E-08 2.SE-09 3.7E-08 1.6E-07 

~7 
a. To convert these values to conventional units (mnne/y per pCilg or inremy per pCi/cmlý multiply by 3.70 E-03
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Table GAS8 Dose factors8 for CU-ELRM-TRANSPO-W 
Mass dose factors (pSv/y per Bq/g) Surf icial dose factors (jiSvfy per Bq/cm2) 

Radionuclide Mean 5t 5ol, 951h Mean 5 1b 5 06 ib 

H-3 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Na-22 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
P-32 4.5E-07 2.8E-09 1 .2E-07 1 .8E-06 3.9E-07 2. E-09 9.7E-O8 1 .6E-06 

CI-36 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
K-40 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ca-4l O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ca-45 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OEI-OO O.OE+OO O.OE+OO O.OE+OO 

An-54 5.IE-04 2.8E-05 3.3E-04 1.6E-03 4.4E-04 1.9E-05 2.6E-04 1.5E-0 
Fe-55 O.OE-1-OO O.OE+OO O.OE+OO O.OE4-00O O.OE+OO0 O.OE+OO0 O.OE+OO O.OE+OO 
Co-57 2.2E-05 1.3E-06 I A4E-05 7.6E-05 l.9E-05 9.5E-07 1.IE-05 6.5E-05 
CO-58 3.4E-04 1.8E-05 2.OE-04 LI.E-03 2.SE-04 1.2E-05 l.SE-04 9.4E-04 

NI-59 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Co-60 1.7E-03 9.2E-05 1.1E-03 5.6E-63 1.5E-03 7.3E-05 9.2E-04 4.9E-03 
Ni-63 O.OE+OO O.OE-I-O O.OE+OO O.OE-4-O O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Zn-65 3.2E-04 2.OE-05 2.2E-04 1.IE-03 2.8E-04 1.7E-OS L.8E-04 9.OE-04 

Se-75 1.2E-03 1.2E-05 4.7E-04 4.&E-03 1.6E-03 BS8E-06 3.9E-04 4.4E-03 
Sr-85 3.9E-04 2A4E-05 2.4E-04 1.3E-03 3.3E-04 I.9E-05 2.OE-04 1.2E-03 
Sr-89 3.IE-O7 3.6E-08 4.7E-07 2.9E-06 6.9E-07 2.6E-08 3.9E-07 2.4E-06 
Sr-90 2.2E-07 1-2E-03 I.4E-07 7.2E-07 1.9E-07 9.lE-09 LI.E-07 6.4E-07 

Mo-93 2.9F,09 I.6E-1O iFOE-09' 8.3E-09 2.5E.09 1.2E-10 1.5E-09 9.2E.09 
Nb-93m 4.8E-1O 2.3E-I1 ME-1O 1.4E-09 4.E-lO 2.IE-I I 2.6E-10 U.E-09 
Nb-94 1.1E-03 5.2E-05 7.8E-04 3.2E-03 9.SE-04 4.E-O3 M.E-04 2.9E-03 
Nb-95 IA4E-04 4.4E-06 S.OE-O5__ 3.8E-04 1.2E-04 3.6E-06 6.6E-05 3.7E-04 

T991.7E-08 9.2E-10 1.1E-08 5.5E-08 M.E-O8 6.SE-1O 8.S-09 4.8E.08 
Ru-103 8.3B-05 M.E-06 S.4E-O5 2.6E-04 6.9E-05 2.7E-06 4.3E-05 2.2E-04 
Ru-106 IAYE-04 6.E-06 7.OE-O5 2.9E-04 3.6B-05 5.OE-06 5.9E-O5 2.5E-04 
Ag-1O8m 1.1E-02 4.9E-04 7.E-03 3.E-02 9.2E-03 4.OE-04 6.3E-03 3.OE-02 

Ag-110m 1.5E-02 7.SE-04 L.IE-02 4.6E-02 1'.3E-02- '6.SE-04 8.4 BE-03 4.OE-02 
Sb-124 5.7E-04 3.OE-O5 3.5E-04 1.9E-03 4.9E-04 2.2E-O5 2.9E-04 1.6E-03 
1-125 O.OE+OO O.OE400 O.OE+OO O.OE+0O O.OE4+OO O.OE+OO0 O.OE+OO0 O.OE+OO 
Sb-125 2.7E-04 1.6E-05 I.SE-04 8.2E-04 2.3E.04 1.3E-OS M.E-04 7.IE-04 

1-31O.OE+OO0 O.OE+OO O.OE+OO O.OE+0O O.0E400 O.OE+OO O.OE+OO O.OE+OO 
Ba-133 4.6E-04 2.7E-05 3.3E-04 1.3E-03 3.9E-04 1.8E-05 2.7E-04 I.2E-03 
Cs-134 O.OE+OO O.OE+OO O.OE+OO0 O.OE+OO O.OE+OO0 O.OE+OO O.OE+OO O.0E4-00 
Cs-137 O.OE+OO O.OE+OO0 O.OE+OO O.OE+OO0 O.OE+OO O.OE+OO O.OE+OO O.OE+OO
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Table G.18 Dose factors' for CU-ELRMA1ANSPO-W 
Mass dose factors (ILiSvly per Bq/g) Surf icial dose factors (ItSv/y per Bq/ctn2) 

Radionuclide Mean 5' 50"' 9 5 1, Mean 5 1h 506I 9561 

Ce-144 1.2E-05 6.3E-07 7.8E-06 4.013-05, l.13-05 5.8E-07 6.313-06 3.5E-05 
Pin-147 4.33-10 2.313-11 2.8E134 1.313-09 3.7E-10 1.613-11 2A4E-10 iIE-09 
Eu-i 52 4.8E-04 2.513-05 3.113-04 1 .511-03 4.211-04 IS.E-05. 2.513-04 1.513-03 
Eu-i 54 5.213-04 2.7E-05 3.513-04 1 .7E-03 4A4E-04 2.OE-05 2.813-04 A .513-03 

Re-186 2.2E.-i10 2.8E-15 2.3E-12 i.i13-09 2.013-10. l.E-15 2.IE-12 9.311-10 
Ir-192 2A4E-03 1 .2E-04 1 .613-03 7.4E-03 2.113-03 9.913-05 1 .3E-03 6.613-03 
Pb-210 i.i13-07 5.4E-09 7.413-08 3.613-07 9.311-08 4AE-09 6.IE-08 3.211-07 
Po-210 3.413-09 1.713-10 2.I13-09 l.013-08 3.013-09 l.E-i0 i.SE-09 9.211-09 

Rn-222 1.611.09 5.5E-15 5.513-12 7.7E-09 IA4E-09 4.313-15 4.813-12 6.5E-09 
Ra-223 2.2E-06 2.9E-08 6.613-07 SAE-06 l.813-06 2.313-09 5A4E-07 7213-06 
Ra-224 3.7E-08 3.013-13 2.313-10 2.013-07 3.013-08 2.413-13 2.IE-I0 1.413-07 
Ac-225 4.3E-09 6.613-12 6A4E-10 2.213-08 3.713-09 4.613-12 5.4E-10 1.813-08 

Ra-226 7.6E-04 3.613-05 4.7E-04 2.5E-03 6.4E-04 3.3E-0 4.i13-04 2.OE-03 
Ac-227 I.9E-07 9.813-10 6.513-08 7.711-07 1.7E-07 9.313-10 5.313-08 7.2E-07 
Th-227 L~iE-08 3.613-11 2.7E-09 4.511-08 9.9E-09 2.0E-11I 2.i13-09 3.9E-08 
Th-228 2.iE-06 1.213-08 7.913-07 9.211-06 1.713-06 i.OE-08 6.813-07 7.013-06 

I'V -5.. '1 

Th-229 1313-07 8.OE3-10 5.3E-08 5.613-07 1213-07 4.7E-10 4.IE-08 5213-07 
Th-230 4.013-11 l.9E-13 IAE-11 1.813-10 3.4E-1i I 1.SE-13 1.313-11 .513-10 
Pa-231 4.IE3-08 2A4E-10 1213-08 1.7E-07 3.2E-08 2.2E-10 1.IE-O8 IA4E-07 
Th-231 i.O13-21 2.5E-40 9.611-31 2.IE-21 9.811-22 i.SE-40 7.413-31 2.OE-21 

Pa-233 4.613-08 3.213-10 1.41-08 2.313-07 4.i13-08 2.7E,10 LIiE-08 1.913-07 
U-233 3.8E-13 2.7E-15: 1313-13 i.E-12 3213-13 2.iE-15 L.IE-13 i.E-12 

.7h-234 2.013-09 7.SE-12 5.9E-10 7.9E-09 1.7E-09 7.213-12 5.213-10 6.9E-09 
U-234 6.9E-12 4.9E-14 2.4E-12 3.OE-1 I 5.9E-12 4.2E-14 l.9E-12 2.SEBlI1 

Np-237 I.2E07 "S.513-10 4.013-08 4.913-07 1.iE-07 6.513-10 3.E-0O8 4.013-07 
Pu-238 2.211-12 IA4E-14 7.713-13 9.2E-12 l.SE-12 1.1E-14 6.1E-13 7.313-12 
U-238 6.2E-09 4.3E-1 1 2.013-09 2.6E-08 5.313-09 3.53-1 1 1.7E.09 2.2E-08 
Pu-239 8.5E-13 5.911-15 3.013-13 3A4E-12 7.2E-13 3.9E-15 2.3E-13 2.813-12 

Pu-241 i.O13-12 6.313-15 3.SE-13 4.313-12 9.713-13 5.913-15 2.713-13 3A4E-12 
Am-241 2.711-09 1.513-11 9.MEIO 1.I13-08 2.313-09 i.8E-I I 8.AE-10 9.911-09 
Cm-242 2.513-12 1.613-14 7.613-13 1.I13-11 2.211-12 1.5E-14 6.513-13, 9.7E-12 
Pu-242 3.713-12 2.813-14 IA4E-12 1.513-11 3.313-12 1.913-14 LiiE-12 1.3E-1Ii 

a. To convert these values to conventional units (nircm/y per pCilg or mrem/y per pCi/cmn2) multiply by 3.70 E-03
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Table G.19 Dose factoWs for CU-SCRP-DISPOSL-W 
Mass dose factors (;iSv/y per Bqtg) Surficial dose factors (piSv/y per Bq/cm2) 

Radionuclide Mean 5* 50 95t" Mean P 0 951h 

H-3 O.OB+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE-I-O O.OE+OO O.OE+OO 
C-14 6.7E-06 2.4E-06 6.1E-06 1.3E-05 5.7E-06 1.7E-06 5.1E-06 1.2E-05 
Na-22 6.SE+OO 2.4E+00O 6.2E+00 1.3E+0-1 5.8E+00 1.7E+00 5.IE-'-O 1.2E+01 
P-32 3.5E-03 1.2E-03 3.E-03 7.3E-03 3.OE-03 8.5E-04 2.5E-03 :6.4E-03 

C-61203 4.3E-04 1.IE-03 2.3E-03 I.OE-03 3.OE-04 9.OE-04 2.2E-03 
K-40 5.2E-01 1.9E-01 4.7E-01 1.OE+OO 4.4E-01 1.3E-01 3.9E-01 9.4E-01 
Ca-41 O.OE+OO O.OE+FOO O.OE+OO O.OE+OO O.OE+OO0 O.OE+4-O O.OE+OO O.OE+OO0 
Ca-45 3.OE-O5 1.1E-OS 2.7E-05 5.9E-05 2.SE-05 7.4E-06 2.2E-05 5.4E-05 

Min-54 2.5E+00 9.OE-01 2.3E+00 4.9E+00 2.IE+OO 6.2E-01 1.9E-I00 4.6E+00 
Fe-55 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Co-57 2.4E-01 8.8E-02 2.2E-01 4.8E-01 2A1-01 6.OE-02 1.8E-0I 4.4E-O1 
Co-58 2.7E+00 9.6E-01 2.4E+00 5.3E+00 2.3E+00 6.7E-01 2.OE+0O 4.9E+00 

Ni-59 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE-i-O O.OE400 O.OE+OO O.OE400 
Co-60 8.1E+OO 2.9E+00 7.3E+00 1.6E+01 6.9E+00 2.OE+OO 6.IE+0O 1.5E+01 
Ni-63 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE-I-O O.OE+OO O.OE+OO 
Zn-65 I.SE+OO 6.5E-01 1.6E+00 3.5E+00 1.5E+00 4.4E-O1 1.3E+00 3.3E+00 

A ~ 3~ 9 w4-0 
S.-75 9.3E-01 3.4E-01 S.4E-OI I.SE+OO 7.9E-01 2.3E-01 7.OE-O1 1.7E+00 
Sr-45 1-3E+00 4.7E-OI 1.2E+00 2.6E+00 I.IE+OO 3.3E-01 9.9E-O1 2.4E+00 

* Sr-89 3.9E-03 1.4E-03 3.5E-03 7.8E-03 3.3E-03 9.9E-04 2.9E-03 7.2E-03 
Sr-90 3.5E-04 1.3E-04 3.2E-04 6.9E-04 3.OE-04 S.SE-OS 2.6 E-04 6.4E-04 

, T O 1~ '0 4ý
Mo-93 3.OE-04 1.1E-04 2.7B-04 5.8E-04 2.SE-04 7.4B-O5 2.2E-04 5.4E-04 
Nb-93m 5.2E-05 I.9E-O3 4.7E-OS* 1OE-04 4.4E-05 1.3E-05 3.9E-05 9.4E-05 
Nb-94 4.8E+00 1.7E+00 4.4E+00 9.4E+00 4.IE+OO 1.2E-I00 3.6E+00 S.SE+OO 
Nb-95 1.9E+00 6.SE-O1 1.7E+00 3.SE+OO l.6E+OO 4.7E-01 1.4E+00 3.4E+00O 

Tc-99 6.3E-05 2.2E-05 5.7E-05 1.2E-04 5.3E-05 1.6B-05 4.7E-05 1.IE-04 
Rji-103 L1E+0O 4.0E-01 1.OE+QO 2.3E+00 9.6E-01 2.9E-01 S.4E-O1 2.IE+OO 
Ru-106 O.OEBOO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ag-108m 4.8E+OO 1.7E+OO 4.4B+OO 9.4E+00 4.1E+OO I2E+OO 3.6E+OO 8.7E+00 

Ag-Il1ni 8.3E+00 3.OE+OO0 7.6E+00 1.6E+01 7.1E+OO 2.IE+OO 6.2E+00 1.5E+01 
Sb-124 5.2E+00 l.SE+OO 4.6E+00 1.OE+O1 4.4E+00 1.3E+00 3.8E+00 9.4E+00 
1-125 7-3E-03 2.6E-03 6.6E-03 I.4E-02 6.2E-03 1.8E-03 5.4E-03 M.E-02 
Sb-125 1.2E+00 4.3E-01 LI.E+OO 2.4E+00 I.OE+OO 3.OE-O1 9.1&0O1 2.2E+60 

1-131 4A4E-01 IA4E-01 3.7E-01 9.5E-01 3.7E-O1 9.SE-02 3.OE-OI S.4E-O1 
Ba-133 9.9E-01 3.5"1O 9.OE-01 1.9E+00 8.4E-Ol 2.SE1 7.E-OI I.8E+FOO 
Cs-134 4.7E+OO 1.7E4-00O 4.3E+FOO 9.2E+FOO 4.OE+OO0 1.2E+OO 3.5E+fOO 8.5E4-00 
Cs-137 3.8E-04 1.3E-04 3.4E-04 7.3&-04 3.2E-04 9.3E-05 2.SE-04 6.SE-04
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Table G.19 Dose factorse for CU-SCRP-DJSIVQSL-w 
Mass dose factors (piSvty per Bq/g) Surf icial dose factors (pSvly per Bq/cm2) 

Radionuclide Mean 5thy~h 95 mh Mean 5t' 50' 951h 
a 1.3JOI 4SEO2L4E,~Q, ZSEOL ~ 1.1~4l ~E~2 E-02 Z5.1 

Cc-144 3.513-02 1.313-02 3.213-02 6.813-02 3.013-02 8.613-03 2.6E-02 -6.3E-02 

Pmn-147 2.5E-05 8.9E-06 2.313-05 4.8E-05 2.]E-05 612E-06 1.913-05 4.513-05 
Eu-152 3.513+00 1.313+00 3.213+00 6.913+00 3.013+00 9.7E-01 2.6E+00 6.313+00 
Eu-154 3.813+0 IAE+O0 3.5E+00 7.511+00 3.3E+00 9.5E-OI 2.9E+00 6.913+00 

Re-186 6.113-03 1.2130E .1-03 1.713-02 5.2E-03 9030 .1-3 1430 

Ir-192 2.111+00 7.513-01 1.9E+OO 4.1E+O0 1.813+00 5.211-01 1.613+00 3.813+00 
Pb-210 3.I13-03 1.1E-03 2.8E-03 5.913-03. 2.613-03 7.613-04 2.313-03 5.513-03 
Po-210 2.5E-05 9.011-06 2.3E-05 4.913-05 2.1E-05 6.113-06 I.9E-05 4.5E-05 

~~LE-4 -43~ ~Ow~E0T~~ 
Rn-222 1.913-04 3.913-05 IAE-04 5.I13-04 1.6E-04 2.913-051.113-04 4AE-04 
Ra-223 1.613-01 5.41-02 1.413-01 3.313-01 1.313-01 3.7E-02 1.2E-I 2.913-01 
Ra-224 3.S13-03 7.513-04 2.811-03 1.O13-02 3.2E-03 5.613-04 2.213-03 8.913-03 
Ac-225 1.5E-02 5.I13-03 1.311-02 .3.213-02 1.313-02 3.6E-03 1.113-02 2.913-02 

Ra-226 5.6 0 i.013+00 S.JE4-O 1.113+01 4.8134-0 I.4E+004.2E+O0 1.O11+01 
Ac-227 3.5E-01 1.313-01 3.2E-01 6.813-01 3.OE-O1 U.E-02 2.6F-O1 6AE-01 
nh-227 1.713-01 6.113-02 1.6E-01, 3.6E-01 1.513-01 4.3m-0 1.313-01 3.213-01 
Th-228 4.9EAO0 1.SE+O0 4.5E+OO 9.6E+O0 4.2E+00 1.211400 3.7E+O0 S.9E+OO 

Tb-229 3.5E-01 1.3E-01 3213-01 6.9E-OI 3.011-01 8.813-02 2.7E-01 6.A1-01 
nh-230 6.IE-04 2.2E-04 5.513-04 1.2E-03 5.IE-04 1.5E-04 4.SE-04 1.IE-03 
Pa-231 9.S-5M 3.A1-02. 8.713-02 l.9E-01 8.lIEF02 2A4E-02 7213-02 l.7E-O 
Th-231 6.8E-05 4.813-07 1.213-05 3.5E-4)4 5.7E-05 3.613-07 1.O13-05 3.IE-04 

Pa-233 3.9E-01 IA4E-01 3.5&0O1 7.813-01 3.313-01 9.613-02 2.813-01 7.013-01 
U-233 7.013-04 2.513-04 6.4E-0 IA4E-03 5.913-04 1.7F,04 5.2E-04 U.E-03 
7b-234 9.9E-03 3.I13-03 U.E-03 .813-02 7.513-03 2.2E-03 6.413-03 1.6E-02 
U-234 2.OE-04 7.213-05 1.SE-04 3.913-04_ 1.7E-04- 5.OE-05 1.5E-04 3.613-04 

Np-237 2.4E-O1 9.711-02 2.211-01 4.7E-01 2.IE-O1 6.113-02 .813-01 4.4E-O1 
Pu-238 7.61145 2.713-05 6.9E-O5 1.5E-04 6A4E-05 1.913-05 5.7E-05 IA4E-04 
U-239 2.313-02 8.213-03 2.113-02 4.413-02 1.913-02 5.7E-03. 1.7E-02 4.E-02 
Pu-239 1.5&-04 5.311-05 U.E-04 2.9E-04 1.313-04 3.713-05 1.IE-04 2.7E-04 

Flu-241 5.I13-06 1.813-06 4.713-06 1.013-05 4A4E-06 1.313-06 3.9E-06 9.313-06 
Am-241 2.2E-02 7.813-03 2.013-02 4.313-02 1.911-02 5AE-03 1.6E-02 4.OE-02 
Cm-242 9.213-05 3.013-05 7.413-05 1.613-04 6.9E-05 2.013-05 6.1E-05 1.5E-04 
Pu-242 6A4E-05 2.3E-05 5.813-05 1213-04 5A4E-05 1.613-05 4.8E-05 1.2E-04 

a. To convert these values to conventional units (mrcm/y per pCi/g or mrexn/y per p~i/cm2), multiply by 3.70 E-03
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Table G.20 Dose factors3 for CU-ELRM-LGMASS-N 
Mass dose factors (p&Sv/y per Bqfg) Surficial dose factors (paSv/y per Bq/cm2) 

Radionuclide Mean P11 5Ol 951h Mean 5th 54)11 951h1 

H-3 O.OE+OO O.OE+OO O.OE+OO O.OE3+00 O.OE+OO O.OE+OO O.OE+OO O.O13+00 
C-14 O.O13+00 O.OE-i-O .O11+00 O.O11+00 O.OE+OO O.O13+00 .O13+00 O.011+00 
Na-22 O.013+00 O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE+O() O.OE+OO O.OE3+00 
P-32 I.E-08 2.711-11I 2.011-09 6.6E-08 1.1E-08 2.I13-11 1.5E-09 5.4E-O8 

CI-36 O.OE+FOO O.O11+00 .O13+00 O.O13+00 O.OE+OO O.OE+OO O.O134O0 O.OE+OO0 
K-40 O.OE4-00O O.O11+O0 O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.O114OO 
Ca-41 O.OE3+00 O.OE+OO O.O134O0 O.OE+OO0 O.O13+00 O.11+00 O.OE+O O.O11400 
Ca-45 O.OE4-OO O.OE+OO0 O.OE+OO O.OE+OO O.OE3+O0 O.OE+OO O.OE+OO O.OE+OO 

Mn-54 ,2ýEI-04 1.9E-05 2.213-04 9.IE-04 2.813-04 1.713-05 1.7E-04 9.I11-04 
Fe-55 O.OE+OO O.OE+OO O.O13+00 O.OE+OO 0.11+00OO .OE+OO O.O13+00 O.OE+OO 
Co-57 1.9E-OS 1.OE-06 1.3E-05 5.6E-05 1.711-05 7.413-07 1.013-05 5.111-05 
CO-5g 7.OE-O5 3.413-06 4.3E-05 2.111-04 6.113-05 2.713-06 3.6E-05 2.OE-04 

Ni-59 O.OE+OO .013+00 O.O13+00 O.OE+OO O.OE3+00 O.OE+OO O.O13+00 O.11+00 
Co-60 1.511-03 7.913-05 L.OE-03 4.5B-03 1.313-03 5.611-05 8.113-04 3.913-03 
NI-63 O.O13+00 O.OE+OO O.OEOO0 O.OE+DO O.013+00 O.OE+OO O.OE+OO O.013+00 
Zn-65 1.7E-04 7.3E-06 1.213-04 5213-04 1.5E-04 5.713-06 9.313-05 5.111-04 

So-75 5.8E-04 7.1-06 2.313-04 2A4E-03 4.92-04 5.313-06 1.92-04 2.013-03 
Sr-85 8.3E-05 4.311-06 5.3E-03 2.72-04 7.2E-05 2.911-06 4.3-05 2.A1-04 
Sr-89 1.413-07 5.2E-09 9.011-08 4.513-07 1.22-07 4.9E-09 6.413-08 4.2E-07 
Sr-90 2.7E-07 1.12-08 I.&E-07 8.213.07 2.413-07 9.611-09 1.5E-07 8.2B-07 

M-31.113-07 6.013-09 7.713-08 3.213-07 9.613-03 5.02-09 6.E-08 3.E-07 
Nb-93m 1.82-08 1.1E-09 1.3-08 5A4E-08 1.613-03 9.1-10 9.62-09 5.02-08 
Nb-94 1.111-03 5.013-05 7.513-04 3.2B-03 9.413-04 S.O-0130 5.82-04 3.02-03 
Nb-95 1.12-OS 3.4-07 6.521-06 4.4E-05 9.513-06 2.913-07 5.12-06 3.311-05 

TC-99 2.02-08 1.013-09 1.311-08 6.2E-08 1.&E-08 8.713-10 1.12-08 5.711-08 
R~u-103 9.02-06- 3.7W2-0 4.921-06 M.E-05 7.921-06 2.8E-07 3.923-06 2.7E-05 
Ru-106 7.3E-05 4.213-06 4.5E403 2.32-04 6.42-05 3.011-06 3.723-05 2.023-04 
Ag-lO0in 1.I11-02 5.613-04 7.813-03 3.1-02 9.313-03 4.E-04 6.613-03 2.613-02 

Ag-I l0i 8.413-03 5.523-04 5.&2-03 2.613-02 7.313-03 4.011-04 4.913-03 2.12-02 
Sb-124 9.9E-05 3.713-06 5.82-05 3.5"-4 8.5E-05 2.7E-06 4.811-05 3.OE-04 
1-125 0.02+00 0.0200 0.0134+00 0.02+00O 0.02+00 0.02+00 0.02+0 0.013+00 
Sb-125 2A4E-04 1.12-05 1.623-04 7.623-04 2.12-04 8.113-06 1AE-04 7.223-04 

1-13 1 0.OE+-00 0.02+00 0.011+00 0.02+00 0.02+00 0.0+00 0.0+00 0.02+00 
Ba-133 5.911-04 2.913-05 4.013-04 1.72-3 512E-04 2.3E-05 3.213-04 1.8E-03 
Cs-134 0.OE+00 0.02+00 0.02+00O 0.OE+-00 0.011+00 0.02+00 0.OE+WO .0E+0O 
Cs-137 0.OE+100 0.02+00 0.OE013 00-00 0.OE+00 0.02+00 0.OE+ O0 0.0140 .E+00
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*Appendix G Copper Dose Factors 

Table G.20 Dose factors for CU-ELRM-LGMASS-N 
Mass dose factors QzSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide mean 56 509 95"' mean 5"' 501, 95"' 

7<~iE 7O I.A$:QVE'06 ~ 7~7 7E9 0 4-1 fEO 
Ce-144 7.7E-06 3.9E-07 5.S5&06 2.2E-05 6.7E-06 2.9E-07 4.5E-06 2.OE-05 
Pkn-147 6.1E-10 2.9E-lI1 4.1E-10 1.9E-09 5.3E-10 2.2E-1 I 3.2E-10 1.6E-09 
Eu-152 4.4E-04 2.2E-05. M.E.04 M.E-03 3.8E-04 1.5E-05 2.6E-04 l.E-03 
Eu-154 4.8E-04 2.4E-05 3.3E-04 1.5E-03 4.2E-04 1.SE-05 2.7E-04 1.4E-03 

Re-186 3.-OE4-i13 4.6E-20 16-6 .E1 27 -73 3.5&-20" ":5E1 1.4E-12 
Ir-192 6.5E-04 3.OE-05 4.2E-04 2.2E-03 5.7E-04 2.4E-05 3.2E-04 2.OE-03 
Pb-210 1.1E-07 5.5E-09 7.OE-08 3.E-07 9.3E-08 3.5E-09 5.7E-08 2.9E-07 
Po-210 M.E-09 6.2E-I I 9.2E-10 4.4E-09 1.2&09 4.5E-1 I 7.3E-10 3.9E-09 

7ý QJý- 18$4-J 79 i~ 2.0 -15 4 j 
Rn-222 1.6E-12 3.SE-20 4.9E-16 7.4E-12 1.4E-12 i313Ei6 3.5E-16 6.SE-12 
Ra-223 3.4E-08 1.7E-10 5.IE-09 1.6E-07 2.9E-08 U.E-10 4.3E-09 l.E-07 
Ra-224 2.SE-1II 2.2E-18 1.2E-14 12&-10 2.1E-1 I 1.3E-19 I.OE-14 9.8E-1I1 
Ac-225 6.4E-1I1 2.OE-14 3.9E-12 2.8E-10 5.2E- I 1.7E-14 3.2E-12 2.SE-1O 

Ra-226 2.2E.06 1.IE-07 1.E-06 6.5&-06 1.9E-06 1.OE-07 1.2E-06 5.9E-06 
Ac-227 7.OE-I I 2.7E-13 2.5E-11 .2E-10 6.OE-11I 2.IE-13 1.9E-1 I 2.5E-10 
Th-227 5.OE-1O 1.OE-12 8.IE-1I 2.3E-09 4.4E-1O 6.6E-13 6.6E-1 I I .9E-09 
'M-228 1.6E-09 6.2E-12 4.3E-10 6.7E-09 14E-09 5.5E-12 3.7E-10 6.3E-09 

nh-229 7.1E-08 2.6E-10 2.2E-09 3.OE-07 6.4E,08 2.OE-1O 1.SE-OS 2.8E-07 
nh-230 1.IE-1O 5.5E-13 3.2E-1 I 5.OE-10 9.3E-I I 4.1E-13 2.5E-11I 4.5E-10 

-Pa-231 5.SE-08 2.7E-10 I.6E-08 2.2E-07 4.7E-08 2.OE-1O 1.4E-OS 2.IE-07 
Ih-231 1.OE-27 4.IE-54 1.6E-41 6.4E-28 LI.E-27 2.5E-54 I.OE-41 5.OE-29 

Pa-233 3.7E-09 1.3E-l I 9.4E-IO 1.7E-08 3.2&09 9.2E-12 7.1E-O 137E-08 
U-233 2.6E-1 I 1.6E-13 7.8E-12 1.2E-10 2.2ElII 1.7E-13 6.3E-12 9.5E-1I1 
7b-234 IA4E-10 4AE-13 3.OE-1 I 7.3E-10 1.3E-10 3.E-13 2.5E-11 5.7E-10 
U-234 4.6E-1 I 3.3E-13 1.4E-1 I 2.3E-10 3.9E-I1I 2.4E.13 1.2E-1II 1.7E-10 

Np-237 i-2E-8 7.71E-1I 3.8E.09 4.SE-08 9.8E-09- 5.2&11 M.E-09 3.9E-09 
PU-239 4.4E- I 4.OE-13 1.7E-I1 I1.7E-10 3.7E-I I 3.2E-13 IA4E-11 1.5E-10 
U-238. 3AE-1 I 2.OE-13 1.2E-1Il 1.4E-1O 3.OE-II 1.7E-13 9.8E-12 I.E-10 
Pu-239 I.8E-1 1 I.4E-13 6.3E-12 6.9E-I 1 I.SE- 11 9.2&14 S.OE-12 6.OE-1II 

Pu-241 9.5E-13 6.4E-15 3.5E-13 4.E-12 B.1E-13 5.4E-15 3.OE-13 3.7E-12 
Am-241 4.5E-09 2.1E-11I .8E-09 1.9E-68 4.OE-09 1.8E- I 1.3E-09 1.7E-08 
Om-242 2.7E-11 I.4E-13 8.6E-12 1.2E-10 2.3E-1II 1.1E-13 6.7E-12 9.6E-1 I 
Pu-242 3.9B-1 I 3.2E-13 1.5E41I 1.5E-10 3.4E-11I 2.IE-13 1.3E-11I I.5E-1O 

a. To convert these values to conventional units (mrem/y per pCi/g or uremi/y per pCi/cn4ý multiply by 3.70 E-03
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Copper Dose Factors Appendix G 

Tab!. G.21 Dose factor& for CU-ELRM-SMMASS-N 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm2) 

Radiornuclide Mean 5* 501, 95"' Mean 5th 501b 9 
H-3 0.OE+00 O.OE+O0 O.OB+OO 0.OE+0O O.OE+OO O.OE-I-0 O.OE+OO O.OE+OO 
C-14 3.3E-07 2.OE-08 2.4E-07 9.9E-07 2.SE-07 1.5E-08 1.9E-07 8.7E-07 
Na-22 1.2E-01 7.3E-03 8.OE-02 3.E-0J I.OE-Ol 5.7E-03 6.3E-02 3.3E-01 
P-32 2.2E-06 U.E-07 1.2&06 9.OE-06 l.9E-06 1.1E-07 3.9E-07 7.7E-06 

77.T" 4 M - -__M 

CI-36 I.SE-04 4.E-05 1.5E-04 4.E-04 1.5E-04 2.9E-05 1.3E-04 3.7E-04 
K-40 6.5E-02 I.E-02 5.3E-02 1.6E-01 5.6E-02 9.9E-03 4.4E-02 M.E-O1 
Ca-41 0.OE+00O0.OE+O0 O.OE+OO O.OE+OO 0.OE+OO O.GE+OO O.OE+OO O.OE+OO 
Ca-45 3.OE-06 6.2E-07 2.5E-06 7A4E-06 2.6E-06 4.8E-07 1.9E-06 6.7E-06 

Mn-54 2.2E-01 4.6E-02 L.8E-O1 5.1E-01 1.9E-O1 3.6E-02 1.5E-01 4.7E-01 
Fe-35 O.OE+OO 0.OE+OO O.OE-I0OO .OE+OO O.OE+OO O.OE+0O O.OE+OO O.OE+OO 
Co-57 1.2E-02 2.7E-03 9.9&-03 M.E-02 1.1E-02 2.2E-03 7.9E-03 2.0E-02 
Co-58 6.1E-02 1.2&02 4.8E-02 1.6E-01 5.2P_-02 9.7E-03 4.OE-02 1IAE-01 

Ni-59 0.OE+OO O.OE+OO O.OE400 0.OE+OO O.OE+OO O.OE+O0 O.OE+OO O.OE+OO 
Co-60 S.1E-O1 9.OE-02 4.2&01 1.2E+00 4.E-OI 7.IE-02 3.3E-01 1.IE+OO 
Ni-63 O.OE+0O O.OE+O0 O.OE+O0 O.OE+0O O.OE+OO O.OE+00 O.OE+OO O.OE+OO 
Zn-65 6.SE-02 1.E-02 5.2E-02: 1.6E-01 3.5E-02 1.IE-02 4.2E-02 1.4E-OI 

7- , 4 lo- 17-.2, 2A- ý -7j'7"" ýý--, -i 
Se-75 -4.7E-03 2.2E-0f3 7.E-03 2.4B-02 8.2E-03 1.6E-03 6.6E-03 2.OE-02 
Sr-85 2.SE-02 5.3E-03 212E-02 7.3E-02, 2.3E-02 4.6E-03 1.7E-02 6.6E-02 
Sr-89 4.0E-05 1.IE-O5 3.7E-05 1.E-04 4.1E-OS 8.6E-06 3.OE-O5 LI.E-04 
Sr-90 6.5E-05 l.AE-05 5.5E-05 1.E-04 5.SE-05 1.2E-05 4.5E-05 l.4E-04 

Mo-93 6.2E-05 1.E-05 4.9E-05 1.5E-04 5.2E-05 9.6E-06 4.E-O5 M.E-04 
Nb-93m 9.6E-06 2.2E-06 SAE-06 2.2E-05 8.3E-06 1.6E-06 6.6E-06 2.IE-05 
Nb-94 7.2E-01 1.E-O1 5.9E-O1 1.6E+00 6.IE-01 1.1E-O1 4.8E-01 1.6E+00 
Nb-95 1.E-02 2.IE-03 9.$E-03 M.E-02 1.1E-02 1.7E-03 8.2E-03 3.2E-02 

TC-99 1.5E-05 3.1E-06 1.2E-05 3.E-OS U.E-05 2.4E-06 1.OE-05 3.3E-05 
Ru-103 1.OE-02 2.OE-03 M.E-03 2.SE-02 8.SE-03 1.7E-03 5.9E-03 2.5E-02 
Ru-106 2.9E-02 5.8E-03 2.5E-02 7.IE-02 2.5E-02 4.5E-03 2.OE-02 6.SE-02 
Ag-108m ___ .E-O1 3.9E-02 1.6E-01 4.2E-O 1.6E-01 3.E-02 1.3E-O1 3.8E-O1 

Ag-I 10in 1.6E-01 3.E-02 U.E-01 3.9E-01 1.4E-01 2A4E-02 1.OE-O1 3.E-OI 
Sb-124 2.E-02 3.6E-03 1.6E-02 5.3E-02 1.8E-02 2.7E-03 1.3E-02 5.OE-02 
1-125 I.9E-05 3.3E-06 1.E-O5 4.4E-05 1.6E-05 2.7E-06 I.2E-05 4.2E-05 
Sb-125 4.E-02 7A4E-03 3.3E-02 9.4E-02 3A4E-02 4.9E-03 23BE-02 9.OE-02 

TiM 
1-13 1 M.E-O5 3.E-07 7.9E-06 1.7E-04 2.9E-05 2.7E-07 6.6E-06 1.5E-04 
Ba-133 I.E-01 3.2E-02 1.E-O1 .3..3E-01 1.2E-01 2.5M-2 9.SE-02 3.OE-Ol 
Cs-134 4.9E-OI 1.OE-01 4.1E-O1 1.2E+00 4.2E-01 8.3E-02 3.3E-01 L.OE+OO 
Cs-137 2.7E-01 6.2E-02 2.2E-I 6.2E-01 2.3E-01 4.6E-02 I.9E-01 5.6E-01
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Appendix G -Copper Dose Factors 

Table G.21 Dose factors' for CU-ELRM-SMMASS-N 
Mass dose factors (pSv/y per Bqfg) Surficial dose factors (pSvly per Bq/cm2) 

Radionuclide Mean 5h 501h 9 5ih Mean 5 1h 598I 9 5t 

Ce-144 2.2E-03 5.OE-04 1.6E-03 S.4E-03 1.S9&03 3.7E-04 I.AE-03 4.SE-03 
Pmn-147 IA4E-07 2.9E,08 1.2E-07 3.SE-07 1.2E-07 2.2E-08 9.3E-08 3.lE-07 
Eu-152 8.1E-03 *3.7E-04 5.IE-03 2.7E-02 6.E-03 2.4E-04 4.2"-3 2.IE-02 
Eu-154 1.3E-01 2.7E-02 1.OE-O1 3.IE-O1 1.1E-O1 2.lE-02 8.3E-02 2.7E-01 

RU-186 -- 7.9Edi 1 LOE-15 7.OE-13 4.5E-10 6.6E- I1 S.SE-16 5.3E-13 3.SE-10 
lr-192 9.OE-04 3.5E-05 5.4E-04 3.IE-03 7.6E-04 2.7E-05 4.4E-04 2.7E-03 
Pb-210 2.2E-06 1.IE-07 1.4E-06 6.SE-06 l.9E-06 9.9E-09 1.IE-06 6.3E-06 
Po-210 3.2E-07 6.6E-08 2.6E-07 7AE-07 2.7E-07 5.OE-08 2.IE-07 6.3E-07 

Rn-222 l.iE-08 3.OE-13 1.SE-1O L.2-E-07, 1.9E-08 -ý-2.SE-i13 1.4-E-1IO' 1.1E-07 
Ra-223 2.2E-06 2.5E-08 5.4E-07 9.9E-06 l.9E-06 2.lE-08 4.5E-07 9AE-06 
Ra-~24 1.2E-08 1.IE-13 7.1E-1 I 5.7E-08 1.OE-08. 7.6E-14 5.4E-1I 4.7E-08 
Ac-225 9.IE-07 B.OE-09 2.OE-07 3.8E-06 7.SE-07 6.6E-09 1.7E-07 3.2E-06 

.04 9~ 
Ra-226 1.E-02 4.6E-04 7.9E-03 4.2E-02 1.OE-02 3.9E-04 6.3E-03 3AE-02 
Ac-227 2.SE-03 9.7E-05 1.7E-03 7.SE-03 2.IE-03 S.IE-05 U.E-03 6.SE-03 
Th-227 4.1E-06 9.3E,08 2IE-06. 1.4E-05 3.4E-06' 6.3E-08 1.7E.06 1.2E.05 
Th-228 7.SE-03 3.3E-04 4.6E-03 2.3E-02 6.SE-03 2.8E-04 3.SE-03 2.2E-02 

7h-229 1.7E-03 S.OE-05 L1IE-03 5.OE-03 1.4E-03 7.E-O5 9.9E-04 4.9E-03 
Th-230 4.2E-06 2.OE-07 2.5E-06 1.6E-05 3.6E-06 1.6E-07 2.1E-06 1.2E-05 
Pa-231 1.9E-04 9.AE-06' U.E-04 5.7E-04 1.7E-04 7.SE-06 I.IE-04 5.2E-04 
lh-231 9.6E-20 4.SE-39 1.1E-28 1.SE-19 7.SE-20 3.1E-38 7.9E-29 1.3E-19 

Pa-233 2.4E.O5 1.OE-06 1.E-05 L6E-05 2.IE-05 8.5E-07 I.IE-05 7AE-05 
U-233 9.3E-08 3.7E-09 6.CE-0 2.8E-07 7.9E-OS 3.1E-09 4.7E-08 2.6E-07 
Th-234 1.OE-06 3.3E-08 5.2E-07 3.E-6 .E-07 2.6E-08 4.3&-07 UM-0 
U-234 1.6E-07 7 .5E-09 1.O)E_07 5.2E_07 1.4&-07 5.4E-09 8.5E-09 4.6E-07 

Np-237 1.3E-02 U.E-04 8.9E-03 3.7E-02 I.IE-02 -5.6E-04 7.9E-03 3.IE-02 
Pu-238 1.7E-06 9.7E-09 1.2E. 74.9E-06 1.4E-06 7.5E-08 9.7E-07 4.5E-06 
U-238 4.2E-03 9.OE-04 3.4E-03 9.8E-03 3.6E-03 6.9E-04 2.&E-03 9.OE-03 
Pu-239 4.3E-06 9.IE-07 3.6E-06 L.OE-05 3.6E-06 _7.5E-07 2.9E-06 9.OE-06 

Pu-241 2.3E.06 5.IE- Of' E-06' 5.5E.06 2.OE-06 3.8E-07 1.6E-06 3.IE-06 
Am-241 1.1E-03 2.3E-04' 9.3E-04' 2.5E-03 9.2E-04 I.9E-04 7.5E-04 2.4E-03 
On-242 6AE-06 l.E-06 5.4E-06 1.5E-05 5.4E-06 1.OE-06 4.E-06 lAE-OS 
Pu-242 9.1E-06 1.7E-06 7.6E-06 '2.IE-05 7.7E-06 .1.3M 6.2E-06 I.9E.05 

P_ 4~J 9 _7ý_,L'E7
a. To convert these values to conventional units (mrem/y per pClfg or mremly per pCi/cm2)% multiply by 3.70 E-03
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Table G.22 Dose factorsa for CU-REVM-SMOBJCT-N 
Mass dose factors (piSv/y per Bq/g) Surficial dose factors (;tSv/y per Bq/cm 2) 

Radionuclide Mean 5th 50"' 95"' Mean P50"' 950-1 

H-3 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 1.8E-O5 9.7E-07 1.3E-05 5.2E-05 1.5E-05 7.5E-07 1.OE-05 4.8E-05 
Na-22 5.2E+00 2.5E,-O1 3.2E+00 I.SE+O1 4.3E+00 2.OE-OI 2.7E+00 1.4E+01 
P-32 1.E-04 6.3E-06 5.5E-05 4.7E-04 1.OE-04 4.6E-06 4.6E-05 4.OE-04 

CI-36 1 .0&02 I6E-03 8.4E-03, 2.8E-02 8.SE-03l 1 .E-03 6.7E-03 2.5E-02 
K-40 2.6E+00 3.6E-01 2.1E400 7.2E+00 2.2E+00 2.7E-01 1.7E+00 5.7E+00 
C3-41 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ca-45 1.7E-04 2.6E-05 1.3E-04 4.4E-04 1.4E-04 2.OE-O5 1.IE-04 3.6E-04 

Mn-54 9.3E+FOO 1.5E4-00 7.3E+OO 2.5E+401 7.9E+00 1.OE+OO 6.1E+OO 2.1E+01 
Fe-55 O.OE+OO O.OE+OO0 O.OE+OO O.OE+OO O.OE+OO0 O.OE+OO O.OE+FOO O.OE+OO0 
Co-57 LI.E+OO 1.7E-Ol 8.4E-O 3.OE+OO 9.3E-01- 1.2E-01 6.6E-01 2.5E-I00 
Co-58 2.7E+00 4.1E-O1 2.OE+OO 6.8E+00 2.2E+00 3.2E-01 1.7E+00 6.2E+00 

Ni-59 O.0E+00 O.OE+OO O.OE+OO0 O.OE+OO O.OE+FOO, O.OE+OO O.OE+OO0 O.OE+OO0 
Co-60 2.0E+01 3.3E+OO 1.5E-+-0 5.4E+O1 1.7E+O1 2.4E4-00 1.2E+01 4.7E+01 
Ni-63 O.0E4OO O.OEOO O.OE+OO O.OE+OO0 O.OE+OO0 O.OE+OO O.OE+OO0 O.OE+OO 
Zn-65 2.7E.+00 3.7E-O1 2.1E+OO 7.2E+O 2.3E+00 U.E-O1 1.7E+OO 6.4E+fOO 

Se-75 5.6E-01 7.7E-02 4.4E-01 1.E4E+O 4.6E-01 6.3E-02 3.5E-Ol 1.2E4+00 
Sr-85 I.E+OO 1.9E-01, 9.5E-01 3.3E-t-O 1.OE+OO 1.4E-O1 7.5E-01 2.9E400 
Sr-89 2.8E-03 3.9E-04 2.IE-03 7A4E-03 2.4E-03 3.OE-04 1.7E-03 6.6E-03 
Sr-90 3.&E-03 5.6E-04 2.9E-03 1.1E-02 3.2E-03 4.OE-04 2.4E-03 9.1E-03 

3T'~>8.2 -~42MJ 3 Yi4 __ 3 : J 3 
Mo-93' LI.E-02 - .6E-03' 8.6E-03 3.1E-02- 9.5E-03 1.2E-03 6.9E-03 2.6E-02 
Nb-93m I.SE-03 2.SE-04 IAB-03 5.1E-03 1.5E-03 2.1E-04 1.2E-03 4.2E-03 
Nb-94 3.OE+FO1 4.8E+OO0 2.4E+FOI 8.2E+0-1 2.6E+O1 4.OE+FOO 1.9E+01 6.8E+01 
Nb-95 5.4E-O1 6A4E-02 3.SE-O1 1.4E4.00 4.5E-01 5.OE-02 3.2E-01 1.3E+FOO 

Tc-99 8.4E-04 1.1E-04 6.8E-04 2.3E-03 7.1E-04 9.2E-05 5.5E-04 2.OE-03 
Ru-103 4.BE-01 6.6E-02 3.6B-O1 1.3E+00 4.OE-O1 4.6E-02 2.9E,011 IJE+OO 
Ru-106 1.3E+00 1.9E-01 1.OE+OO 3.7E+00 1.IE+00O 1.5E-01 3.OE-01 3.OE+OO 
AS-lO8m 8.4E+00 1.3E+00 6.5E+00 2.4E+OI 7.OE+OO 9.8E-01 5.3E+00 I.8E+01 

Ag-i l0m 6.SE+OOILOE+OO 5.2E+00 1.9E+01 5.7E+00 7.3E-01 4.2E+00 L.SE+01 
Sb-124 8.5E-01 1IE-I-1 6.8E-01 2.3E+00 7.iE-O1 9.OE-02 5.6E-01 1.9E+00 
1-125 3.OE-03 4.3E-04 2.4E-03 S.OE-03 2.5E-03 3A4E-04 2.OE-03 6.IE-03 
Sb-125 1.9E+00 2.SE-O1 1.5E+00 5.iE+0O 1.6E+00 2.OE-01 1.2E+00 4.3E+00 

1-131 1.6E-03 1.3&-05 3.4E-04 S.OE-03 1.3E-03 9.5E-06 2.7E-04 6.OE-03 
Ba-133 7.3E+00 1.IE+OO 5.9E+00 2.0E401 6.IE+OO 7.7E-O1 4.7E+00 1.7E+01 
Cs-134 2.1E+O1 3.6E+00 1.6E+01 5.6E+01 1.7E+01 2.9E+00 1.3E+01 4.4E+01 
Cs-137 1.2E+01 1.7E+00 9.5E+00 3.4E+01 1.OE+O1 1.2E+00 7.6E+00 2.6E+01 
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Table G.22 Dose factors3 for CU-REVM-SMOBJCT-N 
Mass dose factors (pSv/y per Bq/g) , Surflicial dose factors (ItSv/y per Bq/cm2) 

Radionuclide Mean 5 1h 5 0 'h 95th Mean 5 5 o* 5 

e14 .113-01 1.713-02 9.313-02 2.9E-01 9.IE-02 1 .311-02 6.9E-02 2.513-01 
Pm-147 l.AE-05 1.913-06 1.O13-05 4.OE-05 1. 1E-05 1.513-06 8.I13-06 2.913-05 
Eu-152 3.313-01 1.513-02 1.913-01 1.I13+00 2.813-01 1.311-02 1.613-01 913E-01 
Eu-154 5.6E+00 9.5E-01 4.2E+00 1.513+01 4.713+00 5.413-01 3.4E+OO 1.3E+01 

Re-186 6-.2E-09 9.213-14 5.4E-I I-- 2.913-08 4.813-09 9.213-14 '43E-1 I 21it40 
Ir-192 420 1.4E-03 2.513-02 1.513-01 3.613-02 I.I13-03 2.IE-02 1.213-01 
Pb-210 3.311-04 1.411-05 2.013-04 1.I13-03 2.813-04 1.113-05 1.613-04 B.8E-04 
Po-210 1.313-05 2.013-06 L.OE-OS 3.513-05 1.113-05 1.413-06 SA4E-06 3.OE-O5 

Rn-222 8-311-07 1 . E-l 1 7.813-09 4.613-06 6.6E-07 9.911-12 6.713-09 3.9E-06 
Ra-223 9.713-05 I.113-06 2.913-05 4.313-04 7.913-05 9.313-07 2.413-05 3.I13-04 
Ra-224 3.5E-07 4.5E-12 2.513-09 1.913-06 2.913-07 4A4E-12 1.913-09 1.513-06 
Ac-225 4-311-05 2.I13-07 9.913-06 2.013-04 3A4E-05 1.713-07 7.913-06 1.713-04 

Ra-226 5.2"1O 1.813-02 2.9E-01 1.813O0 4A4E-01IAlE-02 2.613-01 1.513+00 
Ac-227 1.313-01 3.711-03 8.2E-02 4.313-01 1.113-01 4.013-03 6.413-02 3.813-01 
Th-227 2A4E-04 5.313-06 9.4E-05 9.513-04 1.913-04 4.I13-06 7.513-05 6.613-04 
lb-228 3.213-01 9.513-03 1.7E-01 1.O13+00 2.7E-01 7.9E-03 I.SE-O1 8.BE-01 

Thb-229 9.413-02 3.513-031 5.411-02 3.313-01 7.713-02 2.9M-3 4.5E-02 2.6E-O 
Th-230 2.213-04 7.713-06 1 .313-04 7.611-04 1 .913-04 5.513-06 9.8E-05 6.9E-04 
Pa-231 1.O13-02 4A4E-04 6.013-03 3.813-02 9.913-03 3.113-04 4.9E-03 3.313-02 
Th-231 6.2E-18 5.413-36 1.2E-26 1.513-17 4.7E-19 4.613-36 9.113-27 9.513-18 

-ON FU~O 3.- ýY 

Pa-233 1.311-03 4.113-05 6.8E-04 4.613-03 1.I13-03 2.511-05 5.SE-04 3.513-03 
U-233 1.813-05 4.713-07 1.1E-05 6A4E-05 1.5E-05 4.713-07 8.913-06 .5.IE-0S 
Th-234 5.413-05 1.113-016 2.613-05 2.113-04 4.513-05 9.813-07 2.2E-05 1.713-04 
U-234 2.9E-05 7.513-07 1.SE-05 9.913-05 2.513-05 6.413-07 IA4E-05 9.713-05 

Np-237 6.SE-OI 3.OE-02 4.7E-01 2.IE+OO 5.7E-01 2.8E-02 3.9E-01 1.9E+00 
Pu-238 2.9E-04 IAE-05 2.013-04 9.7E-04 2.5E-04 1.4E-O5 1.613-04 9.413-04 
U-238 2.4E-01 3.613-02 1.811-01 6.813-01 2.OE-O1 2.9E-02 1.513-01 5.411-O1 
Pu-239 7.613-04 1.311-04 5.713-04 1.9&-03 6.413-04 8.913-05 4.6E-04 1.813-03 

Pu-241 .E-04 5.O-E'--OS -- 2.5E-04 9.013-04 2.8E-04 4.E-05 2.113-04 7.413-04 
Am-241 1.613-01 2.IE-02 1.211-01 4.6E-01 1.313-01 1.513-02 I.O13-01 3.3E-01 
Cm-242 1.I13-03 1.7E-04 8.913-04 2.913-03 9.213-04 1.411-04 7.013-04 2.4E-03 
Pu-242 1.613-03 2.311-04 1.313-03 4.213-03 1.413-03 1.713-04 9.913-04 3.713-03 

a. To cov-ertth-ese va-lues, -t~o con~veintion-a'l' units (niremy per pCVg or nirexny per pCi/cm2), multiply by 3.70 E-03
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Table G.23 Dose factors for CU-METL-PIPES-N 
Mass dose factors (ItSv/y per Bq/g) Surficial dose factors (ttSv/y per Bq/cm2) 

Radionuclide Mean 5* 50 95th Mean 5t" 50• 95d' 
H-3 3.8E-08 I.4E-09 2.4E-08 1.4E-07 3.2E-08 1.2E-09 2.0E-08 1.2E-07 
C-14 I2E-05 4.8E-07 7.7E-06 3.9E-05 L.IE1O5 3.4E-07 6.3E-06 3.3E-05 
Na-22 5.6E-05 3.1E-06 3.1E-05 l.&E-04 4.7E-05 2.1E-06 2.8E-05 1.5E-04 
P-32 8.6E-07 4.2E-08 4.OE-07 3.4E-06 7.4E-07 3.2E-08 3.3E-07 3.0E-06 

CI-36 I.IE-04 1.7E-05 8.6E-05 3.0E-04 9.4E-05 1.4E-05 7.1E-05 2.5E-04 
K-40 6.6E-04 1.2E-04 5.4E-04 i.6E-03 5.7E-04 9.9E-05 4.3E-04 1.5E-03 
Ca-41 4.7E-05 7.9E-06 3.7E-05 1.3E-04 4.0E-05 5.8E-06 3.IE-05 1.1E-04 
Ca-45 4.3E-05 6.9E-06 3.4E-05 I.IE-04 3.7E-05 5.8E-06 2.8E-05 1.0E-04 

6.OE-045S-14 
Mn-54 6.013 1.0E-05 4.4E-05 1.7E-04 5.1E-05 7.2E-06 3.6E-05 1.4E-04 
Fe-55 I.8E-05 3AE-06 1.4E-05 4.9E-05 1.6E-05 2.3E-06 1.21-05 4.OE-05 
Co-57 I.4E-05 2.6E-06 1.IE-05 3.8E-05 1.2E-05 1.7E-06 9.1E-06 3.1E-05 
Co-58 1.5E-05 2.5E-06 1.2E-05 3.9E-05 1.3E-05 1.9E-06 9.5E-06 3.5E-05 

~- - -~ -
Ni-59 7.6E-07 3.4E-08 5.2E-07 2.4E-06 6.5E-07 2.9E-08 4AE-07 2.OE-06 
Co-60 1.8E-04 3.OE-05 1.3E-04 4.6E-04 1.5E-04 2.3E-05 1.1E-04 4.6E-04 
Ni-63 LiE-05 1.8E-06 8.2E-06 2.6E-05 9.0E-06 1.5E-06 7.0E-06 2.3E-05 
Zn-65 IAE-04 2.4E-05 1.0E-04 3.7E-04 12E-04 1.9E-05 8.4E-05 3.2E-04 

Se-75 2.SE-05 4.6E-06 1.9E-05 6.3E-05 2.IE-05 3.3E-06 1.5E-05 5.5E-05 
Sr-85 8.6E-06 1.2E-06 6.4E-06 2.4E-05 7.4E-06 9.4E-07 5.2E-06 2.0E-05 
Sr-89 2.6E-05 4AE-06 1.8E-05 7.2E-05 2.2E-05 3.3E-06 1.5E-05 6.2E-05 
Sr-90 5.1E-03 9.5E-04 3.9E-03 1.4E-02 4.3E-03 7.4E-04 3.31-03 1.11-02 

"-V "M~: ''Výj ý 9"i 4 
Mo-93 4.31-05 6.5E-06 3.3E-05 1.IE-04 3.6E-05 4.91-06 2.8E-05 1.0E-04 
Nb-93m 1.61-05 3.0E-06 1.2E-05 4.51-05 1.41-05 2.31-06 9.71-06 3.62-05 
Nb-94 2.6E-04 5.OE-05 2.02-04 7.0E-04 2.22-04 3.5E-05 1.71-04 5.92-04 
Nb-95 3AE-06 4.8E-07 2.4E-06 9.72-06 2.92-06 3.9E-07 2.02-06 8.4E-06 

Tc-99 5.4E-05 9.52-06 4.12-05 1.4E-04 4.62-05 7.5E-06 3.32-05 1.2E-04 
Ru-103 5.1E-06 7AE-07 3.6E-06 1.62-05 4.4E-06 5.41-07 3.02-06 1.31-05 
Ru-106 3.21-04 5.3E-05 2.SE-04 8.OE-04 2.71-04 3.7E-05 2.02-04 7.41-04 
Ag-108m 7.1E-05 1.22-05 5.31-05 1.9E-04 6.11-05 1.OE-05 4.31-05 1.8E-04 

Ag-! 16m 5.31-05 8.4E-06 3.92-05 1.4E-04 4.5•-05 5.82-06 3.31-05 1.22E-04 
Sb-124 1.0E-05 1.7E-06 7.3E-06 2.81-05 8.62-06 I.IE-06 59E-06 2.4E-05 
1-125 3.81-05 6.1E-06 2.9E-05 1.01-04 3.21-05 4.31-06 2.41-05 9.11-05 
Sb-125 2.21-05 3.9E-06 1.7E-05 5.81-05 1.91-05 2.62-06 1.41-05 521-05 

1-131 4.6E-07 3.41-09 8.1E-08 2.41-06 4.1E-07 2.8E-09 6.72-08 2.2-06 
Ba-133 1.2E-04 2.3E-05 8.9E-05 3.2E-04 1.0E-04 1.62-05 7.3E-05 2.72-04 
Cs-134 1.9E-03 3.31-04 1.41-03 5.02-03 1.6E-03 2.32-04 1.22-03 4.5&-03 
Cs-137 1.8E-03 3.32-04 13E-03 5.12-03 1.5E-03 2.2E-04 12E-03 4.11-03
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Table G.23 Dose factors' for CU-METL,-PIPES-N 
Mass dose factors (piSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cm2') 

Radionuclide Mean 5P 50"' 951' Mean 5t' 50P' 951' 

Ce-144 LIE-04 I.9E-fl5 8.E-05 3.l13-04 9A&05O 1A4E-05 6.5E-05 2.7E-04 
hn- 147 9.3E-06 IAE-06 6.OE-06 2.3E-05 7.OE-06 LIlE-06 5.lE-06 I.9E-05 
Eu-152 4.OE-06 1.6E-07 2.4E-06 1.3E-05 3.5E-06 1.IE-07 l.SE-06 1.2E-05 
Eu-I 54 S.AE-05 1.5E-05 6.5E-05 2.3E-04 7.2E-05 1.2E-05 5.3E-05 l.9E-04 

Re-186 3iEg-1 I UE-ii 2JE-i4" 13E-1lI 2.7E-12 3.OE-17 l.6E-14 1.4E-I I 
Ir-192 5.OE-07 2.3E-08 2.8E-07 1.5E-06 4.3E-07 1.7E-08 2.2E-07 l.4E-06 
Pb-210 3.2E-03 1.6E-04 L.SE-03 9.9E-03 2.SE-03 1.2E-04 1.5E-03 L.OE-02 
Po-210 5.BE-03 9.013-04 4.4E-03 1.6E-02 4.9E-03 6.5E-04 3.6E-03 1.3E-02 

Rnr .OE+00 O.OE+00 O.OE+0O O.OE+00 0.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ra-223 4.7E-07 5.2E-09 1.lE-07 2.313-06 4.OE-07 3.6E-09 9.6E-08 l.9E-06 
Ra-224 2.IE-lO l.SE-15 1.5E-12 L.IE-09 1.CE-1O 1-3E-15 l.E-12 1.OE-09 
Ac-225 4.7E-08 3.3E-10 7.9E-09 2.2E-07 4.2E-08 2.4E-10 6.SE-09 2.IE.07 

Ra-226 92&-04 3.6E-05 4.7E-04 2.8E-03 7.lE-0 2-.7'E-05ý' 36- E-'04 12.3E-'03 
Ac-227 8.5&03 3.3E-04 5.OE-03 2.9E-02 7.2E-03 2.7E-04 3.9E-03 2.4E-02 
Th-227 1.6E-07 3.5E-09 6.6E-08 6.7E-07 IA4E-07 2.6E-09 5.6"S0 6.OE-07 
Th-228 3.7E-04 1.3E-05 2.2E-04 1.2E-03 3.IE-04 9.7E-06 L.SE-04 1.IE-03 

TM-229 22-3 8.3E-05 1.3E-03 7.4E-03 l.9E-03 5.OE-05 9.9E-04 6.2E,03 
nh-230 3.5E-04 II2E-05 2.1E-04 L.1E-03 3.OE-04 L.OE-05 1.6E-04 1.OE-03 
Pa-231 6.6E-03 2.6E-04 4.OE-03 2.lE-02 5.6E-03 2.2E-04 3.3E-03 I.SE-02 
It-231 3.6E-21 9.71B-40 3IE-30 6.2E-21 3A4E-21 7.7E-40 3.IE-30 5.2E-21 

Pa-233 4.3E-08 1 IE-09 2.2E-08 1.5&-07 3.7E-08 9.5E-10 I.gE-08 I.4E-07 
U-233 1.6E-05 6.6E-07 9.SE-06 5.3E-05 I .E-05 4.7E-07 7.8E-06 4.6E-05 
Th-234 1.2E-07 3.5E-09 5.7E-08 4.5B-07 9.8E-08 2.6E-09 4.6E-09 4.OE-07 
U-234 1.7E-05 5.6E-07 9.2E-06 5.5E-05 1.4"-5 4.E-07 7.6E-06 5.3E-05 

Np-237 2.6E-02 9.9E-04 1.6E-02 8.'IE-02 2.2E-02 9.OE-04 1.3E-02 6.9E-02 
Pu-238 2.7E-04 1.7E-05 1.7E-04 S.2E-04 2.3E-04 1.IE-05 1.42-04 7.2E-04 

U-239 8.6E-04 1.7E-04 6.7E-04 2.2E-03 7.3E-04 1.2E-04 5.5E-04 I.9E-03 
Pu-239 l.9E-03 3.5E-04 1.5E-03 5.2E-03 1.6E-03 2AE-04 1.2E-03 4.5E-03 

T IPR-OX if 7" 77 
Pu-241 2.7E-05 4.7E-06 2.OE-05 7.3E-05 2.3E-05 3.7E-06 L.SE-5 6.5E-05 
Am-241 1.3"-1 2.3E-02 I.OE-01 3.4E-OI I.IE.O1 I.9E-02 9.6E-02 2.8B-01 
Coi-242 1.6E-03 2.9E-04 1.2E-03 4.E-03 U.E-03 2.2E-04 9.9E-04 337E-03 
Pu-242 ___1.E-03 3.2E-04 1.3-03 4.9E-03 1.5E-03 2AE-04 1.12-03 4.2E-03 

4 L '--ý77-7 7,7 
a. To convert these values to conventional units (mrem/y per pCi/g or inreamly per pCi/cm2), multiply by 3.70 E-03
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H DOSE FACTORS FOR ALUMINUM RECYCLE SCENARIOS 

This appendix presents tabulated values from the distribution of radionuclide-specific dose 
factors for all aluminum recycle exposure scenarios. Volumetric (mass) dose factors are based 
on volumetrically distributed residual radioactivity in cleared material. Surficial dose factors are 
calculated by multiplying the mass dose factors by a surface-to-mass ratio distribution 
appropriate for cleared aluminum. Both sets of dose factors are listed in SI units; the conversion 
factor to convert the dose factors to conventional units is listed in the footnote at the end of each 
table.  

The tabulated values from the frequency distribution of each dose factor consists of the mean 
(arithmetic average) and three percentile values (5d', 501, and 95'h). A 90% confidence interval 
for any dose factor is the range between the 51 percentile value and the 951 percentile value.  

The shading in the tables in this appendix is only to facilitate reading the values in the tables.
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Table H.1 Dose factors8 for AL-SCRP-HANDLIN-W 
Mass dose factors (gSv/y per Bq/g) Surficial dose factors (gtSv/y per Bq/cmz) 

Radionuclide Mean 5h 50* 95' Mean 5' 50' 950 
H-3 3.1E-07 9.5E-08 2.8E-07 6.6E-07 1.2E-06 2.2E-07 9.5E-07 3.3E-06 
C-14 7.5E-06 1.3E-06 6.2E-06 1.8E-05 3.0E-05 3.6E-06 2.21-05 9.5E-05 
Na-22 9.3E-02 1.8E-02 7.8E-02 2.1E-01 3.8E-01 5.4E-02 2.8E-01 L.OE+00 
P-32 8.4E-05 2.9E-05 7.8E-05 1.6E-04 3.4E-04 7.lE-05 2.8E-04 8.1E-04 

~~~~~60 ''4.6E-05 2.1 .2- 7L~~ .20 
CI-36 5.3E-05 2.2E-05 5.0.-05 9.6E-05 2.IE-04 4.6E-05 1.9E-04 4.7E-04 
K-40 7.3E-03 1.5E-03 6.1E-03 1.6E-02 3.0E-02 4.42-03 2.2E-02 8.12-02 
Ca-41 6.2E-06 1.9E-06 5.6E-06 1.3E-05 2.5E-05 4.6E-06 2.0E-05 6.5E-05 
Ca-45 2.OE-05 6.5E-06 1.8E-05 4.0E-05 8. IE-05 1.8E-05 6.5E-05 1.9E-04 

Mn-54 3.62-02 6.9E-03 3.02-02 8.1E-02 1.5E-01 2.1E-02 1.IE-01 4.0E-01 
Fe-55 3.9E-06 1.2E-06 3.5E-06 7.7E-06 1.6E-05 3A-06 1.2E-05 3.72-05 
Co-57 1.3E-03 2.4E-04 1.IE-03 2.8E-03 5.1E-03 7.4E-04 3.7E-03 1.4E-02 
Co-58 4.OE-02 7.6E-03 3.4E-02 8.E-02 1.6E-01 2.3E-02 1.2E-01 4.5E-01 

Ni-59 1.9E-06 6.IE-07 1.7E-06 4.OE-06 7.8E-06 1.6E-06 6.3E-06 !.9E-05 
Co-60 1.2E-01 2.2E-02 9.7E-02 2.6E-01 4.7E-01 6.6E-02 3.4E-01 13E+00 
Ni-63 5.0E-06 1.6E-06 4.6E-06 1.0E-05 2.OE-05 4.1E-06 1.6E-05 5.0E-05 
Zn-65 1.6E-02 3.1E-03 1.3E-02 3.6E-02 6.5E-02 9.3E-03 4.7E-02 1.82-01 

Se-75 9.6E-03 1.9E-03 8.OE-03 2.1E-02 3.9E-02 5.6E-03 2.8E-02 I.IE-01 
Sr-85 2.0E-02 3.9E-03 1.7E-02 4.5E-02 83E-02 1.2E-02 6.0E-02 2.3E-01 
Sr-89 1.3E-04 5.5E-05 1.2E-04 2.2E-04 5.2E-04 .lIE-04 4.6E-04 1.IE-03 
Sr-90 2.2E-03 6.2E-04 l.9E-03 4.7E-03 8.9E-03 1.7E-03 7.0E-03 2.3E-02 

Mo-93 4.4E-05 1.3E-05 3.7E-05 94E-05 1.8E-04 3.4E-05 1.4E-04 4.62-04 
Nb-93m 4.0E-05 9.2E-06 3.3E-05 9.1E-05 1.6E-04 2.5E-05 1E.2-04 4.4E-04 
Nb-94 6.9E-02 1.4E-02 5.8E-02 1.6E-01 2.8E-01 4.2E-02 2.OE-01 7.7E-01 
Nb-95 3.0E-02 5.7E-03 2.5E-02 6.6E-02 1.2E-01 1.8E-02 8.7E-02 3.3E-01 

Tc-99 1.72-05 6.1E-06 1.5E-05 3.4E-05 6.9E-05 1.4E-05 5.6E-05 1.72-04 
Ru-103 1.8E-02 3.4E-03 1.5B-02 4.0E-02 7.3E-02 1.IE-02 5.3E-02 2.0E-01 
Ru-106 9.2E-03 2.2E-03 7.7E-03 2.02-02 3.7E-02 6.6E-03 2.8E-02 9.8E-02 
Ag-108m 6.8E-02 1.4E-02 5.7E-02 1.5E-01 2.8E-01 4.1E-02 2.0E-01 7.6E-01 

Ag-l,0i 12E-01 2.3E-02 9.9E-02 2.7-01 4.S8-01 6.se-02 3.5E- 01 I 
Sb-124 7.8E-02 1.5E-02 6.52-02 1.7E-01 3.22-01 4.6E-02 2.3E-01 8.7E-01 
1-125 1.9E-04 6.5E-05 1.7E-04 3.9E-04 7.8E-04 1.7E-04 6.2E-04 1.9E-03 
Sb-125 1.6E-02 3.0E-03 1.3E-02 3.6E-02 6AE-02 9.1E-03 4.7E-02 1.8E-01 

1-131 9.4E-03 1.9E-03 7.8E-03 2.2E-02 3.8E-02 5.7E-03 2.7E-02 1.0E-01 
Ba-133 1.0E-02 2.0E-03 8.7E-03 2.4E-02 4.2E-02 6.0E-03 3.1E-02 1.2E-01 
Cs-134 6.5E-02 1.32-02 5.4E-02 I.SE-01 2.6E-01 3.8E-02 1.9E-01 7.3E-01 
Cs-137 2.6E-02 5.1E-03 2.1E-02 5.7E-02 1.0E-01 1.5E-02 7.6E-02 2.8E-01

Draft NUREO-1640, Vol.2 11-2

Aluminum Dose Factors Appendix H

Draft NUREG-1640, Vol. 2 H--2



Table H.1 Dose factorsa for AL-SCRP-HANDLIN-W 
Mass dose fatciis (p~Sjr-v/ per Bq/g) Surfitial'dose, factors (pSvty per Bq/cm2) 

Radionuclide Mean 5th 50'b 95"' Mean - 5h50" 951, 

Ce-144 2.2E-03 7.7E-04 2.OE-03 4.2E-03 9.7E-03 l.9E-03 6.0E-03 2.IE-02 
Pm-147 5.5E-05 1.2E-05 4.5E-05 1.2E-04 2.2E-04 13.6E-05 -1.7E-04 5.913-04 
Eu-152 4.7E-02 9.3E-03 3.9E-02 1.IE-0l I.9E-O1 2.SE-02 I.4E-0 I 5.2E-01 
Eu-154 5.5E-02 IJE-02 4.6E-02 1.2E-01 2.2E-01 3.3E-02 1.6E-0I 6.IE-Ol 

Re-186 9.9E0 2405 S.OE-O5 2.2E-04 4.OE-04 6.2E-05 2.0E-04 1.2E-03 
Ir-192 2.6E-02 5.OE-03 2.2E-02 5.SE-02 l.E-Ol 1.5E-02 7.7E-02 2.9E-0l 
Pb-210 3.,7E-02 1LIE-02 3.3E-02 7-3E-02 1.5EO1 3.2E-02 1.2E-01 M.E-0l 
Po-210 1.8E-02 5.6E-03 1.6E-02 3.6E-02 U.E-02 l4E-02 S.7E-02 .1.7E-01 

.T7&04 ýS -0 44 
,Rn-222 3.8E-02 7.2E-03 3.013-02 8.9E-02 1.5E-01 2.IE-02 L.E,0l 4.6E-01 
Ra-223 l.7E-02 6.6E-03 1.5E-02 3.013-02 6.SE-02 IA4E-02 6.OE-02 1.6E-Ol 
Ra-224 2.SE-02 6.7E-03 2.lE-02 5.7E-02 1.OE-O1 1.6E-02 7-5M-0 2.9E-0l 
Ac-225 lAE-02 5.lE-03 l.E-02 2.7E-02 5.6E-02 1.1E-02 4.7E-02 1.3E-01 

Ra-226 9.2E-02 2.9M0 S.JiE-0 1.92E-Ol 3.7E-01 7.5E-02 2.9E-0I 9.6E-01 
Ac-227 1.7E+00 3.E-O1 1.4E+00 4.OE+OO 7.OE+0O 1.OE+0O 5.2E+00 1.9E+01 
Th-227 2.1E-02 5.6E-03 1.E-02 4.4E-02 9.3E-02 1.3E-02 6.3E-02 2.2E-01 
Th-229 4.9E-Ol 1.3E-01 4.1E-01 .LIE+0O 2.OE+OO 3.3E-01 1.5E+00 5.2E+00 

Th-229 2.3E+00 4.2E-01 1.9E+00 5.2E+00 9.2E+00O 1.3E+00 6.7E+00 2.5E+01 
1h-230 3AE-01 6.3E-02 2.SE-0I1 9EO 1.4E+00 l.9E-Ol 1.OE+0O 3.8E+OO 
Pa-231 1.2&W0 2.4E-0l 9.5E-01 2.6E+0O 4.7E+00 6.SE-O01 3.5E+00 1.3E+01 
Tht-231 5.7E-06 6.3E-07 3.3E-06 l.8E-05 2A4E-05 l.SE-06 1.3E-05 9.5E-05 

WWP6jE $-1f2ME;gOý1TVA 
Pa-233 5-5"-3 1.1E-03 4.6E-03 1.2X,02 2.2B-02 3.3E-03 1.6E-02 6.IE-02 
U-233 IJE-01 3.2E-02 l.4E-Ol 4.E-O1 7.2E-01 9.5E-02 5.2E-01 2.OE+00 
Th-234 4.OE-04 1.3E-04 3.6E-04 S.IE-04 1.6E-03 3AE-04 M.E-03 4.E-03 

U341.7E-01 3.E-02 IAE-Ol 4.OE-O1 7,OE-OI 9.3E-02 M.E-O1 1 9E+0O 

Np-237 .7.2E-01 1.5E-01 5.9E-O1 1.7E+00 2.9E+00 4.2E-01 2.2E+00 8.O13+00 
Pu-238 3.E-O1 6.SE-02 3.E-O1 S.7E-0I 1.5E+00 2.OE-O1 LIlE+00 4.2E+00 
U-239 1.5E-01+ 2.SE-02 L3E-OI 3.6E-01 6.3E-01 8.3E-02 4.6E-01 1.7E+00 
Pu-239 4.OE-0l 7.3E-02 3.3E-01 9.3E-01 1.6E-1-0 2.2E-01 1.2E+00 4.SE+OO 

PU- 241 6.5E-03 1.2E-03 5.E0 L5E2 .6E-02 3.E03 9E-02 7.E0 
Ani-241 5.9E-OI 1.2E-01 4.9E-O1 IAE+OD 2AE+00 3A4E-01 I.E+OO 6.SE+00 
Cm-242 2.3E-02 '4.5"-3 1.9E-02 5.2E-02 9.IE-02 1.E-02 6.7E-02 2.5E-01 
Pu-242 3.E-OI 7.OE-02 M.E-Ol B.SE-O1 1.5E+00 2.1E-O1 LIlE+00 4.2E+00 

a. To convert these values to conventional units (mrem/y per pCi/g or mremify per pCi/cm2), multiply by 3.70 E,03
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Table H.2 Dose factors5 for AL-DUST-BAGHOUS-W 
Mass dose factors (giSv/y per Bg/g) Surficial dose factors (I4Sv/y per Bg/cm2) 

Radionuclide Mean 5th 50* 95* Mean 5P 506 95' 
H-3 0.OE+00 0.OE+O0O .OE+O0 0.OE+00 O.OE+0O 0.O13+00O .OE+OO 0.013+00 
C-14 0.OE+00 0.013+00 0.013+00 0.OE+OO 0.OE+0O 0.O13+00O .OE+O0 O.OE+00 
Na-22 6.3E-04 4.2E-05 4.113-04 1.913-03 2.613-03 1.513-04 1.4E-03 9.OE-03 
P-32 9.5E-06 .3.5E-07 4.213-06. 3.2E-05 3.813-05 L.OE-06 1.6E-05 1.5E-04 

CI-36 3.6E-05 3.6E-06 2.I1E-05 L.IE-04 1.413-04 1.EO 7.E-05 4.5E-04 
K-40 4.9E-05 4.IE-06 3.2E-05 1.6E-04 1.913-04 1.2E-05 1.2E-04 6.2&-04 
Ca-41 2.6E-07 1.4E-08 1.513-07 8.2E-07 I.OE-06 4.6E-08 4.813-07 3.E-06 
Ca-45 5.7E-07 3.E-08 3.2E-07 2.013-06 2.3E-06 L.IE-07 LIlE-06 8.7E-06 

Mn-54 2A4E-04 1.713-05 1.6E-04 7.513-04 9.7B-04 4.513-05 5.6E-04 3.5E-03 
Fe-55 0.OE+00O0.OE+00 0.OE+O0 O.OE+O0 0.OE+O0 0.OE+00 O.OE+00 0.OE+00 
Co-57 0.OE+00 0.OE+00 0.OE+O0 0.OE+O0 0.OE+00 O.013+00O .OE+00 0.OE+00 
Co-58 0.OE-I00 0.OE+O0 O.OE+O0 O.013+00 0.OE+O0 0.OE+00O0.OE+O0O .OE+O0 

Ni-59 0. OE+OO 0.0134,0 0.OE+MO .OE+O0 0.OE+WO .OE+O0O0.OE4+0O O.OE+-00 
'Co-60 0.OE+O0 0.0134a 0.OE+O0 O.OE+OO 0.OE+O0 O.OE+O0O0.OE+-0O 0.013400 
Ni-63 0.OE+OO 0O.OE+00 0.OE+O O .OE+O0 0.OE+00 O.OE+fO0 O.OE+00 0.OE4+00 
Zn-65 5.OE-04 4.E-05 3.2E-04 1.6E-03 2.OE-03 1.313-04 LI.E-03 6.8E-03 

So-75 II2E-03 3.413-05 5.E0 .E0 .E0 ~ E-04 .E0 16E0 

Sr-85 0.013+00O .OE+O00 0.OE+O0 0.OE+00 O.OE+O0 O.OE+00 0.OE+O0 0.013+OO 
Sr-99 O.OE+W .1400 O.OE+O0 O.OE+OO 0.OE13 4O.E00 0.013+00 0.OE+W O .OE+OO0 

Mo-93 O.OE+OO 0.013+00 0.OE+O0 O.OE+O O.O13+00 0.013+00 O.OE+OO O.OE+O0 

Mo-93 0.OE+O O0.OE+O0 O.OE+00 0.OE+-0O 0.OE+00O .013+00- 0.O13+00 O.OE+-0O 
Nb-93m O.OE+O O .OE-+OO O.OE+WO .OE+O0 0.OE+00 O.O13+00 0.O13+0O O.OE4+OO 

Nc-94 0OE0 .OE+ 0O O.OE +OO .13-0 O.OE400 0.O13+00 O.OE4+OO 0.OE+0 O0.OE+0O 
Nu-103 O.OE+OO0 0.O13+00 O.OE+WO .0E+00 0.OE+00 O.OE+OO 0.E013-0 O.OE+00 

Rn-106 0.OE O .OE+00 0OEO 0.0E+ 0.O1+f 0.+O 0O+O .EO 

Ag-99 l.Oin O.OE+f00 0..OE+00 O.OE-+00 0 .OE+O0 0 .OE+0O 0 .OE+OO 0.O+13.O+O00 
Sb-103 0OEO .OE+ O0 O.OE +O- 0 0.O13+00 0.OE +0O O.OE+MO.OE O.OE+WO .OE+O0 
1u-125 O.OE+.00 0.OE-IO0 0.OE+OO 0O.OE4-0-0 0.OE+00 0.OE+OO O.OE+O0 0.O13+00 
Sb-108m O.OE-I-0O .OE-IO0 O.OEOMO .OE4+O0 0.OE+OO O.OE+0 O0.OE+O0 O.OE+OO 

1b-131 0.013+00 0.OE+O0 0.O13+00 0.OE+00 0.OE+00. 0.OE+00 O.OE+00 O.OE+O0 
1a-125 0.O13+00O .OE+O0 0.OE+00 0.OE+O0 0.O13+00 0.OE+0O O.013+00 O.OE+0O 

Cs-134 4.813-04 4.OE-05 2.&E-04 1.5E-03 1.9E-03 1.1E-04 1.OE-03 7.411-03 
Cs-137 l.SE-04 1.S-05 1.2E-04 5.7E-04 7.2E-04 4.9E-05 4.4E-04 2.3E-03
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Tabli lb Dose factors' for AL-DUST-BAWMUS-W 
Mass dose factors (pSv/y per ]Bq/g) Surficial dose factors (pSy/y per Bqlcm2) 

Radionuclide Mean 50th 951h Mean 50d, 95* 
':'0

Aýkt 
Cc-144 oh&& O.OE+00 O.OE+W O.OE+W O.OE+W O.OE+W O.OE-FOO O.OE+W 
Pm-147, O.OE+W O.OE+00 O.OE4M O.OE+00 O.OE-1-00 O.OE+00 O.OE4W O.OE+W 
Eu-152 O.OE+W O.OE+00 O.OE+00 O.OE40 O.OE-H* O.OE+W O-OE+00 O-OE+W 
Eu-154 O.OE4-00 O.OE4W O.OE+00 O.OE4W O.OE440 O.OE4-00 O.OE4-00 O.OE+00 

+ .7 
Re-196 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ir-192 O.OE+00 O.OE+00 O.OEtoo O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pb-210 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Po-210 O.OE+00 O.OE+00 O.OE+00 O.OE+OD O.OE+00 O.OE+00 O.OE+00 O.OE+00 

7-u O'Emm ;ýO -JEW 
Rn-222 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ra-223 O.OE+00 O.OE+00. O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ra-224 O.OE+OD O.OE+00.. O.OE+00 O.OE+00, O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ac-225 O.OE+00 O.OE+00 O.OE+00 -O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

-1w, 
P -R, 9-, RE 2-M ýX -AM 
Ra-226 O.OE+00 O.OE+00' O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 

Ac-227 O.OE+00 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
It-227 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
llb-228 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

MOVE r*--*ýtqffý--- 76BET"W 
It-229 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
lb-230 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O-OE+00 O-OE+00 
Pa-231 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
11-231 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Pa-233 O.OE+W O.OE+(* O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
U-233 O.OE+00 O.OE+OD O.OE+00 O.OE+00 0 OE+00 0 OE+00 0 OE+00 0 OE+00 
lb-234 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+DID O.OE+00 O-OE+00 O.OE+00 
U-234 O.OE+00 O.OE+00 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

7-7, il-7 ýXm Y-A 7, 
Np-237 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pu-239 O.OE+00. O.OE+00 OXE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
U-239 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO 
Pu-239 O.OE+00 O.OE+OD O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

J APR. 7;mgý& 
Pu-241 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Am-241 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Cm-242 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

-Pu-242 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OD 

L To ConVert these Wues to conventiorW units (wmnlý per pCi/g or mrcm/y per pCi/=2ý multiply by 3.70 B-03
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Table H3 Dose factors' for AL-MEETL-HANDREF-W 
Mass dose fhctors (ptSv/y per Bg/g) Surficial dose factors (puSvly per Bq/cm2) 

Radionuclide Mea:n 5h01 9d' Mean P506 95A 
H-3 4.613-09 1.513-10 23E-09 1.613-03 1.913-09 4.6E1O1 8-.13-09 7.6E-08 
C-14 6.713-06 7.913-07 4.213-06 2.I13-05 2.713-05 1.E-06 l.613-05 9.511-05 
Na-22 O.O13+00 O.O13+00 O.O13+00 O.OE+-0 O.OE+OO O.OE+OO O.O13+0 O.O13+00 
P-32 0.O13+00 O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE1+00 O.OE1300 O.O13+00 

C1-36 O.O13O0 O.OE+OO O.OE+OO O.013+00 O.O13+00 O.OE+OO O.OE+OO O.OE+OO 
K-40 .O11+00 O.O13+00 O.OE+OO O.OE+DO O.O13+00 O.O13+00 O.OE+OO O.O13+00 
Ca-4l O.OE+OO O.O13+00 .013+00 O.OE+OD O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ca-45 O.OE+OO .O11+00 O.O13+00 O.OE+OO O.OE+OO O.OE+OO .013+00 O.OE3+00 

-'u -, -;-, L M - -- O z 

M~n-54 O.OE+OO O.OE+00 .013+00 .013+00 O.OE+OO O.O13+00 O.OE+OO O.O13+00 
Fe-55 2.711-06 4.6E-07 2.OE-06 7.3E-06 1.I11-05 1.2E-06 7.3E-06 3.IE-05 
Co-57 1.213-04 2.5E-05 8.9E-05 3.OE-04 4.813-04 6.OE-05 3.313-04 1.411-03 
Co-58 1.711-03 M.E-04 1.2E-03 4A4E-03 6.913-03 S.111-04 4.E-03 2.011-02 

_ _ ~~IIW4B -i.  
Ni-59 1.213-06 2.4E-07 9.5E-07 3.2E-06 4.913-06 6.3E-07 3.113-06 1.513-05 
Co-60 5213-03 1.OE-03 4.0E-03 1.4E-02 2.1E-02 2.S11-03 IA4E-02 6.3E-02 
Ni-63 3.2E-06 6.OE-07 2.3E-06 S.7E-06 1.33-05 1.813-06 8.6E-06 4.OE-O5 
Zn-65 1 .213-03 2.513-04 8.4E-04 3.2E-03 4.613-03 6.313-04 3.O11-03 1 .413-02 

Se-75 6.013+00 O.013+00 O.OE+OO O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.OE+OO 
Sr-85 4.511-04 9.IE-05 3.213-04 1.213-03 1.813-03 2313-04 1.211-03 6.E-03 
Sr-89 1.913-05 3A4E-06 l.4E-5 5213-05 7.913-05 I.O13-05 5.213-05 2.5E-04 
Sr-90 5.713-04 1.2E-04 4.2E-04 IA4E-03 2.3E-03 2.913-04 1.513-03 6.513-03 

Mo-93 1.91-O5 3.7E-06 1.5E-05 4.6E-05 7.6E-05 M.E-06 5.3E-05 2.311-04 
Nb-93m 1.6E-05 3.011-06 1.E-05 4.6E-05 6.5E-05 8.211-06 4.313-05 2.OE-04 
Nb-94 3.813-03 7A4E-04 2.811-03 9.913-03 1.E-02 2.013-03 1.IE-02 4AE-02 
Nb-95 1.O13,03 1.913-04 7.5E-04 2.6E-03 4.OE-03 5.611-04 2.7E-03 1. IE-02 

TC-99 8.I11-06 M.E-06 6.011-06 2.1E-OS 3.3E-05 4.213-06 2.OE-05 1.O13-04 
Ru-103 6.113-04 1.3E-04 4.513-04 1.711-03 2.511-03 3213-04 1.6E-03 7.613-03 
Ru-106 6.4E-04 1.511-04 4.713-04 1.6E-03 2.5E-03 3.E-04 1.7E-03 7.013-03 
A&-1O8m 3.913-03 8.O13-04 2.811-03 1.IE-02 1.6E-02 2.011-03 1.2E-02 4AE-02 

Ag-110mi 5.&E-03 1.2E-03 4.E-03 1.6E-02 2.3E-02 3.013-03 1.6E-02 6.811-02 
Sb-124 2.913-03 .5.7E-04' 2.111-03 7.7E-03 1.2E-02 1.411-03 7.5E-03 3.7E-02 
1-125 O.0134-0 O.0134O0 O.OE+O O.O13+00 O.OE+OO O.OE4+OO O.OE+OO0 O.OE+OO 
Sb-125 9.413-04 l.9E-04 6.911-04 2.4B-03 3.711-03 5.2E-04' 2.7B-03 1.1E-02 

OF .I oO - 6 
1-131 0.6&60 O.OE+OO O.EO .EO .E O' .O-E-+OO O.0E400 O.11400 
Ba-133 4.013-04 S.OE-OS 3.I11-04 1.IE-03 1.6E-03 2.013-04 1.1E-03 5.013-03 
Cs-134 O.OE+OO O.OE34-0 O.OE+OO O.OE+OO O.OE+OO0 O.OE+OO O.0E4M0.0114OE00 
Cs-137 O.OE4WO O.OE+OO 0.0114O0 O.OE+OO O.OE+OO O.OE+OO0 O.O13+OO O.O13+O
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Appendix H Aluminum Dose Factors 

Table 11j; Dose factorstm for AL-METL-IkIANtEF-W 
Mass dose factors (pSv/y per ]Bgfg) Surficial dose factors (;tSv/y peI Bg/cmn2) 

Radionuclide Mean 51h Sod, 9 Mean 59h 50d' 95's 
IA44 I5AE46' i-05 "E~2AM- ~4EO44 

Ce-la4 7.913-05 1.813,05 5.9E-05 2.013-04 3-213-04 4313-05 2.213-04 9.613-04 
5z-4 .613-06 l.I13-06 3.913-06 1.513-05 2.213-05 2.513-06 1.513-05 6.413-05 

Eu-152 6313-04 1.3134W 4.711-04 1.6E-03 2-613-03 3.213-04 1.7E-03 7.713-03 
Eu-154 7.113-04 1.413-04 5.413-04 I.811-03 2.813-03 3.313-04 2.011-03 8.O13-03 

Re-186 3.2E-07 5.513-09 1.I13-07 1.E-06 1.3E-06 1.713-08 3-313-07 5.513-06 
Ir-192 1.41-03 2.813-04 L.IE-03 3.913-03 5.7E-03 B.1E-04 3.813-03 1.713-02 
Pb-210 2.6E-02 4.711-03 1.7E-02 6.813-02 1.OE-Dl 1.413-02 .6.5E-02 3311-01 
Po-210 84E-03 1.6E-03 5.8E-03 2.3E-02 M.E-02 3.911-03 2.113-02 I.113-01 

Rn-222 -i- E6E-06 4.711-09 1.711-07 4313-06 3.41306 1.3E-08 5.811-07 I SE-OS 
Ra-223 1313-03 l.813-04 g.5E-04 4.013-03 5AE-03 5.713-04 3.113-03 1.9E-02 
Ra-224 6.4E-03 1.OE-0 1.913-05 2.813-04 2.713-04 2.9E-06 6.8E-05 1.313-03 
Ac-225 7A4E-04 8.513-05 4.BE-04 2.3E-03 2.913-03. 2.513-04 1.713-03 9.913-03 

Ra-726 1313-02 2.813-03 9.713-03 3213-02 5.013-02 6.913-03 3.613-02 1.413-01 
AC-227 6.6E-01 113E-01 4.911-01 I.SE+OO 2.7E+00 3.813-01 1.713+00 8.113+00 
11-227 2.911-03 4.&E-04 2.013-03 7.613-03 1.211-02 1-313-03 7.011-03 3.613-02 
Th-228 1.7E-Ol 3.113-02 1.213-01 4.6E-O _ 6.713-01 7A4E-02 4213-01 2.IE+OO 

Th-229 8.4E-0I 1.6E-01 6.OE-O1 2.3E+00 3.313+00 4.8E-0I 2.2E+00 I.OE+Ol 
Th-230 1.33-01 2.313-02 9.313-02 3.7E-0l 5.2E-Ol 6.5E-02 3.213-01 1.511+00 
Pa-231 4.6E-01 7.713-02 3.213-01 1.313+00 I.81300, 2.5E-01 .1E400 5.613+00 
Th-231 5.913-11 9.5E-19 6.413-14 3A4E-10 U.6-lO 3.2E-17 1.913-13 1.01-09 

Pat-733 2.113-04 3.9E-OS 1.613-04 5.9E-04 8.613-04 9.lE-05 5.913-04 2.713-03 
U-233 6.6E-02 1.2E-02 4.913-02 1.913-01 2.613-01 3.013-02 I.&E-OI 7.313-01 
7b-234 4.OE-O5 7.513-06 2.813-05 L.JE-04 1.6E-04 1.913-05 l.O13-04 5.O13-04 
U-234 6MS-02 IlE-02 4.613-02 1.713-01 2.613-01 3.013-M 1.7E-01 7.813-01 

Np-237 2.7EO1 5.l13-02 2.013-01 7-5E-01 IAE400 IABE-01 7.213-01 3.IE+OD 
Pu-238 1.4E-OI 2A4E-02 l.O13-01 3.713-01 5.513-01 5.613-02 3.613-01 1.613+00 
U-238 5.7E-02 l.O13-02 4.013-02 I.S-Ol 2.313-01 3.013-02 1.41-01 7.313-01 
Pu-239 _1.511-01 2.713-02 1.O13-01 3.811-01 6.013-01 7.313-02 3.813-01 l.7E+0O 

Pu-241 2313-03 4. 1E-04 1.913-03 6.3E-03 9.E-03 1.IE-03 6213,03 2.813-02 
Am-241 2313-01 4.413-02. 1.613-01 6.011-01 9A4E-01 1IE-Ol 5.713-01 2.813+00 
Om-242 7.913-03 IAE-03 5.711-03 2A4E-02 3.313-02 3.711-03 2.013-02 l.2E-01 
Pu-242 I.4E-O1 2.613-02 I.O13-01 3.813-01 5A4E-01 7.813-02 3.713-01 1.513+00 

a. To convert these values to conventional units (nmnemy per pCifg or mremly per pCi/cni 2), multiply by 3.70 E-03
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Table 1L4 Dose factors' for AL-METL-HANDMAN-W 
mass dose factors (AtSv/y per Bq/g) Surficial dose factors (paSv/y per B#/M2) 

Radionuclide Mean Yh 501 95h meaw 5th 50th 9st 

H-3 4.4E-09 1.5E-10 2.4E-09 l.7E-08 l.8E-OS S.4E-1O 9.3E0 7.5E-08 
C-14 6.6E-06 7.3E-07 4.4E-06 2.OE-05 2.6E-05 2.lE-06 1.7E-05 7.8E-05 
Na-22 O.0E400 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
P-32 O.OE+OO O.OE+OO O.OE+OO O.OE3+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

CW-6 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
K-40 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ca-4l O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ca-45 O.OE-4-OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE400 O.OE-'OO O.OE+OO 

?&-54 O.OE+OO O.OE3+00 O.OE+OO O.0E400 O.OE+OO O.OE400 O.OE+OO O.OE+OO 
Fe-55 2.SE-06 4.IE-O7 1.9E-06 7.6E-06 LIlE-05 M.E-06 7.OE-06 3.2E-05 
Co-57 1.2E-04 2.3E-05 8.7E-05 2.9E-04 4.8B-04 5.8E-05 2.9E-04 l.3E-03 
Co-58 1.5E-03 2.8E-04 L.IE-03 4.OE-03 5.9E-03 7.2E-04 4.lE-03 1.7E-02 
A 
Co-60 5.IE-03 l.OE-03 4.OE-03 IA4E-02 2.OE-02 3.2E-03 1.5E-02 6.OE-02 
Ni-63 3.2E-06 5.6E-07 2.3E-06 8.3E-06 U.E-05 l.7E-06 S.lE-06 4.OE-O5 
Zn-65 LIE-03 2.4E-04 8.3E-04 3.1-03 4.4E-03 5.7E-04 3.IE-03 1.2E-02 

S.-75 O.OE-tOO O.OE+OO O.OE+OO6 O.OE+OO O.oE+OO O.OE+OO O.OE+OO O.OE+OO 
Sr-85 3.9E-04 7.2E-05 2.7E-04 1.OE-03 1.6E-03 l.9E-04 1.OE-03 4.6E-03 
Sr-89 1.6E-05 3.E-06 I.2E-05 4.4E-05 6.4E-05 7.9E-06 4.1"-5 2.IE-04 
Sr-90 5.6E-04 .LIE-04 4.3E-04 1.5E-03 2.2E-03 2.9&04 1.5E-03 6.lE-03 

-~-. -6 

Mo-93 l.9E-05 4.2B-06 1IAE-05 4.8E-05 7.SE-05 L.OE-05 5.2E-05 2.2E-04 
Nb-93m 1.6E-05 3.E-06 1.2E-05 4.4E-05 6.3E-05 S.6E-06 4.3E-05 1.8E-04 
Nb-94 3.E-03 82.2-04 2.9E-03 L.OE-02 1.5E-02 1.9B-03 l.IE-02 4.4E-02 
Nb-95 7.E-04 l.4E-04 5A4E-04 2.IE-03 3.OE-03 3.7E-04 1.9E-03 9.4E-03 

TC-99 8.IE-06 1.5E-06 5.6B-06 2.2E-05 3-33&E-05 4.IE-06 2.2E-05 L.IE-04 
Ru-103 4.7E-04 8.6E-05 3.5E-04 1.2E-03 l.SE-03 2.IE-04 M.E-03 5.1E-03 
Ru-106 6.3E-04 1.5E-04 4.SE-04 1.6E-03 2A4E-03 3.SE-04 1.SE-03 6.4E-03 
Ag-lO0in 3.0E-03 9.OE-04 2.8E-03 9.3E-03 I.SE-02 2.4E-03 I.OB-02 4.6E-02 

Ag-i10 SAn .E-03 L.OE-03 4.IE-03 lAE-02 2.3E-02 2.9E-03 1.SE-02 ý6.9E-02 
Sb-124 2.4E-03 4.8E-04 1.7E-03 6.7E-03 9.5E-03 12E-03 6.7E-03 2.8E-02 
1-125 O.OE+OO O.CE+OO O.OE4-00 O.OE+OO O.OE+OO O.OE-IO O.OE+OO0 O.OE+OO 
Sb-125 _9.5E-04 1.9E-04 6.8E-04 2.5E-03 3.8E-03 4.7E-04 2.5E-03 1.2E-02 

11i31 O.OE4-00 O.0E-100 O.OE+OO O.OE+OO O.OE+0 6.6jE4OO O.OE+OO O.OE+OO0 
Ba-133 4.OE-04 8.7E-05 3.OE-04 1.1E-03 1.6E-03 2.6E-04 I.OE-03 5.IE-03 
Cs-134 O.OE+OO O.OE+OO O.OE4-OO O.OE+OO O.OE+OO0 O.OE+OO O.OE+OO O.OE+OO0 
Cs-137 O.OE+OO 043E+OO O.0E4-00 O.OE-400 O.OE+OO O.OE+OO O.OE+OO O.OE+OO0

Aluminum Dose Factors Appendix H
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Table HA4- Dose factors' for AL-METL-HANDMAN-W 
Mass dose factors (gSv/y per Bg/g) .Surticial dose factors (;tSv/y per Bg/cm2) 

Radionuclide Mean 5fh 5t 95'* Mean 5th 50t, 9."h 

IF ;,"3 05;,, 1,B j -- 0 ~4' 
Ce-144 7.611-05 1.713-05 5.613-05 2.013-04 3.OE-04 4.6Ew05 2.113-04 9.413-04 

Pm-147 5.511-06 1.213-06 4.013-06 1.6E-05 2.2E-05 3.2E-06 1.4E-05 6.9E-05 

Eu-152 6.4E-04 1.313-04 4.613-04 1.7E-03 2.6E-03 3.5E-04 1.613-03 2.513-03 
Eu-154 7.111-04 1.4&-04 5.113-04 1.913-03 2.9B-03 3.513-04 1.913-03 9.613-03 

R~e-196 5.713-08 l.E-l0 6.2E-09 2.9&0O7 -2.2E-07 4.513-10 2.313-08 1.113-06 
Ir-192 1.313-03 2.5E-04 9.6E-04 3.513-03 5.IE-03 6.4E-04 3.411-03 1.613-02 
Pb-210 2.613-02 4.813-03 1.713-02 7.7E-02 1.O13-01 1.313-02 6.511-02 3.313-01 
Po-210 7.613-03 1.513-03 _5.511-03 2.013-02 2.913,02 4.313-03 1.911-02 9.7E-02 

Mnr 1.313-07 1.2E-10 1.213-09 5.311-O7 5.OE-07 3.413-10 4.213-09 2.5E-06 

Ra-223 6.311-04 5.8E-05 3.5E-04 2.113-03 2.4E-03 1.9E-04 1.2E-3 8.6E-03 
Ra-224 I.E-05 1.913-09 1.213-06 5A4E-05 3.913-05 5.813-08 3.9E-06 2.013-04 

Ac-225 3.2E-04 2.513-05 1.713-04 1.213-03 1213-03 6.711-05 5.913-04 4.413-03 

Ra-226 1211-02 2.613-03 9.613-03 3.013-02 5.I13-02 6.9E-03 3.311-02 1.513-01 
Ac-227 6.7E-Ol IA4E-01 4.913-01 1.713+00 2.711+00 3.113-01 I.813+00 S.0E400 
Th-227 1.7E-03 2.SE134 1.213-03 5.2E-03 6.813-03 7.3E-04 4.2E-03 1.913-02 
Th-228 1.613-01 3.013-02 1.2E-01 4.4E-0I 6.4&0O1 7.813-02 4.4E-Ol 1.913+00 

Th-229 8AE-01 1.S-O1-0 6.213-01 2.313+00 3.313+00 4.E-0I 2.2E+00 9.213O00 
Th-230 1.313-01 2.413-02 S.9E-02 3A4E-01 5.IE-OI 5.911-02 3.413-01 1.513+00 
Pa-231 4.513-01 8.913-02 3.5E-01 1.213+00 1.913+00 2.213-01 1.I13+00 5.813+00 
Th-231 ___2.E-13 8.313-24 2.513,48 1.513-12 9.611-13 3.113-23 9.613-19 4.2E-12 

Pa-233 l.5Ei-4 2.613-05 I.IE-04 4.5E-04 6.JE-04 7.613-05 3.7E-04 I..913-03 

U-233 6.513-02 l.t2E-02 4.713-02 1.713-01 2.613-01 3.213-02 L.SE-Ol 7.9E-O1 
Th-234 2.7E&05 4.413-06 1.SE-05 7.BE-05 1.OE-04 LIE-OS 6.613-05 3.613-04 

U-234 6.5E-02 1.211-02 4.511-02 I.&E-01 2.713-01 3.3M-0 l.513-01 .913-01 

Np-237 2.813-01 5.IE-02 2.OE-OI 7.313-01 l.1E400 1.3E-01 7.2E-01 3AE+00 
Pu-238 IA4E-01 2.613-02 9.5E-02 3.913-01 5.613-01 6.013-02 3.5E-01 1.813+00 
U-239 5.713-02 1.113-02 4.011-02 1.613-01 2.311-01 3.013-02 IAE-01 7.6E-O1 
Pu-239 1313-01 2.612-02 I.IE-01 4AE-01 6.013-01 7313-02 3.$E-01 1.911+00 

7 XT, 001 %- 7 M-

Pu-241 2.3E.03 4.613-04 I.813-03 6.IE-03 9.313-03 I.111-03 6.013-03 3.O13-02 
Am-241 2.213-01 3.E&02 1.611-01 5.9E-01 U.E-OI 1.311-01 5.9E-01 2.7E+00 
Cm-242 7.2B-03 1.3&-03 5.2E-03 1.913-02 2.913-02 3.811-03 I.813-02 8213-02 

Pu-242' 1.413-01 2.711-02 9.813-02 4.013-01 5.713-01 6.613-02 3.713-01 1.713+00 

a. To convert these values to conventional units (mrem/y per pCi/g or mrm/ty per pCi/cni2), multiply by 3.70 E-03
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Table ILS Dose factore for AL-METL-HANDDL9-W 
Mass dose factors (pSv/y per BqIg) Surficial dose factors (ESy/y per Bqtcm2) 

Radionuclide Mean 5th 501h 95* mean 56 50th 95* 
H-3 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 
C-14 LOE-08 ISE-09 7.2E-09 2.6E-09 4.OE-09 4.3E-09 2.6E-08 1.2E-07 
Na-22 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
P-32 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

w '0 "A"n
CI-36 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
X-40 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ca4l O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0-.OE+00 
Ca-45 O.OE+00- O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Mn-54 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Fe-55 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-57 LIE-04 2.2E-05 7.9E-05 .2.SE-04 4.4E-04 5JE-05 2.7E-04 ME-03 
CO-58 1.2E-03 2.3E-04 92E-04 3.OE-03 4.SE-03 5.3E-04 ME-03 1.5E-02 

Ni-59 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-60 S.IE-03 9.2E-04 4.IE-03 ME-02 2.OE-02 2.4E-03 1AE-02 5.8E-02 
Ni-63 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Zn-65 LOE-03 2.IE-04 7.OE-04 2.6E-03 4.OE-03 4.9E-04 2.6E-03 1.2E-02 

So-75 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sr-95 3.OE-04 5AE-05 2.2E-04 UE-04 1.2E-03 1.3E-04 S.IE-04 3.8E-03 
sr-99 7.OE-07 IAE-07 5.IE-07 I.&E-06 2.9E-06 2.9E-07 2.OE-06 8.3E-06 
Sr-90 1.7E-07 3.4E-09 UE-07 4.4E-07 6.9E-07 S.IE-08 4.SE-07 2.OE-06 

ITS 
Mo-93 3.7E-07 7.2E-09 2.8E-07 LOE-06 1.5E-O6 2.IE-07 9.SE-07 4.9E-06 
Nb-93m 6.3E-08 ME-03 4.4E-08 1JE-07 2.5E-07 ME-03 1.7B-O7 ME-07 
Nb-94 3.6E-03 15E-04 2.7E-03 9.7E-03 1.5E-O2 2.IE-03 9.IE-03 4.7E-02 
M-95 5.3E-04 7.7E-05 3.6E-04 1.5E-03 22B-03 ISE-04 1.3E-03 6.6E-O3 

TC-99 6.0-08 ME-08 5.OE-08 I.SE-07 2.8E-07 ME-08 I.SE-07 8.6E.07 
Ru-103 3.2E-04 5.3E-05 2.3E-04 9.6E-04 1.3E-03 1.3E-04 S.IE-04 4.6E-03 
Ru-106 3.5E-04 7.7E-05 2.3ý 8.7E-04 1AE-03 I.&E-04 9.IE-04 3.9E-03 
Ag-108rn 3.7E-03 7.7E-04 2.7E-03 9.7E-03 1.5E-02 I.SE-03 LOE-02 4AE-02 
rqq.Twg -T TI- (Tr- Tff M""l
Ag-I 10m 5.IE-03 12E-03 3.8&03 ME-02 2.OE-02 2.9E-03 IAE-02 6.2E-02 
Sb-124 ISE-03 3.3E-04 IAE-03 5.5E-03 7.5E-03 9.9E-04 4.9E-03 2.5E-02 
1-125 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sb-125 9.IE-04 ISE-04 6.7E-04 2.3E-03 3.7E-03 5.2E-04 2.3E-03: LIE-02 

1.131 O.OE+00 O.OE+00 O.OE+00 O.GE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ba-133 4.OE-04 7.3E-05 2.9E-04 LIE-03 1.7E-O3 2.OE-04 LOE-03 5.7E-03 
Cs-134 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Cs-137 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.QE+00 O.OE+00

Aluminum Dose Factors Appendix H
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Appendix H Aluminum Dose Factors 

Table H.S. Dose factors' for AL-METL-HAN¶DDIS-W 
Mass dose factors (~ISv/y per Bg/g) Surticial dose factors (gsv/y per Bgf cm2) 

Radionuclide Mean 5th 50th 951h Mean 5* 500" 956 

CC-144 l7E-05 3.lE-06 1.2E-05 4.6E-05 V.E-05 8.SE-06 4.4E-05 2.OE-04 
Pm-147 9.2E-10 l.SE-l0 7.OE-10 2.5E-09 3.7E-09 5.2E-10 2.5E-09 L.IE-08 
Eu-152 6.OE-04 LIE-04 4.3E-04 1.6E-03 2.4E-03 2.SE-04 1.6E-03 M.E-03 
Eu-154 6.6E-04 1.3E-04 4.9E-04 IM8-03 2.7E-03 3.OE-04 I.7E-03 9.6E-03 

Re-186 2.7&.09 2.2E-13 5.2E-1 I .7E-08 L.OE-08 6.8E-13 2.OE-I0 6.6E-08 
Ir-192 L.OE-03' I.9E-04 7A4E-04 2.SE-03 4.lE-03 4.8E-04 2.7E-03 1.3E-02 
Pb-210 7.IE-07 IAE-07 5.2E-07 I.9E-06 2.9E-06 3.5E-07 L.8E-06 9.7E-06 
Po-210 1.2E-08 2.3E-09 9.OE-09 3.lEO8 4.7E-08 6.OE-09 3.2E-08 l.E-07 

Rn-222 L.OE-08 5.6E-13 2.2E-10 6.IE-08 4.IE-OS 2.E-12 7.9E-IO 2.9E-07 
Ra-223 i.SE-O5S 8.E-07 7.E-06 7.6E-05 7 4E-05 2.5E-06 2.6E-05 3.OE-04 
Ra-224 3.8E-07 2.E-ll 9.6E-09. I.SE-06 IAE-06 6.7E-l I 3IlE-08 S.OE-06 
Ac-225 9.OE-06 2.7E-07 3.5E-06 3.5E-05 3.6E-05 6.6E-07 1.2E-05 l.SE-04 

Ra-226 3.6E-03 7.2E-04 2.7E-03 9.5E-03 IAE-02 2.OE-03 9.4E-03 3.9E-02 
Ac-227 2.6E-04 5.7E-05 I.9E-04 6.7E-04 LIlE-03 l.4E-04 7.3E-04 '3.2E-03 
Th-227 2.IE-05 2.2E-06 1.2E-05 7.2E-05 M.E-05 5.9E-06 4.6E-05 32E-04 
Th-228 2.5E-03 5.3E-04 l.9E-03 6.7E-03 L.OE-02 1.5E-03 6.3E-03 3.5E-02 

7h-229 2.IE-04 4.E-05 1.5E-04 5.5E-04 8.4E-04 L.OE-04 5.lE-04 2.5E-03 
Th-230 L.IE-07 2.3E-08 9.IE-08 2.SE-O7' 4.7E-07 5.6E-09 3.3E-07 IAE-06 
Pa-231 5.9E-05 1.2E-05 4.3E-05 I.6E-04 2A4E-04 2.SE-05 1.6E-04 7.7E-04 
Th-231 7.5E-17 3.OE-33 6.9E-23 1.9E-16 2.4E-16 9.3&-33 2.7E-24 7.8E-16 

Pa-233 8.6E-05 1.3E.05 5.6E-05 2.7E-04 3.E-04 3.S5&05 2.OE-04 1.2E-03 
U-233 3.OE-08 5.SE-09 2.2E-OS 7.7E-08 1.2E-07 l.4E-0. C.2"S0 M.E-07 
Th-234 3.BE-06 5.2E-07 2.3E-06 l.2E-05 1.5E-05 L.5E-06 8.SE-06 5.SE-05 
U-234 5.3E-08 9.7E-09 3.7E-08 l.4E-07 2.IE-07 2.8E-08__ IAE-07 6.5E-07 

Np-237 l.9E-04 3.8E-05 l.E-04 4.9E-04 U.E-04 L.OE-04 4.SE-04 2.3E-03 
Pu-238, 6.IE-08 1.2E-08 4AE-08 1.6"-7, 2.5E-07 3.2E-08 l.6E-07 7.82-07 
U-238 8.BE-06 1.72-06 6.OE-06 2.3E-05 3.6E-05 4.2E-06 2.3E-03 1.12-04 
Pu-239 2.3E-08 4.9E-09 1.72-08 6.12-08 9.32-0 1.22-0 5.82-08 2.72-07 

Pu-241 1.92-09 3.4-10 1.42-09 5.02-09 7.6E-09 9.72-10 4.92-09 2.1-08 
Am-241 5.72-06 1.220 4.2E-06 1.6E-05 2.3E-05 2.92-06 IAE-05 7.22-5 
Cm-242 7.OE-08 1.3E-08 5.4E-08 1.82-07 2.92-07 3.6E-08 1.92-07 8.62-07 
Pu-242 5.02-08 9.12-09 4.02-08 1.3E-07 2.02-07 2.52-OS 1.5E.07 5.9E-07 

a. To convert these values to conventional units (mremfy per pCI/g or mrem/y per pCi/cm%) multiply by 3.70 E-03
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Table H.6 Dose factors8 for AL-DROS-HANDLiN-W 
Mass dose factors (,uSv/y per Bq/g) Sur~flcial dose factors (pSv/y per Bq/cni2) 

Radionuclide Mean 5"' 50"k 95"' Mean 5"' 50"' 95"' 
T-3 0.OE+00 0.OE+00 O.OE+00 O.OE+0O O.OE+0O O.OE+00 O.0EI+00 O.OE+O0 
C-14 7.7E-07 U.E-08 4.7E-07 2.SE-06 3.0E-06 1.E-07 1.7t406 l.OE-05 
Na-22 2.2E-01 3.E-02 1.5E-01 6.4E-01 8.6E-01 9.5E-02 5.3E-01 2.6E+00 
P-32 6.OE-05 9.OE-06 3.7E-05 l.SE-04 2.3B-04 2.4E-05 1.4E-04 7.9B-04 

'To9I~ A ~.E4 ' , ,-W II- I 
CI-36 4.IE-05 6.7E-06 3.lE-05 .LIE-04 1.6E-04 1.8E-05. LIE-04 5.2E-04 
K-40 1.7E-02 2.6E-03 1LIE-02 5.IE-02 6.7E-02 7.4E-03 4-2E-02 2.OE-01 
Ca-41 1 OE-05 1 .2E-06 6.9E-06 2.9E-05 4. lE-05 3.4E-06 2.5E-05 I .3E-04 
Ca-45 2.6E-05 3.6E-06 1.8E-05 7.2E-05 9.9E-05 1.1E-05 6.3E-05 2.9E-04 

Min-54 7.7E-02 1.4E-02 5.3E-02 2.2E-01 3.IE-01 3.7E-02 2.OE-01 1.OE+00 
Fe-55 9.3E-08 2.8E-09 5.2E-09 3.5E-07 3.9E-07 7.8B-09 I.9E-07 1.4E-06 
Co-57 I.4E-04 4.2E-06 6.9E-05 5.1E-04 5.4E-04 1.5E-05 2.4E-04 2.1E-03 
Co-58 1.2E-03 3.6E-05 6.7E-04 4.4E-03 4.9E-03 L.IE-04 2.3E-03 1.SE-02 

Ni-59 4.OE-08 1.4E-09 2.2E-08 1.4E-07 1.5E-07 4.5E-09 7.7E-08 5.9B-07 
Co-60 4.5E-03 1.4E.04 2.4E-03 1.6E-02 I.SE-02 4.2E-04 U.E-03 7.9E-02 
Ni-63 1.1E-07 3.4E-09 5.1E-08 4.OE-07 -4.3E-07 1.2E-08 2.OE-07 1.6E-06 
Zn-65 0.DE+0O O.OE+OO__O.OE-I-OO0.OE+00 O.OE+00 O.OE+-0O O.OE+00 0.OE+00 

Se-75 1.4E-02 3.5E-03 1.6E-02 6.7E-02 9.3E-02 9.4E-03 5.8E-02 3.0&0O1 
Sr-85 1.8E-02 2.6E-03 1.3E-02 4.6E-02 6.9E-02 7.1E-03 4.5E-02 2.OE-01 
Sr499 3.9E-05 1.3E-05- 6.IE-05 2.5E-04 3.4E-04 4.4E-05 2.2E-04 1.IE-03 
Sr-90 1.2E-03 i.8E-04 8.2E-04 3.5E-03 4.SE-03 4.9E-04 2.0E-03 l.6EA02 

Mo-93 7.SE-07 3.6E-09 4.OE-07 2.0E-06 3.2E-06 9.SE-08 1.5&-06 1.2E-05 
Nb-93m 5.8E-07 1.9E-08 3.OE-07 2.3E-06 2.5"-6 5.9E-09 1.OE-06 9.9EI-06 
Nb-94 2.9E-03 1.OE-04 1.4E-03 9.6E-03. 1.E-02 3.2E-04 4.9E-03 4.2E-02 
Nb-95 S.IE-04 2.4E-05 3.7B-04, 3.OE-03 3.2E-03 8.3E-05 1.3B-03 1.3E-02 

- ~1 M'~ WI4 

TC-99 3.IE-06 1.6E-07 1.&E-06 l.1E-05 U E-05, 5 5E-07 6.2E-06 4.SE-05 
Ru-103 4.3E-03 1.9E-04 2.2E-03 1.6E-02 1.6E-02 6 4E-04 3.OE-03 5.9E.02 
Ru-106 9.4E-05 4.8E-06 5.3E-05 3.E-04 3.7E-04 1.3E-05 2.IE-04 1.3E-03 
Ag-lO8m; 2.7E-03 1.1E-04 1.4E-03 1.OE-02 I.IE-02 2.9"-4 4.7E-03 3.9E-02 

Ag-I l10m 4.3E-03 1.6E-04 2.3E-03 1.5E-O2 1.SE-02 5.OE-04 S.OE-03 7.2E-02 
Sb-124 23E-03 7.SE-05 1.2E-03 9.2E-03 9.SE-03 2.OE-04 4.IE-03 4.1E-02 
1-125 3.3E-04 5.3E-05 2.3E-04 9.5E-04, 1.3E-03 1.5E-04 8.3E-04 3.7E-03 
Sb-125 6.9E-04 l.9E-05 3.7E-04 2.AE-03 2.6E-03 6AE-05 1.3E-03 9.7E-03 

1-131 3.IE-03 2.6E-04 1.6E-03 1.OE-02 12.2-02 6.9E.04 5.6E-03 4.OE-02 
Ba-133 1.7E-02 2.4E-03 1.1E-02 5.5E-02 6.6E-02 6.3E-03 4.OE-02 2.IE-01 
Cs-134 1.5E-01 2.1E-02 1.1E-0I 4.6E-01 6.2E-01 6.8E-02 3.9E-01 1.8E+0O 
Cs-137 4.OE-04 4.AE-05 2.7E-04 1.1E-03 1.6E-03 1.2E-04 9.9E-04 5.2&03

Aluminum Dose Factors Appendix H
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Table ILO Dose factors' for AL-DROS-HA4NDLIN-W 
Mass dose factors (giSv/y per Bg/g) Surf icial dose factors (ptSv/y per Bq/cm 2) 

Radionuclide Mean 51h 501' 95"' Mean 5 ~ 50th 95"' 

Ce-144 1.2E-03 2.2E-04 8.513-04 3E0 4.6E-03 6.213-04 3.E-03 IAE.02 
Pni-147 3.5E-05 4.9E-06 2.213-05 1.OE-04 L4E-04 1.413-05 8.2E-05 4.8E-04 
Eu-152 8.7E-02 1.3E-02 6213-02 2.513-01 3.4E-01 4.OE-02 2.l13-01 1.IE+0O 
Eu-154 9.6E-02 I.513-02 6.3E-02 2.9E-01 3.9E-01 4.313-02 2.2E-01 1.3E+00 

0SE0 4E~4~~3~2 
Re-186 2.8E-06 I.5E-08 4.9E-07 l.E-05 LI.E-05 5.113-09 1.7E-06 5.9E-05 
Ir-192 9.713-04 3.9E-05 5.IE-04 3.3E-03 4.013-03 L.IE-04 1.8E-03 I AE-02 
Pb-210 S.6E-04 2.3E-05 4.9E-04 3213-03 3.513-03 9.OE-O5 1.713-03 1.313-02 
Po-210 3.OE-03 1213-04 1.613-03 I.1E-02 1.2E-02 4.213-04 5.7E-03 4.313-02 

Rn-222 O.OE+00 O.OE400 0.OE+O0 0.OE+0O, 0.O13+00 0.OE+00 O.OE+O0 0.OE+00 
Ra-223 8.O13-05 2.5E-06 3.413-05 :32E-04 3.113-04 7.3E-06 I.E-04 1.2E-03 
Ra-224 1.313-06 5.1E-09 2.313-07 6.2E-06' 5.1E-06 1.SE-08 8.5E-07 2.613-05 
Ac-225 2.713-05 7.E-07 1.OE-05 1.IE-04 1.IE-04 2.213-06 3.9E-05 4.613-04 

Ra-226 3.613-03 1.411-04 1.913-03 1.2E-02 1.E-02 4.2E-04 5.911-03 5.5E-02 
Ac-227 2.3E-02 7.213-04 1.2E-02 8.AE-02 9.213-02 1.911-03 4A4E-02 3.713-01 
Th-227 1.5E-04 5.711-06 7.6E-05 5.713-04, 5.7E-04 1.711-05 2.BE-04 2.213-03 
Th-228 8.IE-03 3.8E-04 4.5E-03 2.813-02 3.3E-02 L.E-03 1.6E-02 I.IE-01 

;2~- 2-Aýt 2 
Th-229 2.9E-02 9.2E-04 1.6E-02 9.7E-02 1.2E-01 2.913-03 5.6E-02 3.7E-01 
Th-230 - 4.213-03 1.711-04 2.2E-03 1.5E-02 1.711-02 5.613-04 7.9E-03 6.6E-02 
Pa-231 1.6E-02 4.8E-04 7.6E-03 5.2E-02 6.4E-02 1.413-03 2.9E-02 2.5E-01 
Th-231 3.613-11 4.3E-1IS 2.1&-14 1.513-10 1,211-10 1.313-17 7.SE-14 5.BE-10 

Pa-233 1.511-04 4.113-06 V.E-05 -5.613-04 5.713-04 1.313-05 2.411-04. 2.113-03 
U-233 2.OE-03 7.7E-05 I.1E-03. 7.OE-03 9-2"-3 2.513-04 3.613-03 3.2E-02 
Th-234 4.013-06 15E-07 2.113-06 1.313-05 1.613-05 4.OE-07 7.213-06 6.SE-05 
U-234 2.OE-03 9.713-05 I.I13-03 7.613-03 8.OE-03 2.5E-0 3.7E-03 2.711-02 

Np-237 9.313-03 3213-04 5.IE-03 3.413-02 3.SE-02 9.5E-04 1.6AM 1.613-01 
Pu-238 4.7E-03 1.7E-04 2212-03 l.7E-02 1.9E-02 6.213-04 7.9E-03 7.7E-02 
U-239 1.9E-03 7.211-05 9.41-04 7.313-03 7.9E-03 2.3E-04 3.613-03 3.211-02 
Pu-239 4.9B-03 2.OE-04 2.5E-03 1.613-02 1.913-02 6.2E-04 S.8E.03 6.SE-02 

Pu-241 S.OE-O5 2.613-06 4.113-05 2.813-04 3.313-04 8.9E-06 IA4E-04 1.213-03 
Am-241 7.211-03 2.9E-04 4.OE-03 2.613-02 3.011-02 9.7E-04 1.313-02 9.8E-02 
Cm-242 2.5&-0k 7.313-06 1.3E-04 9.9E.04 I.OE-03 2.813-05 4.511-04 3.9E-03 
Pu-242 4.9E-03 1.711-04 2211-03 1.SE-02 2.011-02 5.613-04 7.6E-03 8.7E-02 

a. To convert these values to conventional units (mremfy per pCitg or mnrem/y per;!PWNcm) multiply by 3.70 E-03
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Table IV Dose factore for AL-ATMO-REFINER-W 
Mass dose factors (pSv/y per Bq/9) Surficial dose factors ($tSy/y per Bq/CM2) 

Radionuclide Mean 5e- 501h 95d' Mean 5* 50& 95* 
H-3 I.SE-06 1.313-07 9AE-07 6.6E-06 6-SE-06 5.IE-07 3.IE-06 2.3E-05 
C-14 O.OE+00 O.OE+00 O.OE+00 0.013+00 0.011+00 O.OE+00 O.OE+00 O.OE+00 
Na-22 3.IE-06 2.2E-07 1.6E-06 LOE-05 1.2E-05 6.IE-07 5.6E-06 3.911-05 
P-32 UE-09 2AE-10 3.213-09 3.5E-08 3.IE-09 9.2E-10 LIE-09 1.2E-07 

20M 6 f7l KA 
CI-36 `ý-8.8&05 5.SE-04 6AB-04 3.5E-05 UE-04 2-5E-03 
K40 8.713-07 7.3E-08 4.5E-07 3.2B-06 3.3E-06 2.3E-07 1.7E-06 1.2E-05 
Ca4l 1.3E-09 9.3E- I I 7.3E-10 4.6E-09 5.IE-09 UE-10 2.4E-09 1.7E-09 
Ca45 1.913-09 1.613-10 LIE-09 6.2E-09 7-2E-09 5.613-10 4.013-09 2.3E-08 

4 
Mn-54 ISE-07 2.7E-08 2.OE-07 1.3E-06 1.5E-06 9.OE-09 7.OE-07 4.6E-06 
Fe-55 O.OE+00 0.013+00 O.OE+00 0.012+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-57 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
CO-58 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 

+ 00, ... -%4 

Ni-59 O.OE4-00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+W 
Co-60 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ni-63 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+W O.OE+00 O.OE+00 O.OE+W 
Zn-65 9.9E-07 8.2E-03 5.3E-07 3.3E-06 3.9E-06 2.4E-07 1.9E-.06 IAE-05 iA OH 0, t 0 4' T-ýý,::ý (j, 
Se-75 713-07 2.SE-08 4.2E-07 3.6E-06 3.8E-06 SSE-08 1.5E-06 4E-05 
Sr-85 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sr-99 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sr-90 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 0.013+00 O.OE+00 O.OE+00 

OXYE+Ocý 0-0 0.  LIM 
MO 9i" 0. 0 E +,0- 6, 0.013+00 O.GE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 
Nb-93m O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.011+00 0.013+00 0.013+00 O.OE+00 
Nb-94 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Nb-95 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

TC.99 O.OE+00 O.OE+00 O.OE+00 O.OE400 0.013+00 O.OE+00 O.OE+00 O.OE+00 
Ru-103 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO 
Ru-106 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 
Ag-108m O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pdf. ý 3, I4M I',-,!,017b- - T VA M_ -ffl, 

i,:., -q_ ý W E AMP 
Ag-110m 0.0134-00 O.OE4-00 O.OE4-00 O.OE+W O.OE+00 O.OE+W O.OE-FOO O.OE40 
Sb-124 0.013+00 O.OE-H* O.OE4-00 O.OE+W O.OE+W O.OE4-00 O.OE+W O.OE4-00 

1-125 S.IS-05 5.5E-06 3.6E-05 3.IE-04; 3.OE-04 1.7E-05 1.3E-04 LIE-03 
Sb-125 0.013+00 O.OE+W O.OE4-00 O.OE+W 0.011+00 O.OE+W O.OE+00 0.04a 

.- Igo 

1-131 6.6B-06 2.513-07 2AE-06 2.8E-05 2.5E-05 7.SE-07 BAE-06 1.011-04 
Ba-133 O.OE+00 O.OE40 O.OE4-00 0.0134-00 O.OE+00 O.OE+W O.OE-FOO O.OE4-00 
Cs-134 1.7E-O6 1AE-07 LOE-06 5AE-06 6.7E-06 4.2E-07 3.4E-06 2.2E-05 
Cs-137 2.3E-08 1.7E-09 1.213-08 8.8E-08 S.SE-08 5.213-09 4.3E-09 2.713-07
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Table !U Dose factore for AL-ATMO-RE-IFINER-W 
Mass dose fact6rs (pSv/y per Bq/g) Surficial dose factors (pSy/y per Bq/cml) 

Radionuclide Mean 5th 50M 95d, Mean 50 500 951h 
:71 1 -ý-v -OAP +00 OE 

Ce-144 0.013+00 O.OE4-00 O-OE+00 O-OE+W 0-013+00 O-OE+00 O-OE+00 0..OE+00 
Pm-147 O.OE+00 O.OE+W O-OE+00 O-OE+00 0-013+00 O-OE+00 O-OE+00 O-OE+00 

Eu-152 O.OE+00 O.OE+00 O.OE+W O.OE+00 O.OE+M O.OE+00 O.OE+00 O.OE+00 
Eu-154 O.OE+W' O.OE+00 O.OE+00 O.OE4W O.OE4W O.OE+W O.OE+00 0.011+00 ---- - - . % - -0. W, I - , 
gi--iý5'- t' Ob-, E- -rý " Jy- 17, " b-a' 0- ýT fbfibd 10. , ý--e N -0 
Re-196 0. OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.011+00 
Ir-192 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pb-210 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Po-210 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 0.013+00 

E , Y, -A '0 01 
.00 V,ý:- X1. " , , IR -f '- -- .., - , L - , ý,C 7= 

Rn-722 O.OE-fOO O.OE+W O.OE+W O.OE-K* O.OE4-00 O.OE+W O.OE-4-00 O.OE+W 

Ra-223 0.013+00 O.OE+00 O.OE4W O.OE+00 O.OE4W O.OE+00 O.OE4.00 O.OE4-00 

Ra-224 0.0134-00 O.OE+00 O.OE+W O.OE4W O.OE+W O.OE-4-00 O.OE+W O.OE4W 

Ac-225 O.OE+00 O.OE+W O.OE+00 O.OE4-00 O.OE+W O.OE+W O.OE400 0.013-1-00 
'0 

Ra-226 O.OE+W O.OE+00 O.OE+W O.OE+W 0.013-ýW O.OE400 O.OE4W O.OE+W 

Ac-227 O.OE-4-00 O.OE+W O.OE+W O.OE+W O.OE4W O.OE+00 O.OE-1-00 O.OE4eo 

It-227 O.OE+00 O.OE+00 O.OE4W O.OE"O O.OE+W O.OE+w O.OE+00 O.OE+W 

Ih-228 O.OE+W O.OE+00 O.OE+W D.OE+00 O.OE+00 O.OE4W O.OE4W O.OE+W 
-41-06 '90 

O.OE4W O.OE+00 O.OE+00 O.OE4-00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
lb-230 0.013+00 O.OE+00 0.013+00' O.OE+00 O.OE+OO 0.013+00 O.OE+00 O.OE+00 
Pa-231 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Th-231 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

+-01 .1 VIP 
Pa-233 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+001 0.013+00 O.OE+00 O.OE+00 
U-233 O.OE+00 O.OE+00. O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Th-234 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 
U-234 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
pap Pa qq RM 7t +-067--ý 0 
Np-237 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 
Pu-239 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE4.00 

O.OE-fOO O.OE+00 O.OE+W O.OE+W O.OE+00 O.OE+00 O.OE-fOO O.OE400 
Pu-239 O.OE4-00 O.OE+W O.OE+W O.OE4-00 O.OE4W O.OE+00 O.OE+W O.OE+00 

W &EP 9 df 
Pu-241 O.OE-f-00 O.OE+00 O.OE+W O.OE+W O.OE+W O.OE+W O.OE+W 0.013+00 

Am-241 O.OE+W' O.OE4W O.OE+00 O.OE+00 O.OE+00 O.OE-1-00 O.OE4w 0.013+00 
Cm-242 O.OE4W O.OE+W O.OE+W O.OE*W O.OE4W O.OE+00 O.OE4W 0.0+00 

Pu-242 O.OE+00 O.OE-1-00 O.OE+W O.OE+W O.OE-FOO O.OE+00 O.OE+00 O.OE4W 
V JE: ýYb -iý 

L To convert i6se values to conventiorW =its (mrmify per pCi/g or mrmily per pCi/mnýý multiply by 3.70 E-03
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Table H.8 Dose factore for AL-DUST-TRANSMW 
Mass dose factors (;&Sv/y per Bq/g) Surficial dose factors (pSv/y per Bqlcmý 

Radionuclide Mean 56 50* 95th Mean 5* 506 9P 
H-3 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
C-14 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+00 0.013+00 0.013+00 O.OE+00 
Na-22 7.8E-02 1.813-02 5.6E-02 2.111-01 32E-01 UE-02 2.2E-01 91E-01 
P-32 2.OE-04 1.113-05 LIE-04 7.3E-04 S.IE-04 2SE-05 4.OE-04 2SE-03 

it--6 1.2 !,79 -1 
CI-36 6.OE-04 1.213-04 4.6E-04 1.6E-03 2AE-03 3.2E-04 1.6E-03 7.OE-03 
K-40 5.8E-03 1AE-03 4AE-03 1.5E-02 2.3E-02 3.2E-03 1.7E-02 6.6E-02 
Ca-41 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ca-45 4.9E-07 LIE-07 3.613-07 UE-06 2.OE-06 2.8E-07 1.3E-06 6.313-06 4- , - -qjýý06T-#. 4a T4, 0-02ý !n, qýtgo too 69 I-VIA 
Mn.54 2SE-02 6.3E-03 2.2E-02 7.IE-02 1.213-01 IAý S.IE-02 3.2E-01 
Fe-55 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-57 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-58 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

4.0 +OCI q 1" vg+ 7- 
ýq g. V!4Z ý, 

El"M 
NI-59 'iOE+002"--O'.'O'E"+"0'0'ý''-O.OE+00 O.OE+00 0.013+00 O.OE+00 0.013+00 "'O.OE+00 
Co-60 0.013+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 0.011+00 O.OE+00 
Ni-63 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Zn-65 LOE-01 2.2E-02 7.6E-02 2.5E-01 4.OE-01 5.SE-02 2.6E-01 1.3E+00 

Y,_ 
Se-75 LIE-01 6.213-03 7.IE-02 3AE-01 4.7E-01 2.013-02 2.713-01 1.713+00 
Sr-95 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 O.OE+ 00 O.OE+00 O.OE+00 
Sr-89 O.OE+00 O.OE+00 0.013+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sr-90 O.OE+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00- O.OE+00 

0'.0 7
1`41 L 

Mo-93 0.013+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Nb-93m 0.011+00 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Nb-94 0.013+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Nb-95 0.011+00 O.OE+DO O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

"No 4,451q
TC-99 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ru-103 O.OE+00 O.OE+0O O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 
Ru-106 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ag-109m O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

A -0 _0 
Ag-110m O.OE+00 O.OE+00 O.OE+00 0.6iýý O.OE'+00 O.OE4*0 O.OE+W 0.013+00 
Sb-124 0.0134-00 O.OE-4-00 O.OE-4-00 O.OE4-00 O.OE-1-00 O.OE4.00, O.OE4-00 O.OE+W 
1-125 O.OE4.00 O.OE+0O 0.04-00 O.OE+W O.OE-+00 O.OE-FOO O.OE-+00 O.OE-FOO 
Sb-125 O.OE+W 0.013+00 O.OE+00 O.OE40 O.OE-FOO O.OE+00 O.OE-FOO O.OE+00 

ýT4 
1-131 0.0134-00 O.OE4-DO 0.0+00 O.OE+W O.OE-1-00 O.OE-FOO O.OE4-00 O.OE+00 
Ba-133 O.OE4-00 O.OE+W 6.OE+00 O.OE4(* O.OE+00 O.OE+OO 0.0&00 O.OE+00 
Cs-134 5.6E-02 12E-02 UE-02 1AE-01 2.2E-01 3.213-02 1.613-01 6.3E-01 
Cs-137 2.213-02 5.IE-03 1.6E-02 5.7E-02 3.813-02 1.5E-02 5.SE-02 2.8E-01
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Table 6 Dose factorsa for AL-DUST-IR"91?0-W 

Mass dose Ewtors (ASv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cml) 
Radionuclide Mean. 56 50" 951h Mean 51h 500 95d' 

1.0,04 -7 00 
Ce-144 O.OE+00 O.OE4.00 O.OE4.00 O.OE+00 O.OE+w O.OE4W O.OE-ft O.OE+W 
IPM-147 O.OE-fOO O.OE+00 O.OE4-00 O.OE+00 O.OE4-00 O.OE+00 O.OE-I-00 O.OE+00 
Eu-152 O.OE+W O.Ot+W O.OE+00' O.OE4-00 O.OE-FOO O.OE+00 O.OE-1-00 O.OE+W 
Eu-154 O.OE+00 O.OEqw O.OE+W O.OE+W O.OE+W 0.0+00 O.OE+w O.OE+W 

7W7 

AMIN 
Re-186 O.OE+00 O.OE+00 O.OE+00. O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ir-192 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pb-210 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Po-210 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Rn-222 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ra-223 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ra-224 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 
Ac-225 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Ra-226 O.OE+W 0.0134-00 O.OE+W O.OE+W 'O.OE+W O.OE+W O.OE4-00 0.0400 
Ac-227 O.OB4-00 0.013+00 O.OE4 W O.OE+00 O.OE4-00 O.OE+W O.OE-FOO O.OE+00 
U-227 O.OE4-00 O.OE+00 O.OE4eO O.OE+W O.OE-fOO O.OE+00 O.OEI-00 O.OE+W 
n-228 O.OE+W O.OE4W O.OE+W O.OE4-00 O.OE4*0 O.OE4W O.OE-+00 O.OE4eO 

COE 74
'44 17" --9ý-7- .6 

7b-229 O.OE+00 0.013+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
lb-230 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
P9-231 O.OE+00 O.OE+00 O.OE+OD O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
lb-231, O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

d OID i 0.1 
Pa-233 O.OE+00 O.OE+00 O.OE+00, O.OE+00 0. OE+00 0. OE+00 O.OE+00. O.OE+00 
U-233 O.OE+00 O.OE+001 O.OE+00 O.OB+60 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Tb-234 O.OE+00 O.OE+00 O.OE+00 ý0.0&00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
U-234 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 0.013+00 
"7 6.OP--ýV6 6A40b-75 

, ý .3'_ --a! , 4h. 17, ý :_AA k. 4P, P ý ý 
Np--237 6.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Pu-238 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OB+00 
U-238 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+00 
Pu-239 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+W O.OE-FOO O.OE-FOO 

4-00 
-0,"O"ý O.OE+W' O.OE+00 O.OE4W O.OE+W O.OE+W O.OE+00 O.OE+00 

Am-241 O.OE-+00 O.OE+00 O.OE+00 -O.OE4W O.OE+W O.OE4W O.OE-K* O.OE4W 
Cm-242 O.OE+W O.OE+W O.OE+00 O.OE+00 O.OE-foO O.OE+W O.OE+W O.OE+W 
Pu-242 O.OE40 O.OE+00 O.OE4W O.OE-FOO O.OE+W 0.013+00 O.OE+W O.OE4-00 

bit'.  
L To convert these values to conventional units (mrem/y per p&g or mrem/y j=- pCi/cm% muifipý by Iid E-03
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Table 11.9 Dose factors'm for AL-SCRP-TRANSPO.W 
Mass dose factors (IiSv/y per Bg)Surficial dose factors (j±Sv/y per Bg/crm2) 

Radionuclide Mean P50* 5d Mean 5tO 0d 95* 
H-3 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 8.3E-06 5.3E-66 8.3E-06 L.IE-OS 3.4E-05 S.8E-06 3.E-05 6.4E-05 
Na-22 4.4E+00 2.8E+00 4.4E+00 6.OE+0O L.SE+OI 4.7E+00 1.6E+01 3.4E+01 
P-32 2.6E-03 1.7E-03 2.6E-03 3.6E-03 lIEI-02 2.9E-03 9.6E-03 2.OE-02 

CI-36 6.8E-04 4.4E-04 6.8E-04 9.4E-04 2.SE-03 7.3E-04 2.5E-3 5.2E-03 
K-40 3.2E-01 2.1E-Ol 3.3E-01 4.5B-01 1.3E+00 3.5E-01 I.2E+OO 2.5E+00 
Ca-41 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.GE+0O O.OE+OO O.OE+OO O.OE+OO 
Ca-45 3.OE-O5 l.9E-05 3.OE-O5 4.2E-05 l.2E-04 3.2E-05 LIlE-04 2.3E-04 

Mn-54 1.7E+00O LI.E+00 1.7E+00 2.3E+00 6.9E+00 1.&E+00 6.311+00 1.3E+01 
Fe-55 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Co-57 7.6E-02 4.9E-02 7.6E-02 L.OE-Ol M.E-Ol 8.lE-02 2.SE-01 5.8E-01 
Co-58 l.9E+OO 12E+00 l.9E+OO 2.6E+00 7.7E+00 2.OE+OO 7.OE+OO 1.5E+01 

Ni-59 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OEOO0 O.OE+OO O.O11+00 O.OE+OO 
Co-60 5.lE400 3.3E+00 5.lE+OO 7.OE+OO 2.IE+Ol 5.4E+0O l.9E-I-1 3.9E+01 
Ni-63 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Zn-65 I.2E+OO 7.6E-01 1.2E+00 1.6E+00 4.8E+00 1.311+00 4.5E+00 9.IE+OO 

Se-75 4.9E-O1 3.IE-0I 4.9E-Ol 6.8E-01 2.OE+0O 5.2E-01 -1.&E+00 3.gE+OO 
Sr_85 9.4E-Ol 6.OE-OI 9.4&01l 1.3E+00 3.8E+0O L.OE+0O 3.5E+00 7.2E+00 
Sr-89 2.3E-03 1 .5E-03 2.3E-03 3.2E-03 9.4E-03 2.5E-03 8.6E-03 I SE-02 
Sr-90 2.SE-04 1.6E-04 2.SE-04 3.SE-04 Il.OE-03 2.7E-04 9.4E-04 I 9E-03 

Mo-93 S.SE-06 5.5E-06 8.5E.06 I.2E-O5 3.4E-05 9.lE-06 3.2E-05 6 SE-OS 
Nb-93m IA4E-06 9.2E-07 l.4E-06 2.OE-06 S.SE-06 1.5E-06 5.3E-06 LIlB-OS 
Nb-94 3.3E.OO 2.AE+OO 3.3E+00 4.5E+00 l.3+oI 3.5E+FOO 1.2E+01 2.SE+01 
Nb-95 1.4E4-00 9.3E-01 1.4E4-00 2.OE+fOO 5.8E4+00 l.6E+0O 5.3E+00 lIlE+Ol 

Tc-99 5.6E-05 3.6E-05 5.6E-05 7.7E-OS 2.3E-04 6.OE-05 2.1E-04 4.E-04 
Ru-103 9.3E-01 5.9E-01 9.2E-01 1.3E-IO 3.7E+OO LOE+OO 3.4E+00 7.lE400 
Ru-106 4.IE-0l 2.6E-01 4.E-OI 5.7E-OI 1.7E+OO 4.4E-01 1.5E+OO 3.2E+4OO 
Ag-lO8m 3.2E+O0 2.1E+00 3.2E+O00 4.SE+FOO 1.3E4-01 3.E4E+ 1.2E401 2.5E+01 

Ag-i 10mn 5.7E+OO 3.6E-1-0 5.7E+fOO 7.&E+OO 2.3E-+Ol 6.OE+OO 2.lE+01 4.3E+FO1 
Sb-124 3.6E4-00 2.3E+O0 3.6E+00 5.OE+OO 1.5E+01 3.9E+00 l.3E+01 2.0E+O1 
1-125 U.E-03 8.3E-04 1.3E-03 I.SE-03 5.3E-03 1.4E-03 4.8E-03 L.OE-02 
Sb-125 LIE-0l 52E-O I .lE-0I L.E+OO 3.3E4+OO 8.E-OI 3.04-0O 6.2E+OO 

1-131 i.OE-0I 3.2E-01 4.9E-O1_-i' E-2-'O1 2.OE+FOO 5.6E-01I l.E40 4.OE+00 
Ba-133 5.6E-01 3.6E-OI S.6E-01 7ViE-Ol: 2.3E+OO 5.9E-OI 2.IE-IO 4.3E4+00 
Cs-134 3.2E4-00 2.IE4+OO 3.2E+OO 4.4E+OO 1.3E+01 3.4E+00 I.2E+FO1 2.4E+Ol 
Cs-137 1.2E+FOO 7.9E-Ol l.2E+WO -l.7E400 5.OE+OO0 l.3E4OO 4.6E+00 9.5E+00
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Table -11.9 Dose factorsa for A"-CRP-TIPANSPO-W 
Mass dose factors (pSvfy per Bq/g) Surficial dose facetors (iiSv/y per Bqcm2) 

Radionuclide Mean YSO50 959 Mean P 50d' 959 

Ce-144 6.613-02 4.13-02 6.613-02 9.11302 2.713-01 7.OE-02 2.513-01 5."E-0 I 

,Pni147 2.l13-06 1.311-06 2.IE-06 2.913-06 9.513-06 2.213-06 7.813-06 1.613-05 
Eu-152 2.213+00 1.4E+00, 2.2E+00 3.I13+00 9.OE+OO 2.413+00 .33E+00 1.7E+01 
Eu-154 2.413+00 1.613+00 2.413+00 3.313+00 9.9E+00 2.6E+00 9..I1E+00 1.913+01 

Re-186 4.9E-03 2.913-03 4.7E-03 9.O13-03 2.OE-02 5.513-03 1.813-02 4.213-02 
Ir-192 1.4134-0 9.113-01 1.4E4-00 2.013+00 5.7E+00 1.5E+FOO 5.213+00 1IE+Ol 
Pb-210 3213-04 2.I13-04 3.213-04 4.413-04 1.311-03 3.413-04 1.2E-03 2.5E-03 
Po-210 1.7E-05 LIE-OS 1.713-05 2.3E-05 6.7E-05 l.811-05 6.2E-05 1.313-04 

OE.~~ý0 &03 .~-.- ~ 
R -222 I.EO .013+00 1.6E+00 2.813+00 6.9E+00 1.9E+00 6.3E+00 1.513+01 
Ra-223 3.6E-01 2.3E-01 3.611-01 5.I13-01 l.513I-00 4.E-OI 1.3E+00 2.913+00 
Ra-224 1.213+00 7.211-O1 1.2E+00 2.O13+00 4.9E+00 1.413+00 4.513+00 1.IE13-01 
Ac-225 2.gE-O1I1.SE-Ol 2.811-01 4.O13-01 I.113+00 3.2E-01 1.O13+00 2.3E+00 

Ra-226 3.5E400 2.2E-IO 3.SE+00 4.8134-0 1.4134-0 3.7E+OO 1.3E+01 2.7E+01 
Ac-227 2.1E-Ol 1.311-O1 2.1E-O1 2.813-01 9.313-01 2.2E-01 7.7E-OI 1.6E+OO 
Th-227 1.2E-01 7.613-02 1.2E-01 1.6E-Ol 4.7E-O1 1.313-01 4.313-01 .. 9.113-01 
Ih-228 2.513+00 16E+OO 2.5E+OO 3.5E+OO I.O13+01 2.7E4-00 9.5E+OO 1.913+O1 

Th-229 I .6E- 1.O13-01 1.613-01 2.213-01 6.4E-O1 1.713-01 5.9E-O1 1.2134O0 
Th-230 4.613-05 2.9E-05 4.6E-05 6.313-05 1.9E-04 4.913-05 I.7E-04 3.5E-04 
Pa-231 4.IE-02 2.6E-02 4.IE-02 5.6E-02 1.7E-01 4.413-02 1.5E-01 3.IE-O1 
7b-231 3.OE-04 6.6E-05 2.2E.04 7.7E-04 1.213-03 .813-04 7AE-04 4.013-03 

AA' ~ z T ý6P 4 M-2& A4~1
Pa-233 2.6E-01I 1.E-O1 2.611-O1 3.613-01 1.112+00 2.813-01 9.912-01 2.OE+OO0 
U-233 4.013-07 2.613-07 4.E-07. 5.6E-07 1.6E-06 4.313-07 1.513-06 ý3.1E5-06 
lb-234 1.513-02 9.5E-03 1.5E-02 2.013-02 5.9E-02 1.613-02 5.413-02 LIE-Ol 
U-234 7.413-06 4.813-06 7AE-06 I.O13-05 3.OE-05 7.9E-06 2.813-05 5.7E-05 

Np-237 f2E-1 8.O13-02 1.213-01 1.7E-01 5O-1 .301 4E01 9.613-01 
Pu-238 2.3&-06 1.5E-06 2.313-06 3.213-06 9.413-06 2.5E-06 9.713-06 1.813-05 
U-23S 6.5E-03 4.2E-03 6.613-03 9.011-03 2.613-02 7.013-03 2.4E-02 5.013-02 
Pu-239 8.9E-07 5.7E-07 9.913-07 1.213-06 3.6E-06 9.513-07 3.3E-06 6.9E-06 

Pu-241 LIlE-06 6.913-07 I.I13-06 1.513-06 4.3E-06 1.113-06 4.013-06 8.213-06 
Am-241 3.OE-03 1.913-03 3.013-03 4.113-03 1.2E-02 3.2E-03 LIlE-02 2.313-02 
Cm-242 3.4E-06 2.2E-06 3.413-06 4.7E-06 1.411-05 3.613-06 1.31-05 2.6E-05 
Pu-242 4.013-06 2.613-06 4.OE-06 _5.513-06 1.6E-05 4.E-06 1.513-05 3.113-05 

a. To convert these values to conventional units (mrem/y per pCitg or inrem/y per pCi/cm;2 multiply by 3.70 E-03
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Table H.10 Dose factore for AL-MXTL-TRANSPO-W 
Mass dose factors (pSv/y per Bq/g) Surficial dosa factors (pSv/y per Bqtcm2) 

Radionuclide Mean P 50* 951b Mean P 50* 9P 
H-3 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+OO O.OE+00 O.OE+oo 

C-14 2.OE-07 4.7E-09 1.6E-07 4.9E-07 B.IE-07 LIE-07 5.7E-07 2.3E-06 
Na-22 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
P-32 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

-6, Ohl 441, 
CI-36 O.OE+00 O.OE+W O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
K40 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ca-41 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ca45 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 

Nin-54 i.OE+00'-i'6E+00 'O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Fe-55 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-57 ISE-03 4.5E-014 1.5E-03 4.8E-03 7.5E-03 LOE-03 33B-03 2.2E-02 
CO-59 3.5E-02 8.6E-03 2.SE-02 SAE-02 IAE-01 1.7E-02 9-5E-02 4.2E-01 

I - 7 7 IT i,-*, 111--X 
Ni-59 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Co-60 1AE-01 ME-02 LIE-01 ME-01 5.7E-01 7.7E-02 ISE-01 1.6E+00 
Ni-63 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Zn-65 2.SE-02 6.3E-03 2.3E-02 7.OE-02 LIE-01 1.7E-02 S.OE-02 ME-01 

2j! 
Se-75 6.ýe O.OE+w -6.-O-i- -4-0"d ý'-'0.04-00 O.OE-fOO O.OE4.00 O.OE4W O.OE4-00 

Sr-85 8.6E-03 ISE-03 VE-03 2JE-02 ME-02 52E-03 2AE-02 9.7E-02 
Sr-89 ISE-05 4AE-06 JAE-05 5.2E-05 7JE-05 1.2E-05 5.IE-05 2.3E-04 
Sr-90 3.6E-06 8.3E-07 2.7E-06 9.2E-06 ME-05 2.OE-06 9SE-06 4.2E-05 

.'-- T-jE-1'5ý 
Mo-93 23E-07 61B-08 I.SE-07 5.6E-07 9AE-07 1.7E-07 6.2E-07 2JE-06 
Nb-93m 3SE-09 9JE-09 3.2E-03 9.3E-08 1.6E-07 2.2E-08 LIE-07 4.2E-07 
Nb-94 9.OE-02 2.2E-02 6.9E-02 22E-01 3.6E-01 5.OE-02 2.5E-01 I.OE+00 
Nb-95 ISE-02 4.2E-03 IAE-02 4.9E-02 7JE-02 9.OE-03 5AE-02 2.3E-01 

7' IMEM 
TC-" IAE-06 31E-07 LOE-06 3.3E-06 5AE-06 7.2E-07 3.8E-06 1.5E-05 
Ru-103 LIE-02 2.3E-03 ME-03 2.9E.02 4.6E-02 6JE-03 ME-02 IAE-01 
Ru-1106 9.OE-03 2.IE-03 7.OE-03 22E-02 3JE-02 5.2E-03 2.5E-02 LOE-01 
Ag-108m 9.OE-02 2.IE-02 7.OE-02 2.3E-01 3.6E-01 5.2E-02 2AE-01 LOE+00 

6 17 ---- 'Mý7 

Ag-l 10m ME-01 ME-02 LOE-DI ME-01 5.6E-01 9AE-02 3.9E-01 1.6E+00 
Sb-124 6.3E-02 1.5E-02 4SE-02 IMAI 2.6E-01 ME-02 LSE-01 UE-01 
1-125 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sb-125 22E-02 5.5E-03 1.7E-02 52E-02' SSE-02 1.2E-M 6.3E-02 2.SE-01 

'07 
1-131 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE4W 0.6i;66 O.OE+00 
Ba-133 7.8E,03 l.8B-03 6.OE-03 ISE-02 3.2E-02 3SE-03 2.2E-02 92&02 
Cs-134 O.OE-fOO O.OE+W O.OE4.00 O.OE+W O.OE+W O.OE+W O.OE-H* 0.04W 
Cs-137 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+W O.OE+W O.OE4.00 O.OE4-00
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Appendix H Aluminum Dose Factors 

Table H~O Dose factorsa for ALMETL-TkANSPO-W 
Mass dose factors (ttSy/y per BgIg) Surficial dose factors (ItSvly per Bg/cml) 

Radionuclide Mean -5 0h 9* Mean 5Od, 951b 

Ce-144 4.2E-04 9.7E-05 3.2E-04 1.1E-03 1.7E-03 2.2E-04 1.2E-03 4.9E-03 
Pmn-147 1.4E-08 3.SE-09 1.1E-O8 3.6E-09 5.7E-O8 S.-09 4.OE-08 IJE-07 
Eu-152 1.6E-02 3.7E-03 1.2E-02 4.OE-02 6.3E-02 9.2E-03 4.2E-02 I.9E-OI 
Eu-154 1.7E-02 3.BE-03 1.3E-02 4.2E-02 6.9E-02 1.OE-02 4.6E-02 2.OEOI1 

Re-186- 15.9E-07 f.IEi-09- 5.4E-08 3:0E-06 2.4E-06 3.5E-09 1.9E-07 1.1E-05 
Ir-192 2.7E-02 7.0&-03 2.IE-02 6.6E-02 1.OE-O1 I.9E-02 7.3E-02 3.OE-O1 
;Pb-210 B.SE-06 2.2E-06 6.9E-06 2.1E-O5 3.5E-05 5.2E-06 2.6E-05 1.OE-04 
Po-210 3.3E-07 7AE-08 2A4E-07 8.3E-07 1.E-06 I.9E-O7 9.7E-07 3.9E-06 

Rn-222 4.9E-06 3.2E.09 2.7E-O7 2.9E-05 2.OE-05 9.7E-09 9.SE-07 1.1E-04 
Ra-223 1.2E-03 1.1E-04 7.2E-04 3.7E-03 5.OE-03 3.IE-04 2AE-03 2.1E-02 
Ra-224 1.4E-04 2.5E-07 12E-05 7.9E-04 6.3E-04 6.IE-07 4.7E-OS 3.OE-03 
Ac-225 6.7E-04 5.7E-05 3.9E-04 2.2E-03 2.8E-03 1.7E-04 U.E-03 9.5E-03 

-Ra-226 9.6E-02 2.3E-02 7.7E-02 2.4E-0I 3.9E-O1 5.9E-02 2.6E-01 LI.E400 
Ac-227 5.7E-03 1.E-03 4.6E.03 1.4E-02 2.3E-02 3.OB-03 1.6E-02 7.OE-02 
Th-227 8.4E-04 IAEQ4W 5.6E.04 2.6E-03 3.4E-03 3.6E-04 2.OE-03 LIlE-02 
7h-228 6.8E-02 1.6E-02 5.JE-02 1.6E-01 2.6E-01 4.3E-02 1.9E-O1 7.2E-01 

7Th-229 4.E-03 1.OE.03 ,3.4E-03 1.1E-02 1.7E-02 2.7E-03 1.2E-02 .-4.6E-02 
7h-230 U.E-06 3.OE-07 1.OE-06 2.9E-06 5.OE-06 9.6E-07 3.4E-06 IAE-05 
P9-231 1.IE-03 2.8B-04 BSiB-0 2.BE-03 4.6E-03 7.2E-04 3.OE-03 1.3E-02 
Th-231 2.2E-12 4.IE-23 2.5E-17 II&E-1 9.3E-12 1.5E-22 9.9E-17 3.9E-1I1 

Pa-233 2.9E-03 5.1E-04 2.OE-03 8.1E-03 1.2E-02 1AE-03 7.4E-03 3.7E-02 
U-233 1.IE-08 2.7E-09 S.6E-09 2.7E-08 4.5E-08 6.7E-09, 3.OE-08 II2E-07 
7h-234 U.E-04 2.6E-05 9.6E-05 3.9E-04 5.7E-04 6AE-05 3.6E-04 1.SE-03 
U-234 2.OE-07 4.7E-08 I.AE-07 4.8E-07 9.2E-07 1.1E-07 5.7E-07 2.3E-06 

Np-237 3AE-03 S.SE-04 2.7E-03 S.OE-03 1.4E-02 2.1E-03 9.3E-03 3.SE-02 
Pu-238 6.4E-08 1.6E-08 S.OE-08 1.5E-07 2.6E-07 3.6E-08 1.BE-07 7.3E-07 
U-239 I.8E-04 4AE-05 IA4E-04 4.4E-04 7.3E-04 I.IE-04 5.OE-04 2.2E-03 
Pu-239 2A4E-08 6.1E-09 2.OB-08 5.7E-O8 9.6E-08 1.6B-OS 7.OE-08 2.6E-07 

Pu-241 2.9E-08 6.9E-09, 2.3E-08 7.IE-08 1.2E-07 1.7E-O8 S.OE-08 3.3E-07 
Am-241 9.2E-05 2.OE-O5 6.4E-05 2.OE-04 3.3E-04 4.9E-O5 2.3E-04 9.2E-04 
Cm-242 7.9E-OS 1.E-OS 6.2E-08 2.OE-07 3.2E-07 4.7E-OS 2.1E-O7 9.5E-07 
Pu-242 1.IE-O7 2.7E-08 9.5E-08 2.7E-07 4.6E-07 6.6E-08 3.2E-07 1.4E-06 

a. To convert these values to conventional units (mreni/y per pCi/g or inren~y per pCi/cm'), multiply by 3.70 E-03
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Table H.11 Dose factorse for AL-DROS-TRANSPO-W 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (uiSvly per 2Sfcm2) 

Radionuclide Mean 5t 0 5h Mean 51b 5 0* 9h 
H-3 O.OE-I-O O.OE+OO O.O3+OO O.O13+00 .O13+00 O.OE3+00 O.OE+OO O.O13+00 
C-14 3.513-08 6.313-09 2.513-08 9.2Z-O8 1 .411-07 1 SE-08 9.013-09 3.9E-07 
Na-22 3.511-01 7.013-02 2.513-01 9.1E-O1 1.4E+OO 1.713-Ol 9.613-01 4.013+00 
P-32 3.3E-05 3.713-06 1.913-05 1.OE-04 1.313-04 9.8E-06 6.913-05 4.613-04 

CI-36 - 2.gE--05 4.9E-06 2.013-05 7.611-05 1.213-04 1.313-05 7.513-05 3.3E3-04 
K-40 2.7E-02 4.9E-03 1.813-02 7A4E-02 LiE-Ol 1.211-02 7.013-02 3.313-01 
Ca-41 O.O134-0 O.O13+-0 O.OE+OO O.OE+OO O.O134M O.OE+OO O.OE+OO O.O134-0 
Ca-45 2.113-06 3.713-07 1.5E-06 5.7E-06 S.4E-06 1.113-06 5.413-06 2.513-05 

Mnt-54 1.3E-O1i2.513-02 9.213-02- 3.4E-O 5.IE&01 6.013,02 3.'4E3-OI 1.'E4+00 
Fe-55 O.OE+OG0 O.OE1+00 O.OE+FOO O.OE+OO O.OE+OO O.OE1+00 O.OE+OO O.OE3+O 
Co-57 9.713-05 3.313-06 5.513-05 3.OE-04 3.9E-04 LI.E-05 1.9E-04 IA4E-03 
Co-58 1.813-03 6.313-05 1.O13-03 6.1E-03 7.013-03 1.913-04 3.813-03 2.5E-02 

Ni-59 0 O.O134O0 O.OE+OO O.OE+O O.O13+00 O.OE+OO O.OE1+00 O.OE+OO O.OEi-OO 
Co-60 7.I12-03 2.4E-04 4.IE-03 2A4E-02 2.813-02 8.213,04 1.413-02 9.9E-02 
Ni-63 O.OE-+OO O.OE+OO O.O13+-0 O.OE-I-O O.OE+OO O.OE400 O.OE+O O.O13+00 
Zn-65 O.OE+FOO O.OE+OO O.OE+OO0 O.OE+OO O.OE+OO0 0.O11+-0 O.OE+00 O.OE+OO0 

.4.0OI-O 1+ 5,Z AK69g 
S-52.8E-02 5.2E-03 2.OE-02 i.6-02 1.JE-OI 1.413-02 7.613-02 3.513-O1 

Sr-S5 2.611-02 4.6E-03 1.913-02 7.113-02 1.1E-01 1.213-02 6.7E-02 3.4E-01 
Sr-89 5.713-05 1.O11-05 4.E-OS 1.6E-04 2.313-04 2.713-05 1.5B-04 8.2&04 
Sr-90 1.IE-05 2.OE-06 7.911-06 2.913-05 4.3E-05 5.513-06 2.BE-05 U.E-04 

Nb-5 96E- 43.7E0 49-4 3.3-03 -6 .7--' .iE-0 q.E0 .E 
LY.9!o N7.pk -

Mo-903 1.213-08 5311-10 6.7E-09 4.113-02 4.6E-09 8.4E-04 2.213-08 1.7E-07 

RN-106 4.713-03 2.6E-04 2.6E-03 1.713-02 1.913-02 9iSE-04 S.SE-03 7.013-02 
Ag-lO5 9.613-043 .8E-054.95E-043.3136-03 3.13-03 6.2E-04 S.9E-03 1.313-02 

Ag-99 6~ .813-07 2E04A3.E-09 4.21300 2.213-062 8.SE-0 4 i.3E-07 1.41-6 LE-01 
Sb-124 5.93E-03 .3AE-04 3.711-03 2.2E-02 1.4E-02 3.4E-04 123E-02 9.4E-02 
1u-125 4.9E-03 2.613-04 2.91103 1.61-02 1.913-02 92E-04 1.111-02 6.5E-04 
Sb-108m I.E-03 1.813-04 2.5E-03 1.613-02 4.713-02 6.2E-04 8.9E-03 l.7E-02 

A&-1310 1.E-03 2.9E-04 3.911-03 2.513-02 2.4E-03 8.5E-4 1.3E-02 3.3E-01 

Ba-133 2.3E-02 4.I13-03 1.7E-02 5.0E-02 9.213-02 i.E-02 6.013-02 2.713-01 
Cs-134 2.5E-01 4.613-02 1.SE-O1 6.0E-01 1.O13+00 1.113-01 6.913-01 3.2E+00 
Cs-137 1.OE-O1 2.OE-02 7.IE-02 2.6E-01 4.013-01 5.213-02 2.611-01 1.2E+00
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Appendix H Aluminum Dose Factors 

Table 113 1 Dose factors' for AL-DROS-TOIANSPO-W 
Mass dose factors (ptSv/y per Bg/g) Surficial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 5Ph sod, 9 Mean 5d 0g 5t 

Ce-144 3.7E-03 8.OE-04 2SE-03 9.SEZ0 1.513-02 1.813-03 9.SE-043 4.31302 

Pin-147 1.3E-07 2.4E-08 9.3E-08 3.5E-07 S.O13-07 6.5E-08 3.2E-07 1.513-06 

Eu-152 IA4E-01 2.611-02 1.OE-OI 3.613-01 5.513-O1 7.512-02 3.513-01 1.713+00 

Eu-154 1.513-01 2.9E-02 1.IE-O1 3.813-01 -6.11-01 7.1E.02 3.813-01 1.813+00 
J30 3 -04,~ .8-04 6F , 1 

Re-186 .O07 2.7E-10 2.IE-08 1.&E-06 1.213-06 g.4E-1O 7.913-08 7.413-06 
Ir-192 1.413-0 5.813-05 S.OE-04 4.513-03 5A4E-03 1.7E-04 2.SE-03 2.013-02 
Pb-210 4.413-07 I.SE-OS 2.511-07 1.511-06 1.SE&06 6.1E-08 9.7E-07 6.813-06 

Po-210 I.7E-07 9213-09 1.I13-07 5.313-07 6.9E-07 2.3E-08 4.1E-07 2A4E-06 

Rn-222 OOE+OO O.OE+OO O.O13+00 O.OE+00 O.OE3+00 O.OE+OO O.013+00 0 OEOO0 
Ra-223 6.213-05 1.9E-06 2.313-05 2.413-04 2.613-04 5.913-06 8.O13-05 1.113-03 
Ra-224 7.713-06 5.3E-09 4.41-07 4.311-05 3.3E-05 1.513-08 1.513-06 IA4E-04 

Ac-225 3.2E-05 7.2E-07 1.4E-05 1.313-04 1.313-04 2.413-06 4.713-05 6.013-04 

_ _ _ - ~ _6 

Ra.226 5.1&-03 2.O11-04 2.613-03 1.7E-02 2.IE-02 6.313-04 9.613-03 B.IE.02 

Ac-227 2.811-04 1.3E-05 1.613-04 9.9E-04 1.IE-03 3.6E-05 5.7E-04 4.113.03 

T11-227 4.3E-05 1.513-06 2.I1E-05 1.413-04 1.7E-04 4.4E-06 7.513-05 6.313-04 

Th-228 3.311-03 1.613-04 2.013-03 1.213-02 1.311-02 4.313-04 6.9E-03 4.6E-02 

T-29 2213-04 1.O13-05 i.2E'-04 S.OE-04 9AE-04 3AE-05 4.013-04 3.1E-03 
Th-230 6A4E-08 2.9E-.9 3.6E-08 2.2E-07 2.513-07 9.613-09 1.213-07 8.713-07 
Pa-231 6.IE-05 2.IE-06 3.3E-05 2.IE-04 2-513-04 8-01306 LIlE-04 9.613-04 

Th-231 U.E-14 1.IE-24 S.4E-19 3.1E-13 3.OE-13 5.713-24 2.6E-19 1.313-12 
I., 4,, 

Pa-233 I.SE-04 4.OE-06 U.E-OS 5.513-04 6.3E-04 1.313-05 2.SE-04 2.613-03 
U-233 5.613-10 2.6E-1 1 3213-10 2.213-09 2.213-09 9..2&11 1.IE-09 7.713-09 
Th-234 7.OE-06 2.6E-07 3.3E-06 2.5E-O5 2.9E-05 9.1E-07 LI.E-O5 I.IE-04 

U-234 1.-0110 5.2E-10 5.7E-09 3.413-08 4.IE-OS 1.513-09 2.1E-O8 13"-7 

Np-237 I.7E-04 52.2-06 1OE-04 5.7E-04 7.113-04 1.9E-O5 3.613-04 2.813-03 
Pu-238 3.3E-09 I.513-10 1.711-09 1.213-08 1.313-08 4.IE-10 6-211-09 4213-08 

U-238 8.913-06 4AE-07 5.OE-06 3.211-05 3.513-05 1.5E-06 1.SE-05 1213-04 
Pu-239 1213-09 5.013-11 6.9E-10 4.2E-09 5.213-09 1.613-10 2313-09 2.1E-08 

Pu-241 1.SE-09 6.2&-11 9.0&.10 5.113-09 5.7E-09 1.911-1O 2.913-09 2.1E-08 
Azn-241 4.013-06 1.7E-07 2.213-06 1.211-05 1.6E-05 S.4E-07 8.2E-06 6.011-05 
Cm-242 4.013-09 1.2&10 2.313-09 1.3E-08 1.611-08 4.613-10 7.9E-09 5.9E-08 

Pu-242 5.6E-09 2.5E-10 3.013-09 1.813-08 2.3E-08 7.2E-10 lIE-O S 8E-08 

a. To convert these values to conventional units (mrenily per pCi/g or mreni/y per pCL/cmn4 multiply by 3.70 "-3
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Table 11L12 Dose factors8 for AL-SCRP-DISPOSL-W 
Mass dose factors (;tSv/y per Bqfg) Surf icial dose factors (paSv/y per Bqlcml) 

Radionuclide Mean .5' S(Y" 950- Mean 5th 06 95 
H3O.OE+OO O.OE400 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 

C-14 I.IE-07 2.4B-08 1.OE-07 2.3E-07 4A4E-07 5.5E-08 3.5E-07 1.1E-06 
Na-22 1.IE-Ol 2.4E-02 1.OE-O1 2.3E-01 4.4E-01 5.0E-02 3.6E-01 1.IE+OO 
P-32 5.7E-05 1.2E-05 5.2E-05 1.IE-04 2.3E-04 2.9E-05 1.9E-04 6.E-04 

7-' J74 
CI-36 2.OE-05 4.E-06 1.SE-05 4.E-05 7.8E-O5 9.8E-06 6.3E-05 2.OE-04 
K-40 8.5E-03 1.9E-03 8.OE-03 I.8E-02 3.4E.02 4.E-03 2.7E-02 8.7E-02 
Ca-41 0.OE+O0 O.OE+OO O.OE+O0 0.OE+0O 0.OE+OO O.OE+OO 0.OE+0O 0.OE+OO 
Ca-4S 4.9E-07 LI.E-07 4.6E-07 1.OE-06 2.OE-06 2.5E-07 1.6E-06 5.OE-06 

j 7 U W -3 

Mn-54 4.E-02 9.OE-03 3.9E-02 8.7E-02 1.6E-01 2.IE-02 L3E-O1 4.2E-01 
Fe-55 0.OE+OO O.OE400 O.OE+OO O.OE+00 O.OE+OO O.OE+OO O.OE400 O.OE+OO 
Co-57 4.OE-03 8.8E-04 3.7E-03 8.4E-03 1.6E-02 2.OE-03 I.E-02 4.E-02 
Co-58 4A4E-02 9.6E-03 4.E-02 9.1E-02 1.8B-01 2.3E-02 IA4E-01 4.5E-01 

Ni-59 O.OE+O O0.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+0O O.OE+OO 
Co-60 U.E-O1 2.9E-02 1.22E-01 2.SB-O1 5.3E-01 6.6E-02 4.2E-01 1.4E+00 
Ni-63 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+0O O.OE+O0 O.OE-IOO O.OE+OO 
Zn-65 2.9E-02 6.5E-03 2.8E-02 6.2E-02 1.2E-01 1.5E-02 9.5E-02 3.OE-O1 

Se-75 1.5E-02 3.3E-03 1.4E-02 3.2E-02 6.IE-02 7.7E-03 4.9E-02 1.6E-01 
Sr-95 2.2E-02 4.7E-03 2.OE-02 4.SE-02 8.7E-02 1.1E-02 6.9E-02 2.2E-01 
Sr-89 6.4E-05 IA4E-05 6.OE-05 1.E-04 2.6E-04 3.3E-03 2.1E-04 6.SE-04 
Sr-90 5.8E-06 1.3E-06 5 4E-06 1.2E-05 2.3E-05 2.9E-06 1.SE-05 5.9E-05 

Mo-93 4.SE-0 If .1-6 -92 W .E-5 I9-5 2.B0 5E0 .B0 
Nb-93m 8.5E-07 I.8E-07 B.OE-07 1.8E-0,6 3 4E-06 4.3E-07 2.7E-06 8.7E-06 
Nb-94 7.9E-02 1.7E-02 7.4E-02 1.7E-O1 3.2E-01 4.OE-02 2.5E-01 8.IE-O1 
Nb-95 3.E-02 6.E-03 2.9E-02 6.4E-02 1.2E-01I 1.E-02 1.OE-OI 3.2E-01 

TC-99 I.OE-06 2.2E-07 9.6E-07 2.2E-06 4.E-06 5.2E-07 3.3E-06 1.1E-05 
Ru-103 1.9E-02 4.OE-03 1.7E-02 3.9E-02 7.4E-02 9.6E-03 6-OE-02 I.9E-O1 
Ru-106 O.OE+O0 O.OE+O0 O.OE+00 O.0E+00 0.OE+OO O.OE+OO0 O.OE+OO O.OE-+OO 
Ag-108m, 7.9E-02 1.7E-02 7.4E-02 1.7E-OI 3.2E-01 4.OE-02 2.5E-01 S.1E-O1 

Ag-Ib0m 1.4E-01 3.OE-02 U.E-0I 2.9E-01 55Bl .SE-OI 4.4E-O1 14E+O0 
Sb-124 8.4E-02 1.8E-02 7.9E-02 1.7E-O1 3.4E-01 4.3E-02 2.7E-01 8.6E-01 
1-125 1.2E-04 2.6E-05 1.IE-04 2.5E-04 4-SE-04 6.E-05 3.BE-04 1.2E-03 
Sb-125 2.OE-02 4.E-03 1.9E-02 4.2E-02 7.9E-02 1.OE-02 6.4E-02 2.OE-OI 

1-131 U.E-03 I.E-03 6.2E-03 1.5E-02 2-9E-02 3.6E-03 2.3E-02 7.8E-02 
Ba-133 l.6E-02 3.5E-03 I SE-02 3.4E-02 6.5E-02 8.IE-03 5.2E-02 1.7E-01 
Cs-134 7.7E-02 l.7E-02 7.2E-02 1.6E-01 3.IE-01 3.SE-02 2.SE-01 7.9E-01 
Cs-137 6.2E-06 U.E-06 5.7E-06 1.E-05 2.5E-05 3.IE-06 2.OE-05 6.3E-05
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Table 1132 Dose factors for AL-SCRP-DISPOSL-W 
Mass dose factors (liSv/y per Bq/g) SurflbiaI dose factors (IzSv/y per Bq/cm2 

Radionuclide Mean 56 5011 9511 Mean 51h 50Lh 95 d 

~~A4Iz~A.U 3:4 P 8.2FEA~ ~~3~ 
Ce-144 5.7E-04 1.3E-04 5.4E-04 1.2E-03 2.3E-03 2.9E-04 I.8E-03 5.9E-03 
Pm-14? 4.IE-07 8.9E-08 3.8E-07 9.6E-07 I.6E-06 2.OE-07 1.3E-06. 4.2E-06 
Eu-152 5.7E-02 1.2E-02 5.4E-02 1.2E-01 2.3E-01 2.9E-02 L.8E-Ol 5.9E-O1 
Eu-154 6.3E-02 IA4E-02 5.9E-02 l.E-01 2.SE-01 3.lE-02 2.OE-0l 6A4E-01 

Re-186-- 9.9.04IE-05 7.3E-05 2.7E-04 4.OE-04 4.OE-05 ý2.7E-04 1.2E-03 
Ir-192 3A4E-02 7A4E-03 3.2E-02 7.lE-02 l.4E-01 I.SE-02 I.IE-O1 3.SE-O1 
Pb-21 0 5.OE-05 I.IE-05 4.7E-05 .LIE-04 2.OE-04 2.5E-05 1.6E-04 5.lE-04 
Po-210 4.1E-07 8.9E-08 3.8E-07 8.4E-07 1.6E-06 2.OE-07 I.E-06 4.2E-06 

____v'j-4 ~ ~- -7.

Rn-222 3.OE-06 4.4E-07 2.2E- S.lE,06 1.2E-05, 1.2E-06 9.4E-06 3.SE-05 
Ra-223 2.6E-03 5.IE-04 2.3E-03 S.2E-03 L.OE-02 1.3E-03 S.4E-03 2.SE-02 
Ra-224 6.lE-05 SAE-06 4.5E-05 1.7E-04 2.5E-04 2.4E-05 1.7E-04 7.8E-04 
Ac-225 2.5E-04 4.9E-05 2.2E-04 5.lE-04 I.OE-03 l.E-04 8.lE-04 2.7E-03 

K' Si~E 
Ra-2.26 9.2E-02 2.OE-02 , 86E-02 l.9E-01 3.7E-0l 4.6E-02 2.9E-0lI 9A4E-0 I 
Ac-227 5.0E-03 1.3E-03 5A4E-03 l.2E-02 2.3E-02 2.9E-03 1.&E-02 5.9E-02 
Th-227 2.9E-03 6.IE-04 2.6E-03 5.75403 LIlE-02 L.5-3, 9AE-03 3.OE-0 
Th-228 S.IE-02 I.8E-02 7.6E-02 1.7E-01 3.2E-01 4.OE-02 2.6E-01 9.3E-01 

Th-229 5.&E-03 1.3E-03 5.4E-03 1.2E-02 2.3E-02 2.9E-03 I.9E-02 5.9E-02 
Th-230 9.9E-06 2.2E-06 9.3E-06 2.IE-05 4.OE-05 5.OE-06 3.2E-05 l.OE-04 
Pa-231 1.6E-03 3AE-04 1.5E-03 3.3E-03 .6.2E-03 7.8E-04 5.OE-03 1.6E.02 
Th-231 L.1E-06 5.2E-09 2.OE-07 5.3E-06 4.5E-06 1.6E-08 7.6E-07 2.lE-05 

Fa-233 6.3E-03 1AE-03 5.9E-03 1.3E-02 2.5F,02 3.3E-03 ,2.OE-02 .6.6E-02 
U-233 L.IE-05 2.5E 

06 L.IE-05 2.4E-05 4.6E-05 5.7E-06 3.7E-05 1.2E-04 

Th-234 IA4E-04 3.IE-05 U.E-04 3.OE-04 5.9E-04 7.4E-05 4.7E-04 1.SE-03 
U-234 3.3E-06 7.lE-07 3.lE-06 6.9E-06 1.3E-05 1.7E-06 L.IE-05 3.4E-05 

N13-237 4.OE-03 8.6E-04 3.7E-03 SAE-03 1.6E-02 2.OE-03 1.3E-02 4.IE-02 
Pu-238 1.2E-06 2.7E-07 1.2E-06 2.6E-06 5.OE-06 6.2E-07 4.OE.06 1.3E-05 
U-239 3.7E-04 S.IE-05 3.5E-04 7.9E-04 1.SE-03 1.9E-04 1.2E-03 3.8E-03 
Pu-239 2AE-06 5.3E-07 2.3E-06 5.IE-06 9.7E-06 1.2E-06 7.7E-06 2MA5-0 

Pu-241 S.4E-08 I.SE-08 7.9E-08 I.SE.07 3.4E-07 4.2M-0 2.7E-07 8.6E-07 
Am-241 3.6E-04 7.E-05 3.3E.04 7.6E-04 IAE-03 l.SE-04 L.IE-03 3.7E-03 
Cm-242 1.3E-06 2.9E-07 1.3E-06 2.SE-06 5.3E.06 6.7F,07 4.3E-06 IAE-O5 
Pu-242 L.OB- 2.3E-07 9.8E-07 2.2E-06. 4.2E-06 5.3E-07 3.4E-06 LI E-OS 
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Table H.13 Dose factors' for AL-METL.LGMASS-N 
Mass dose factors (I1SvIYper Bqtg) Surf icial dose factors (pSv/y per Bqtcm2) 

Radionuclide Mean 5AO0 91 Mean p * 951h 
H-3 O.OE+OO O.OE+OO O.OEOO0 O.OE+OO O.OE+OO O.OE+OO .O13+00 O.O11+00 
C-14 4.213-07 1.411-07 3.713-07 8.313-07 1.713-06 3.713-07 1.313-06 3.913-06 
Na-22 O.OE+OO' O.OE+OO O.OE-I-O O.OE+OO O.O11+00 O.O13+00 .11+00 O.O13+00 
P-32 O.OE+OO O.OE+OO O.O13+00 O.O13+00 O.O13+00 O.O1300 O.13+00 O.OE-4-O 

CI-36 O.OE+OO O.OE+OO O.O13+00 O.OE+OO .O13+00 O.O13+00 O.OE+OO O.O13+00 
K-40 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.013+00 O.OE+OO 
Ca-41 .O11+00 O.O13+00 O.OE+OO O.O13+00 .O13+00 O.O13+00 O.OE+OO O.013+00 
Ca-45 0.O13+00 O.OE+OO O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.O13+00 O.OE+OO 

Mn-54 O.OE+OO .O13+00 O.OE3+00 O.OE+OO .O13+00 O.O13+00 .O13+00 O.OE3+00 
Ft.-55 O.OE+OO O.OE+00 O.O11+00 O.OE+OO O.OE+OO 0.O11+00 .O11+00 O.O13+00 
Co-57 3.IE-03 1.OE-03 2.7E-03 6.213-03 1.213-02 2.513-03 1.OE-02 3.OE-02 
C0-59 1.7E42 49E-03 1.51302 3.4202 6.61302 IA4E02 5A4E02 17E-01 

Ni-59 O.OB+O O.O13+00 0.O134W O.OE+OO O.OE+OO O.OE+OO O.O13+OO O.OE+O 
Co-60 2.1E-O1 7.I13-02 I.8E-O1 4.OE-O1 8.113-01 1.711-O1 6.911-01 2.OE400 
Ni-63 O.OE+O O.OE13+00 O.OE+OO O.OE3+-0 O.OE+OO O.OE+OO0 O.OEI-f-O O.OE+OO 
Zn-65 2.813-02 9.2E-03 2.5E-02 5.4E-02 L.IE-O1 2.3E-02 8.613-02 2.713-01 

Se-75 O.OE-I-O O.OE+OO O.OE30-'O O.O13+00 O.OE+0 'O.O6E+OO O.OE-+OO O.OE+OO 
Sr-85 4.OE-03 1.2E-03 3.513-03 3.5E-03 1.6E-02 3.OE-03 1.313-02 4.I11-02 
Sr-89 7.713-06 2.113-06 6.7E-06 1.6E-05 U.E-05 5.4E-06 2.S13-05 8.OE-05 
Sr-90 7.4E-06 2.213-06 6.5E-06 1.611-O5 2.913-05 6.213-06 2.413-05 7.2E-05 

Mo-93 1 .611-05 5.3E-06 IA4E-05 3.213-O5 6.413-05 1.E-05 5.113-05 1.613-04 
Nb-93m 2.6E-06 9.2E-07 2.313-06 4.9E-06 I.O13-05 2.1E-06 8.IE-06 2.6E-05 
Nb-94 1.513-01 5.211-02 1.311-01 3.E-O1 6.1E-O1 1.1E-O1 5.211-01 IAE4E+O 
Nb-95 4.313-03 1.21303 3.611-03 9.513-03 IJE-O2_ 3.2E-03 1.311-02 4213-02 

TC-99 2.9E-06 8.9E-07 2.513-06 6.011-06 LiE-OS 2.3E-06 9.113-06 2 7E-OS 
Ru-103 3.OE-03 S.IE-04 2.5E-03 6.0E-03 1.2E-02 2.3E-03 9.I13-03 3.OE-02 
Rui-106 1.1E-02 3.6E-03 9.513-03 2.3E-02 4A4E-02 9.313-03 3.5E-02 1.O13-01 
Ag-lO8m 1.6E-01 5.511-02 IA4E-01 3.2E-01 6.313-01 14E-O1 5.113-01 1.5134,0 

A&-110 ln L.SE-O1 4.8E-02 1311-01 2.0,0Ol 5.811-1. 1.213-01 4.611-01 1.4E+OO 
Sb..124 2313-02 7.113-03 2.OE-02 4.9E-02 9.3E-02 1.9E-02 7311-02 2.3E-01 
1-125 O.OE+OO O.OE+OO O.OE+OO O.O13+00 O.OE4OO O.OE+OO O.OE+OO O.OE3+00 
Sb-125 3.5E-02 1.1-02 3.OE-02 7.O11-02 1.4E-OI 2.8E-02 l.i1-01 3.411-01 

.1-13 1 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE+OO 
Ba-133 I.6E-02 5.513-03 IA4E-02 3.2E-02 6.4E-02 1.413-02 5.113-02 1.511-O1 
Cs-134 .011+00 O.O11+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO .O13+00 0.011+00 
Cs-137 .013+00 O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.O1300 O.O13+00
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Appendix H Aluminum Dose Factors 

Table 11L13 Dose factorse for AL-MIETLJ-LGMASS-N 
Mass dose fhctors (KtSvly per Bq/g) Surficial dose factors (pSv/y per Bg/cm2) 

Radfionuclide Mean 5h0* 9 5Ih Mean P 0b 95h1 

Ce-14 S.013-04 I.-7E-04 4A4E-04 I.IE-03 2.OE-03 4.513-04 1.5E-03 4.SE-03 

Pm-147 3.5E-09 LI.E-O8 3.E-08 7.OE-O8 IA4E-07 2.7E-08 1.2E-07 3A4E-07 

Eu-152 2.5E-02 8.2E-03 2.2E-02 5.2E-02 I.OE-O1 2.O13-02 g.2E-02 2.6E-01 

Eu-154 2.7E-02 9.IE-03 2.4E-02 5.5E-02 LI.E-O1 2.3E-02 9.313-02 2.7E-01 

Re-186 1.5E-09 2.8E41 1 1.713-09 7.3E-08 5.613-09 SAE-1I I 6.3E-09 3.013-07 

Ir-192 1.4E-02 4.7E-03 1.3E-02 2.9E-02 5.7E-02 1.3E-02 4.SE-02 1.4E-O1 

Pb-210 2.9E-05 1.OE-O5 2.613-05 6.011-05 1.2E-04 2.5E-05 9.6E-05 2.8E-04 

Po-210 2.6E-07 9.6E-08 2.3E-07 5.4E-07 1.OE-06 1.9E-O7 B.OE-07 2AE-06 

Rn-222 7.OE-08 6.7E-1 1 4.1&-09 4.]E-07 2.8E-07 2.OE-lO 1.5E-08 1.3E-06 
Ra-223 9.1E-05 I.OE-05 5.1E-05 2.913-04 3.513-04 3.IE-05 1.9E-04 1.213-03 

Ra-224 2A4E-06 2.913-09 2.OE-07 1.1E-OS 9.9E-06 9.811-09 7.6E-07 4.2E-05 

Ac-225 4.3E-05 4.OE-06 2.4E-05 M.E-04 1.6E-04 IAE-05 8.2E-05 5.OE-04 

Ra-226 1.5E-01 5.2E-02 1.411-01 3.011-01 6.OE-OI 1.3E-01 4.SE-O1 1.5E+00 

Ac-227 M.E-02 I.OE-02 2.9E-02 6.IE-02 1.2E-01 2.8E-02 1.OE-O1 3.OE-Ol 
1h-227 1.2E-04 2.8E-05 9.4E-05 2.9E-04 4.7E-04 S.OE-05 3.213-04 1.3E-03 

Th-228 9.2E-02 3.AE-02 8.2E-02 1.9E-O1 3.IE-01 7.7E-02 2.9E-01 9.1E-O1 

Th-229 2.1E-02 7.611-03 1.9E-02 4.4E-02 8.6E-02 1.813-02 6.9E-02 2.IE-O1 

nh-230 5.1E-05 1.7E-05 4.5E-05 1.OE-04 2.OE-04 4.813-05 1.6E-04 5.OE-04 

Pa-231 2.5E-03 7.7E-04 2.3E-03 4.9E-03 .9.9E-03 2.OE-03 7.6E-03 2AE-02 
Th-231 8.7E-15 4.813-26 4.7E-20 4.7E-14 3.E-14 1.3E-25 1.SE-19 1.2E-13 

T- M 

Pa-233 6.2E-04 1.5E,04 4.9E-04 1.5E-03: 2A4E-03 4.6E-04 1.9E-03 6.2E-03 
U-233 12E-06 4.7E-07 1.1E.06 2.6E-06 4.9E-06 1.OE-06 4.OE-06 1.IE-0S 

Th-234 2.5E-05 5.8E-06 1.9E-05 6.4E-05 9.9E-05 1.&E-05 6.9E-05 2.8E-04 

U-234 2.2E.06 7.5E-07 1.9E-06 4.4E-06 9.7E-06 1.8E-06 7.1E-06 2.OE-05 

Np-237 1.9E.02 6,2E,03 1.7E-02 3.SE02 7.4E-02 1.6E-02 6.313-02 1.7E-01 

Pu-238 2.SEM0 7.81-07 2.3E-06 4.9E-06 1.OE-05 2.OE-06 9.2E-06 2A4E-05 

U-239 9.1E-04 3.OE-04 8.1E-04 1.SE-03 3.6E-03 S.IE.04 2.SE-03 8.6E-03 
Pu-239 9.7E-07 3.2E-07 8.6E-07 2.OE-06 3.8E-06 9.3E-07 3.E-06 I.OE-5 

Pu-241 5.2E-07 1.7E-07 43SE-07 1.IE-06 2.lE-06 4.5E-07 1.7E-06 4.SE-06 

Am-241 2.4E-04 S.IE-05 2.JE-04 4.8E-04 9.5E-04 2.1E-04 7.8E.04 2.4E.03 

Cm-242 1.6E-06 5.513-07 1.5E-06 3.5"'6 6.5E-06 ISE-06 5AE-06 1.SE-O5 

Pu-242 2.IE-06 7.IE-07 I.8E.06 4.4E-06 9.7E-06 _1.613-06 7.OE-06 2.2"-5 

L To convert these values to conventional units (mrem/y per pCi/g or mren/y per pCi/cmn), multiply by 3.70 B-03
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Table HL14 Dose factors' for AL-METL-SMNMAS-N 
Mass dose factors (piSv/y per Bq/g) Surficial dose factors (;LSv/y per Bq/cm2 

Radionuclide Mean th 50* 95t" mean 5th so* 95.h 
T- 0.OE+00O .OE+00O0.OE+O0 0.OE+OO 0.OE+O0 0.OE+O0 0.OE+OO 0.O13+00 
C-14 1.I13-07 2.713-08 8.913-08 2.711-07 4.511-07 6.6E-09 3.113-07 1.2E-06 
Na-22 0.013+00 0.02+00 0.02+00 0.02+00 0.OE+00 0.OE+00 '0.OE+O0O .OE+O0 
-P-32 V0.013+00, 0.02+00 0.OE+00 0.011+00 O.OE+00 0.02+00 0.02+00 0.02+00 

CI-36 0.02+00 0.02+00 0.013+00 0.04+00 0.02+00 0.OE+00 0.OE+00 O.oE+00 
K-40 0.OE+00 0.02+00 0.0E+-00 0.02400 0.02+00 0.02-1-0 0.02+00 0.02+00 
Ca-41 0.013+00 0.02+00O 0.02+00 0.O13+00 0.013+00 0.OE+00O 0.OE+00 0.OE+-00 
Ca-45 0.011+00 0.013400 0.02+00 0.02+0 O-.13+00 O.OE+00 0.02+00 0.OE+0O 

Mn-54 0.013+00 0.013+00 0.02+00 0.02+00 O.OE+00O 0.O13400 O.OE+FO0 0.013+00 
Fe-55 0.02+00 0..0+00 0.02+00 0.E+00 0.OE+0O 0.011400 0.02+400 0.0E+00 
Co-57 7.42-04 1.713-04 6.3E-04 l.813-03 2.9E-03 4.02-04 2.2E-03 8.013-03 
CO-58 3.6E-03 6.411-04 2.811-03 9.113-03 1.513-02 1.82-03 1.013-02 4.013-02 

~E
Ni-59 0.02+00 0.0E+ O0.02+00 0.20 .OE+00 0.0 13+00 O.OE+O 00200 
Co-60 5.6E-02 1.311-02 4.613-02 I.4E-01 2.3E-01 3.213-02 1.7E-01 5.913-01 
Ni-630.E0 0.013 +00 0.E .02+00 0.20 .OE +0O0 0.OE+-00 O.OE+ .1+00 0.OE+00 
Zn-65 7.213-03 1.613-03 5.8E-03 1.713-02 2.913-02 4.011-03 2.113-02 7.813-02 

Se-75 0.01102 OO+00 0.0 13+00 0.0 13+00 O.OE+-00 0000 OOE+00 0.02+00O 0.02+00 
Sr-U5 9.313-04 1.613-04 6.12-04 2.211-03 3.4E-03 4.7E-04 2.213-03 1.02-02 
Sr-89 1.5E-06 2.613-07 1.12-06 4.013-06 5.9E-06 6.913-07 4.12-06 1.8E-O5 
Sr-90 2.02-06 4.213-07 1.513-06 5.02-06 7.8-06 9.5B-07 5.7E-06 2.113-05 

Mo-93 4.111-06 8.42-07 3AE-06 9.911-06 1.613-05 2.2E-06 1.211-05 4 9E-05 
Nb-93mn 6.6E-07 U.E-07 5AE-07 1.72-06 2.7E-06 3.4E-07 1.923-06 7.213-06 
Nb-94 4.223-02 3.513-03 3.421-02 1.02-01 1.72-01 2.323-02 1.313-01 5.211-01 
Nb-95 7.3E-04 1.3E-04 5.4E-04 2.12-03 2.913-03 3.12-04 1.923-03 8.011-03 

TC-99 7.613-07 1.6E-07 6.023-07 1.92-06 3.112-06 4.413-07 2.2E-06 9.12-06 
Ru-103 5.313-04 9.011-05 3.913-04 1.4203 2.2E-03 2.623-04 1.42-03 7122-03 
Ru-106 2.911-03 6.42-04 2.3E-03 7.U-3 1.22-02 1.613-03 8.42-03 3.3E-02 
Ag-I08m. 4.42-02 9.323-03 3.42-02 1.223-01 1.82-01 2.513-02 1.32-1 5.123-01 

Ag-I 10m. 3.72-02 7.213-03 3.02-02 9.02-02 1.525-01 2.013-02 1.12-01 4.1-01 
Sb-124 4.8E-03 9.913-04 3.723-03 1.22-2 1.92-02 2.5E-03 1.323-02 5.713-02 
1-125 0.013+00 0.02+00 0.013+00 0.013+00 0.02+00 0.013+00 0.OE+00 0.013+00 
Sb-125 9.323-03 1.92-03 7.223-03 2.42-02 3.72-02 4.9E-03 2.623-02 1.123-01 

1-13 1 0.02+00 0.OE+00 0.013+00 0.02+00 0.02400 0.OE+00 0.02+00 0.02+00 
Ba-133 4.223-03. 8.3E-04 3.513-03 1.12-02 1.72-02 2.4E-03 1.22-02 5.023-02 
Cs-134 0.0E+00O0.OE+00 0.013+00 0.OE+00 0.013+00 0.OE+00 0.02+00 0.02+00 
Cs-137 0.013+00 0.02+00 0.O13+00 0.013+00 0.013+00 0.02+00 0.OE+00 0.02+00
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Table H.14 Dose factors' for AL-METL-SMMASS-N 
Mass dose factors (tSvl/y per Bq/g) Surficial dose factors (iiSv/y per Bqlcm2) 

Radionuclide Mean 5P 50 951h Mean 5P 50& 956 
K~441 ~j\_~U)2E-O6 :. 5.4E4(6 2F9S-0, 3I -03_5 13EQ I ~ E0 -,I 8 05 

Ce-Ia4 1.3-04 2.9 -05 1OE-04 3.013-04 5.18-04, 6.78-05 3.7E-04 1.5F,03 
Pm-147 9.413-09 2.03-09 6.5E-09 2.IE-08 3.4E-08 4.513-09 2.SE-08 9.813-08 
Eu-152 7.01-03 1.3E-03 5.2E-03 1.81-02 2.8E-02 3.8E-03 2.0E-02 8.5E-02 
Eu-154 7.5E-03 1.5E-03 5.91-03 1.81-02 3.01-02 3.SE-03 2.2E-02 8.3E-02 

Re-186 2.3E-10 6.08-15 2.71-12 1.21-09 9.2E-10 2.0E-14 8.5E-12 4.71-09 
Ir-192 3.1E-03 6.4E-04 2.4E-03 7.9E-03 1.21-02 1.61-03 9.01-03 3.3E-02 
Pb-210 7.6E-06 1.5E-06 5.9E-06 2.0E-05 3.0E-05 4.31-06 2.21-05 8.8E-05 
Po-210 6.41-08 1.31-08 4.61-08 1.6E-07 2.61-07 3.SE-08 1.7E-07 7.71-07 

Rn-222 1.3E-09 1.913-14 8.3E-12 6.SE-09 4.68-09 5.9E-14 3.3E-11 2.4E-08 
Ra-223 7.2E-06 2.3E-07 2.7E-06 3.01-05 2.9E-05 6.9E-07 9.21-06 1.IE-04 
Ra-224 3.9E-08 6.4E-13 3.8E-10 2.2E-07 1.5E-07 2.1E-12 1.2E-09 8.8E-07 
Ac-225 3.1E-06 6.51-08 9.9E-07 1.31-05 1.3E-05 2.11-07 3.5E-06 6.01-05 

Ra-226 4.2E-02 9.2E-03 3.41-02 1.18-01 1.71-01 2.2E-02 1.2E-01 4.78-01 
Ac-227 8.3E-03 1.7E-03 6.9E-03 1.9E-02 3.31-02 4.78-03 2.5E-02 9.0E-02 
Th-227 1.4E-05 1.3E-06 8.5&-06 4.5E-05 5.51-05 4.01-06 3.0E-05 1.91-04 
Th-228 2.6E-02 5.18-03 2.0E-02 6.4E-02 1.0E-01 1.48-02 7.6E-02 3.1"-01 

Th-229 6.01-03 1.3E-03 4.5E-03 1.5E-02 2.4E-02 3.3E-03 1.61-02 6.81-02 
Th-230 1.4E-05 2.9E-06 1.18-05 3.2E-05 5.6E-05 7.31-06 3.9E-05 1.6E-04 
Pa-231 6.813-04 1.5E-04 5.3E-04 1.7E-03 2.71-03 4.08-04 1.9E-03 7.5E-03 
Th-231 3.7E-19 2.21-37 7.91-28 6.6E-19 1.41-18 7.8E-37 1.4E-27 3.08-18 

Pa-233 8.9E-05 1.28-05 5.71-05 2.583-04 3.518-04 3.6E-05 221-04 1,18-03 
U-233 3.3E807 6.18-08 2.6E807 8.3E-07 1.3E-06 1.8-E07 9AE-07 3.9E-06 
Th-234 3.58-06 4.1-E07 2.2E-06 I,1E-0 14AE-05 1.21-06 8.03-06 5.01-05 
U-234 5.SE-07 1.31-07 4.48-07 .38-06 2.2E-06 3.08-07 1.68A-6 5.9E-06 

Np-237 4.7E-03 1.08-03 3.7E-03 1.11-02 1.98-02 2.38-03 1.41-02 5.3E-02 
Pu-238 6.4E-07 1.48-07 5.11-07 1.6E-06 2.68-06 3.68-07 2.0E-06 6.88-06 
U-238 2.4E-04 5.7E-05 1.9E-04 6.0E-04 9.8E-04 1.31-04 6.98-04 2.9E-03 
Pu-239 2.5E-07 5.3E-08 2.08-07 6AE-07 1.01-06 1.58-07 7.58-07 2.9E-06 

Pu-241 1.41-07 3.08-08 1.113-07 3AE-07 5.5E-07 S.4E-08 3.9E-07 1.5E-06 
Am-241 6.51-05 1.4E-05 5.1E-05 1.6E-04 2.68-04 3.48-05 1.91-04 7-5E-04 
Cm-242 3.7E-07 8.0E-08 3.08-07 9.313-07 1.58-06 221E-07 1.IE-06 4.18-06 
Pu-242 5.3E-07 1.8-07 42.E-07 1.38-06 2.18-06 328-07 1.5E-06 6.1E-06 

a. To convert these values to conventional units (rremr per pci or my pe pcm), mulpb 3.70 -03
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-1. Table HIS Dose factors' for AL-METL-SMOBiCr-N 

Mass dose factors (ASv/y Per Bq/9) Surficial dose factors (tiSy/y per Bqkm) 
Radionuclide Mean P 500 95d' Mean 51h 50* 95 d.  

H-3 OOE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O-OE+00 O.OE+00 O.OE+00 
C-14 4.6E-06 7.IE-07 3AE-06 I-2E-05 LSE-05 LSE-06 1.2E-05 5.7B-O5 
Na-22 O.OE+00 O.OE+OO O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
P-32 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sý35 0.0 ý +00. Q.Q +00 _0:I-OQ 0.0 +0'0' + 
61-3-6, 'O.O'E'-+"6O- '0".OE+00- O.OE -+00 0. 0 1+-0' 0- O.OE+0,0,4, O.O'E+00 O.OE+00 O.OE+ , 00 
K40 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ca-41 O.OE+00 O.OE+00 O.OE+00 O-OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ca-45 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Crm5l ý'5- sýVot -71Uý 1.9 23E A.9fO*ý 
Mn-54 O.OE-FOO O.OE+W O.OE+00 O-OE+W O.OE4-00 O.OE-fOO O.OE+00 O.OE+W 
Fe-55 O.OE+W O.OE4W O.OE-FOO O.OE+W O.OE4-00 O.OE+W O.OE+W O.OE4,00 
Co-57 4.SE-02 7.1&03 3.5E-02 1.3E-01 ISE-01 2.OE-02 UE-01 6.OE-01 
Co-58 LIE-01 1.5E-02 7JE-02 3.IE-01 4AE-01 4.7E-02 2.0-01 1.3E4-00 

-4ý.OELOZ. -71,7&6f 7, 

Ni-59 O.OE-R* O.OE+W O.OE+00 O.OE-i-00 O.OE+W O.OE4-00 0.04a O.OE-M 
Co-60 IJE+00 2AE-01 1.3E+00 4.7E4-00 6.7E-FOO 7.2E-01 4.5E+W 2.OE-FOI 
Ni-63 O.OE+W O.OE-FOO O.OE+00 O.OE-FOO O.OE-FOO O.OE+00 O.OE+00 O.OE+00 

Zn-65 2.2E-01 3.3E-02 1.6E-01 5.SE-01 SAE-01 LOE-01 5.7E-01 2AE4.00 
9, - 9,6P, :43E,09 

'2JE46- 2,7r:ýI' 
Se-75 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sr-85 2.7E-02 ISE-03 2.OE-02 7.6E-02 LIE-01 LIE-02 7.2E-02 3.6E-01 
Sr-89 6.OE-05 7JE-06 UE-05 13E-04 2.3E-04 2AE-05 1.5E-04 7.2E-04 
Sr-90 S.OE-05 1.2E-05 5.8E-05 2.2E-04 UE-04 3.7E-05 2.3E-04 9.OE-04 

5.1 ý-r-,2-. 2, A 1 4,, 
Moý 5.5E..04 8 AE-05 UE-04 1.6E-03 2.2E-03 2AE-04 IAE-03 6AE-03 
Nb-93m 8JE-05 1.5E-05 6.5E-05 2AE-04 3AE-04 3.7E-05 2.3E-04 LIE-03 
Nb-94 1.3E+W LSE-01 LOE-FOO 3.5E+W 5.2E4-00 5.3E-01 3.5E-H* 1.5E+01 
Nb-95 2.3E-O2 2.9E-03 LSE-02 6.9E-02 9.OE,02 SSE-03 5.3E-02 2SE-01 

ýi5.3 n I M 
'1.0-b -ýJ,701 1.6& 7E-A.  

TC-99 3.IE-05 4.6&ý 2.3E-05' 9.7E-05 1.2E-04 6E-'-'405 4.,3E,-05ý UE-04 
Ru-103 LSE-02 2.5B-03 IIE-02 5.2E-02 TOE-02 6.3E-03 4.2E-02 2.3E-01 
Ru-106 9AE-M UE-02 7.2E-02 2.6E-01 ISE-01 ISE-02 2.5E-01 1.2E+00 
Ag-108m 1.4E+00 2.IE-01 9.SE-01 3.6E+00 5.6E+00 5.7E-01 3.5E+00 1.7E+01 

APYi " 
Aj-'i 1'0ýa ýIJE+00 1.7E-01 B.SE-01 4AE+00 4.6E-01 3.OE+00 1.3E+01 
Sb-124 1AE-01 2.OE-02 LOE-01 3.7E-01 5.6E-01 5.5E-02 3.6E-01 IJE+00 
1-125 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Sb-125 UE-01 5.2.E-02 2.3E-01 TSE-01 1.2E+00 IAE-01 7SE-01 3AE+00 

1-131 O.OE+OD O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 
Ba-133 1.6E-01 2AE-02 1.2E-01 UE-01 6.2E-01 6.7E-02 4.OE-01 1.7E+00 
Cs-134 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+O 0 
Cs-137 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00 O.OE+00
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Appendix H Aluminum Dose Factors 

Table ILIS Dose factorsa for AL-METL-SMOBJCTr-N 
Mass dose fatctors, (ItSv/y We Bq/g) Surficial dose factors (piSvkyper Bq/cm2) 

Radionuclide Mean 5h 50"' 951h Mean 5 dt Sol, 9 5 th 

Ce-144 4.E-03 V.E-04 '~3.3E-03 1.3E-02 l.9E-02 1.7E-03 1.2E-02 6.OE-02 
Pm-147 5.SE-07 8.6E-08 4.2E-07 I.4E-06 2.2E-06 2.3E-07 1.5E.-06 6.3E-06 

Eu-152 2.2E-01 3.2E-02 1.6E-01 6A4E-01 8.6E-O1 S.8E-02 5.5E-01 2.5E+00 
Eu-154 2.3E-01I 3.E-02 1.6"1O 7.3E-01 :9.E-Ol 9.IE-02 6.IE-O1 2.9E+f00 

Re-186 I.2E-09 3.7E-13 1.SE-1O 6.2E-09 4.9E-08 l.E-12 6.9E-l0 2.SE-07 

Ir-192 1.IE-Ol 1.6E-02 7.7E-02 2.9E-O1 4.E-O1 4.3E-02 2.&E-01 I.4E+OO 

Pb-210 8.7E-04 l.E-04 6A4E-04 2AE-03 3AE-03 3.6E-04 2.2E-03 1.IE-02 

Po-210 1.9E-06 2.SE-07 1.3E-06 5.OE-06 7.3E-06 9.5E-07 4.9E-06 2A4E-05 

Rn-222 2.4E-OS 5.5E-13 4.OE-1O 1.5E-07 1.OE-07 1.5E-12 U.E-09 5.2E-07 
Ra-223 2.5E-04 7.OE-06 9.6E-05 1.OE-03 L.OE-03 2.4E-05 3.4E-04 4.4E-03 

Ra-224 9.0E-07 2.IE-1 1 1.2E-09 5.OE-06 4.OE-06 6.5E-l1 4.OE-O8 2.OE-05 

Ac-225 I.OE-04 2A4E-06 3.2E-05 4.2E-04 4.3E-04 7.OE-06 1.1E-04 I.8E-03 

Ra-226 1.3E+00 l.9E-l 1.O13+00 3.SE+00 5.2E-#00 5.OE-Ol 3.4E+00 l.7E+Ol 

Ac-227 3.4E-0I 4.9E-02 2.3E-01 9.OEO1I 1.3E+00 1.E-0I S.6E-OI 4.OE+OO 

7b-227 5.6E-04 4.5E-05 3.OE-04 I.SE-03 2.2E-03 l.4E-04 LI.E-03 S.6E-03 
Th-228 7.9E-O1 LIE-Ol 5.5E-01 2.lE+OO 3.1E+O0 3.4E-O1 2.IE+OO 8.8E+00 

Th-229 2.3E-01 3.IE-02 1.6E-01 6.3E-01 9.IE-Ol I.OE-O1 6.IE-O1 2.7E+00 
Th-230 5.3E-04 9.5&-05 4.OE-04 1.5E-03 2.IE-03 2.3E-04 1.4E-03 6AE-03 

Pa-231 2.5E-02 4.2E-03 1.SE-02 6.9E-02 L.OE-O1 L.IE-02 6.6E-02 2.9E-O1 
lb212.E-17 IAE-35 4.E-26 ISE-17 9.8E-17 6.4E-35 1.6E-25 2.JE-16

Pa-233 3.3E-03 4.1E0 2.1E-03 1.IE-02 U.E-02 1.2E.03 7.7E-03 4.5E-02 

U-233 4.4E-05 5.9E-06 3.2E-05 1.2E-04 1.7E-04 1.7E-05 1.IE-04 5.3E-04 

7b-234 IAE-04 IA4E-05 S.SE-05 4.4E-04 S.4E-04 4.5E-05 3.OE-04 I.9E-03 
U-234 7.OE-05 IIE-05 5.3E-05 -1.9E-04- 2.SE-04 3.1E-OS 1.9E-04 S.SE.04 

1.93 IE-OI 3.E0 1AE-O1 5.1E-O1 7.7E-01 9.2E-02 4.8E-01 2.2E+00 
'Pu-239 S.6E-O5 1.IE-05 6.2E-05 2.3E-04 3.4E-04 3.5E-05 2.3E-04 12"-3 

U-238 I.OE-02 1.6E-03 7.E-03 2.5E-02 4.OE-02' 4.1E-03 2.7E-02 1.2E-01 
Pu-239 3.2E-05 4.5E-06 2.5E-05 S.IE-05 1.3E-04 1.3E,05 9.8E-05 3.7E-04 

Pu-241 IA4E-05 2.3E-06 I.OE-05 3.SE-05 5.5E-05 U.E-06 3.6E-05 1.5E-04 

Am-241 6.7E-03 1.1E-03 5.OE-03 1.gE-02 2.6E-02 2.9E-03 1.9E-02 7.9E-02 
Cm-242 4.7E-05 7A4E-06 3M.5-05 U.E-04 I.9E-04 2.1E-05 IIE-04 5.5E-04 

-Pu-242- 6.7E-05 1.OE-05 5.OE-O5 I.8E-04 2.7E-04 3.OE--05 1.7E-04 7.SE-04 
V.,1 

a. To convert these values to conventional units (mrem/y per p i/g or mrem/y per pCi/cm2), multiply by 3.70 E-03 
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Table HL16 Dose factors' for AL-METL-ENGINE-N 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (;tSv/y per B "cm) 

Radionuclide Mean 5t' 5 0 1h 95* Mean 5"' 50"' 95"' 
H-3 0.O13+00 O.OE+0O O.O13+00 O.013+00 0.OE+00 0.013+00 O-.13+00 O.OE+OO 
C-14 3.713-08 L.OE-08 3.2E-08 7.SE-O8 1.5E-07 2.8E-OS 1.213-07 3.7E-07 
Na-22 O.OE+00 O.OE+O0 .O13+00 6.013+00 0.O13+00O .OE+00 0.O13+00 0.O11+00 
P-32 0.030 .OE+00 O.OE+OO O.O13+00 .. 13+00 O.OE+0O 0 .OE+O0 0.+O O.OEOO0 

CI-36O.0i;60 0.01'+0 003+0" O.OE+00 0.O'E+0O 0O.OE+O 0 0. 013+00 O.E 0 .11+O00 

Ca-41 O.OE-I- OO .OE-I00 O.OE+00 O.O13+00 .O13+00 O.O13+00 O.OE+OO 0.O13+00 
Ca-45 O.OE+OO O.OE+O0 O.O13+00 .013+00 0.OE+O0 O.OE+OO O.OE+OO 0.OE+OO 

Mn-54 O.E .O13+00 O.O13+00 O.OE+00 O.O13+00 0.OE+00 O.OE+O0 0.OE+OO 
Fe-55 O.O11+00 O.OE+O0 O.O13+00 O.O13+00 0.O13+00 O.OE+0O 0.O13+00 O.13+O00 
Co-57 2.4E-04 8.313-05 2.I13-04 4.813-04 9.713-04 2.OE-04 7.713-04 2.413-03 
Co-58 1.113-03 3.5E-04 9.7E-04 2.3E-03 4.5E-03 9.OE-04 3.711-03 I.113-02 

Ni-59 OEO O.OE+ O0 O.OE3O00O..E11-0 0 0.O13 +00 O.OE+ OO0.130 O.OE+OO 0.O11+00 
Co-60 I.8E-02 5.913-03 1.7E-02 3.7E-02 7.3E-02 I.4E-02 6.OE-02 l.813-01 
Ni-63 O.OE13-00 O.OE+O0 O.OE+O0 O.OE+OO 0.OE+O0 O.OE+OO O.OE400 O.O13+00 
Zn-65 2.313-03 8.413-04 2.lE-03 4.713-03 9.IE-03 1.911-03 7.613-03 2.lE-02 

Se-75 O.OE+0O O.OE+00 O.OE+0O O.OE+OO 0.O13+00 0.13+00 O.OE1+00 0.O11+00 
Sr-45 2.611-04 7.511-05 2.311-04 5313-04 1.IE-03 1.SE-04 8.3E-04 2.8E-03 
Sr-99 4.813-07 1.E-07 3.9E-07 I.113-06 1.9E-06 2.SE-07 1.5E-06 4.6E-06 
Sr-90 6.313-07 2.013-07 5A4E-07 1.313-06 2.513-06 5.113-07 2.013-06 U.E-06 

Mo-93 1313-06 4.213-07 1.213-06 2.7E-06 5.313-06 1.1E-06 4.313-06 1.313-05 
Nb-93m 2.l13-07 7.013-08 1.9E-07 4A4E-07 9.613-07 1.713-07 6.9E-07 2.211-06 
Nb-94 1.4E-02 4.E-03 1.213-02 2.9E-02 5.S13-02 1.OE-02 4.313-02 1.4E-01 
Nb-95 2A4E-04 5.713-05 2.OE-04 5.813-04 9.613-04 1.513-04 7.313-04 2.513-03 

Tc-99 2.5E-07 7.013-09 2.2E-07 5.l11-07 4.'9E-07 2.013-07' 7.7E-07 2.511-06 
Ru..103 I.7E-04 4.313-05 1.413-04 4.2&-04 6.8E-04 1.OE-04 U.E-04 1.813-03 
Ru-106 9.313-04 3.1E-04 8.2E-04 1.9E-03 3.711-03 7.4E-04 3.013-03 8.7E-03 
Ag-lO8m. I.AE-02 4.513-03 1.E-02 2.811-02 5.711-02 1.I13-02 4.6E-02 1.311-01 

Ag-Ibm6- I.2E-02 3.611-03 1.113-02 2.4E-02 4.711-02 83-3 3.9E-02 'LiE-Ol 
Sb-124 1.511-03 4.4E-04 1.3E-03 3.213-03 6.111-03 1.IE-03 5.011-03 1.511-02 
1-125 O.OE4O0 O.OE+00 O.0134O0 O.OE+0O O.OE+0O 0.013+00O .OE+0O 0.O13+00 
Sb-125 3.013-03 8.613-04 2.713-03 5.911-03 1.2E-02 2A4E-03 9.911-03 3.011-02 

1-13 1 OO- O.OE+ 0O O.OE+O0 OOEIO O.OE+OO ' O.OEM 4 +00 0.OE+OO O.O+0140 
Ba-133 1.411-03 4.313-04 1.1&-03 2.913-03 5.413-03 1.213-03 4.E-03 1.413-02 
Cs.134 O.O11+00 O.O13+00 O.OE+OO O.OE+00 O.OE+OO O.OE+00O 0.011+O0 O.011+-0 
Cs-137 0.O13+00 O.0E400O O.OE+00 O.OE+OO O.OE-I-OO O.OE13+00 0.0134-0 0.O0140
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Table H1.16 Dose factors' for AL-METL-ENGINE-N 
Mass dose factbrs (p~Svly per Bg/g) Surf icial. dose factors (ipSv/y per Bqlcrn2) 

Radionuclide Mean 5tO 01 950, Mean 5 0, 9 Pt 
W 42.-SU6 6.7 7 6310 

4.I44 E-05 L3E-05 3.711-05 8.613-05 1.613-04 3213-05 1.313-04 4.E-04 
Pzn-147 2.7E-09 9.5E-10 2.4E-09 5.613-09 .1E-O1-0 2.113-09 8.513-09 2.613-09 
Eu-152 2.213-03 6.913-04 1.9&-03 4.313-03 89SE-03 I.7E-03 7.U-3 2.JE-02 
Eu-154 2.413-03 7.513-04 2.JE-03 5.1E-03 9.511-03 2.013-03 7.5E-03 2.4E-02 

Re-186 7.OE-I1 2.2E-15 1.3E-12 4.E-IO 2.6E-10 8.4E-15 3.913-12 1.5E-09 
Ir-192 9.911-04 3.1E-04 9.613-04 2.213-03 3.9E-03 7.2E-04 3.313-03 9.613-03 
Pb-210 2.5E-06 7.2E-07 2.2E-06 5.OE-06 9.8E-06 I.9E-06 8.213-06 2A4E-05 
Po-210 2.011-08 5.913-09 1.SE-08 4.3E-OS S.1E-08 1.6E-08 6.513-08 2.013-07 

Rn-222 3.l11-10 9.3E-15 4.3E-12 1.613-09 1.2E-09 2.913-14 IA4E-11 6.3E-09 
Ra-223 2.3E-06 I.I13-07 9.813-07 9.013-06 8.9E-06 3.2E-07 3A4E-06 3.E-05 
Ra-224 1.I13-08 2.4E-13 1.3E-10 7.OE-OS 4.2E-08 8.613-13 4.9E-1O 2.SE-07 
Ac-225 1.OE-06 3.013-08 3.7E-07 4.213-06 3.913-06 9.013-08 1.313-06 1.6E-05 

R~a-226 1.411-02 4.5E-03, 1213-02 2.7E-02 5.5E-02 I.O11-02 4.413-02 1.4E-OI 
Ac-227 2.7E-03 9.913-04 2.413-03 5.713-03 1.IE-02 2.1E-03 9.913-03 2.7E-02 
Th-227 4.SE-06 5.913-07 2.9E-06 1.513-05 1.8E-O5 1.6E-06 l.113-05 6.IE-05 
ThL-229 8.313-03 2.SE-03 7.3E-03 1.7E-02 3.3E-02 6.SE-03 2.613-02 9.2E-02 

Th-229 1.913-03 6.7E-04 1.613-03 3.911-03 7.5E-03 1.613-03 6.213-03 2.OE-02 
7b-230 4.5E..06 1.513-06 4.013-06 8.813-06 1.&E-05 3.9E-06 IA4E-05 4.5E-05 
Pa-231 2.213-04 7AE-05 2.OE-04 4.JE-04 .SIE-04 1.613-04 7.3E-04 2.1E-03 
Th-2231 8.O11-20 B.8E-38 1.813-29 3.AE,-19 3.IE-19 3.013-37 5.3E-29 1.2E-19 

NP-233 2.813-05 5.413-06 2.IE-05 7.2E-05 I.I13-04 1.6E-05 8.2E-05 U.E-04 
tJ-233 1.OE-07 3.2E-08 9.2E-08 2.1E-07 4.2E-07 8.lE-08 3.6E-07 9.613-07 
Uh-234 I.IE-06, I.9E-07 8.2E-7 2.913-06 4.3E-06 5.3E-07 3.OE-06 1.2E-05 
U-234 1.SE-07 5.813-08 1.6E-07 3.S&07 7.2E-07 1.513-07 5.913-07 1.SE-06 

Np-23i7' 1.5E-03 5.313-04 1.413-03 3.113-03 6.013-03 1.3E-03 5.013-03 1.413-02 
Pu-238 2.lE-07 6.5E-08 1.&E-07 4.E-07 8.4E-07 1.7E-07 6.711-07 2.1E-06 
U-238 7.911-05 2.5E-OS 7.OE-05 1.613-64 3.2E-04 7AE-05 2.513-04 S.2E.04 
Pu-239 8.O11-08 2.5E-08 7.3E-09 1.613-07 3.213-07 6.513-08 2.813-07 7.7E-07 

Pu-241 4.A1-08 1.5E-08 3.913-08 8.7E-OS 1.713-07 3.713-09 I.4E-07 4.E-7 
Am-241 2.IE-05 6.411-06 I.8E-05 4.l13-05 9.211-05 1.7E-05 6.&E-05 2.OE-04 
Cmn-242 1.2E-07 3.913-08 L.IE-07 2.4E-07 4.711-07 9.013-08 3.913-07 1.IE-06 
Pu-242 1 .7E-07 5A4E-08 I.6E-07 3.613-07 7.OE-07 1.3E-07 5.611-07 1 .7E-06 

a. To convert these values to conventional units (mrenI/pepigormm'pr pi/cm%) multiply by 3.70 E-03
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Table 11L17 Dose factors' for AL-METL-COOKWAR-N 
Mass dose factors (.uSv/y per Bq~g) Surf icial dose factors (#aSv/y per Bqlcm2) 

Radionuclide. Mean 5& 5a 95t' Mean 51h50 95d' 
H-3 1.4E-07 7A4E-09 9.SE-08 4.E-07 5.513-07 2.IE-08 3.313-07 1.913-06 
C-14 2.613-04 5.213-05 2.l13-04 5.811-04 L.OE-03 1.513-04 7.513-04 2.713-03 
Na-22 .O13+00 O.O13+00 .O11+00 O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.O13+00 
P-32 O.O13+00 .O13+00 O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.O13+00 

CI-36 .013+00 O.OE3+00 O.OE+OO O.OE+OO O.E3+00 O.O13+00 O.OE+OO O.O13+00 
K-40 O.OE+OO O.O13+00 .013+00 O.O13+00 O.OE+OO O.O13+00O .OE+OO O.O13+00 
Ca-41 O.OE+OO O.OE+OO O.O11+00 O.OE+OO .OE3+00 0.O13+00 O.OE+OO O.013+00 
Ca-45 O.O13+00 O.11+00 O.OE+OO O.O13+00 O.OE+OO O.O13+00 O.OE-I-O O.O13+00 

Mn-54 O.OE+OO .O11+00 O.OE3+00 .O13+00 O.O13+00 O.OE+OO O.O13+00 O.OE+OO 
Fe-55 7.313-05 1.6E-05 6.313-05 1.611-04 2.911-04 4.413-05 2.213-04 7.9E-04 
Co-57 1.311-04 4.213-05 l.113-04 2.613-04 5.011-04 1.IE-04 3.913-04 1.E-03 
Co-5S 3.813-04 1.IE-04 M.E-04 8.5E-04 1.6E-03 2.713-04 1.113-03 4.2E-03 

7J T48Z43 Lýj~ E~W 
Ni-59 2.913-05 6.211-06 2.411-05 6.713-05 1.2E-04 I.8E-O5 9.OE-O5 3.E-04 
Co-60 6.613-03 1.913-03 5.713-03 1.5E-02 2.7E-02 5.JE-03 2.011-02 7.413-02 
Ni-63 8.211-05 1.8E-05 7.013-05 I.9E-04 3,2E-04 5.313-05 2.513-04 8.E-04 
Zn-65 1.713-03 5.213-04 1.513-03 3.613-03 6.6E-03 IA4E-03 5.I13-03 1.6E.02 

Se-75 O.013+00 O.OE+OO O.OE+OO O.OE3+00 O.OE+OO. O.OE+OO O.OE+OO O.OE1+00 
Sr-85 9.4E-OS 2.513-05 7.5E-05 2.213-04 3.713-04 6.3E-05 2.7E-04 9.511-04 
Sr-89 5.213-05 8.9E-06 4.2E-05 1.313-04 2.013-04 2A4E-05 1IAE-04 5.913-04 
Sr-90 L.OE-02 1.9E-03 S.8E-03 2A4E-02 4.OE-02 5.7E-03 2.813-02 1.213-01 

Mo-93 I.9E-04 4.413-05 1.6E-04 4.4E-04 U.E-04 1.1E-04 5.7E-04 2.211-03 
Nb-93m 7.E-05 1.6E-05 6.OE-05 1.SE-04 2.813-04 4.213-05 2.2E-04 7.613-04 
Nb-94 4.E-03 1.4E-03 4.2E-03 1.O11-02 1.9E-02 4.013-03 IA4E-02 5.OE-02 
Nb-95 8.1E-05 1.7E-05 5.9E-OS 2.213-04 3.213-04 4.713-05 2.313-04 9.011-04 

TC-99 1.SE-04 4.)E-05 1.413-04 4.513-04 7.2E-04 1.2E-04 5.OE-04 1.913-03 
Ru-103 6.5B-05 1.6E-05 5.313-05 I.7E-04 2.6E-04 4.6E-05 I.813-04 7.3E-04 
Ru-106 2AE-03 6.3E-04 2.OE-03 5AE-03 9.5E-03 1.7E-03 7.OE-03 2.613-02 
Ag-1O&m 5.113-03 1.6E-03 4.3E-03 1.2E-02 2.IE-02 3.SE-03 __1.5E-02 5.6E-02 

Ag-i 10mn 4.1i:63 1.E-03 3.513-03 8.7E-03 1.613-02 3.3E-03 1.E-02 4.313-02 
Sb-124 5.9B-04 1.7E-04 4.9E-04 1.313-03 2A4E-03 4.313-04 1.813-03 6.6E-03 
1-125 O.OE+OO O.O13+00 O.E3+00 O.OE+OO O.013+00 O.OE+OO O.OE+OO 'O.OE+OO 
Sb-125 1.213-03 3.E-04 1.OE-03 2.6E-03 4.7E-03 9.811-04 3.6&-03 1.2E-02 

6k67 
1-13 1 O.OE+OO O.O13+00 O.OE+OO O.013+00 O.OE+OO O.OE+OO O.OE+OO O.OE+00 
Ba-133 6.213-04 1.813-04 5.4E-04 1.313-03 2.5M-3 5A4E-04 I.SE-03 6.3E-03 
Cs-134 O.OE+OO O.OE+OO O.OE3+00 O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.O13+00 
Cs-137 O.OE+OO O.OE+OO O.OEOO0 O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.O11+00
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Table 11L17 Dose factorso for AIL-METL-COOK WAR-N 
Masn dose factors (iiSvly per Bg) Surficial dose factors (pSv/y per Bg/cm 2) 

Radionuclide Mean 5"' 501, 95"' Mean 5"' 50A' 95"' 

Ce-la - 4313-04 -. lE-O5 3.613-04 1.OE-03 IL7-03' 2.S11-04 1.313-03 4.613-03 
Pm-147 3.I11-05 6.413-06 2.613-05 7.413-05 1.311-04 1.813-05 9.013-05 3.413-04 
Eu-152 8.613-04 2.7E-04 7.011-04 1.9E-03 3A4E-03 7.113-04 2.513-03 8.4E-03 
Eu-154 1.OE-03 2.9E-04 8.813-04 2.IE-03 4.E-03 7.4E-04 3.I13-03 1.I13-02 

55ss r25 AYE-05O )ý2:.t.4EJ5 IE0 ~~E-404 
Re-186 5.IE-1O 1.613-14 6.413-12 3.4E-09 1.811-09 5.111-14 2.513-11 7.913-09 
Ir-192 3.913-04 1.2E-04 3.3E-04 8.213-04 1.6E-03 3.313-04 1.313-03 3.9E-03 
Pb-210 7.513-01 1.713-01 5.9E-01 I.8E+OO 3.OE-t-O 4.513-01 2.2E+00 B.IE+OO 
Po-210 7.4E-02 1.613-02 6.213-02 1.613-01 2.9E-01 4.311-02 2.213-01 7.813-01 

Rn-22 1.O13-10 1.913-15 9.611-13 5.413-10 4.I13-10 7.OE-l5 3A4E-12 l.9E-09 
Ra-223 LIlE-04 3.611-06 4.2E-05 4.613-04 4.OE-04 1213-05 1.413-04 1.5E-03 
Ra-224 5.3E-09 1.213-12 6.813-10 3. 1E-07 1.813-07 3.7E-12 2.313-09 9.5E-07 
Ac-225 L.OE-05 2.013-07 3.113-06 4.313-05 3.913-05 7.011-07 1.313-05 1.5E-04 

Ra-226 I .9E-01 4.I13-02 1.613-01 4.A1-01 7.6E-01 1.213-01 5.8E-01 2.013-4O0 
Ac-227 1.9E+OO 4.4E-Ol 1.7E400 4.2134-0 7.613400 9.813-01 5.&E+OO 1.9134O0 
7h-227 3.7E-05 3.413-06 2.3E-05 1.2E-04 I.4E-04 I.O13-05 8.6E-O5 4.E-04 
Th-228 9.611-02 2.IE-02 7.OE-02 2.1E-O1 3.413-01 5.613-02 2.613-01 9.I13-01 

Th-229 5.OE-OI L.IE-Ol 4.313-01 l.2E+0 -2-.'OE+O 3.'OE-Ol l.SE+OO 5.5E+00 
Th-230 7.8E-02 1.713-02 6.6E-02 1.&E-O1 3.IE-Ol 4.813-02 2A4E-01 8.213-01 
Pa-231 1.5E+OO 3.OE-Ol 1 l.3E.+00 3.713+00 5.9E+OO 9.I13-01 4.313+00 l.5E4O1 
Th-231 8.3E-19 4.I11-37 1.3E-27 3.3E-18 2.613-18 IAE-36 3.A1-27 1.IE-17 

Pa-233 l.813-05 3.3E-06 IAE-05 4AE-05 7.013-05 9.313-06 5.211-05 2.013-04 
U-233 3.7E-03 7.6E-04 3.213-03 8.413-03 1.513-02 2.213-03 1.213-02 4.E-02 
Th-234 2.7E-05 3.7E-06 1.813-05 7.8E-05 l.OE-04 l.l13-05 6.9E-05 3.2E-04 
U-234 3.711-03 9.O13-04 3.011-03 9.313-03 1.5E-02 2.l13-03 1LIE-02 4.O13-02 

Np-237 6.2E-01 1AE-O1 5.411-01 1.413+00 2.5E+OO 3.E-0l 1.913+00 6.813O00 
Pu-238 7.013-03 L.SE-03 5.SE-03 1.6E-02 2.9E-02 3.913-03 2.013-02 8.113-02 
U-238 3.4&-03 6.613-04 2.8E-03 7.711-03 1.313-02 2.1"-3 l.O13-02 3.513-02 
Pu-239 7.E-03 1.613-03 6.2E-03 l.813-02 2.913-02 4.213-03 2.213-02 7.913-02 

Pu-241 1LIE-04 2.113-05 S.&E-05 2.513-04 4.2E-04 5.7E-05 3.213-04 1.l13-03 
Am-241 5.2E-01 1.IE-OI 4.2E-01 1.3E+00 2.I134O0 3.13-01 1.613400 5.8E+OO 
Cm-242 6.IE-03 1.3E-03 5.OE-03 1.415-02 2.413-02 3.7E-03 l.811-02 6.6E-02 
Pu-242 7.013-03 1.5E-03 5.81-03 1.613-02 2.7E-02 4AE-03 2.113-02 6.9E-02 

RP "ýA0-7 ` W0go7"-, .4 - - j'_ 

a. To convert these values to conventional units (mrmm/y per pCi/g or nireznly per pCi/cm'), multiply by 3.70 E-03
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-I DOSE FACTORS FOR CONCRETE RECYCLE SCENARIOS 

This appendix presents tabulated values from the distribution of radionuclide-specific dose 
factors for all concrete recycle exposure scenarios. Volumetric (mass) dose factors are based on 
volumetrically distributed residual radioactivity in cleared material. Surficial dose factors are 
calculated by multiplying the mass dose factors by a surface-to-mass ratio distribution 
appropriate for cleared concrete. Both sets of dose factors are listed in SI units; the conversion 
factor to convert the dose factors to conventional units is listed in the footnote at the end of each 
table.  

The tabulated values from the frequency distribution of each dose factor consists of the mean 
(arithmetic average) and three percentile values (51, 5 0 41, and 951). A 90% confidence interval 
for any dose factor is the range between the 51h percentile value and the 951 percentile value.  

The shading in the tables in this appendix is only to facilitate reading the values in the tables.
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Concrete Dose Factors Appendix I 

Table LI Dose factors' for CN-SCRP-HANDLIN-W 
Mass dose factors (piWv/ per Bqtg) - Surficial dose factors (piSv/y per Bqknm2 

Radionuclide Mean SO e95* Mean 5Ik 50# 95 
H-3 3.2E-04 8.9E-05 2.911-04 6.413-04 7.4E-06 l.513-06 6.011-06 1.913-03 
C-14 9.311-03 2.IE-03 8.313-03 2.011-02 2.2E-04 3.511-05 1.813-04 5.813-04 
Na-22 LIlE+02 3.713+01 I.11+02 2.1E+02 2.*6E+OG' 6.011-01 2.313+00 S.8E+OO 
P-32 9.713-02 4.E-02 9.313-02 1.6E-01 2.3E-03, 6.111-04, 2.l13-03 4.711-03 

CI-36 4.2E-02 2113-02 4.113-02 6.&E-02 9.913-04 3.OE-04 9.213-04 2.O13-03 
K-40 8.8E+00 2.913+00 8.O13+00 1.711+01 2.013-01 4.7&-02 1.813-01 4.513-01 
Ca-41 6.313-03 1.8E-03 5.813-03 1.313-02 1.5E-04 2.911-05 1.213-04 3.813-04 
Ca-45 1.SE-02 6.413-03 I.7E-02 3.4E-02 4.211-04 9.5E-05 3.613-04 I.O13-03 

Mn-54 4.3E-+OI 1.14E+01 3.9E+01 8.3E+*OI i.O134O0 2.313-01 8.9E-Ol 2.2E+OO 
Fe-55 3.4E-03 1.I13-03 3.213-03 6.513-03 8.O11-05 1.713-05 6.713-05 1.913-04 
Co-57 1.513+00 5.OE-01 1.4E+OO 2.913+00 3.513-02 8.O13-03 3.113-02 7.SE-02 
Co-58 4.813+01 1.6E+FOI 4.413+O1 9.3E+01 I.lE+OO 2.513-01 9.911-01 2.5E+OO 

Nz-59 I.513-03 S.4E-04 1.313-03 2.613-03 3.413-05 8.113-06 2.9E-05 7.713-05 
CO-60 1.413+02, 4.6E+FOI 1.311+02 2.613+02 3.2E+OO 7.4E-O1 2.8134O0 7.213+00 
Ni-63 3.9E-03 I.4E-03 1.13-03 7.IE-03 9.IE-05 2.213-05 7.7E-05 2.I13-04 
Zu-65 1.913+01 6.313+O0 1.7E+01 3.613+01 44E-O1 1.013-01 3.9E-OI 9.9E-01 

2. -11 
Se-75 I l+1 3.813+00 IOE+O1 2.2E+01 2.713-01 6.113-02 2.4E-O1 6.OE-O1 
Sr-45 2.4E+01 8.111+00 2.213+0I 4.713+01 5.7E-01 I.E-OI 5.013-01 1.3E+00 
Sr489 1.2E-01 3.713-02 1.111-01 1-913-01 2.711-03 7.SE-04 2.611-03 5.313-03 
Sr-90 1.413+00 5.513-01 1.3E+00 2.513+00 3.3E-02 9.913-03 2.8E-02 7.113-02 

Mo-93 2.613-02 1.2E-02 2.4E-02 4.813-02 6.IE-04 1.8E-04 5.513-04 1.213-03 
Nb-93m 2.013-02 7.9E-03 I.8E-02 4.213-02 4.7E-04 1.E-04 4.013-04 LI.E-03 
Nb-94 9.3E+01 2.7E+01 7.SE+OI 1.6E+02 1.911+00 4AE-O1 1.7E+00 4.3E+00 
Nb-95 3.6E+01 l.2E+OI 3.213+01 6.913+01 _8.313-Ol 1.913-01 7.3E-01 I1.9E+00 

TC-99 1.E-02 5.6E-03 1.213-02 2.2E-02 3.013-04 S.IE-05 2.613-04 6.413-04 
Ru-103 2.213+01 7.2E+00 2.011+01 4.213+01 5.OE-Ol l.I13-01 4.413-01 I.13+00 
Ru-106. LI.E+OI 3.7E+00 9.6E+00 2.011+01 2.511-01 5.711-02 2.2E-01 5.413-01 
AS-lO8m $.IlE4O1 2.7E+OI 777.4E+01 I.6E+f02 1.913+00 4.311-01 1.7E+OO 4.2E+-00 

Ag-i 10mn 1.413+02 4.711+01 1.3E+02 2.713+02 3.313+00 7.613-01 2.911+00 7.4E+00 
Sb-124 9.313+01 3.JE+O1 8.5E+01 1.8E402 2.213+00 4.913-01 1.9E+00 4.9E+00 
1-125 2.1E-01 8.2E-02 2.O13-01 4.OE-O1 5.013-03 LI.E-03 4.311-03 1.2E-02 
Sb-125 1.9E+01 6.2E+00 1.713+01 3.613+01 4.4E-01 1.O11-01 3.913-O1 9.9E-01 

1-131 1.1E+01 3.&E+00 1.OE+O1 2.213+01 2.613-01 6.OE-02 2.3E-01 6.OE-OI 
Ba-133 1.311+01 4.IE+OO 1.IE+O1 2.411+01 2.9E,01 V.E-02 2.613-01 6.SE-OI 
Cs-134 7.811+01 2.611+01 7.l13+01 l513+02 1.811+00 4.2E-01 1.613+00 4.113+00 
Cs-137 3.IE+01 I.OE+Ol 2.813+01 5.SE+Ol 7.113-01 1.613-01 6.313-01 1.611+00
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Appendix I Concrete Dose Factors 

Table LI Dose factors for CN-SCRP-HANDLlN-W 
Mass dose factors (puSv/y per Bq/g) Sizrficial dose factors (pSv/y per Bq/cmn2) 

Radionuclide Mean 5P 50"' 95"' Mean, 5" 501, 95"' 

Ce-Ia4 2.213+00 9.IE-O1 2.JE+0O 4.OE+00 5.2E-02 1.3E-02 4.6E-02 1.113-01 
Pzn-147 2.SE-02 I. IE-02 2.5E-02 5.713-02 6.513-04 1.7E-04 5.7E-04 1.5E-03 
Eu-152 5.GE+O1 1.813+01 5.1E+O1 1.113+02 1.313+00 3.OE-01 1.I13+00 2.9E+00 
Eu-154 6.5E+01 2.2E+01 5.9E+01 1.2E+02 1.5E+00 3.5&01l 1.3E-f00 3.1+O00 

Re-186 I.2E-01 4.IE-02 1.JE-O1 2313-01 2.1713-03 6.013-04 2.4E-03 6R:6-0 

Ir-192 3.1E+01 1.OE+O1 2.8E+01 6.013+01 7.213-01 1.613-01 6A4E-01 1.613+00 
Pb-210 3.IE+01 1.IEt+Ol 2.9E+01 5.913+01 7A4E-01 1.613-01 6213-01 1.7E+00 
Po -210 1.313+01 4.9E+0'0 1.213+01 2AE+01 3.1E-O1 7A4E-02 2.613-01 6.911-01 

Rn-rn2 4.513+01 1 AE4O1 4.OE+O1 9.213+0I 1.1E.OO 2.IE-O1 9.111-01 2.5E+00 
Ra-223 I.4E+O1 6.913+00 IAE+01 2.313+01 3.3E-01 9.5E-02 3.E-0I 6.513-01 

.Ra-224 2.9E+01 9.7E+00 2.6E+01 5.713+01 6.713-O1 1.5E-01 5.811-01 1.511+00 
Ac-225 I.IE+01 4.913+00 1.OE+O I I.SE+OI 2.5E-OI 7.E-02 2.3E-01 5.113-01 

Ra-226 1.O13+02 4.1E4O1 9.4E+O1 1.913+02 2.413+00 6.2&01 2.IE-IO0 5.1EOO0 
Ac-227 SAEO02 3.OE+02 7.413+02 1.8E+03 2.OE+O1 4.813+00 1.613+01 4.613+01 
Th-227 1.113+01 4.BE+00 1.013+01 2.113+01 2.6E-01 7.211-02 2.3E-01 5.81-01 
Th-228 2.61302 1.1E+02 2.313+02 5.213+02 6.113+00 1.71300 5.4E+00 1.31301 

Th-229 I.OE+03 3.4E+02 9.213+02 2313+03 2.5E+01 5.8E+00 2.OE+0I 6.OEO01 
Th-230 1.6E+02 5.JE+01 1.4E+02 3.413+02 3.7E+00 8.613-01 3.IE+O0 9.1E+00 
Pa-231 5.613+02 2.OE+02 4.9E+02 1.213+03 1-33E+01 3.2E+00 1.IE4O1 3.113+01 
Th-231 6.7E-03 1.IE-03 4.713-03 2.013-02 1.613-04 1.713-05 9.613-05 5.1E-04 

_Y-,- 7AD4__fX`I _ Er--N:k i

Pa-233 6.613+00 2.213+00 6.013+00 1.312+01 1.513-01 3AE-02 1.3E-01 3.513-01 
U-233 8.1E+01 2.513+01 7.lEOI1 1.813+02 1.913+00 4.313-01 1.6E+00 4.7E+00 
Th-234 4.611-01 2.OE-O1 4.2E-01 9.213-01 .LIE-02 2.813-03 -9.713-03 2213-02 
U-234 7.9E+01 2.5E+01 6.913+01 1.7E+02 1.SE+00 4.2E-01 1.5E+00 4.6E+00 

Np-237 3.4E+02 1.2E+02 3.OE+02 7.313+02 8.IE+00 2.OE+00 6.7E+00 1.9E+01 
Pu-238 1.7E+02 5.4E+01 1.5E+02 3.8E+02 4.OE+O0 9.2E-01 3.3E+00 1.O13+01 
U-239 7.1E+01 .2.2E+01 62E+01 1.5E+02 1.713+00 3.9E-01 1.4E+00 4.1E+00 
Pu-239 l.813+02 5.813+01 -1.6E+02 4.OE+02 4.3E+00 9.9E-01 -3.6E+00 IAE+01 

Pu-241 3.OE+00 9.3E-01 2.6E+00 6.5E+00 6.9E0 1.6E-02 5.9E.02 1.7E-01 
Am-241 2.SE+02 9.9E+01 2.5E+02 6.OE+02 6.6E+00 1.6E+00 5.5E+00 1.6E+01 
Cm-242 1.IE+01 3.6E+00 9.3E+00 2.3E+01 2.513-01 5.9M-0 2.113-01 6.OE-Ol 
Pu-242 1.7E+02 5.513+01 1.5E+02 3.8E+02 4.JEOO0 9.3E-01 3AE+O0 1.OE+OI 

a. To convert these values to conventional units (mrem/y per pCi/g or mrex/y per pCi/cnA) multiply by 3.70 M-0
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Table 1.2 Dose factor? for CN-SCRP-TRANSPO-W 
Mass dose factors (piSv/y per Bq/g) Surficial dose factors (IiSv/y per Bqlcm2) 

Radionuclide Mean P501h 956 mesan Y 5O' 95 th 
H-3 O.OE1+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
C-14 4.213-04 2.7E,04 4.E-04 5.811-04 9.8E-06 3.411-06 9.411-06 1.911-05 
Na-22 2.2E+02 1.4E+02 2.213+02 3.013+02 5.2E+00 1.813+00 5.013+00 1.O13+01 
P-32 IA4E-01 8.613-02 1.4E-O1 I.9E-O1 3.2E-03 1.111-03 3.113-03 6.IE-03 

~~L~Z ~ 'A-04~ 6 ~s ~ 6 0-5 
CI-36 3.411-02 2.211-02 3.411-02 4.711-02 8.O11-04 2.SE-04 7.7E-04 1.513-03 

K-40 1.6E+0-1 LI.E4O1 1.613+01 2.2E+01 3.813-01 1.E-Ol 3.713-01 7.3E-01 
Ca-41 0.O11+00 O.OE+OO O.O11+00 O.OE+OO O.OEOO0 0.O13+00 O.O13+00 .013+00 
Ca-45 1.5E-03 9.8E-04 1.513-03 2.I13-03 3.613-05 1.3E-05 3.413-05 6.913-05 

M-4.5E1301 5.6E+01 8.413+01 1.2E+02 2.013+00 7.E-0 1.E+OO 3.913+00 
Fe-55 O.OE+OO 0.13+00 O.O13+00 O.011+00 O.OE+OO O.O13+00 O.O13+00O.OE+OO 
Co-57 3.8E+00 2.513+00 3.8E+00 5.3E+00 9.011-02 3.213-02 8.6E-02 1.711-01 
Co-59 9.6E+01 6.211+01 9.511+01 1.311+02 2.311+00 7.913-O1 2.111+00 4AE+OO 

Ni-59 O.OE+00 O.O11+00 .O13+00 O.O13+00 O.OE-9OO O.OE1+00 O.O13+00 .0k+00 
Co-60 ' 2.513+02 1.711+02 2.511+02 3.511+02 6.OE+OO 2.lE+OO 5.7E+00 1213+01 
Ni-63 O.013+00 O.O13+00 0.O13+00 O.OE+0O O.O13+00 O.OE+OO O.O13+00 O.OE+OO 
Zn-65 6.013i.01 3.9E+01 5.913+01 8.313+01 l.E+OO 5.013-01 1.313+00 2.7E+00 

&W '', 0 1, 1 *: b:%Kf 

Se-7i5 -2.5E+01 1.613+01 2.4E+01 -3.411+01 5.813-01 2.013-01 5.513-01 1.1E+0O 
Sr-8S 4.713+01 3.OE+Ol 4.7E+01 6.613+01 1.IE+O0 3.913-01 1.I13+00 2.213+00 
Sr-89 1.213-01 7.511-02 1.2E-01 1.613-01 2.8E-03 9.713-04 2.611-03 5.3E-03 
Sr-90 1.313-02_ 8.2E-3 1.311-02 1.8E-02 3.OE-04 1.O13-04 2.913-04 5.7E-04 

Mo-93 4.iE0 2.8E-04 4.2E-04 5.9E-04 I.013-05 3.5E-06 9.6E-06 I.9E-05 
Nb-93m 7.213-03 4.7E-03 7.113-05 9.9E-05 I.7E-06 5.911-07 1.6E-06 3.2E-06 
Nb-94 1.613+02 1.I13+02 1.6E+02 2.313402 3.911+00 1.3E+00 3.7E+00 7.AE+00 
Nb-95 7.4E-'01 4.7E+01 7.313+01 1.013+02 1.711+00 6.011-01 1.713+00 3.4E+00 

TC-99 2.ME-3 1.8E-03 2.SE-03 3.931-03 6.6E-05 2.311-05 6.4&-05 1.311-04 
Ru-103 4.713+01 3.013+01 4.713+01 6.613+01 1.1E+O0 3.9E-0I 1.113+00 2.2E+00 
Ru-106 2.113+01 1.3E+01 2.013+01 2.913+01 4.911-01 1.7E-01 4.713-01 9.413-01 
Ag-108m 1.6E+02 1.1E+O2 1.613+02 2.2E+02 3.SE+OO 1.3E+00 3.7E+00 7.313+00 

Ag-i 10ut 2.813402 1.813402 2.8E+02 3.9E+02 6.7E+O 2-3E+00 64E+O 1.3E+140 
Sb-124 l.813+02 1.2E+02 1.E+02 2.513+02 4.3E+OO LSE+O0 4.I13+O0 S.3E+-00 
1-125 6.6&-02 4113-02 6.5E-02 9.113-02 I.6E-03 S.4E-04 1.511-03 3.OE-03 
Sb-125 4.I11+01 2.613-1-01 4.013+01 5.613+01 9.611-01 3.311-01 9.2E-01 1.813400 

1-131 2.SE+01 1.613+01 2.713+01 4.013+01 6.511-01 2.113-01 6.I13-01 l.3B+O0 
Ba-133 2.813+01 l.813+01 2.813+01 3.9E+01 6.613-0 2.313-01 U.E-O1 1.313+00 
Cs-134 1.6E+02 1.013+02 1.613+02 2.213+02 3.SE+0O 1.313+00 3.6E+00 7.213+00 
Cs-137 6.213+01 4.013+01 6.I13+01 8.5E+01 1.5E+00 U.E-0l 1.413+00 2.8E+00
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Table 1.2 Dose factors' for CN-SCRP-TRANSPO-W 
Mass dose factors (ttSv/y per Bq/g) Surficial diose factors (gSm/y per Bg/cm2) 

Radiornuclide Mean 5 O 0t 95d' MewaP 50*1 95* 
'~e41~j;>.2~8+O ~ ;~9'E*OQ. -1E.~x23F' I-62O 13E41l 

Ce-144 3.3E+00 2.I1E+00 3.3E+00 4.6E+00 7.BE-02 2.7E-02 -7A4E-02 1.5E-01 
Pm-147 1.I1E-04 6.SE-OS 1.OE-04 1.5E-04 2.5&-06 8.6E-07 .4-6 4.7E-06 
Eu-152 1.lE+02 7.2E+01 Ll.E+02 1.5E+02 2.611+00 9.113-01 2.513+00 S.OE+OO 
Eu-154 1.213+02 7.9E+01 1.2E+02 1.7E+02 2.9E+00 1.O11+00 2.7E+00 5.5E+00 

Re-186 3.lE-O1 1.4&0O1 2.SE-OI 5.2E-01 7.213-03 2.OE-03 6.4E-03 1.513-02 
lr-192 7.2E+01 4.6E+01 7.111+01 9.9E+O1I 1.7E+00 5-9E-01 1.6E+OO 3.3E+00 
Pb-210 1.6E-02 L.OE-02 1.6E-02 2.213-02 3.SE-04 1.311-04 3.6E-04 7.2E-04 
Po-210 8.311-04 5A4E-04 9.3E-04 1.113-03 2.013-05 6.9E-06 1-913-05 3."E-5 

Rn-22ý2 l.E--0 .OE+O1 9.7E+01 I.SE+02 2.5E+00 6.0E-01 2.2E+00 5.3E+00 
Ra-223 1.913+01 1.2E+01 l.9E+01 2.913+01 4.5E-01 1.5&Ol' 4.3E-01 8.7E-01 
Ra-224 7.6E+01 3.613+01 7.OE+O1 1.3E+02 1.811+00 4.9E-Ol 1.6E+00 3.&E+00 
Ac-225 1.5E+01 9.IE+OO 1.53+01 2.2E+01 3.6E-01 1.2E-01 34E-Ol 6.9E-O1 

Ra-226 1.E0 .E40 1.E0 .4+2 4lED .E400 3.9E+00 7.8E+00 

Ac-227 1.OE4O1 6.7E+00 L.OE+O1 l.4E+Ol 2A4E-01 9.5E-02 2.3E-01 4.7E-Ol 
nh-227 6.IE+OO 3.813I-00 6.OE+OO 9.613+00 IAE-01 4.9E-02 IA4E-01 2.7E-01 
nh-228 1.313+02 8.3E+01 1.3E+02 1.gE+02 3.OE+OO 1.OE+OO 1.9E+00 5.813+00 

nh-229 7.9E+OO 5.I1E+00 7.SE+OO 1.1E+01 1.911-01 6.5E-02 L.SE-Ol 3.5E-01 
Th-230 2.3E-03 1.5E-03 2.313-03 3.2E-03 5.4E-05 1.911-05 5.213-05 L.OE-04 
Pa-231 2.OE+OO 1.3E+00 2.OE+OO 2.8E+00 4.813-02 1.7E-02 4.6E-02 9.2E-02 
Th-23 1 3.913-02 3.5E-03 2.1E-02 1 .3E-01 9.2E-04 5.8E-05 4.E-04 3.511-03 

Pa-233 1AE+0I 8.6E+OO 1.3E+01 1.9E+O1 3.2E-01 1.IE-O1 3.111-01 6.IE-OI 
U-233 2.OEOS U.E-0S 2.OE-05 2.813-05 4.9E-07 1.7E-07 4.6E-07 9.I13-07 
Th-234 7.5E-01 4.7E-01 U.E-O1 L.OE+OO 1.SE-02 6.1E.03 1.7E-02 34E402 
U-234 3.7E-04 2.4E-04 3.7E-04 S.lE-04 9-7E-06 3.013-06 8,.3E-06 1.7E-05 

Np-237 6.2E+00 U.E+OO 6.2i+O S.6E+OO LSE-Ol 5.lE-02 IAE-01 2iSEO1 
Pu-238 1.2E-04 7.6E-05 1.2E-04 1.6E-04 2.SE-06 9.6E-07 2.6E-06 5.3E-06 
U-238 3.3E-01 2.IE-OI 3.2E-01 4.5E-01 737E-03 2.7E-03 7.4E-03 I.S-02 
Pu-239 4.5E-05 2.9E-O5 4.4E-05 6.2E-05 1.1E-06 3.7E,07 1.OE-06 2.OE-06 

Pu-241 5FS.E0 3.SE-05 5.3E-05 7.4E-05 1.3E-06, 4A4E-07 1.2E-06 24E-06 
Am-241 1.5E-01 9.7E-02 1.511-01 2.I11-01 3.511-03 1.2E-03 3.41-03 6.7E-03 
Cm-242 1.7E-04 LI.E-04 1.7E-04 2.4E-04 4.OE-06 IA4E-06 3.9E-06 7.9E-06 
Pu-242 2.OE-04 1.3E-04 2.OE-04 2.8E-04 4.7E-06 1.7E-06 4.SE-06 9.lE-06 

a. To convert these values to conventional units (mrem/y per pCi/g or mret/y per pCi/cm2), multiply by 3.70 E-03
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Table 1. Dose factors for CN-SCRP-DISPOSL.-W 
Mass dose factors (pSv/y per Bq/g) Surricial dose factors (pSv/y per Bq/cm2) 

Radionuclide Mean 5c 0 5h mean 5 O' 50 95'6 
H-3 6.4E-05 2.OE-05 6.2E-05 1.213-04 l.5E-06 3.2E-07 1.3E-06 3.99F66 
C-14 1.9E-03 4.2E-04 1.SE-03 3.6E-03 4.5M-5 7.813-06 3.5E-05 1LIE-04 
Na-22 2.SE+01 1.2E+01 2.7E+01 5.OE+O1 6.7E-01 l.7E-O1 'S.SE-01 1.413+00 
P-32 2.7E-02 I A4E-02 2.7E-02 4.3E-02 6.413-04 1.9E-04 5.7E-04 1.3E-03 

V4~ (- -4 2?O~ 47 Ib~ 4Bo4 ~~ 4 ~~ 
CI-36 I.OE-02 5.SE-03 I.-OE-02 1.5E-02 2.4E-04 7.6E-05 2.2E-04 4.8E-04 
K-40 2.2E+00 9.IE-O1 2.IE+OO 3.8E+00O 5.I1E,02 1.3E-02 4.513-02 I.IE-O1 
Ca-41 1.3E-03 4.IE-04 l1.2E-03 2.3E-03 3.E-05 6.4E-6 2.5B-O5 7.3E-05 
Ca-45 3.7E-03 IA4E-03 3.5E-03 6.4E-03 8.7E-05 2.1E-05 7.5E-05 I.9E-04 

Ci 3.3 E-O U_ 56 t:4E oz 
Mn-54 IE+OM 4.4E+OO I.0E401 1.913401 2.5E-01 6.4E-0 2.2E-01 5.4E-01 
Fe-55 7.OE-04 2.6E-04 6.6E-04 1.2M-3 1.7E-05 3.8E-06 1.4E-05 3.7E-05 
Co-57 I.OE+OO 4.3E-01 9.SE-OI 1.8E4.00 2.4E-02 6.2E-03 2.IE-02 5.2M-2 
Co-58 1.213+01 5.OE+fOO LIlE-1O1 2.IE+OI 2.SE-O1 7.E-02 2.4E-01 6.I-O130 

N~i-59' 3.013-04 1.2E"-04 2.9E-04 5.2E-04 7.IE-06 I.SE-06 6.1E-06 1.613-05 
Co-60 3.3E+01 1.4E-1-0 3.2E-01 5.9E+01 7.9E-01 2.OE-O1 6.9E-01 1.7E+00 
Ni-63 '7.9E-04 3.213-04 7.7E-04 I.4E-03 I.9E-OS 4.8E-06 1.6E-05 4.IE-05 
Zn-65 7.613+00 3.2E+00 7.3E+00 1.3E+01 I.SE-OI 4.6E-02 1.6E-I 3.9&01l 

So-75 4.OE+OO 1.7E+00 3.8E+00 7.IE+OO 9.5E-02 2.4E-02 8.3E-02 2.OE-OI 
Sr-85 5.9E+00 2.513+00 5.6E+00 1.OE+O1 IA4E-01 3.5E-02 1.2E-01 3.013-01 
Sr-89 3.OE-02 1.7E-02 3.OE-02 4.7E-02 7.213-04 2.1E-04 6.5E-04 IA4E-03 
Sr-90 2.9E-01 1.213-01 2.7E-01 4.9E-01 6.8E-03 1.8E-03 5.9E-03 1.5E-02 

i&93' 5.9E,03 3.1'E-03 5.6E-03 9.8E-03 l.E-04 4.1E-05 1.2E-04 2.7E-04 
Nb-93m 4.3E-03 I .9E-03 3.8E-03 7.9E-03 I OE-04 2.5E-05 8.513-05 2.2E-04 
Nb-94 2.OE-4-1 8.4E+00 1.9E+01 3.6E+01O 4.7E-01 1.2E-01 4.213-01I .OE+0O 
Nb-95 9.9E+00 3.SE+OO 8.5E+00 1.6E+01 2.1E-01 5.411-02 1.8E-O1 4.613-01 

TC-99 2.6E-03 1.2E-03 2.5B-03 4.2E-03 6.1B-O5 1.713-05 5.3E-05 1.313-04 
Ru-103 5.3E+00 2.2E+00 5.OE+00 9.3E+00 1YI2EO 3.2E-02 1.IE-Ol 2.7E-01 
Ru-106 8.2E-02 .3.6E-02 7.7E-02 1.513-01 I.9E-03 5.OE-04 1.6E-03 4.IE-03 
Ag-lO8m 2.OE+O1 8.4E+00 1.9E+01 3.5E+01 4.7E-01 1.2E-01 4.IE-O1 1.OE+OO 

A&-i l0m 3.511+01 1.5E+01 3.4E+01 6.Eb .E-O1 2.IE-01 7.3E-01 1.8E+0O 
Sb-124 2.3E+01 9.&E+00O 2.2E+0-1 4.JE+O1 5.5E-01 1.4E-01 4.8E-O1 1.2E+00 
1-125 6.BE-02 3.4E-02 6.8E-02 L.JE-Ol 1.6E-03 4.8E-04 1.4E-03 3.3E-03 
Sb-125 5.OE-I-O 2.lE+0O 4.8E+00 8.9E+00 1.2E-I 3.OE-02 1.OE-O1 2.6E-01 

1-131 3.2E+00 1.4E+00 3.1E+OO 5.7E+00 7.6E-02 2.OE-02 6.5&-02 1.7E-01 
Ba-133 4.1E+OO' 1.7E+00 3.9E+00 7.3E+00 9.7E-02 2.5E-02 8.5E-02 2.IE-O1 
Cs-134 2.OE+OI 8.2E+00 1.9E+01 3.5E+01 4.6E-01 1.2E-01 4.IE-Ol 1.OE+0O 
Cs-I37 5.013-02 1.5E-02 4.8E.02 9.JE-02 1.2E-03 2.4E-04 9.9E-04 2.&E-03
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Table 1.3 Dose factors' for CN-SCR.P-DISPOSL-PW 
Mass dose factc~rs (pSv/y per Bq/g) Surficial dose ftctors (pSv/y per BgIcin) 

Radionuclide Mean 5' 501b 95d' Mean 5"' 50"' 95d,

2.13-01 1.l13-01 2.IE-Ol 3.2E-01
IAE;0.2 - 37E-iJ3~ ~2O;~~ 
S.OE-03 1.5E-03 4.513-03 l.013-02

Pm-147 5.8E-03 2.5E-03 5.3E-03 1.I13-02 l.4E-04 3.5E-05 1.2E-04 3.013-04 
Eu-152 1.4E+01 6.IE+O0 1.413+01 2.6E+01 3AE-OI 8.8E-02 3.013-01 7.513-01 
Eu-154 1.6E+01 6.7E+00 1.5E+01 2.813+01 3.813-01 9.6E-02 3.312-01 9.213-01 

Re-186 S.OE-02 IN2-02 7.413-02 1.513-01 I.9E-03 4.8E-04 1.613-03 4.413-03 
Ir-192 9.213+00 3.9E+00O U.E+OO0 1.613+0I 2.213-01 5.513-02 1.913-01 4.7E-01 
Pb-210 6.4E-+O0 2.4E+00 6.213+00 IAlE+0 1.513-01 3.6E-02 1.313-01 3.41-01 
Po-210 2.7E+0OO IUE+FOO 2.6134O0 4.6E.+00 6.313-02 1.7E-02 5.413-02 1.413-01 

Rn-222 2.4E-03 9.413-04 2.213-03 4.413-03 5.613-05 1.413-05 4.713-05 1.313-04 
Ra-223 2.2E+00 1.2E+00 2IE+FOO 3.3114O0 5.213-02 1.613-02 4.7E-02 L.OE-OI 
Ra-224 39E-O1 I.813-01 3.713-01 6.5E-01 9.113-03 2.713-03 8.013-03 2.013-02 
Ac-225 9.313-01 4.2E-01 8.313-01 1.7E+O0 2.213-02 5.7E-03 ISE-02 4.7E-02 

Ra-226 2.513-1-0 1.2E+0-1 2.413+0O1 4.313+01 6.OE-Ol 1.6E-01 5.313-01 1.3E4O00 
Ac-227 1.7E+02 6.913+01 I.5E-f02 3.313402 4.IE+O0 9.9E-O 3.4E+00 9.1E+O0 
Th-227 2.7E+O0 I.E4E-0 2.SE40W 4.4E+00 6.3E-02 l.9E-02 5.613-02 1.313-01 
Th-228 6.3E+01 3.213+01 5.9E+01 I.OE+02 1.5E+00 4.213-01 1.3E-I00 3.1EO00 

Th-229 2.1+2 7.9E+01 1.913+02 4.3E+02 5.i13+00 i.I13+00 4.213+00 1.21301 
Th-230 3.313+01 1.2E-'01 2.813+01 6.513+01 7.713-0I 1.713,41 6.413-01 l.813O00 
Pa-231 L.IE+02 4.5E+01 I.OE+02 2.2E+02 2.713+O0 6.6E-01 2.2E+00 6.IE+O0 
Th-231 7.E-03 IA4E-03 4.911-03 2.OE-02 1.6E-04 2.7E-03 l.O13-04 5.313-04 

Pa-233 l.9E+O0 8.IE-Ol l.8E+O 3.E4E+ 4.5E-02 1.213-02 3.913-02 9.9E-02 
U-233 1.713-1-1 5.9E-FO0 I4E+FOl 3.313+01 3.913-01 S.6E-02 3213-01 9.2E-01 
Th-234 5.911-02 3.OE-02 5.8E-02 M.E-02 I1.41-03 4.OE-04 1.2E-03 2.813-03 
U-234 _ .6E401I 5.7E+OO l.4E+Ol 3.313+01 3.SE-Ol SA4E-02 3.2E-01 9.OE-0I 

Np-237 7.IE+OI 2.SE+O1 ý6.2E3+O1 I.4E+02 1.7E+O0 4.OE-0I 1.413+00 3.E+O0 
Pu-238, 3.SE+01 1.213+01 3.OE+O1 7.E40-1 9.3E-01 I.8E-0l 6.9E-O1 2.OE+O0 
U-238 1.513+01 5.2E+00 1.3E+01l 2.9E+01 3AE-01 7.6E-02 2.9E-0l 8.lE-Ol 
Pu-239 3.SE+0I 1.313+01 3.213+01 7.6E+01 8.9£-0l 2.013-01 7AE-01 2.IE+O0 

Pu-241 6.lE-0I 2.lE-0I 5213-01 1.213+00 1.4i-02 3.l13,03 1.2E-02 3A4E-02 
Am-241 5.8E+0I 2.213+01 5.OE+O1 I 1E402 1.4E+00 3.2E-01 lIAE+O0 3.IE+O0 
On-242 2.212+00 9.3E-01 .1.9E+00 4,311+00 5.113-02 1213-02 4.3-02 1.211-01 
Pu-242 3.613+01 1.3201 3.12+01 7.213+01 8.513-01 1.913-01 7.02-01 2.013+00 

W 4'~1~tZ L~i~-'M 
a. To convert these values to conventional units (mremf~y per pCL/g or mremty per pCi/c4 multiply by 3.70 2-03
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Table 1.4 Dose factors' for CN-SCRP-ROADBED-W 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (piSv/y per Bqtcm2) 

Radionuclide Mean 5t 0 951h Mean 5th 50* 956 
H-3 2.1E-04 4.6E-05 l.8E-04 4.8E-04 4.9E-06 8.8E-07 3.5E-06 l.E-05 
C-14 6.3E-03 1.I1E-03 5.2E-03 1.5E-02 1.5E-04 2.IE-O5 L.OE-04 4.IE-04 
Na-22 I.813+02 4.OE+Ol 1.7E+02 3.7E+02 4.3E+00 7.2E-01 3.4E+O0 L.E+0I 
P-32 1.1E-01 3.3E-02 I OE-OI 2.3E-01 2.6E-03 5.5E-04 2.OE-03 6.5E-03 

CI-36 5.E-2 .E-02 4.7E-02 8. 9E-02 I1.2E-03 3.2E-04 9.813-04 2.6E-03 
K-40 1.4E+01 3.lE+O0 1.3E+01 2.9E+01 3.3E-01 5.6E-02 2.6E-01 8.AE-01 
Ca-41 4.213-03 9.4E-04 3.6E-03 9.6E-03 9.8E-OS I.8E-05 7.OE-05 2.6E-04 
Ca-4 1.2E-02 3.7E-03 1LIE-02 2.5E-02 2.8E-04 6.6E-05 2.2E-04 7.013-04 

Mn-54 6.SE+0I 1.5E+01 6.lE+01 1.4E+02 1.6E+00 2.7E-01 1.2E+00 4.OE--00 
Fe-55 2.3E-03 6.3E-04 2.IE-03 4.9E-03 5.3E-05 1.IE-05 3.9E-05 1.413-04 
Co-57 6.6E+00O I.4E+OO 5.913+00 1.3E+01 1.5E-01 2.6E-02 1.2E-01 3.9E-01 
CO-58 7.2E+01 1.613+01 6.5E+01 1.5E+02 1.7E+00 2.SE-O1 1.3E+OO 4.3E+00 

Ni-59 9.7E-04 3.E-04 -8.9E-04 I.9E-03 2.3E-05 5.4E-06 lIgE-OS 5.313-05 
.Co-60 2.2E+02 4.813+01 2.OE+02 4.5E+02 5.1E+O0 8.6E-01 4.OE+OO 1.3E+01 
Ni-63 2.6E-03 9.2E-04 2.4E-03 5.2E-03 6.OE-05 IA4E-05 4.7E-05 IA4E-04 
Zn-65 4.13+01 l.l13+01 4.4E+01 9.9E+01 1.l1E+0-0 1.913-01 8.9E-01 2.9E+00 

Se-75 2A5+61 5.5E+00 2.3jE+OI 5.2E+01 5.9E-01 9.8E-02 4.6E-Ol' 1.5E+00O 
Sr-8S 3.613I-01 7.9E+00 3.2E+01 7.5E+01 8.4E-Ol IAE-01 6.5E-01 2.IE+OO 
Sr-89 l.4E-O1 5.3E-02 1.3E-0.1 2.713-01 '3.3E-03 8A4E-04 2.713-03 7.6E-03 
Sr-90 9.3E-01 32&-01 8.5E-01 l.8E+O0 2.213-02 5.4E-03 l.SE-02 5.OB-02 

Mo-93 2.3E-02 9.5E-03 2.2E-02 4.OE-02 5.4E-04 1.5E-04. 4.7E-04 I.2E-03 
Nb-93m l.E-02 4.813-03 1.2E-02, 3.OE-02 3.4E-04 8.2E-05 2.8E-04 9.9E-04 
Nb-94 1.3E+02 2.9E+01 1.2E+02 2.711+02 3.IE-I-0 5.2E-01 2.4E+00 7.SE+O0 
Nb-95 5.lE+Ol 1.IE+0I 4.7E+01 L.IE+02 1.211I-00 I.9E-Ol 9.3E-01 3.1E+O0 

TC-99 9.2E-03 3.7E-03 8.6E-03 1.7E-02 2.lE-04 6.OE-O5 1.911-04 4.6E-04 
Ru-l03 3.lE+Ot 6.7E+00 2.8E+01 6.5E+01 7.2E-01 1.2E-01 5.6E-01 1.8E+00 
Ru-l06 2.6E-01 9.813-02 2.4E-01 5.211-01 6.IE-03 1.5E-03 5.OE-03 1.5E-02 
Ag-lO8m 1.3E+02 2.9E+01 1.213+02 2.7E+02 3.OE+O0 5.1E-0l 2.4E+O0 7.7E+00 

Ag.-I 16i 2.2E+02' 4.9E+01 2.OE+02 4.6E+02 5.3E+00 8.8E-01 4.1E+OO 1.3E401 
Sb-124 I.4E+02 3.1E+O1 1.3E+02 2.9E4i-02 3.3E+FOO 5A4E-01 2.5E+OO 8.3E4-00 
1-123 3.OE-OI 1.IE-01 2.9E-01 5.813,01 7S.103 l.9E-03 6.OE-03 1.6E-02 
Sb.I25 3.3E-f01 7.2E-'-O 3.OE+*O1 6.7E+01 7.7E-01 I.E-O1 6.OE-0l l.9E+O0 

1-131 1I.2E+0-1 2.3E+00 l.OE+OI 2.8E+Ol 2.SE-OI 4.E-02. 2.OE-O1 7.7B-O1 
Ba-133 2.7E+01 5.911+00 2.4E+01 5.5E+01 6.2E-O1 1.OE-O1 4.9E-01 1.6E+00 
Cs-134 1.3E+I02 2.&E+01 1.2E+02 2.6E+02 3.OE+0O S.OE-OI 2.3E+00 7.5E+00 
Cs-137 1.7E-01 4.1E-02 1.413-01 3.8E-O1 3.9E-03 7.8E-04 2.9E-03 1.OE-02
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Appendix I 'IConcrete Dose Factors 

TableML Dose factorsm for CN-SCRP-ROADBED-W 
Mass dose factors (pSv/y per Bq/g) Surficial dose factors (;tSv/y per Bq/cin!) 

Radionuclide Mean 501h 9Pt Mean 5d, 5095 
~e4 :'iE+ .~ 7.3~i 3AfOO 7E+00,~ ~O -02, --3E,02 .6.2E4O2,4EOP 

Cc- 144 I1E+OO 3.8E-O1 1.OE+OO 2.2E+00 2.7E-02 6.3E-03 2.2E-02 6.3E-02 
Pm-147 I.9E-02 6.2E-03 1.6E-02 4.OE-02 4.4E-04 1.OE-04 3.6E-04 1.2E-03 
Eu-152 9.4E+01 2.I13+01 8.6E+01 1.9E+02 2.2E+00 3.7E-01 1.7E-4-O 5.6E+00 
Eu-154 L.OE+02 2.3E+01 9.4E+Ol 2.1E+02 2.413+00 U.E-Ol 1.9E+OO 6.1E+0O 

Rie-186 1.7E-01 2.2E-02 1.2E-01 5.OE-O1 4.OE-03 4.E-04 2.4E-03 l,4E-02 
Ir-192 -5.0--01 1.2E.+OIl 5.IE+fO1 1.213+02 1.3E+O00 2.2E-01 1.OE+OO 3.4E-+00 
Pb-210 2.1E+01 6.1E+OO 1.9E+O1 44E+FOI 4.9E-01 1.IE-01 3.7E-01IILE+OO 
Po-210 S.4E+OO 2.7E+00. M.E-1OO 1.711+01 2.OE-Ol 4.&E-02 1.6E-01 4.6E-01 

42:1j~ ' 35E024 -7E ~ ~ ___ 

Rn-222 5.2E-03 6.6E-04 3.6E-03 1.513-02 l.2E-04 1.3B-05 7.3E-05 4.E-04 
Ra-223 6.9E+00 2.5E+00 6.3E+00 1.3E+01 1.6E-01 4.OE-02 1.3E-01 3.7E-01 
Ra-224 4.5E-01 9.4E-02 3.3E-01 1.1E+0O 1OE-02. 1.7E-03 7.2E-03 2.SE-02 
Ac-225 2.IE+OO 6.013-01 1.SE+OO 4.4E+00 4.9E-02 LI.E-02 3.9E-02 I.2E-Ol 

Ra-226 1.6E+02 4.1E-+O I 14E+02 3.2E+02 3.7E4-00 7.013-01 2.9E.+00 9.IE+OO 
Ac-227 5.5E+02 1.6E-102 4.6E402 1.2E+03 l.E+O1 2.7E4-00 9.9E+OO 3.7E+0l 
Th-227 9.OE+OO0 3.OE4-OO S.4E-I- 1.7E+01 2.IE-O1 5AE-02 I.9E-O1 4.9E-01 
Th-228 _ 2.7E+02 9.7E+01 2.5E+02 4.913+02 6.3E4-00 1.6E+fOO 5.2E4-00 I.4E+O1 

Tb-229 7.OE+02 IJE+02 5.7E+02 1.6E+03 1.6E+01 3.1E+OO. 1.2E+O1 4.7E+01 
ThM-230 1.OE+02 2.5E+01 8.6E+01 2.4E+02 2.4E+OO 4.5E-01 1.8E+OO 7.JE+0O 
Pa-231 3.7E+02 1LIE+02 3.lE+02 S.JE+02 9.7E+00 L.SE+OO 6.6E+00 2.5E+01 
Th-231 2.OE-03 9.3E-06 2.9E-04 1.O13-02 4.6E-05 1.7E-07 6.1E-06 2.5B-04 

Pa-233 1.OE+O1 2.2E+00 9.6E+00 2.2E+01 2.4E-O1 4.OE-02 1.9E-0I 6.4E-O1 
U-233 5.3E-I01 1.2E+01 4.4E+01 1.2E+02 1.2E+00 2.2E-01 9.OE-OI 3.7E+00 
lb-234 2.SE-O1 8.2E-02 2.5E-01 S.61t-OI 6.5E-03 1.3E-03 5.IE-03 I.6E-02 
U-234 5.2E+01 1.2E+01 4.3E+01 1.2E+02 1.2E+00 2.IE-O1 S.BE-O1 3.6E+00 

Np-237 2.3E+02 6.6E+01 1.9E+02 5.IE+02 5.4E+00 1.IE+OO. 4.1E+OO 1.5E+01 
Pu-238 1.IE+02 2.6E-*01 9.3E+01 2.6E+02 2.6E+00O 4.6E-01 1.9E+OO 7.SE400 
U-238 4.7E+01 1.IE-I-1 3.9E+01 I.1IE+02 1.IE+OO 2.OE-O1 8.IE-01 3.2E+00 
Pu-239 1.2E+02 2.7E+01 9.9E+01 .2.E+02 2.8E+00 4.9E-01 2.OE+OO 8.4E+OO 

Pu-241 1.9E+0O 4AE-OI 1.6E+00 4.5E+00 4.5E-02 7.8E-03 M.E-02 1.3E-01 
Am-241 L.SE+02 5.OE+01 1.6E+021 4.1E+02 4.3E+00 S.SE-OI 3.3E+00 13E+01 
Cm-242 6.SE+OO 1.SE+OO 5.7E+00 1.5E+01 1.6E-01 3.E-02 1.2E-01 4.6E-O 
Pu-242 1.IE+02 2.6E+01 9.4E+01 2.7E+02 2.7E+00 4.6&01 1.9E+OO 7.9E+00 

L To convert these values to conventional units (nirem/y per pCi/g or tureaW per pCikcm2), multiply by 3.70 E-03
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Table LS Dose factors' for CN-SCRP-ROADBED-N 
Mass dose factors (;tSv/y per Bq/g) Surficial dose factors (IiSv/y per Bq/cm2) 

Radionuclide Mean 5d' 01 95d, Mean 5 O' 01 95d' 
H-3 O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.OE+OO O.OE+OO 
C-14 1.413-04 7.OE-O5 IA4E-04 2.313-04 3.3E-06 1.IE-06 3.I13-06 6.813-06 
Na-22 1.213+02 6.3E+01 1.213+02 2.013+02 2.9E+00 9.313-01 2.713+00 6.OE+OO 
P-32 4.111-03 2.013-03 4.OE-03 6.713-03 9.8E-05 2.SE-05 8.613-05 2.I13-04 

' 4'74f -7 EO~J 
CI-36 2.5E-02 1.3E-02 2A4E-02 4.013-02 5.9E-04 1.911-04 5.4E-04 1.213-03 
K-40 1.1E+O1 5.513+00 1.E13+01 1.7E+01 2.6"-1 8.2E-02 2.413-01 5.213-01 
Ca-41 0030 O.OE+OO O.013+00 O.OE+OO 0.O13+00 .. 11+00 O.OE+OO OOEO O.O13+00 
Ca-45 3.2E-04 1.613-04 3.E-04 5.013-04 7.513-06 2.3E-06 6.913-06 1.513-05 

Mn-54 3.613+01 1.811+01 3.513+01 5.7E+01 8.5E-01 2.7E-01 7.813-01 1.713+00 
Fe-55 O.OE+00 0.O13+00 O.OE+OO O.OE+OO O.O11+00 O.OE+OO O.OE+OO 0.011+00 
Co-57 3.3E-i-O 1.713+00 3.2E+00 5.313i-00 7.8E-02 2.513-02 7.2Y,02 1.613-01 
Co-58 1.5E+01 7.713+00 1.5E+01 2.4E-e-1 3.6E-01 LI.E-O1 3.3E-01 7.4E-01 

_________ -- 49.-4C LP .- '------.,P. ' 

Ni-59 OO-Q0. OEEO00OOE+OO .OE3+00 O.O13+00 O.OE-i-O O.O13+00 O.OE+OO 
Co-60 1.613+02 7.9E+01 1.5E+02 2.513+02 3.713+00 1213+00 3.4E+00 7.6E+00 
Ni-63 O.OE-i-O O.OE+OO O.OE+OO O.O13+00 O.OE+OO O.O13+00 O.OE+OO OOE1+00 
Zn-65 2.313i-01 1.2E+01 2.3E+01 3.713+01 5.5E-01 1.713-01 5.I13-01 1.I13+00 

Se-75 8.111+00 4.IE+O0 7.8E400 1.3E+01 1.913-01 5.913-02 I.SE-OI 3.9E-01 
Sr-85 7.011+00 3.511+00 6.7E+00 1.IE+O1 1.6E-01 5.OE-02 1.513-01 3A4E-01 
Sr-89 1.613-02 8.AE-03 1.6E-02 2.613-02 3.8E-04 1.2E-04 3.513-04 7.813-04 
Sr-90 7.313-03 3.613-03 7.OE-03 1.2E-02 I.7]3-04 5.SE-05 1.613-04 3.SE-04 

Mo-93 6.2E 03 3.113-03 6.OE-03 9.9E-03 .S04 .6-5 LE-043.E0 
Nb-93m LI.E-03 5.3E-04 1.OE-03 1.7E-03 2.S13-05 8.OE-06 2.3E-05 5.113-05 
Nb-94 I.OE+-02 5.IE+01 9.SE+fO1 1.6E+0O2 2.4E+00 7.611-01 2.2E+OO 4.9E+OO 
Nb-95 5.5E+O00 2.0E+O0 5.3E+O0 8.7E+OO 1.311-01 3.SE-02 1.2E-01 2.6E-01 

TC-99 1.3E-03 i.6-0 I.E-3 .1-03 3. 1E-'075' 9'.9E-06 2.9B-05 6.313-05 
Ru-103 3.713+00 1.9E+O0 3.6E+00 1813+00 8.7E-02 2.6E-02 7.SE-02 1.8E-O1 
Ru-106' O.OE+OO O.011+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ag-lO8m I.OE+02 5.011+01 9.7E+01 1.613+02 2.4E+00 7.6E-01 2.2E+00 4.813+00 

Ag-I 10n LI.E+02 5.511+01 iIE+02 1.7E+02 2.613+00 S.IE-01 2.4E+00 5.3E+00 
Sb-124 2.5E+01 1.3E-'01 2.4E+01 4.013+01 6.OE-O1I .&E-OI 5.41-01 1.2E+00 
1-125 3.6E-02 L.8E-02 3.5E-02 5.7E-02 8.413-04 2.6E-04 7.7E-04 1.7E-03 
Sb-125 2.3E+01 I.IE+OI 2.2E+01 3.6E-+01 5aE-Ol I.E-OI 4.9E-OI L.E+OO 

1-131 2.9E-01 L3E-01 2.7E-01 5.IE-OI 6.8E-03 1.7.E-03 5S.E-03 1.5E-02 
Ba-133 2.OE+O1 I.OE+Ol 1.9E+01 3.2E+01 4.7E-01 1.5E-01 4.4E-O1 9.713-O1 
Cs-134 S.4E-I.1 4.2E+0-1 S.1E+01 1.3E+02 2.OE+00 6.2E-01 1.811+00 4.011+00 
Cs-137 7.SE-03 3.913-03 7.5E-03 1.213-02 1.811-04 5.SE-05 1.711-04 3.7E-04

Appendix IConcrete Dose Factors

Draft NUREG-1640, Vol. 2 1-10



Table LS Dose factorst for CN-SCRF-ROADBED-N 
Mass dose factors (ttSv/y per Bg/g) Surficial dose factors (ttSv/y per Bq/cm2) 

Radionuclide Mean 5th 50"' 951' Mean 5th 501h 95"' 
-0~EQ &1~ 5A4EO 1 -S.E0E3;-4-23,E;03 -7.2&03: .46&02 

Ce-144- 4.8 l-0I 2.4E-O1 4.'7:E-0O1 7.711-01 1.1M-O 3.6E-03 1. 1E-02 2".ý3E1-0-2 
Pin-147 4.613-04 2.3E-04 4A4E-04 7.311-04 1.I1E-05 3.411-06 9.9E-06 2.2E-05 
Eu-152 7.IE+Ol 3.6E+01 6.9E+01 1.I12+02 1.713+00 5.413-01 1.613+00 3.413+00 
Eu-154 7.7E+01 3.9E+01 7.5E+01 1.2E+02 1.BE+O0 5.SE-O1 1.7E+00 3.713400 
tE 15 :---- ti8t 400 .9O :TEO>- SE*+0O 4, 42E.-02 1.3.2 1 9E-42 I.E0 
Re-186 1.913-03 5.213-04 1 .6E-03 4.5E-03 4.511-05 7.9E-06 3.213-05 1 .2E-04 
iz-192 1.2E+01 6.2E+00 1.213+01 2.013I-01 2.913-01 9.9E,02 2.613-01 6.013-01 
Pb-210 6.313-02 3.113-02 6.]E-02 1.O13-01 1.5E-03 4.7E-04 IA4E-03 3.013-03 
PO-210 2.4E-04 1.2E-04 2.313-04 3.8E-04 5.6E-06 1.7E-06 5.1E-06 1.1E-05 

'Di~~~~~l~~~j~ IAi-4 ~p5PLE0 .E-04 4. E- 07 3iEo>.9~o 
Rn-222 -5.9E-05 I.6E0 4.9E-04 .E0 1.4E-06 2.5E0 I.013-06 3.E-06 
Ra-223 1.5E-01 6.911-02 1.413-01 2.5E-01 3.5E-03 1.OE-03 3.IE-03 7.&E-03 
Ra-224 I.IE-03 3.OE-04 9.413-04 2.7E-03 2.7E-05 4.6E-06 l.9E-05 7.5E-05 
Ac-225 1.3E-02 5.813-03 1.213-02 2.1E-02 3.013-04 8.111-05 2.613-04 6.513-04 

Ra-226 1-213+02 5.913+01 1.1E+02 1.913+02 2.8E+O S.&E-OI 2.512+00 5.613+00 
Ac-227 2.I13+01 1.O13+01 2.OE+01 3.313+01 4.813-01 1.5E-01 4.513-01 9.9E-01 
7h-227 2.713-01 1.3E-01 2.613-01 4A4E-01 6.413-03 1.813-03 5.7E-03 M.E-02 
Th-228 S.713+01 4.4E+01 8.4E+01 I.4E+02 2.OE+00 6.513-01 1.9E+00 4.2E+00 

.9E-j7I fAlf 41 W10- AEt, -01 1313,10 01 ' 
TM-229 1.613+01 9.213+00 1.613+01 2.613+01 3.9EIO1 1.2E-01 3.6E-01 7.9E-01 
lb-230 4.8E-02 2.4E-02 4.6E-02 7.613-02 1.1E-03 3.613-04 1.O13-03 2.313-03 
Pa-231 2.OE+O0 1.OE+O0 1.9E+00 3.2E+00 4.7E-02 1.5E-02 4.313-02 9.613-02 
Th-231 6.113-06 4.1E-08 1.IE-06 M.E-05 1.413-07 7.4E-10 2.2E-08 6.9E-07 

Pa-233 8 .6E1 4.3E-01 8.4E-OI i.4E+O00 2.6i0 '5.9E-03 1.813-02 4.213-02 
U-233 1.5E-02 7.3E-03 1.413-02 2.3E-02 3.4E-04 I.IE-04, 3.213-04 7.1E-04 
Th1-234 L.SE-02 8.7E-03 1.7E-02' 2.SE-02 4.1E-04 1.213-04 3.7E-04 9.613-04 
U-234 4.2"-3 2.1E-03 4.IE-03 6.7E-03 9.9E-05 3.213-05 9.lE-05 2.013-04 

Np-237 1.2E+0I -5.8E-IO 1I E+01 I.813+01 2.7E-01 S.6E-02 2.5E-01 5.513-01 
Pu-238 1.613-03 7.913-04 1.5E-03 2.5E-03 3.7E-05 1.2E-05 3.413-05 7.6E-05 
U-238 1.4E+OO 7.2E-01 1.4E+O0 2.313+00 3.4E-02 I.IE-02 M.E-02 6.9E-02 
Pu-239 3.E-03 1.513-03 3.013-03 4.9E-03 7.3E-05 2.313-05 6.713-05 1.513-04 

Pu-241 9.5E-04 4.&E-04 9.2E.04 1.5E-03 2.2E-05 M.E-06 2.IE-05 4.6E-05 
Am-241 4.6E-01 2.3E-01 4.4E-0OI 7.3E-01 1.1E-02 3A4E-03 9.9E-03 2.2E-02 
Cmn-242 8.7E-04 4A4E-04 8.4E-04 1.4E-03 2.0&0O5 6.413-06 1.911-05. 4.2E-05 
Pu-242 1.3E-03 6.7E-04 1.3E-03 2.IE-03 3.2E-05 L.OE-05 2.9E-05 6.5E-05 

L. To convert these values to conventional units (emyper pigor mrein/y per pCi/cm2), multiply by 3-.70 E-03
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Table L6 Dose factors' for CN-SCRP-LGMASS-N 
Mass dose factors (JLSv/y per Bq/g) Surficial dose factors (pSv/y per Bg/cm 2) 

Radionuclide Mean 5P 501h 95"' Mean P" 50"' 95"' 
H-3 0.OE+OO O.OE+O0 O.OE+O0 0.013+00 0.013+00 O.OE+O0 O.OE+O0 0.OE+O0 
C-14 1.311-05 6.8E-06 I 2E-05 2.I13-03 3.011-07 9.713-08 2.S13-07 6.313-07 
Na-22 4.813+00 2.S13+00 4.6E+00 7.SE+O0 1.IE-OI 3.611-02 1.OE-O1 2-3E-01 
P-32 1.7E-04 3.413-05 1.513-04 2.811-04 3.913-06 1.211-06 3.E-06 8.513-06 

CI-36 LI.E-03 5.6E-04 L.OE-03 1.713-03 2.5E.05 7.913-06 2.313-05 5.213-05 
K-40 3.6E-01 1.913-01 3A4E-01 5.911-01 8.5E-03 2.7E-03 7.713-03 1.BE-02 
Ca-41 O.OE+O0 O.OE+OO O.OE+OO O.OE+O0 0.O13I00 0.O13+00 O.OE+O0 O.OE+OO 
Ca-45 2-33E-05 1.213-05 2.213-05 3.813-05 5.5B-07 1.7&-07 5.OE-07 1.2E-0 

KO ý12!1 -71' 0W' 

M&-54 IE.4E--O 7.513-01 1.4134O0 2.3E-4-0 3.413-02 1.113-02 3.113-02 7.113-02 
Fe-55 O.OE+OO0 O.O114O0 O.OE4+O0 O.O114W O.O11+00 0.O11+00 O.OE+O0 0.0114O0 
Co-57 9.E-02 4.7E-02 8.613-02 1.513-01 2.IE-03 6.7E-04 1.9E-03 4.513-03 
Co-59 6.213-01 3.2E-01 5.911-01 1.OE+OO 1.5E-02 4.513-03 1.3&-02 M.E-02 

Ni-59 O.OE4+OO 0.OE+O00 O.OE-I-OO .OE+O0 O.OE+O O.O11+00 0.O13+00 0.13+O00 
Co-60 5.6E+00 2.91340 S.3E+OO 9.1E+00 1.E-Ol 4.213-02 1.211-01 2.713-01 
Ni-63 O.OE+OO O.OE+O0 O.OE+OO0 O.OE+O0 0.OE+ 0O.O13+00 O.O13+00 O.OE+O0 
Zn-65 3.5E-01 4.4E-O1 8.111-01 1.E+FOO 2.013-02 6.313-03 1.813-02 4211-02 

Se-75 3211-01 O.7-O1 3.E-O1 5.3E-01 7.6E-0+3' !''2.4E-03 7.011-03 1.611-02 
Sr-85 3.OE-01 1.613-01 2.913-01 4.911-O1 7.213-03 2.2B-03 6,413-03 1.511-02 
Sr-89 6.5E-04 3.4&-04 ý6.2E-04 1.O11-03 1.5E-05 4.8E-06 IA4E-05 3.313-05 
Sr-90 3.911-04 2.OE-04 _3.713-04 6.413-04 9.2E-06 2.9E-06 8.311-06 1.913-05 

Mo-93 4.313-04 2.2E-04 4.113-04 7.OE-04 1.OE-O5 3E-06 9.1E-06 2.IE-05 
Nb-93m 7.013-05 3.7E-05 6.713-05 1.113-04 1.6E-06 5.2E-07 1.5E-06 3A4E-06 
Nb-94 4.1114-0 2.113+00 3.9114O0 6.7E+00 9.6E-02 3.013-02 8.7E-02 2.OE-01 
Nb-95 2.2E-01 U.E-O1 2.111-01 3.613-01 5.3E-03, 1.7E-03 4.7E-03 1.211-02 

TC-99 8.811-05 4.6E-05 BA4E-05 I.4E-04 2.1E-06 6.613-07 1.9E-06 4.313-06 
Ru-103 1.713-0I 8.6E-02 1.611-0i 2.7E-01 3.911-03 1.2E-03 3.5E-03 8.713-03 
Ru-106 3.7E-01 1.9E-01 3.513-01 6.OE-01 9.711-03 2.7E-03 7.BE-03 1.&E-02 
Ag-lO0in 4.3E400 2.2E4+00 4.1134O0 6.913+00 I.O13-01 3.211-02 9.lE-02 2.E-01 

Ag-I 1m 4.313+00 2.2E+00 4.1E+O0 7.113+00 1.OE-01 3.213-02 9.213-02 2.E-0I 
Sb-124 9.4E-01 4.813-01 8.813-01 1.5E+00 2.213-02 6.8E-03 2.013-02 4.7E-02 
1-125 1.OE-03 5.2E-04 9.6E-04 1.611-03 2.413-05 7.4E-06 2.1E-05 M.E-05 
Sb-125 9.5E-01 5.013-01 9.IE-01 1.613+00 2.213-02 U.E-03 2.011-02 4.7E-02 

1-13 1 1.311-02 5.613-03 1.2E-02 2.411-02 3.011-04 7.513-05 2.6E-04 6.613-04 
Ba-133 8.613-01 4.5E-01 8.213-01 1.4E+0O 2.013-02 6.413-03 1.8E-02 4.2E-02 
Cs-134 3.4E+00 1.&E+00 3.3E+00 5.6E+00 8.I13-02 2.6E-02 7.313-02 1.713-01 
Cs-137 1.611+00 8.211-01 1.5E+00 2.613+00 3.7E-02 1.2E-02 3.3E-02 7.7E-02

Concrete Dose Factors Appendix I
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Table 1.6 Dose factors for CN-SCRP-LGMASS-N 
Mass dose factors (,LSv/y per Bqg Surficial dose fWcors: (gtSv/y per Bq/cm2) 

Radionuclide Mean 5th 50"h 9511 Mean 51b 50d' 95"' 

Ce-144 5.813-02 3.013-02 5.5E-02 9.413-02 1.4E-03 4.3E-04 1.2E-03 2.SE-03 
Pmn-147 3.8E-06 2.OE-06 3.6E-06 6.2E-06 8.9E-08 2.SE-08 8.OE-08 l.9E-07 
Eu-152 2.611+00 l.4E+O0 2.5E13+00 4.3E+00 6.211-02 2.OE-02 5.613-02 1.313-01 
Eu-154 2.9E+00 1.5E+00 2.713+00 4.7E+00 6.713-02 2.113-02 6.JE-02 1.41-01 

Re-186 4.7E-05 1.213-05 3.713-05 1.I13-04 I.113-06 1.S11-07 8.013-07 2.813-06 
Ir-192 5.413-01 2.7E-01 5.I13-01 8.613-01 1.313-02 3.913-03 1.113-02 2.7E-02 
Pb-210 3.913-04 2.IE-04 3.7E-04 6.4E-04 9.2E-06 2.9E-06 SAE-06 l.91-05 
Po-210 9.5E-06 4.9E-06 9.013-06 l.SE-05 2.213-07 7.OE-08 2.OE-07 4.7.E-07 

-6A 
Rn-rn2 9.913-03 2.613-03 7.813-03. 2.4E-02 2.313-04 3.7E-05 1.711-04 5.9E-04 
Ra-223 1.513-02 7.413-03 1.4E-02 2.713-02 3.611-04 9.813-05 U.E-04 7.913-04 
Ra-224 6.713-03 1.7E-03 5.IE-03 1.613-02 1.613-04 2AE-05 L.E-04 4.IE-04 
Ac-225 9.313-03 4A4E-03 8.513-03 1.713-02 2.213-04 5.813-05 1.913-04 4.8E-04 

~ _ 4__ MR 

Ra-226 4.IE+O00 2.1E+0O 3.9E+00. 6.7E+00 9.613-02 3.OE-02 8.7E-02 2.OE-O1 
-Ac-227 - .5E-01 4.4E-01 B.IE-O1 IAE4-+00 2.013-02 6.3E-03 l.813-02 4.IE-02 
Th-227 1.IE-021 5.613-03 1.OE-02 1.813-02 2.6&-04 7.6E-05 2.313-04 5.5E-04 

.11-228 2.6E+00 l.3E+0O 2AE4E0 4.2E+OO 6.O13-02 1.9E-02 5.413-02 U.E-O1 

Th-229 5.713-01 3.013-01 5.5E-01 9.413-01 1.E-02 4.313-03 1.213-02 XSE-02 
Th-230 1.413-03 7.113-04 1.311-03 2.213-03 3.2E-05 1.O13-05 2.913-05 6.611-05 
Pa-231 6.713-02 3.513-02 6.3E-02 1.I13-01 1.613-03 5.013-04 IA4E-03 3.311-03 
Th-231 1.2E-7 8.O13-10 2.2E-08 5.713-07 2.911-09 1.5E-1 1 5.3E-10 1.5E-08 

-AL-14064 ZLAA: iq 
Pa-233 3.913-02 2.011-02 3.7E-02 6.4E-02 9.113-04 2.913-04 8.1E-04 2.011-03 
U-233 3A4E-05 1.&E-05 3.2&05 5.513-05 7.911-07 2.5E-07 7.113-07 1.613-06 
Th-234 1.7E-03 S.713-04 1.611-03 2.813-03 4.OE-05 1.2"-5 3.6E-05 8.EO 
U-234 5.9E-05 3.113-05 5.611-05 9.711-05 1.4E-06 4.413-07 U.E-06 2.9E-06 

Np-237 5.013-01 2.6E-01 4.711-01 8.IE-O1 1.2E-02 3.7E-03 1L&.-02 2.413-02 

Pu-238 6.813-05 3.513-05 6.+ E-05 1.1E-04 1.6"-6 5.113-07 1.4E-06 3.313-06 
U-239 2.4E-02 1.313-02 2.3E-02 4.013-02 5.7E-04 1.SE-04 5213-04 1.2E-03 
Pu-239 2.613-05 1.41-05 2.5E-5 4.2E-05, 6.1E-07 1.913-07 5.5E-07 1.313-06 

IPU-241 1.4E-05 7.3E.06 1.311-05 2-3"-5 3.313-07 1.013-07 3.011-07 6.813-07 
Am-241 6A4E-03 3.313-03 6.1E-03 1.O13-02 1.513-04 4.7E-05 IAE-04 3.111-04 
Cm-242 5.IE-05 2.7E-05 4.911-05 9.311-05 1.213-06 3.913-07 1.111-06 2.613-06 
Pu-242 5.7E-05 3.013-05 5.5E-05 9.4E-05 1.313-06 4.3E-07 1213-06 2.813-06 

a. To convert these values ocnveniýonal units (mrem/y per pCi/g or mremly per pCi/cm 2) multiply by 3.70 E-03
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Table L7 Dose factorseb for CN-SCRP-LANDFIL-N 
Mass dose factors (ttSv/y per Bq/g) Surficial dose factors (pSv/y per Bq/cmn2) 

Radionuclide Mean 5t 500 95*" Mean 5* 50* 9 5td 

H-3 8.81-03 9.91-06 5.0E-04 3.92-02 1.91-04 1.9E-07 I.IE-05 7.9E-04 
C-14 1.6E+01 2.7E-02 1.11+00 5.7E+01 3.7E-01 6.4E-04 2.4E-02 1.22+00 
Na-22 1.9E-05 2.91-16 6.8E-11 2.72-05 5.31-07 5.IE-18 1.4E-12 6.7E-07 
P-32 0.02+00 0.01+00 0.0E+00 0.OE+00 0.0E+00 0.01+00 0.0E+00 0.02+00 

CI-36 1.60+02 1.0E+00 1.9E+01 5.4E+02 3.2E+00 1.82-02 3.9E-01 1.2E+01 
K-40 4.72+01 1.92-01 5.7E+00 2.2E+02 1.IE+00 4.0E-03 1.3E-01 5.5E+00 
Ca-41 4.82+00 1.41-02 4.6E-01 1.91+01 1.2E-01 3.21-04 9.7E-03 4.7E-01 

Ca-45 5.9E-36 3.61-98 1&.E-68 6.9E-38 1.8E-37 8.5E-100 4.31-70 I.IE-39 

Mn-54 1.23-18 8.21-51 5.9E-35 4.5E-19 3.2E-20 2.61-52 1.21-36 6.9E-21 
Fe-55 1.22-09 6.1E-20 7.42-15 1.32-09 3.4E-11 .4E-21 1.62-16 2.8E-11 
Co-57 1.6E-22 1.3E-59 2.0E-41 4.22-23 4.2E-24 3.6E-61 3.6E-43 7.3E-25 
Co-5 3.4E-80 1.92-224 5.8E-155 2.31-84 1.OE-81 3.21-226 1.5E-156 7.72-86 

Ni-59 7.41-03 !.8E-05 8.1E-04 3.0E-02 1.8E-04 3.9E-07 1.6E-05 6.9E-04 
Co-60 5.3E-02 4.52-08 6.5E-05 1.32-01 1.4E-03 1.01-09 1.6E-06 2.8E-03 
Ni-63 1.02-02 2.7E-05 1.01-03 3.8E-02 2.4E-04 5.4E-07 2.2E-05 9.0E-04 
Zn-65 5.51-24 2.52-65 5.31-45 1.02-24 1.4E-25 8.6E-67 7.0E-47 2.01-26 

Se-75 3.42-48 9.0E-133 7.8E-92 3.82-50 9.3E-50 1.82-134 1.81-93 9.8E-52 
Sr-85 1.7E-87 6.9E-245 2.42-169 2.8E-92 4AE-899 1.1-246 2.3E-171 7.51-94 
Sr-89 2.4E-112 0.0E+00 3.3E-219 1.01-120 5.31-114 0.01+00 8.7E-221 2.9E-122 
Sr-90 2.2E+00 3.0E-03 1.32-01 7.6E+00 5.5E-02 5.5E-05 2.62-03 1.62-01 

ýYm 'RE, 

Mo-93 3.82+01 9.92-02 3.5E+00 1.60+02 8.5E-01 2.3E-03 6.7E-02 3.3E+00 
Nb-93m 6.3E-04 2.7E-07 1.5E-05 2.02-03 1.51-05 5.5E-09 3.2E-07 4.5E-05 

Nb-94 2.9E+02 4.4E-01 2.1E+01 1.IE+03 7.3E+00 8.42-03 4.6E-01 2.5E+01 
Nb-95 7.32-160 0.04+00 0.0E+00 5.0E-171 1.72-161 0.0E+00 0.02+00 1.4E-172 

Tc-99 1.2E+02 8.82-01 1.8E+01 4.6E+02 2.62+00 1.9E-02 4.1E-01 9.5E+00 

Ru-103 1.2E-143 0.0E+00 1.22-279 2.8E-153 3.1E-145 0.0E+00 4.5E-281 7.12-155 
Ru-106 5.9E-18 4.5E-45 6.7E-32 2.2E-18 1.5E-19 1.2E-46 9.8E-34 4.2E-20 
Ag-108m 1.7E+02 23E-01 1.22+01 7.4E+02 4.3E+00 5.0E-03 2.52-01 1.42+01 

Ag-110m-1 9.2E-23 4.61-63 2.E-43. 2 2.4E-24 1.3E-64 4.1E-45 3.6E-25 
Sb-124 8.5E-94 7.5E-264 6.22-182 3.8E-99 2.52-95 2.21-265 2.2B-183 1.02-100 
1-125 2.1E-93 6.5E-264 1.22-182 3.12-100 3.12-95 2.2E-265 3.2E-184 8.92-102 
Sb-125 8.5E-06 5.3E-16 6.12- 1 141-05 2.32-07 9.3E-18 1.32-12 3.1E-07 

1-131 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.OE+00 0.0E+00 0.0E+00 0.02+00 
Ba-133 3.8E-01 6.2E-05 7.11-03 1.3E+00 9.5E-03 1.3E-06 1.4E-04 3.12-02 
Cs-134 2.9E-07 1.6E-20 7.1E-14 4.1E-07 7.8E-09 4.6E-22 1.2E-15 6.9E-09 
Cs-137 4.9E+00 1.OE-02 3.7E-01 1.71+01 9.8E-02 2.5E-04 8.2E-03 3.8E-01

Appendix IConcrete Dose Factors
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Appendix I Concrete Dose Factors

Table 1.7 Dose factorsm " for CN-SC 
Mass dose factors (gSv/y per Bq/g) 

Radionuclide Mean 5ith 501, 95th 
Ce-11 41E 41ý -O.OE OO -O.OE+OQ 46-86

RP-LANDFIL-N 
Surf icial dose factors (;LSv/y per Bq/cm2) 

Mean 51hO01 951b 

83SE-1-76 O .OE4OO O.'OE+OO 437E-08;

Ce-la4 2.9E-22 9.713-59 2.3E-40 6.7E-23 7.5E-24 3.3E-59 4.5E-42 1.3E-24 
Pm-147 2.O13.09 2.lE-12 8.9E-1I1 7.5E-09 4.7E-1I1 3.7E-14 l.9E-12 l.813-10 
Eu-152 3.2E+00 1.IE-03 S.SE-02 1.2E+01 7.8E-02 2.3E-05 l.gE-03 2.6E-01 
Eu-154 6.013-01 3.5E-05 6.3E-03 1.&E+00 1.5E-02 7.7E-07 1.3E-04 4.IE-02 

1S$'6IA4t5E 0 `3,.O0 -b~E4 ~ . 12  -1;6 LO9 1O5.  

Re196 O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.OE3+00 O.OE+OO O.OE+OO O.OE+OO 
Ir- 192 6.SE-77 S.IE-215 2.IE-148 7.7E-81 2.OE-78 L.IE-216 5A4E-150 2.6E-82 
Pb-210 8.IE+OO 7.4E-03 3.5E-O1 2.5E+01 1.9E-O1 1.4E-04 7.6E-03 5AE-01 
Po-210 2.7E-42 L.OE-1 15 3.6E-90 9.3E-44 7.6E-44 2.4E- 117 6.OE-82 2.2E-45 

O~OE+0 ~E4WQ 
IRn-222 O.OE+OO O.OE+OO O.OE3+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ra-223 O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ra-224 O.OE3+00 O.OE+OO .O13+00 O.O13+00 O.OE+OO O.OE+OO O.OE+OO O.OE+OO 
Ac-225 O.OE3+00 O.OE+OO O.O13+00 O.13+00 O.OE+OO O.OE+OO O.OEOO0 O.OE+OO 

Ra-226' 5.3'E'+02 l.2E+OO 5.013+Ol. 2.1E+03 1.3E+01 2.4A0 1'.OE'+O 00 5.OE+Ol 
Ac-227 &.&E+01 6.7E-02 3.5E+00 2.7E+02 2.IE+OO 1.3E-03 7.5E-02 6.9E+00 
'M-227 4.SE-299 O.OE+OO O.OE+OO O.013+00 5.3E-301 O.OE+OO O.OE+OO O.OE+OO 
Th-228 l.E-107 3.913-22 6.2E-15 1.1E-07 3.613-09 1.1E-23 1.2E-16 2.4E-09 

Th-229 1.4E+03 1.8E+OO 1.OE+02 4.3E+03 3.3E+01 3.8E-02 2.lE.+OO 1.2E+02 
Th-230 2.2E+02 2.9E-01 1.6E+O1 6.9E+02 5.3E4-00 6.3E-03 3A4E-01 l.9E+O 

Pa-231 2.lEA'3 3.4E+OO 1.8E-i-02 6.7E+03 5.0E+01 7.6E-02 3.7E4-00 I.9E+02 
Th-231 O.OE-IO O.OE+OO0 O.OE+00O O.OE+OO O.OE+OO O.OE+OO O.OE+OO O.OE+OO0 

Pa-233 2.7E-208 O.OE+OO O.OE+OO 5.013-224 4.3E-210 O.OE+OO O.OE+OO 1.4E-225 

U-233 1.7E+02 6.8E-01 1.7E+01 6.OE+02 3.SE+00 1.3E-02 3.4E-Ol 1.3E+01 
Th-234 I.9E-234 O.OE+OO O.OE+OO 1.2E-252 2.6E-236 O.OE+OO O.O13+00 3.4E-254 
U-234 1.7E+02 4.OE-O1 1.6E+01 6.5E+02 3.SE+OO 9.7E-03 3.5E-01 1.4E+01 

Np-237 7.E+04 9.OE+Oi 4.OE+03 2.2E+05 I.4E+03 1.6E+00 S.3E+01 5.013+03 
Pu-238 1.OE+02 1.2E-01 6.2E+00 3.3E+02 2.4E+OO 2.7E-03 15I.EO 9.4E+00 
U-239 1.3E+I02 4.OE-O1 1.5E+01 5.7E+02 3.l1E+00 8.9E-03 3.4E-01 L.IE+O1 
Pu-239 2.2E+02 2.SE-O1 1.6E-1-1 M.E402 5.4E+00 6.9E-03 3.4E-O1 2.0E4O1 

773 
Pu-241 1.7E+01 2.IE-02 9.9E-01 7.2E+01 4.OE-OI 3A4E-04 1.SE-02 1.6E+00 
Amn-2A1 3.3E+02 4.2E-O1 2.3E+01 1.1E+03 S.OE+OO 1.1E-02 5.IE-O1 3.1E+01 
Cm-242 5.013-01 4.3E-04 2.IE-02 1.SE+0O 1.2E-02 7.E-06 4.9E-04 4.4E-02 
P'u-242 2.1E+02 2.7E-01 1.5E+01 6.SE+02 5.IE+OO 6.2E-03 3.3E-01 1.9E+01 

a. To convert these values to conventional units (mrem/y per pCi/g or mreni/y per pCi/cm2l), multiply by 3.70 E-03 
b. Some of the dose factors in this table are extremely small (essentially zero). The numbers have been listed as they 

were calculated in the scenario spreadsheet.

Concrete Dose FactorsAppendix I
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J Illustrative Specific Applications of Generic Methods

This appendix contains calculations that illustrate how to apply the methods and results in this 
report to specific cases. The two sets of independent calculations included here address (1) a 
specific licensed facility that has material with residual radioactivity that is proposed .  
hypothetically to be sold to the general public, and (2) a hypothetical situation involving a 
residential setting on a closed landfill that contains cleared material.  

In the first case, the licensed material is a slag-like material that has value to the steel industry as 
a steel conditioner. The scenarios used in the general reuse/recycle analysis were used-with 
appropriate parameter changes-to evaluate the disposition of this material. The proposed 
disposition was evaluated (i.e., sale of the material to the steel industry), as well as other 
dispositions such as direct disposal, and other common uses of slag-like material.  

Evaluation of residential scenarios was included here as the second case because it represents a 
possible, but very unlikely, exposure scenario that could arise following the clearance of 
material. Because it is conceptually possible and is a traditional scenario for low-level waste 
facilities, it is relevant to the overall reuse/recycle analysis as an indication of what the 
magnitude of a residential dose might be, given such a situation.  

J.1 Analysis of the Release of Epic Pest-Slag 

This section describes an analysis of the potential release of material from a licensed facility.  
Although the analyses are very similar, this situation is not representative of the clearance of 
material discussed in Volume 1.  

J.1.1 Background 

A licensed facility has proposed to sell material that contains low levels of radionuclides to 
buyers that are not licensed by the NRC. This material-Epic Pest Slag (EPS)-could to be sold 
to the steel industry for use as an additive in steelmaking. Epic Pest Slag is'a derivative of 
existing material in one of two slag piles at the licensed facility that contains various slag 
material produced during several past mineral processing operations at the facility.  

This appendix section contains a discussion of an analysis of the potential impacts of the release 
of EPS. The potential impacts consist of estimated radionuclide concentrations in various 
materials, and calculated doses and dose factors for individuals that may come into contact 
with--or close proximity to-EPS or refinery products following introduction of EPS into a steel 
refinery.  

Following a brief description of the characteristics and use of EPS, an EPS material flow model 
is described in Sections J.2, J.3, and J.4. This model consists of the equations and parameter 
values used to calculate radionuclide concentrations in refinery products. Section J.5 contains a

J-1 Draft NUYRF- 1640, Vol. 2



description of the dose calculations, including tables of input and results. The tables contain 
values used in the calculational models, and calculated doses and dose factors for the various 
scenarios evaluated.  

J.1.1.1 Characteristics of Epic Pest Slag 

As tabulated in Table J.1, the Epic Slag Pile at the licensed facility contains slags resulting from 
the production of various ferroalloys (ferrovanadium, ferrocolumbium, ferrotitanium, ferroboron, 
F-Product, S-Product, and G-Product)., The licensed facility has proposed that the 3,634 metric 
tons (4,006 tons) of ferrocolumbium slag in the Epic Slag Pile be removed and the remaining 
combination of slags be sold as EPS. Following removal of ferrocolumbium slag, the major 
chemical constituents of EPS would be A12 0 3 (app. 44 wt%), CaO (app. 24 wt%/o), and MgO (app.  
12 wt%), as well as smaller quantities of SiO2, TiO2, FeO, and other oxides. The Epic Slag Pile 
also contains soil that has been added to the pile at various times in the past, therefore EPS would 
also contain soil (app. 2 wt %). The overall source content (weight percent of source material 
radionuclides) of EPS is about 0.01%, as shown in Table J.2. The estimated bulk density of EPS 
is 2.0 g/cm3 (1.7 tons/yd3).  

Table J.1 Constituents in Epic Slag Pile and Epic Pest Slag (EPS) 
Epic Pest Slag

Material 
G-Product 
Ferrovanadium slag 
F-Product slag 
Ferrocolumbium slag 
Ferrotitanium slag 
S-Product 
Ferroboron slag 
Miscellaneous slag 

Total slag 
Soil 

Total material

Epic Slag Pile 
(metric tons) (metric tons) 

19,449 19,449 
15,584 15,584 
6,797 6,797 
3,634 0 
3,561 3,561 
2,852 2,852 

77 - 77 
32 32 

51,986 48,352 
'998 998 

52,984 49,350
n/a - not applicable

Di�ftNUREG-l640, Vol.2 J-2

% of slag 
40.2 

32.2 

14.1 

0.0 

7A 

5.9 

0.2 

0.1.  

100.0 

n/a 

n/a

% of total 
material 

39.4 

31.6 
13.8 
0.0 
7.2 
5.8 
0.2 
0.1 
n/a 
2.0 

100.0
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Appendix J Illustrative Applications

J.1.1.2 Use of Epic Pest Slag 

The chemical characteristics of EPS would result in it serving the same general functions in steel 
production as ferrovanadium slag. Ferrovanadium slag is one type of addition agent used in the steel 
industry. It can be used either as a steel conditioner or as a "synthetic" slag. Because ferrovanadium 
is easily oxidized it is normally added to the steelmaking process in the ladle (Lankford et al. 1985).  
This type of addition agent is used for desulfuization or as an insulator for molten metal in the ladle.

Draft NUREG-1640, Vol.2
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Table J.2 Radionuclide content of Epic Pest Slag (EPS) (CI) 
Mean Concentration in EPS 

Radionuclide (Bq/g) (pCi/g) 
U-238 4.18E-01 1.13E+01 

Th-234 3.74E-01 !.OlE+01 
Pa-234m 4.22E-01 1.14E+01 

U-234 4.33E-01 1.17E+01 
Th-230 3.8 lE+01 1.03E+03 
Ra-226 7.77E-01 2.10E+01 
Rn-222 7.77E-01 2.10E+01 
Po-218 7.77E-01 2.10E+01 
Pb-214 7.88E-01 2.13E+01 

Bi-214 7.73E-01 2.09E+01 
Po-214 7.73E-01 2.09E+01 
Pb-210 1.27E+00 3.44E+01 
Bi-210 3.44E-01 9.30E+00 
Po-210 2.44E-01 6.60E+00 
U-235 8.55E-02 2.3 IE+00 
Th-231 8.55E-02 2.3 1E+00 
Pa-231 1.OSE+00 2.92E+01 
Ac-227 6.25E-01 1.69E+01 
Th-227 6.25E-01 1.69E+01 
Ra-223 1.17E+00 3.16E+01 
Rn-219 1.17E+00 3.16E+01 
Po-215 1.17E+00 3.16E+01 

Pb-211 I.17E+00 3.16E+01 
Bi-211 1.17E+00 3.16E+01 
71-207 1.17E+00 3.16E+01 

Th-232 3.56E-01 9.63E+00 
Ra-228 1.55E-01 4.20E+00 

Ac-228 1.55E-01 4.20E+00 
Th-228 1.27E-01 3.44E+00 
Ra-224 1.68E+00 4.54E+01 
Rn-220 1.68E+00 4.54E+01 
Po-216 1.68E+00 4.54E+01 
Pb-212 1 .92E-01 5.18E+00 
Bi-212 1.50E-01 4.05E+00 
Po;212 9.62E-02 2.60E+00 

TI-208 5.40E-02 i.46E+00
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Shipments of EPS from the licensed facility could be sent either directly to a steel refinery or to a 
slag blender. EPS would likely be blended with other synthetic slag or lime at a slag blender or 
at a steel refinery. When the EPS is added to the ladle it would mix with a small amount of 
furnace slag carried over to the ladle with the molten steel, as well as any other additives that 
were added to the ladle, such as calcium and lime (Stewart 1998). According to Medina (1998), 
Waters (1998), and Stewart (1998) none of the addition agent remains with the molten metal 
(i.e., it is removed with the ladle slag). When the ladle slag (i.e., EPS, furnace slag, other 
additives) is removed from the ladle it is mixed with other furnace slag removed from the 
furnace, and typically stockpiled in a slag pile where it is allowed to cool.  

About 96% of all steel slag in the U.S. is used for either road bases, fill or asphaltic aggregate 
(Kalyoncu 1997). Therefore, refinery slag would most likely be sent to a slag processor, where it 
would be minimally processed (removal of metals by physical separation), and sold for typical 
slag uses (road bases, etc.), as described in Volume 1 of this report 

The source material radionuclides in EPS (Table J.2) would likely remain in slag after 
introduction of EPS to the refining process. These radionuclides are not expected to partition to 
refined steel or other byproducts of steel refining during use of EPS in steelmaking. This is 
based on the assumption that EPS would be added to the ladle (not the furnace), plus the 
partitioning data in Volume 1 of this report. Therefore, the only process that would change the 
concentration of radionuclides is dilution with other material at various steps in the use of EPS in 
steelmaking.  

J.1.2 Equations Used to Model Mixing 

The following equations are used to calculate the concentrations in various end products 
assuming an initial concentration in EPS (C1). Because each scenario is time dependent, no 
correction for decay is calculated here. Decay is applied to each scenario individually.  

The concentration in EPS as delivered to the slag blender or refinery is represented by 
Equation 1. This equation takes into account the mixing that occurs with the addition of other 
material shipped with EPS from the licensed facility.  

c2 =cI*MM SJ 

Equation 2 was used to calculate the concentration in EPS following blending. The 
concentration in EPS, as delivered to the slag blender or refinery, is mixed with other additives, 
such as lime, during blending.

Draft NUREG-1640, Vol.2 3-4
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M3.(M + MSA + MADD) 

The mass of EPS used in the ladle per charge is represented by Equation 3.  

Mkd-Mw. Ma. 1( o 
9.072E+5g) 

The total mass of non-molten metal in the ladle includes the EPS blended slag, the furnace slag 
carried over with the metal, and other additives such as calcium. Equation 4 was used to 
calculate this total mass.  

Mn Mtk + MSL + Mldd 4 

Equation 5 was used to calculate the concentration in the slag removed from the ladle. This 
equation takes into account the mixing that occurs in the ladle by the addition of furnace slag 
carried over with the metal and other additives to the EPS blended slag.  

c4=cs4 ') 5 

The total mass of slag produced at the refinery per charge, represented by Equation 6, is the sum 
of the slag removed from the fiunace and the slag removed from the ladle.  

M= Mn + MS 6 

Equation 7 was used to calculate the concentration in the slag pile at the refinery. The slag pile 

consists of the furnace slag and the ladle slag, collectively referred to as "end slag." 

Cher7 

where:

J-5
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C, = concentration in EPS (pCi/g) 
C2  = concentration in EPS as delivered to slag blender or refinery (pCi/g) 
C3  = concentration in blended EPS (pCi/g) 
C4  = concentration in slag removed from the ladle (pCi/g) 
Cs  - concentration in slag stored at the refinery (pCi/g) 
Mto. - mass of blended EPS used in the ladle per charge (g/charge) 
MTL =- total mass of non-molten metal in the ladle (i.e., slag and EPS) per charge 

(g/charge) 
MTs = total mass of slag produced at the refinery per charge (g/charge) 

and 

Mws = mass of EPS shipped from the licensed facility (g) 
MM = mass of other material shipped with EPS from the licensed facility (g) 
MADD - mass of additives mixed with EPS during blending (g) 
M. - mass of molten steel in ladle per charge (g/charge) 
Mss = mass of blended EPS per ton of molten metal (g EPS/ton steel) 
MsL - mass of furnace slag carried over with the molten metal in the ladle per charge 

(g/charge) 
Mf,.m - mass of other additives in the ladle per charge (g/charge) 
M3 = mass of refinery slag removed from the furnace per charge (g/charge) 

J. 1.3 Parameter Values for Dilution Calculations 

This section describes the values used for parameters in the modeling of EPS use in a steel 
refinery. As described above, the radionuclides in EPS would remain in slag materials 
throughout the refining and use steps, so the parameters used in modeling the flow of EPS are 
largely masses of various materials at various steps in the process. These masses are used to 
estimate dilution of radionuclide concentrations in various slag materials. Parameter values used 
as input to the material flow model are summarized in Table J.3 and are discussed below.  

The mass of EPS shipped from the licensed facility is taken to be the total amount of EPS 
available to be shipped from the facility, 51,5761 metric tons (56,852 tons). No mixing is 
assumed because it is not likely that the EPS would be mixed prior to sale. Based on discussions 
with a steel industry metallurgist (Lilley 1998), EPS would likely be blended with lime at a ratio 
of about 50% EPS and 50% lime. This blending could take place at either a slag blender or the 
refinery. However, it is not likely that EPS would be blended at both locations. Therefore, a 
value of 51,576 metric tons (56,852 tons) is used for the mass of additives mixed with EPS 
during blending (MAm). The mass of molten steel in the ladle per charge (M.) and the mass of 
refinery slag removed from the furnace per charge (Ms) are 79.3 metric tons (87.4 tons) and 
13.2 metric tons (14.6 tons) respectively. These values are based on information presented in 
Volume I of this report.  

An EPS mass of 51,576 t is used to model the flow of radionuclides during use of EPS in a steel refinery.  
However, a mass of 49,350 t was used to approximate some uncertainties that can arise in practice.

Illustrative Applications Appendix J
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Table J.3 Input parameter values for the EPS material flow model 

Parameter Parameter values' Rationale for values

mass of EPS shipped from the 
licensed facility (g--Ms 

mass (g) of other material 
shipped with EPS from the 
licensed facility (g)-MSA 

mass (g) of additives mixed with 
EPS during blending (g)-MAne 

mass of molten steel in ladle per 
charge (g/charge)--M

mass of EPS per ton of molten 
metal (g/ton metal)-Mss

mass of slag carried over with 
the molten metal in the ladle per 
charge (g/charge)-MsL

5.16E+10 
FIXED 

0.0 
FIXED 

2.58E+10 
[5.16E+10] 

1.03E+1I1 
UNIFORM

Set to equal the amount available at the licensed facility.  

Assumed that the licensedG facility will not mix EPS 
prior to shipping, based on available documentation.  
No data to base a distribution on.  

There is variability within the steel industry for this 
value, depending on the facility and type of metal end 
product desired. Therefore a uniform distribution is 
assumed (all values within the distribution are equally 
likely). The minimum and maximum values are :h 50% 
of the deterministic value, based on information from 
steel industry contacts.

The output distribution for M, from the EAF steel scrap 
material flow spreadsheet will be used. Parameter 

7.93E+07b values for M. in the EPS material flow model will be 
selected by sampling from the EAF steel scrap material 
flow uncertainty distribution.  

There is variability within the steel industry for this 
value, depending on the facility and type of metal end 

0.0 r2.72E+0] product desired. Therefore a uniform distribution is 

4.54E+03 assumed (all values within the distribution are equally 

UNIFORM likely). A minimum value of 0.0 was chosen because it 
is very possible that a charge would be run without the 
addition of the blended EPS. The maximum value was 
chosen based on information from industry contacts.

2.27E+05 
[6.80E+05] 
1.36E+06 TRI

mass of other additives in ladle 
per charge (g/charge)---M

0.0 [9.81E+05] 
9.8 1E+05 

UNIFORM

mass of refinery slag removed 
from the furnace per charge 
(g/charge)-Ms

There is variability within the steel industry for this 
value, depending on the type of facility. During the 
tapping of the furnace, refinery personnel generally try 
to minimize the amount of furnace slag carried over to 
the ladle, however a small amount always carries over 
to the ladle. A triangular distribution was chosen 
because it is more likely that a lower-end value 
(obtained from industry contacts) would occur. The 
minimum and maximum values were also obtained 
from steel industry contacts, (see Section J.l.3).  

There is variability within the steel industry for this 
value, depending on the facility and type of metal end 
product desired. Therefore a uniform distribution is 
assumed (all values within the distribution are equally 
likely). A minimum value of 0.0 was chosen because it 
is very possible that a charge would be run without the 
addition of other additives. The maximum value was 
chosen based on information from industry contacts 
(see Section J.1.3).

The output distribution for Ms from the EAF steel scrap 
material flow spreadsheet will be used. Parameter 

1.32E+07b values for M. in the EPS material flow model will be 
selected by sampling from the EAF steel scrap material 
flow uncertainty distribution.

a "Fixed" indicates that no uncertainty is associated with this parameter value in the model. For multiple values listed, values are: 
minimum, [most likely], maximum values for triangular distributions (TRI); and minimum, [deterministic], maximum values for 
uniform distributions (UNIFORM) 

b.. Input distribution for these parmeters consists of the output distribution from the EAF material flow workbook used for the steel 
recycle analysis in SAIC (I997)
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The mass of EPS used relative to the mass of molten metal in the ladle is based on information fiom steel 
industry contacts. Stewart (1998) states that between 227 and 363 kg (500 and 800 lbs) of synhetic slag 
mix (75% vanadiurn slag and 25% calcium), is added for every 150 metric tons (165 tons) ofmolten steeL 
This equates to an average value of about 1.5 kg of EPS per metric ton of molten steel (3 pounds of EPS 
per ton ofmolten steel). Medina (1998) states that slag is added to the ladle at the rate of approximately 
5 kg/t steel (10 lMon steel), while Waters (1998) states that the rate of addition is about 2 kg of slag per 
metric ton of steel (4 lbs of slag per ton of steel). The average ofthese values, 2.8 kg/t (5.7 Mon), is used 
for the mass of EPS added to the ladle (Mss).  

The mass of slag carried over with the molten metal in the ladle per charge was detennihed in a similr 
way. Medinr (1998) s that about 227 kg (500 Ibs) of fimae slag is carried over to the ladle after each 
charge. Stewart (1998) states that between 907 and 1361 kg (2000 - 3000 lbs) of funace slag is carried 
over to the ladle each charge (average value of 1134 kg [2500 lbsD. The mean of these two values is 
680 kg (1500 lbs), and this value is used for the value of Ms. in this analysis.  

Other additives can also be added to the ladle; this is accounted for in the flow model with the parameter 
MN, Stewart (1998) indicates that an average of 74 kg (163 Ib) of calcium is added per charge (in the 
synthetic slag mix mentioned above) in addition to another 907 kg (2,000 lbs) of lime added to each 
charge, for a total of 981 kg (2,163 lbs) of other additives added to the ladle for each firnace charge.  

J.1.4 Results of EPS Matedal Flow Analysis 

Calculated radionuclide concentrations in refinery end slag (Cs) are tabulated in Table J.4. The 
5th percentile and 95th percentile values indicate the range of possible concentrations in end slag 
from a steel refinery using EPS as an additive. The mean values from the distribution are the 
most appropriate values to be used as point estimates for concentration. The mean value for each 
radionuclide is higher than the median (50th percentile) value, indicating that the output 
distribution from the uncertainly analysis is skewed to the right. Models of this type commonly 
produce frequency distributions that are best characterized as log-normal. The mean values from 
the output distribution are 0.8% of the initial radionuclide concentrations in EPS.  

There are 16 radionuclides' in EPS that were not explicitly included in the original development 
of the set of radionuclides for this analysis, as described in Volume 1. These radionuclides were 
not explicitly added to the EPS analysis. Therefore, the listing of radionuclide concentrations in 
end slag in Table J.4 lists concentrations only for the 19 radionuclides that are explicitly part of 
the analysis. Some of these radionucides would result in little or no dose impact (e.g., Po-212), 
and many of the remainder have been included implicitly in the analysis as progeny (see Section 
J.1.5.2 and Tables J.8 through J.21).  

The radionuclides not explicitly included are 11-207, TI-208, Pb-21 1, Pb-212, Pb-214, Bi-21 1, Bi-212, Bi-214, Po-212, Po
214, Po-215, Po-216, Po-218, Rn-219, Ac-225, and Pa-234m.
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Table J.4 EPS material flow model results---radionuclide concentrations in end slag 
Mean Si 50t 9 5 th 

(Bq/g) (Bq/g) (Bq/g) (Bq/g) 
Radionuclide (pCi/g) (pCi/g) (PCi/g) (pCi/g) 
Pb-210 9.83E-03 7.31E-04 6.86E-03 2.74E-02 

2.66E-01 1.97E-02 1.86E-01 7.42E-01 
Po-210 1.86E-03 1.40E-04 1.32E-03 5.62E-03 

5. IOE-02 3. 79E-03 3.56E-02 1.42E-01 
Bi-210 2.66E-03 1.98E-04 1.86E-03 7.42E-03 

7.19E-02 5. 34E-03 5.02E-02 2.OOE-01 
Rn-222 6.OOE-03 4.46E-04 4.19E-03 1.68E-02 

1.62E-01 1.21E-02 1.13E-01 4.53E-01 
Ra-223 9.03E-03 6.71E-04 6.31E-03 2.52E-02 

2.44E-01 1.81E-02 1. 70EO1 6.81E-01 
Ra-224 1.30E-02 9.64E-04 9.06E-03 3.62E-02 

3.51E-"1 2.61E-02 2.45E-01 9.79E-01 
Ra-226 6.OOE-03 4.46E-04 4.19E-03 1.68E-02 

L.62E-01 L.21E-02 1.13E-O1 4.53E&O0 
Ac-227 4.83E-03 3.59E-04 3.37E-03 1.35E-02 

1.31E-01 9.70E-03 9.1IE-02 3.64E-O1 
Th-227 4.83E-03 3.59E-04 3.37E-03 1.35E-02 

1.31E-O1 9.70E-03 9.1IE-02 3.64E-01 
Th-228 9.83E-04 7.31E-05 6.86E-04 2.74E-03 

2.66E-02 1.97E-03 1.86E-02 7.42E-02 
Ra-22S 1.20E-03 8.92E-05 8.38F,44 3.35E-03 

3.25E-02 2.41E-03 2.27E-02 9.05E-02 
Th-230 2.94E-01 2.19E-02 2.06E-01 922E-01; 

7.96E+00 5.91E-O1 5.56E+00 2.22E+01 
Pa-23 ! 835E-03 6.20E-04 5.83E-03 2.33E-02 

2.26E-01 1.68E-02 1.57E-01 6.30E-01 
1h-231 6.60E-04 4.91E-05 4.61E-04 1.84E-03 

1.78E-02 1.33E-03 1.25E-02 4.98E-02 
Th-232 2.75E-03 2.05E-04 1.92E-03 7.68E-03 

7.44E-02 5.53E-03 5.19E-02 2.08E-01 
Th-234 2.89E-03 2.15E-04 2.02E-03 &06E-03 

7.80E-02 5.80E-03 5.45E-02 2.18E-01 
U-234 3.34E-03 2.49E-04 2.33E-3 9.33E-03 

9. 04E-02 6. 72E-03 6.3$ I-02 2.52&-01 
U-235 6.60E-04 4.91E-05 4.61E-04 1.84F-03 

1.78E-02 1.33E-03 !.25E-02 4.98E-02 
U-239 3.23E-03 2.40E-04 2.26E-03 9.01E-03 

. 73E-02 6.49E-03 6.09E-02 2.44E-01 

J.1.6 Dose Evaluation 

Exposure scenarios were analyzed for the use of EPS and refmery end slag in the slag scenarios 
developed and described in Volume 1 of this report. For each of these scenarios, total effective 
dose equivalents (FEDE) were calculated for two cases: one using parameter values appropriate 
for EPS, and the second using parameter values appropriate for end slag. The scenarios are
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briefly described in Section J.1,5.1, parameter values are discussed in Section J.1.5.2, and results 

are discussed in Sections J. 1.5.3 and J. 1.5.4.  

J. 1.5.1 Scenarios Evaluated 

The slag scenarios evaluated are briefly described here. The generic term "slag" is used in the 
title of each scenario, and as described above, both end slag and EPS were evaluated for each 
scenario.  

"Handling slag at a refinery" 

This work-related slag-handling scenario was used to evaluate the potential dose to an average 
individual in the group consisting of workers at steel refineries or slag blenders whose primary job 
is using heavy earthmoving equipment to move, load, and unload slag, The slag is stored in a pile 
outdoors adjacent to the refinery. The worker is exposed to contamination in refinery slag via the 
external, inhalation, and secondary ingestion pathways.  

"Use of slag in basement construction" 

This scenario was used to evaluate the potential dose to an average individual in the group of 
individuals that spend a large fraction of the day in a single room or building with a concrete 
basement constructed using slag as aggregate in the concrete. This could be a residential or work
related situation, and includes individuals that work at home (including housewives). Excluded 
from critical group consideration are groups of individuals that spend excessive amounts of time 
in a single room or building, such as invalids ("shut-ins"). These individuals were excluded 
primarily because they represent a small fraction of the adult U.S. population. For those 
individuals that work at home, the most likely situation is that they would spend the nighttime 
hours in a different room or basement than where the daytime hours were spent, but this may 
represent a maximum case. The individual is exposed to external radiation form the slag in the 
basement foundation.  

"Use of slag in a roadbed" 

This scenario was used to evaluate the potential to an average individual in the group of 
individuals that spend a fraction of the year driving on roads constructed with slag in the roadbed.  
The roadbed is constructed using unmixed slag, which is applied and compacted. The individual 
is exposed to external radiation from the slag in the roadbed.  

"Road construction activities using slag" 

This scenario was used to evaluate the potential dose to an average individual in the group of 
workers whose primary job is working on road construction projects using slag as aggregate 
material. The worker is exposed to contamination in slag via the external, inhalation, and 
secondary ingestion pathways.
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"Transport of slag" 

This scenario was used to evaluate the potential dose to an average individual in the group of 
workers whose primary job is driving a truck hauling slag to or from a steel refinery. The driver 
is exposed only to external radiation form the slag in the back of the truck.  

"Processing slag for aggregate" 

This scenario was used to evaluate the potential dose to an average individual in the group of 
workers at steel refineries whose primary job includes working in areas where slag is processed 
for use as aggregate or as roadbed. The worker is exposed to contamination in refinery slag via 
the external, inhalation, and secondary ingestion pathways.  

"Disposal of slag at a landfill" 

This scenario was used to evaluate the potential dose to an average individual in the group of 
workers at landfills whose primary job is using heavy equipment to move, load, and unload waste, 
some of which includes refinery slag. The worker is exposed to contamination from slag via the 
external, inhalation, and secondary ingestion pathways.  

J.1.5.2 Parameter Values 

Table J.5 contains the values used for all parameters except radionuclide concentrations (these 
values are in Table J.2 and Table J.4, for EPS and end slag, respectively). The parameter values 
for these scenarios are described in Volume I of this report. Tables J.6 and J.7 contain external 
geometry factor values and internal dose conversion factors, respectively, used in the EPS 
analysis. These tables - as well as the tables of results - list values for only 7 radionuclides. The 
reason for this is that the effects of many of the progeny radionuclides that are listed as 
constituents of EPS are already included implicitly in this analysis with the parent radionuclides 
listed in Tables J.6, J.7, and all results tables. To avoid double-counting, these progeny for these 
scenarios are described in Volume I of this report. Tables J.6 and J.7 contain external geometry 
factor values and internal dose conversion factors, respectively, used in the EPS radionuclides 
were not included explicitly in the dose estimates, only implicitly as progeny. The footnotes in 
the tables of results (e.g., Table J.8), list the progeny radionuclides whose dose effects are 
included with each parent radionuclide.  

End Slag: Parameter values are identical to those used in the corresponding steel slag 
scenario in Volume I of this report.  

EPS: All parameter values are identical to those used in the end slag handling scenario 
with the following exceptions. The time-of-scenario value is set to Zero on the 
assumption that EPS would be sold directly to a refinery or blender. The large pile 
geometry factor has been used (instead of the FGR #12 infinite depth geometry) to 
reflect the amount of EPS likely to be at a single facility.
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Table J.5 Parameter values for scenario evaluations' 
Secondary 

Mass Respirable ingestion 

Time of scenario External Geometry Duration loading fraction Breathing rate 
(days after release) Factor used' (Os/yr) (mg/m') (unitless) rate (m'h) (mg/hr) 

Handling slag at a refinery 
FGR #12 x SF 

End 14.5 [29] 43.5 SF=03 [0.5] 0.7 

slag UNIFORM .. 5 1500 [ 1000] TRIl 1500 1.3[3.9]7.4 .23[.331.42 0.6[112]3.0 2.1[10]30 

0 Large Pile Uniform TRI TRI 
EPS Fixed UF=0.07[0.5]I.0 

TRI 

Use of slag In basement construction 
End 18[36]54 Inside Sphere 1400[2800] 
slag UNIFORM UF=0.07[0.2]0.8 4200 n/a n/a n/a n/a 

EPS 3U7111 TRI UNIFORM UNIFORM 

Use of slag in a roadbed 

End 18[36154 
slag UNIFORM FGR#12 250[500]750 n/a n/a n/a n/a 

EPS 3[7] 11 UNIFORM 
UNIFORM 

Road construction activities using slag 

End 18[36154 FGR#12 

slag UNIFORM UF=0.3[0.5]1.0 120U500750 1.3[3.9]7.4 23[.33].42 0.6112]3.0 2.1110]30 

EPS 3[7111 TRI UNIFORM TRI TI TRI TI 
UNIFORM 

Transport of slag 
End 17[34151 Driver 500[1000] 
slag UNIFORM UF=0.5[1.01I.05 1250 n/a n/a n/a n/a 

EPS 0 TRI UNIFORM 
FIXED 

Processing slag for aggregate 

End 16[32148 Large Pile 500[1000] 1.3(3.917.4 .. 3[-33].42 0.6[1213.0 2.1(10130 
slag UNIFORM UF=0.5[I.0]1.05 1500 TI.l T[] T62l T10! 
EPS 0 TRI UNIFORM TRI TRI TRI TRI 

FIXED
Disposal of slag at a landfill 
End 18[36]54 
slag UNIFORM

0 
FIXED

FGR#.2xSF 
SF=0.3[0.5]0.7 

TRI

1s80360]540 
UNIFORM 1.3(3.937.4 
500[1000] T1 7 

1500 
UNIFORM

.23[331.42 0.6[1.2]3.0 2.1[10130 
TRI TRI TRI

I.Fzxed" indicates that no uncertainty is associated with this parameter value in the model. Where multiple values are listed: 
minimum, [most likely], maximum values for triangular distributions (MIR); and minimum, [deterministic], maximum values for 
uniform distributions (UNIFORM) 
2. FGR#12=-Federal Guidance Report #12, soil infinite depth; SF-Shielding Factor;, UF-Uncertainty Factor;, Large Pile, Inside 
Sphere. and Driver geometry factors are described in SAIC (1997).
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Illustrative Applications

Table J.6 Geometry factors used

FGR# 12-Infmite 
Depth 

(mrem/br per pCi/mr) 

7.98E-01 

8.62E-14 

9.99E- I I 

1.20E-09 

2.86E-14 

5.40E- 11 

8.12E-12

Large Pile 
(mrem/hr per pCi/g) 

2.82E-04 

1.71E-09 

2.78E-05 

2.97E-04 

1.14E-10O 

1.02E-05 

1.33E-06

Inside Sphere 
(mrem/hr per pCi/g) 

1.621-03 

2.20E-08 

1.96E-04 

2.09E-03 

6.75E-09 

8.05E-05 

8.58E-06

Driver 
(mrem/hr per pCi/g) 

8.24E-04 

1.09E-08 

9.47E-05 

9.69E-04 

1.79E09 

3.95E-05 

3.88E-06

Ra-226 

Th-230 

Pa-231 

Th-232 

U-234 

U-235 

U-238

Table J.7 Internal dose conversion factors used (mrem/pCi) 

Inhalation 

2.25E-02 

2.62E-01 

4.89E+00 

1.49E+00 

1.32E-01 

1.23E-01 

1.18E-01

Ingestion 

5.69E-03 

5ASE-04 

1.94E-02 

4.90E-03 

2.61E-05 

2.80E-05 

3.74E-05

"Handling slag at a refinery" 

"Use of slag In basement construction" 

End Slag: Parameter values are identical to those used in the corresponding steel slag 
scenario in Volume 1.  

EPS: All parameter values are identical to those used in the end slag basement 
construction scenario with the following exceptions. The time-of-scenario value 
reflects direct transfer to a processing facility and immediate use after processing.  
No delay for passage through a steel refinery is included. This treatment is 
consistent with that for processing refinery slag and recycling concrete.  

"Use of slag In roadbed" 

End Slag: Parameter values are identical to those used in the corresponding steel slag 
scenario in Volume I of this reporM
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Ra-226 

Th-230 

Pa-23I 

Th-232 

U-234 

U-235 

U-238
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EPS: All parameter values are identical to those used in the end slag roadbed scenario 
with the following exceptions. The time-of-scenario value reflects direct transfer 
to a processing facility and immediate use after processing. No delay for passage 
through a steel refinery is included. This treatment is consistent with that for 
processing refinery slag and recycling concrete.  

"Road construction activities using slag" 

End Slag: Parameter values are identical to those used in the corresponding steel slag 
scenario in Volume 1 of this reporL 

EPS: All parameter values are identical to those used in the end slag road construction 
scenario with the following exceptions. The time-of-scenario value reflects direct 
transfer to a processing facility and immediate use after processing. No delay for 
passage through a steel refinery is included. This treatment is consistent with that 
for processing refinery slag and recycling concrete.  

"Transport of slag" 

End Slag: Parameter values are identical to those used. in the corresponding steel slag 
scenario in Volume 1 of this report.  

EPS: All parameter values are identical to those used in the end slag transport scenario.  

"Processing slag for aggregate" 

End Slag: Parameter values are identical to those used in the corresponding steel slag 
scenario in Volume I of this report.  

EPS: All parameter values are identical to those used in the end slag processing scenario 
with the following exceptions. The time-of-scenario value is set to zero on the 
assumption that EPS would be sold directly to a processing facility.  

"Disposal of slag at a landfill" 

End Slag: Parameter values are identical to those used in the corresponding steel slag 
scenario in Volume 1 of this report. Changes from SAIC (1997) are as follows: 
uncertainty in the time-of-scenario has been including; a shielding factor (SF) has 
been included with the GF to account for shielding by earthmoving equipment 
during slag handling; occupational exposure time has been reduced to account for 
time not in the presence of slag; a uniform distribution has been adopted for 
occupational exposure time to reflect industry variation and quality of available 
data.
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EPS: All parameter valdes are identical to those used in th6 end slag disposal scenario 
with the following exceptions. The time-of-scenario value is set to zero on the 
assumption that EPS would be shipped directly to a landfill. Worker exposure 
time is larger than for end slag disposal because it is reasonable to assume that 
Shieldalloy would dispose of the EPS as quickly as possible (i.e., within a year); 
this would result in a greater level of disposal activity for a single year.  

J.1.5.3 Results of Dose Evaluation 

Doses and dose factors (normalized to a unit concentration) were calculated for both radionuclide 
concentrations in EPS and in end slag. The calculated mean doses represent estimates of the 
doses to an average individual in the exposed population for each scenario, resulting from the use 
of EPS (Tables J.8-1.14) and end slag (Tables J.15-J.21) in the various "slag" scenarios. Tables 
J.8-J21 show representative values from the uncertainty analysis for EPS in each scenario. The 
51b percentile and 9 5 11 percentile values define the range of the confidence interval for possible 
doses for an individual in the exposed group in each scenario. The mean (arithmetic average) 
dose from the distribution is used as the point estimate dose for each scenario, because the output 
distribution represents variability among calculated doses in a defined population (Hoffman 
1997). The mean and median (50 percentile) doses for each radionuclide are sometimes very 
close to one another, however the mean dose is typically higher than the median dose, indicating 
that the output distribution from the uncertainty analysis is positively skewed (more occurences at 
the low end than at the high end).  

The calculated mean dose factors are the mean doses normalized to a unit concentration in the 
initial material-i.e., the calculated mean radionuclide dose divided by the initial radionuclide 
concentration in EPS. Although other values from the distributions are not displayed in 
Tables J.8-J.21, the dose factors exhibit similar distributional characteristics as the calculated 
doses.  

J.1.5.4 Discussion of Dose Evaluation Results 

Several conclusions can be drawn from an examination of the calculated doses. Most obvious is 
the significant magnitude and range of some of the calculated doses. The handling scenarios (e.g., 
"Handling slag at a refinery") all describe similar activities, and they result in mean total 
calculated doses that are approximately I remiy. Even the low-end values of the dose range for 
these scenarios (i.e., the 5 1h percentile) exceed the current NRC dose limit for members of the 
public of 100 mrem/yr in a calendar year. This means, based on the results of this analysis, that it 
is very likely that the dose limit would be exceeded for individuals in these types of exposure 
scenarios. The primary exposure pathway in the handling scenarios is inhalation of resuspended 
material, which typically contributes 95% of the total calculated dose. Also, the range of the 
calculated doses for these scenarios shows that they'are highly uncertain, ranging over roughly an 
order of magnitude. Both the magnitude and the range of calculated doses for the scenarios that 
do not involve handling slag material are much smaller (e.g., "Use of EPS/End slag in basement
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J.8 Results for "Handling EPS at a refinery" 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(pSv/y) (pSv/y) (pzSv/y) (pSv/y) (pSviy per Bg/g) 

Radionuclide (Mrem/y) (mrem/Y) (mrem/y) (mrem/y) (mrem/yr per pCi/g) 
Ra-226 5.0E+01 9.2E+01 1.5E+02 9.4E+01 1.2E+02 

5.OE+00 9.2E+00 1.5E+01 9.4E+00 4.5E-01 
Th-230 2.0E+03 5.3E+03 1.3E+04 5.9E+03 1.6E+02 

2.OE+02 5.3E+02 1.3E+03 5.9E+02 5.8E-01 
Pa-231 1.1E+03 2.9E+03 6.7E+03 3.2E+03 3.0E+03 

l.IE+02 2.9E+02 6.7E+02 3.2E+02 I.IE+01 

Th-232 1.4E+02 3.2E+02 6.9E+02 3.5E+02 9.8E+02 
1.4E+01 3.2E+01 6.9E+01 3.5E+01 3.6E+00 

U-234 I.IE+01 3.OE+01 7.2E+01 3.4E+01 7.8E+01 
LIE+00 3.OE+00 7.2E+00 3.4E+00 2.9E-01 

U-235 2.3E+00 5.8E+00 1.3E+01 6.5E+00 7.6E+01 
2.3E-01 5.8E-01 1.3E+00 6.5E-01 2.8E-01 

U-238 9.7E+00 2.6E+01 6.2E+01 2.9E+01 7.0E+01 
9.7E-01 2.6E+00 6.2E+00 2.9E+00 2.6E-01 

Total 9.7E+03 
9.7E+02 

J.9 Results for "Processing EPS for slag" 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(pSv/y) (pSv/y) (pSv/y) (pSv/y) (pSvly per Bglg) 

Radionuclide (mrem/y) (mrem/y) (mrem/y) (mrem/y) (mrei/yr per pCi/g) 
Ra-226 5.0E+01 &8E+01 1.5E+02 9.4E+01 1.2l+02 

5.OE+00 8.8E+00 1.5E+01 9.4E+00 4.5E-01 
Th-230 1.9E+03 5.2E+03 1.2E+04 6.0E+03 1.6E+02 

1.9E+02 5.2E+02 1.2E+03 6.OE+02 5.8E-01 
Pa-231 I.IE+03 2.81+03 6.5E+03 3.2E+03 3.0E+03 

1.IE+02 2.8E+02 6.5E+02 3.2E+02 I.IE+01 
Th-232 1.4E+02 3.1E+02 6.7E+02 3.5E+02 9.9E+02 

1.4E+0l 3.1E+01 6.7E+01 3.5E+01 3.7E+00 
U-234 1.1E+01 2.9E+01 6.8E+01 3.4E+01 7.91+01 

I.IE+00 2.9E+00 6.SE+00 3.4E+00 2.9E-01 
U-235 2.3E+00 5.6E+00 1.3E+01 6.5E+00 7.6E+01 

2.3E-01 5.6E-01 1.3E+00 6.5E-01 2.8E-01 
U-238 9.5E+00 2.6E+01 5.9E+01 3.0E+01 7.1E+01 

9.5E-01 2.6E+00 5.9E+00 3.0E+00 2.6E-01 
Total 9.7E+03 

9.7E+02 

NOTES: Ra-226 values include equilibrium dose contributions from Rn-222, Pb-214, Bi-214, Pb-210, Bi-210, and Po-210.  
. Pa-231 values include equilibrium dose contributions from Ac-227, Ra-223, Rn-219, Po-215, Pb-21 1, Bi-211, T1-207, 

and Th-227.  
- Th-232 values include equilibrium dose contributions from Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb

212, BI-212, and Tl-208.  
. U-235 values include equilibrium dose contributions from Th-231.  
. U-238 values include equilibrium dose contributions from Th-234 and Pa-234m.  
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J.10 tiestilts for "Road construction activiteie usifig EPS"1 
Doses ITEDE) 

-5th 50th 95th Mean Dose Factors 
(ItSv/y) (PSv/Y) (ASvlY) (IzSvIY) (jzSv/y per Bg/g) 

Radionuclide (mrem/_v) (Mrem/y) (mrem/y) (mrem/y) (mrem/yr per pCi/g) 

Ra-226 4.3E+01 1.2E+02 2.3E+02 1.2E+02 1.6E+02 
4.3E+00 1.2E+01 2.3E+01 1.213+01 5.9E-01 

Th-230 7.8E+02 3.1E403 9.3E+03 4.OE+03 1.OE+02 
7.813+01l 3.IE+02 9.313+02 4.013+02 3.SE-0I 

Pa-231 4.6E+02 1.7E+03 5.OE+03 2.1E+03 2.OE+03 
4.613+01 1.713+02 5.013+02 2.113+02 7.313+00 

Th-232 1.OE+02 2.6E+02 5.6E+02 2.9E+02 S.OE+02 
I 13O+01 2.6E+01 5.613+01 .2.9E+01 3.013+00 

U-234 4.2E+00 I.8E401 5.3E+01 2.3E+01 5.2E+01 
4213-01 1.SE+00 5.313+00 2.313+00 .1.9E-01 

U-235 1.SE+O0 4.2E+00 I.OE+O1 4.9E4100 5.8E+01 
1.513-01 4.213-01 1.OE+00 4.913-01 2.1E..O1 

U-239 4.OE+00 1.6E+01 4.6E+01 2.OE+01 4.8E+01 
4.013-01 1.613+00 4.613+00 2.013+00 I.&E-0I 

Total 6.6E+0 
6.613+02 

J.11 Results for "Disposal of EPS at a landfill" 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(FSV/Y) (jzSv/Y) (jiSV/Y) (jiSvlY) (jtSv/y per Bg~g) 

Radionuclide (mnrem/y) Cmreml~y) (mre/y) (mrern/y) (mrern/yr per pCi/g) 
Ra-226 5.7E+01 1.0E402 1.7E+02 1.1E+02 1.4E+02 

5.7E+00 I.OE+O) 1. 7E+01 1. JE-i-O 5. IE-01 
IM-2T0 1.9E+03 5.3E+03 1.3E+04 6.0E+03 .1.6E+02 

1.9E+02 5.3E+02 1.3E+03 6.OE+02 5.8EO) 
Pa-231 1.OE+03 2.9E+03 6.BE+03 3.2E+03 3.0E403 

).OE*02 2.9E+02 6.8E+02 3.2E+02 J.IE+OI 
Th-232 1.6E+02 3.4E+02 7.5E+02 3.8E+02 U.E403 

1.6E+01 3.4E+0I 7.SE+OI 3.8E+01 3.9E+00 
U-234 1.OE+01 3.OE+O1 7.3E+01 3.4E+01 7.9E+01 

L.OE+OO 3.OE+OO 7.3E+00 3.4E+00 2.913-01 
U-235 2.5E+00 6.2E+00 1.4E+01 6.SE+O0 LVE+01 

2.5E-01 6.2E-01 I.4E-i-O 6.8E-01 3.0E-01 
U-238 9.5E+00 2.6E+01I 6.4E+01 3.0E+01 7.1E+01 

9.SE-01 2.6E+OO 6.4E+00 3.OE+OO 2.6E-01 
Total .E3 

9.8E+02 
NOTES: Ra-226 values include equilibrium dose contributions from Rn-222, Pb-2 14, Bi-2 14, Pb-2 10, Bi-2 10, and Po-2 10.  

-Pa-231 values Include equilibrium dose contributions from Ac-227, Ra-223, Rn-219, Po-215, Pb-21 1, Bi-21 1, 11-207, 
and Th-227.  

-Th-232 values include equilibrium dose contributions A=o Ra-228, Ac-228, Thi-228, Ra-224, Rn-220, Po-2 16, Pb
212, Bi-212, and 11-208.  

*U-235 values include equilibrium dose contributions fromn Th-231.  
-U-239 values include equilibrium dose contributions fromn Th-234 and Pa-234m.
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J.12 Results for "Use of EPS in a roadbed" 

Doses (TEDE) 
5th 50th 95th Mean Dose Factors 

(;sv/y) (jSv/y) (pSv/y) (PSv/y) (pSv/y per Bg/g) 
Radionuclide (mremly) (mrem/y) (nirem/y) (mremly) (mrem/yr per pCi/g) 

Ra-226 4.9E+01 9.7E+01 1.6E+02 9.8E+01 1.3E+02 
4.9E+00 9.7E+00 1.6E+01 9.8E+00 4.7E-01 

Th-230 2.6E-01 5.1E-01 8.3E-01 5.2E-01 1.4E-02 
2.6E-02 5.1E-02 8.3E-02 5.2E-02 5.1E-05 

Pa-231 8.SE+00 1.7E+01 2.7E+01 1.7E+01 1.6E+01 
8.5E-01 1.7E1+00 2.7E+00 1.7E+00 5.9E-02 

Th-232 3.4E+01 6.7E+01 I.IE+02 6.8E+01 1.9E+02 
3.4E+00 6.7E+00 L.IE+01 6.8E+00 7.1E-01 

U-234 9.8E-04 1.9E-03 3.2E-03 2.OE-03 4.5E-03 
9.8E-05 1.9E-04 3.2E-04 2.OE-04 1.7E-05 

U-235 3.7E-01 7.2E-01 1.2E+00 7.3E-01 &6E+00 
3.7E-02 7.2E-02 1.2E-01 7.3E-02 3.2E-02 

U-238 2.7E-01 5.3E-01 8.6E-01 5.4E-01 1.3E+00 
2.7E-02 5.3E-02 8.6E-02 5.4E-02 4.8E-03 

Total 1.9E+02 
1.9E+01 

J.13 Results for "Use of EPS in basement construction" 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(pSv/y) (pSv/y) (PSv/y) (sSv/y) (pSv/y per Bg/g) 

Radionuclide (mrem/y) (mrem/y) (mrem/y) (mrem/y) (mrem/yr per pCi/g) 

Ra-226 1.6E+00 5.9E+00 1.7E+01 7.1E+00 9.2E+00 
1.6E-01 5.9E-01 1.7E+00 7.1E-01 3.4E-02 

Th-230 1.IE-03 3.9E-03 I.E-02 4.7E-03 1.2E-04 
1.IE-04 3.9E-04 L.IE-03 4.7E-04 4.6E-07 

Pa-231 2.7E-01 9.9E-01 2.8E+00 1.2E+00 I.IE+00 
2.7E-02 9.9E-02 2.8E-01 1.2E-01 4.1E-03 

Th-232 9.4E-01 3.5E+00 1.OE+01 4.2E+00 1.2E+01 
9.4E-02 3.5E-01 1.0E+00 4.2E-01 4.4E-02 

U-234 3.71.-06 1.4E-05 3.9E-05 1.7E-05 3.8E-05 
3.7E-07 1.4E-06 3.9E-06 1.7E-06 1.4E-07 

U-235 &7E-03 3.2E-02 9.2E-02 3.9E-02 4.6E-01 

8.7E-04 3.2E-03 9.2E-03 3.9E-03 1.7E-03 
U-238 4.5E-03 1.7E-02 4.8E-02 2.0E-02 4.9E-02 

4.5E-04 1.7E-03 4.8E-03 2.0E-03 1.8E-04 
Total 1 .3E+OITo , 

1.3E+00 
NOTES: Ra-226 values include equilibrium dose contributions from Rn-222, Pb-214, Bi-214, Pb-210, BI-210, and Po-210 

- Pa-231 values Include equilibrium dose contributions from Ac-227, Ra-223. Rn-219, Po-215, Pb-211. BI-21 1, 71-207, and Th-227 
Th-232 values include equilibrium dose contributions from Ra-228, Ac-228, Th-228, Ra-224, Rn-220, Po-216, Pb- 212, BI-212, and 
TI-208.  
U-23S values include equilibrium dose contributions from Th-231 
U-238 values include equilibrium dose contributions from Th-234 and Pa-234m.  
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J.14 Results for "Transport of EPS" 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(PSV/y) (PSV/y) (PSVlY) (PSvly) (pSv/y per ]Bg/g) 

Radionuclide (mreni/y) (Inrem/y) (mnremn/y) (niierny) (nirem/yr per pCi/g) 
Ra-226 7.5E+01 1.3E+02 1.9E4-02 1.3E+02 1.7E+02 

7.5E+00 1.313+01 1.9E+01 1.3E+01 6.lE-0l 
'11-230 4.8E-02 V.E-02 1.3E-01 &3E-02 2.2E-03 

4.E-03 8.2E-03 1.3E-02 9.3E-03 8.lE-06 
Pa-231 1.2E+01 2.OEI01 3.IE+0I 2.IE+0I 1.9E+01 

1.2E+00 2.OE+00 3.lE+O00 2.lE+OO 7.OE-02 
Th-232 4.OE+0I 6.8E+01 1.OE+02 6.9E+01 1.9E+02 

4.0E+00 6.8E+00 L.OE+Ol 6.9E+00 7.2E-01 
U-234 8.9E-05 I5E-04 2.3E-04 1.5E-04 3.5E-04 

8.9E-06 1.5E-05 2.3E-05 1.513-05 U.E-06 
U-235 3.9E-01 6.6E-01 1.OE+0O 6.8E-01 7.9E+00 

3.9E-02 6.613-02 l.013-0l 6.S13,02 2.9E-02 
U-238 1.9E-01 3.2E-01 4.9E-01 3.3E-01 7.SE-01 

l.9E-02 3.2E-02 4.9E-02 3.3E-02 2.9E-03 
Total 2.2E+02z 

2.2E+01 

J.15 Results for "Handling end slag at a refinery"_ 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(PSV/Y) (Ipsv/y) (PSV/Y) (PtSV/Y) (;tSv/y per Bg/g) 

Radionuclide (nueTWy (M re M/y) (mrem/y) (mrem/y) (mrern/yr per pCi/g) 
Ra-226 4.7E-02 V.E-01 2.5E+00 8.AE-01 1.1E+00 

4.7E-03 5.7E-02 2.SE-0l 8.AE-02 4.OE-03 
Th-230 2.OE+0O 2.7E+01 1.7E+02 4.7E+01 1.2E+00 

2.013-01 2.7E+00' 1.7E+01 4.713+-0046E0 
Pa-231 13E+00 L5SE401 8.7E+01 2.5E+01 2.3E+01 

1.3&01l 1.513+00 8.7E+00 2.5E+00 8.6E-02 
Th-232 2.OE-01 1.gE+0O 9.7E+00 2.91E+00 8.2E+00 

2.OE-02 L.BE-O1 9.713-01 2.9E-01 3.OE-02 
U-234 1.6E-02 1.50-O1 8.8E-01 2.6E-01 6.OE-01 

1.613-03 L.SE-02 8.BE-02 2.613-02 2.2E-03 
U-235 U.E-03 3.2E-02 1.6E-01 5.1E-02 6.OE-O1 

3.0E-04 3.213-03 1.613-02 5.l13-03 2213-03 
U-238 I.OE-02 IA4E-01 U.E-01 2A4E-01 5.6E-01 

1.O13-03 IAE-02 8.313-02 2.413-02 2.113-03 
Total 76ET0 1 

7.6E+00 
NOTES: Ra-226 values include equilibrium dose contributions from Rn-222, Pb-214, Bi-214, Pb-2 10, Bi-210, and Po-210.  

-Pa-231 values include equilibrium dose contributions from Ac-227, Ra-223, Rn-219, Po-215, Pb-21 1, Bi-21 1. TI-207, 
and Th-227.  

*Th-232 values include equilibrium dose contributions from Ra-228, Ac-228, Th-228, Ra-224, Rn-220, P-2 16, Pb
212, Bi-212, and TI-208.  

-U-235 values include equilibrium dose contributions from Th-23 1.  
-U-239 values include equilibrium dose contributions from Th-234 and Pa-234m.  
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J.16 Results for "Processing end slag for aggregate" 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(pSv/y) (pSv/y) (ptSv/y) (pSv/y) (pSv/y per Bg/g) 

Radionuclide (torem/y) (mremr/y) (mrem/y) (mrem/y) (mrem/yr per pCi/g) 

Ra-226 4.2E-02 4.7E-01 2.2E+00 7.2E-01 9.2E-01 
4.2E-03 4.7E-02 2.2E-01 7.2E-02 3.4E-03 

Th-230 2.3E+00 2.7E+01 1.SE+02 4.4E+01 .IE+00 
2.3E-01 2.7E+00 1.5E+01 4.4E+00 4.2E-03 

Pa-231 1.3E+00 1.5E+01 7.5E+01 2.5E+01 2.3E+01 
1.3E-01 1.5E+00 7.5E+00 2.5E+00 8.4E-02 

Th-232 1.4E-01 1.6E+00 &4E+00 2.7E+00 7.5E+00 
1.4E-02 1.6E-01 8.4E-01 2.7E-01 2.8E-02 

U-234 9.9E-03 1.6E-01 7.4E-01 2.6E-01 5.9E-01 
9.9E-04 1.6E-02 7AE-02 2.6E-02 2.2E-03 

U-235 2.3E-03 2.9E-02 1.6E-01 $.1E-02 6.0E-01 
2.3E-04 2.9E-03 1.6E-02 5.1E-03 2.2E-03 

U-238 I.IE-02 1.3E-01 7.4E-01 2.3E-01 &.4E-01 
1.11E-03 1.3E-02 7.4E-02 2.3E-02 2.0E-03 

Total 7.2E+01 
7.2E+00 

J.17 Results for "Road construction activities using end slag" 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(pSv/y) (pSv/y) (pSv/y) (pSv/y) (pSv/y per Bg/g) 

Radionuclide (mrem/Y) (mrem/y) (mrem/y) (mrem/y) (mrem/Yr per pCi/g) 
Ra-226 4.7E-02 5.8E-01 3.1Z+00 9.5E-01 1.2E+00 

4.7E-03- 5.8E-02 3.1E-01 9.5&-02 4.5E-03 
Th-230 1.2E+00 1.6E+01 1.0E+02 3.0E+01 7.8E-01 

1.21-01 1.6E+00 1.0E+01 3.0E+00 2.9E-03 
Pa-231 5.8E-01 &BE+00 3.9E+01 1.7E+01 I.SE+01 

5.8E-02 8.8E-01 5.9E+00 1.713+00 5.71-02 
Th-232 1.2E-01 1.3E+00 7.0E+00 2.1E+00 6.0E+00 

1.2E-02 1.3E-01 7.01-01 2.1E-01 22E-02 
U-234 5.5E-03 9.7E-02 6.9E-01 1.S,-01 4.11-01 

5.5E-04 9.7E-03 6.9E-02 1.81-02 1.5E-03 
U-235 1.9E-03 2.3E-02 1.2E-01 3.8E-02 4.4E-01 

1.9E-04 2.31-03 1.2E-02 3.&E-03 1.61-03 
U-238 5.31-03 8.3E-02 &9E-01 1.5E-01 3.71-01 

5.3E-04 8.3E-03 5.9E-02 1.51-02 1.41-03 
Total 5.0F+O 1 

5.OE+00 
NOTES: Ra-226 values include equilibrium dose contributions from Rn-222, Pb-214, BI-214, Pb-210, BI-210, and Po-210 

- Pa-231 values include equilibrium dose contributions from Ac-227, Ra-223, Rn-219, Po-215, Pb-21 I, BI-21 1,11-207. and Th-227.  
. Th-232 values include equilibrium dose contributions from -a-228, Ac-22& Th-228, Ra-224, Rn-220, Po-216, Pb- 212, 31-212. and 

11-208 
U-235 values Include equilibrium dose contributions from Th-231.  
U-238 values include equilibrium dose contributions from Th-234 and Pa-234m.  
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J.18 Results for "Disposal of end slag at a landfill" 
Doses (TEDE)

5th 
(prSv/y) 

(Inrern/y) 
1.9E-02 
1 .9E-03 
U.E-01 
7.8E-02 

- 4.SE-01 

4.SE-02 
6.9E-02 
6.9E-03 
5.2E-03 
5.213-04 
LI.E-03 
* IE-04 

4.4E-03 
4.413-04

.L19 Results for "Use of end slag In a roadbed" 
Doses (TEDE) 

5th 50th 95th -Mean Dose Factors 
(FiSV/Y) (IzSV/Y) (PSVlY) (ItSv/y) (pSv/y per BgIg) 

Radionuclide (M-rex-/Y) (Inrern/y) (MrMM/Y) (mrem/y) (rnrein/yr per pCq/) 
Ra-226 5.OE-02 5.OE-01 2.3E+00 7.E-01 U.E-01 

5.0E-03 5.OE-02 2.311-01 7.6E-02 3.613-03 
Uh-230 2-5"04 2.8E-03 1.3E-02 4.OE-03 1.IE.04 

2.511-05 2.8E-04 1.3E.03 4.0E-04 3.9E-07 
Pa-231 7.9E-03 8.AE-02 - 4.2E-01 W.E-01 1.2E-01 

7.913-04 8.AE-03 4.211-02 1.E-02 4.5E-04 
Th-232 3A4E-02 3.3E-01 1.7E+00 S.3E-O1 L.SE+0O 

3A4E-03 3.3E-02 1.713-01. 5.313-02 5.5E-03 
U-234 9.2E-07 9.SE-06 4.SE-05 1.SE-OS 3.5E-05 

9.213-08 9.5E-07 4.8E-06 1.5E-06 1.311-07 
U-235 4.1E-04 3.UE-3 1.8E-02 5.5E-03 6A4E-02 

4.I13-05 3.613-04 1.8E"3 5.5E-04 2A4E-04 
U-239 2.9E-04 2.5E-03 1.3E-2 4.2E-03 1.OE-02 

2.9E-05 2.511-04 1.E-03 4.2E-04 3.711-05 

IAE-01 
'NOTES: Ra-226 values include equilibrium dose contributions from Rn-222, Pb-2 14, Bi-2 14, Pb-2 10, Bi-2 10, and Po-2 10.  

-Pa-23 I values include equilibrium dose contributions from Ac-227, Ra-223, Rn-2 19, Po-2 15, Pb-21 1, Bi-21 1, T1,207, 
and Th-227.  

*Th-232 values include equilibrium dose contributions fromn Ra-228, Ac-228, Th-228. Ra-224, Rn-220, Po-2 16, Pb
212. Bi.212, and TI-208.  

*U-235 values include equilibrium dose contributions from Th-23 1.  
-U-238 values include equilibrium dose contributions from Th-234 and Pa-234m.

Radionuclide 
Ra-226

Th-230 

Pa-231 

Th-232 

U-234 

U-235

U-238

.50th 
(ILSV/Y) 

(mnrern/y) 
1.8E-01 
1 .SE-02 
1.OE+01 
I.OE+00 
5.1E+0O 
5A E-Ol 
6.2E-01 
6.2E-02 
5.8E-02 
5.813-03 
l.1E-02 
1. 1 E-03 
4.9E-02 
4.9E-03

95th 
(F±Sv/y) 

(rnremty) 
9.8E-01 
9.SE-02 
5.3E+01 
5.313I-00 
2.6E+01 
2.613+00 
3.5EO00 
3.513-01 
3.1E-01 
3.113-02 
6.IE-02 
6.113-03 
2.4E-01 
2.4E-02

Mean 
(piSv/Y) 

(Inrem/y) 
3.OE-01 
3.013-02 
1.7E+01 
1.713I-00 
8.9E+00 
8.913-01 
1.OE+O0 
L.OE-0l 
9.5E-02 
9.513-03 
1.9E-02 
1.913-03 
8.OE-02 
8.0&-03

Tota
2.713+00

R rqf:Fmx I
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Dose Factors 
(ItSv/y per ]Bgtg) 

(mnrern/yr per pCi/g) 
3.9E-01 
IA.E-03 
4.3E-01 
1.613-03 

8.3E+00 
3.113-02 
2.9E+00 
1. 1E-02 

2.2E-01 
8.113-04 
2.2E-01 
8.213-04 
1.9E-01 
7.O13-04



J.20 Results for "Use of end slag In basement construction" 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(pSv/y) (PSv/y) (pSv/y) (jsSv/y) (pSv/y per Bg/g) 

Radionuclide (mrem1,) (mrem/y) (Mrem/y) (mrem/y) (mrem/yr per pCi/g) 
Ra-226 2.4E-03 2.9E-02 2.1E-01 .4E-02 7.OE-02 

2.4E-04 2.9E-03 2.1E-02 5.4E-03 2.6E-04 
Th-230 2.OE-06 1.8E-05 1.4E-04 3.6E-05 9.5E-07 

2.0E-07 1.8E-06 1.4E-05 3.6E-06 3.5E-09 
Pa-23 ! 3.7E-04 4.8E-03 3.IE-02 9.4E-03 &7E-03 

3.7E-05 4.8E-04 3. 1 E-03 9.4E-04 3.2E-05 
Th-232 1.6E-03 1.7E-02 1.OE-01 3.IE-02 &7E-02 

1.6E-04 1.7E-03 1.01E-02 3.1E-03 3.2E-04 
U-234 5.3E-09 7.3E-08 4.7E-07 1.3E-07 3.1E-07 

5.3E-10 7.3E-09 4.7E-08 1.3E-08 I.1E-09 
U-235 1.2E-05 1.5E-04 I.IE-03 3-0E-04 3.5E-03 

1.2E-06 1.5E-05 1.1 E-04 3.0E-05 g.3E-05 
U-238 5.3E-06 &0E-05 5.4E-04 1.6E-04 3.8E-04 

5.3E-07 8.0E-06 5AE-05 1.6E-05 I AE-06 
Total 9.5E-02 

9.5E-03 

J.21 Results for "Transport of end slag" 
Doses (TEDE) 

5th 50th 95th Mean Dose Factors 
(pSv/y) (pSv/y) (ASv/y) (pSv/y) (pSv/y per Bg/g) 

Radionuclide (mrem/y) (mrem/y) (mrem/wy) (mrnm/y) (mrem/yr per pCWg) 
Ra-226 6.3E-02 6.5E-01 3.1E+00 1.OE+00 1.3E+00 

6.3E-03 6.5E-02 3.1E-01 1.0E-01 4.8E-03 
Th-230 4.0E-05 4.3E-04 2.1E-03 6SE-04 1.7E-05 

4.0E-06 4.3E-05 2.I1E-04 6.5E-05 6.3E-08 
Pa-231 1.OE-02 1.1E-01 4.8E-01 1.6E-01 l.SE-01 

1.0E-03 I.IE-02 4.8E-02 1.6E-02 5.4E-04 
Th-232 3.4E-02 3.5E-01 1.6E+00 $.3E-01 1.5E+00 

3.4E-03 3.5E-02 1.6E-0I 5.3E-02 5.5E-03 
U-234 7.1E-08 7.3E-07 3.9E-06 1.2E-06 2.8E-06 

7.1E-09 7.3E-08 3.9E-07 1.2E-07 1.01E-08 
U-235 3.5E-04 3.1E-03 1.6E-02 5.4E-03 6.3E-02 

3.5E-05 3. IE-04 1.6E-03 5.4E-04 2.3E-04 
U-238 1.SE-04 1.7E-03 7.6E-03 2.SE-03 6.OE-03 

1.5E-05 1.7E-04 7.6E-04 2.5E-04 2.2E-05 
Total I1.7E+00 

1.7E-01 

NOTES: Ra-226 values include equilibrium dose contributions from Rn-222, Pb-214, BI-214, Pb-210, Bi-210, and Po-210.  
* Pa-231 values include equilibrium dose contributions from Ac-227, Ra-223, Rn-219, Po-215, Pb-21 1, Bi-21 1, 11-207. and Th-227 

"Th-232 values include equilibrium dose contributions from Ra-228, Ac-221, Th-223, Ra-224, Rn-220, Po-216, Pb- 212, B1-212, and 
TI-20&.  
U-235 values include equilibrium dose contributions from Th-231.  
U-238 values include equilibrium dose contributions from Th-234 and Pa-234rn.  
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construction"). The calculated doses for these "non-handling" scenarios are lower is that they 
involve only the external exposure pathway.  

Also, calculated doses for mott stenarios are dominated by a single radionuclide (plus progeny).  
The calculated doses for the scenarios involving handling slag material, e.g., "Handling s'lag at a 
refinery," are dominated by the inhalation of Th-230. This radionuclide contributes over 50% of 
the total mean calculated dose for the handling scenarios. In the non-handling scenarios (e.g., 
"Use of EPS/End slag in basement construction"), Ra-226 and progeny contribute at least 50% of 
the calculated doses, all via the external exposure pathway.  

Finally, and as expected, the scenarios involving the direct use of EPS result in much higher 
calculated doses than the corresponding end slag scenarios. This is because the end slag 
concentrations are much lower then EPS (approximately 1% of the concentrations in EPS), and 
most other scenario parameters are the same for EPS and end slag.  

J.2 Landfill resident scenarios 

Historically, scenarios assessing the potential dose to individuals residing on land above a closed 
landfill have been analyzed as a bounding or upper-limit case. As an illustrative reference for 
comparison, this scenario was examined for a closed landfill that contains cleared material or 
byproducts of refining cleared material. These hypothetical scenarios were judged too improbable 
to include in the determination of critical groups. Although closed landfills are used for 
commercial uses (e.g., golf courses and airports) (Rathje 1991)they are not typically used for 
residences.  

A set of landfill resident scenarios was evaluated for clearance of steel in order to give an 
indication of what potential doses might occur. A description of the modeling of this scenario is 
contained in Section 4 of the main report. The scenario includes a factor that accounts for the 
estimated fraction of a landfill that might be comprised of cleared material (or byproducts of 
refining)-see Section 4 for a discussion of this factor. The scenarios also include an assumption 
of food ingestion by the resident. Similar to the refinery atmospheric release scenarios, this 
exposure pathway is comprised of ingestion of vegetables, and ingestion of drinkcing water. These 
ingestion pathways are in addition to external, and inhalation pathways.  

Dose factors were calculated for a set of four landfill resident scenarios to account for the 
following steel scrap and byproducts of refining: scrap steel; steel refinery slag; electric arc 
furnace baghouse dust; and basic oxygen furnace baghouse dust.  

The highest dose factors calculated for each radionuclide in these scenarios are tabulated in Table 
J.22 and J.23. Dose factors for 31 radionulides were zero in all landfill resident scenarios; these 
are excluded from the tables. The 31 radionuclides all have short radioactive half-lives, which 
accounts for the zero doses for the landfill scenarios. Dose factors for several more radionuclides
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listed in Table J.22 and J.23 are essentially zero. The non-zero mean dose factors range from a 
high of 8.9E+03 pSv/y per Bg/g (33 mrem/y per pCi/g) for Np-237 down to much less than 0.1 
ptSv/y per Bg/g (4E-04 mrem/y per pCi/g).
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Table J.22 Highest landfill resident mass dose factors for steel recycle 
(gSv/y per Bq/g) I (mrmi/y per pCi/g) 

mean 5th 50th 95th mean 5th 50th 95th Scenario 
H-3 !.6E-03 1lIE-05 2.7E-04 6.1E"03 6.OE-06 3.9E-08 9.9E-07 2.2E-05 FE-SCRP-LANDFIL-N 
C-14 3.6E+00 1.0E-01 i.OE+00 1.4E+01 13E-02 3.8E-04 3.7E-03 S.4E-02 FE-SCRP-LANDF[L-N 
Na-22 7.6E-07 6.0E-18 l.SE-12 6."E-07 2.8E-09 2.2E-20 6.813-15 2.5E-09 FE-BOFD-LANDFIL-N 
CI-36 I.SE+01 7.0E-01 7.4E+00 7.3E+01 6.7E-02 2.61-03 2.713-02 2.71-01 FE-SCRP-LANDFIL-N 

Ca-41 I.SE+00 4.1,-02 5.2E-01 6.4E+00 5.6E-03 1.51-04 .9E-03 2.4E-02 FE-SCRP.LANDFIL-N 
Mn-54 I.3E-19 1.6E-51 1.5E-35 3.7E-20 4.7E-22 5.7E-54 5.6E-38 1.4E-22 FE-SCRP-LANDFIL-N 
Fe-55 8.6E-10 5.3&-19 4.0E-14 3.5E-09 3.2E-12 !.9E-21 1.5E-16 1.3E-1 I FE-SCRP-LANDFIL-N 
Co-57 2.1•-23 1.5&-60 8.11-42 5.51-24 7.9E-26 5.5E-63 3.0E-44 2.01-26 FE-SCRP-LANDFIL-N 

CO-60 1.7E-03 1.5E-08 8.6E-06 63E-03 6.3E-06 5.5E-1I 3.2E-08 2.3E-05 FE-SCRP-LANDFIL-N 
Ni-63 8.8E-03 2.7E-04 3.1E-03 3.5E-02 3.3E-05 9.9E-07 1.11-05 1.31-04 FE-SCRP-LANDFIL-N 
Zn-65 2.8E-24 3.91-66 2.2E-46 4.5E-26 1.0E-26 !.4E-68 8.21-49 i.7E-28 FE-BOFD-LANDFIL-N 
Sr-90 3.5E-01 1.4I-02 1.41-01 1.4E+00 13E-03 5.3E-05 5.1E-04 5.21-03 FE-SCRP-LANDFIL-N 

Nb-93mr 8.313-05 IAE-06 2.5E-05 3.51-04 3.1F-07 5.3E-09 9.2E-O8 1.3E-06 F,-SCRP-LANDFIL-N 
Nb-94 1.7E+01 9.62-02 2.611+00 8.4E+01 6.3E-02 3.6E-04 9.813-03 3.11-01 FE-SCRP-LANDFIL-N 
Tc-99 1.4E+01 1.31+00 6.6E+00 5.6E+01 5.1E-02 4.8&-03 2.411-02 2.1E-01 FE-SCRP-LANDFIL-N 
Ru-106 i.82-18 7.61-45 7.7E-32 2.3E-18 6.7F-21 2.8E-47 2.9E-34 8.513-21 FE-SCRP-LANDFIL-N 

Cd-109 7.06-15 1.7F-35 6.61-25 1.6E-14 2.6E-17 6.4_-38 2.4E-27 6.01-17 FE-SCRPoLANDFIL-N 
Ag-il0m 1.31-23 4.0,-64 9.7E-44 1.5E-24 4.92-26 1.5E-66 3.611-46 5.6E-27 FE-SCRP-LANDFIL-N 
Sb-125 2.7&-07 7.2&-17 $.9F-12 7.31-07 i.OF-09 2.713-19 3.3_-14 2.7E-09 FE-SCRP-LANDFL-N 
1-129 4.4E+02 3.11+01 I.8E+02 1.6E+03 1.6E+00 1.2E-01 6.81-01 5.9E+00 FE-SCRP-LANDFIL-N 

.1 4ýW j-2 04 
Cs-134 2.413-08 1.6E-21 7.415-15 3.1F-08 8.9E-11 5.9B-24 2.7E-17 1.11-10 FE-BOFD-LANDFIL-N 
Cs-137 23E+00 7.1_-02 $.7E-01 9.9E+00 8.6E-03 2.61-04 3.2E-03 3.7E-02 FE-SCRP-LANDFIL-N 
Ce-144 6.413-23 1.9_-59 5.8E-42 5.7,-24 2.413-25 6.913-62 2.2E-44 2.1_-26 FE-SLAG-LANDFIL-N 
Pm-147 2.713-10 8.1E-12 6.5E-11 1.1E-09 1.0,-12 3.01-14 2.4F-13 4.0E-12 FE-SCRP-LANDFIL-N 

Eu-154 3.OE-02 2.6E-07 1.4E-04 4.8B-02 1.1E-04 9.513-10 5.1F-07 1.81-04 FF-SLAG-LANDFIL-N 
Eu-155 13E-05 1.4E-12 4.91-09 1.6,-05 4.9E-08 5.01.15 1.8E-11 5.8E-08 FE-SLAG-LANDFIL-N 
Pb-210 2.9E+00 6.5E.02 8.61-01 1.2E+01 lE-02 2.4E-04 3.21-03 4.3E-02 F,-SCRN-LANDFIL-N 
Ra-226 2.6E+02 1.1E+01 9.9E+01 1.1E+03 9.5E-01 3.91-02 3.7E-01 3.9E+00 FE-SCRP-LANDFIL-N 

Th-228 6.3E-09 9.12-24 l.IE-16 3.913-09 2.3B-11 3.4E-26 3.9E-19 1.5E-l FE-SLAG-LANDFIL-N 
RaT-228 8.1E-03 3.6E-09 6.1E-06 8.8E-03 3.0E-05 1.3E-11 2.21-08 324-05 FE-SLAG-LANDFIL-N 
Th-229 1.3E+02 1.4E+00 2.42+01 4.8E+02 4.7E-01 5.3E-03 r.8_-02 1.SE+00 FE-SCRP-LANDFlL-N 
Th-230 2.0E+01 2.$E-01 4.1E+00 9.0E+01 7.6E-02 1.0E-03 1.5M-02 3.3E-01 FE-SCRP-LANDFIL-N 

Th-232 1.IE+02 13E+00 2.4E+01 4.6E+02 4.1E-01 4.91-03 8.9B-02 1.7E+00 FE-SCRP-LANDFIL-N 
U-233 3.2E+01 .82-01 l.IE+01 1.3E+02 1.2E-01 3.3E-03 4.1E-02 4.8E-01 FE-SCRP-LANDFIL-N 
U-234 3.2E+01 8.82-01 1.01+01 1.2E+02 1.2E-01 3.32-03 3.82-02 4.5E-01 FE-SCRP-LANDFIL-N 
U-235 3.1E+01 1.0E+00 1.2E+01 1.1E+02 1.22-01 3.7E-03 4.4E-02 4.02-01 FE-SCRP-LANDFIL-N 

Pu-238 7.9E+00 1.1E-01 1.4E+00 3.6E+01 2.9E-02 3.92-04 5.22-03 1.3E-0I FE-SCRP-LANDFIL-N 
U-238 2.8E+01 6.9E-01 9.82+00 1.1E+02 1.12-01 2.6E-03 3.62-02 4213-01 F,-SCRP-LANDFI,-N 
Pu-239 2.02+01 2.52-01 3.3E+00 7.6E+01 7.31-02 9.113-04 1.2E-02 2.82-01 FE-SCRP-LANDFIL-N 
Pu-240 1.9E+01 2.02-01 3.5E+00 7.62+01 7.1E-02 7.62-04 1.32-02 2.8E-01 FE-SCRP-LANDFIL-N 

Am-241 4.0E+01 I.8E+00 1.4E+01 1.514302 1.51-01 6.6E-03 5.1E-02 5.623-01 FE-SCRP-LANDFIL.N 
Cm-242 4.611-02 2.1E-04 4.1E-03 1.92-01 1.7E-04 7.7E-07 1.521-05 7.2E-04 FE-SCRP-LANDFIL-N 
Pu-242 1.SE+01 2.02-01 3.21+00 7.21+01 6.8E-02 7.32-04. 1.22-02 2.7E-01 FE-SCRP-LANDFIL-N 
Cm-244 5.11-01 6.8E-03 9.3E-02 2.1E+00 1.9E-03 .2.5E-05 3.4E-04 7.71-03 FE-SCRP-LANDFIL-N
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Table J.23 Highest landfill resident surficial dose factors for steel recycle 
(pSvly per Bq/cm2 ) (mrcm/y per pci/cm2) 

Mean 5th 50th 95th Mean 5th 50th 95th Scenario ____

H-3 1.2E-03 8.2E-06 2.OE-04 4-5E-0 
C-14 2.6E+00 8.213-06 2.013-04 4.5E-03 
Na-22 5.4E-07 4.I13-18 1.6E-12 4.8E-07 
CI-36 1.3E+01 4.813-01 5.OE+OO 5.213+01 

Ca-41 1.IE+00 2.913-02 3.E-O1 4.OE+OO 
Mn-54 I.IE.19 1.713-52 6.6E3-37 4.2E-21 
Fe-55 7.01340 2.913-19 3.2f,.14 2.513-09 
Co-57 1.313-23 1.E-60 4.I13-42 3.1&-24 

Co-60 Lk.5-03' l.i-08 .E0 6 -5.iE0 
Ni-63 6.413-03 1.7E-04 2.lE-03 2.7E-02 
Zn-65 2.013-24 2.613-66 2.5E-46 2.7E-26 
Sr.90 2.6E-O1 LOE-02 1.O13-01 LOE+OO 

Nb-93m 6.2E-05 8.713-07 1 .7E-05 2.7E-04 
Nb-94 1.2E+01 7.7E-02 1.7E+00 6 4E+01 
TC-99 L.OE+Ol 9.3E-01 4.7E+00 3.513+01 
Ru-106 1.2E-18 5.613-45 6.9E-32 1.6E-18 

Cd-109-- 5.1E-15 "-I 3E,35 3.9E-25 I.LIE-14 
Ag-I l0i 7.913-24 3.I13-64 4.E-44 1 .2E.24 
Sb-125 2.2E-07 5.2E-17 6.513-12 5.7E-07 
1-129 3.213+02 2.OE+01 1.3E+02 1.3E+03 

Cs-134 I''.7E-OS -i.OE-21 4.6E-15 1.5E-08 
Cs-137 1.SE+OO 4.7E-02 6.3E-01 7.611+00 
Ce-l44 4.8E,23 I.E-59 3.81342 3.2E-24 
Pm-147 2.1E-10 5.413-12 -4.9E-11 7.8E-10 

Eu-154 3.2E-02 l.6E-07 U.E-OS 4.611-02 
Eu-IS5 1.2E-05 1.113-12 3.21E-09 I.IE-05 
Pb-210 2.1E+0O M.E-02 6.OE-O1 9.8E4O00 
Ra-226 1.9E-102 &2E+-00 7.02+01 &.5E+02 

Th-228 6.3E-09 4.6E-24 6.9&.17 212E-09 
Ra-228 7.4E-03 2.8E-09 4.3E-06 7.I13-03 
Th-229 9.013+01 1.313+00 1.713"1 4.1E+02 
Th-230 1.513--01 2.2E-01 3.011+00 7.3+1340 

Th-232 7.9E4-01 1.OE+O0 1.6E+01 3.8E+02 
U-233 2.3E+01 6.213-01 7.9E+OO 9.61301 
U-234 2.4E+01 S.6E-01 7.4E400 9.I13+O1 
U-235 2.2E+01 6.513-01 8.3134O0 9.OE+O1 

Pu-238 5.&E+0O 7.OE-02 1.E013-0 2.811+01 
U-238 2.I13"1 4.813-01 6.813+00 8.411+01 
Pu-239 1.4E+01 I.4E-OI 2.3E+O0 6.5E+01 
Pu-240 I.4EfOl 1.513-01 2.513+00 6.911+01 

Am-241 2.9E+01 1.2E+00 9.413+00 l.3E+02 
Cm-242 3.513-02 1.5E-04 3.213-03 1.511-01 
Pu-242 1.3E+01 1.413-01 2.3E+00 6.OE+OI 
Cm-244 3.9E,01 4.913-03 6. 1E-02 1.9E+00
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4.6E-06 1.O-08 7.3E-07 1.711-05FE-SCRP-LANDFIL-N 
9.6E-03 3.OE-08 7.313-07 1 .7E-05 FE-SCRP-LANDFIL-N 
2.013-09 1.513-20 5.913-15: L.E-09 FE-BOFD-LANDFIL-N 
5.013-02 I.8E-03 1.813-02 1.9E-01 FE-SCRP-LANDFIL-N 

4.113-03 1.I13-04 1.2E-03 1.5E,02 FE-SCRP-LA}JDFIL-N 
3.913-22 6.2E-55 2.4E-39 1.6E-23 FE-SLAG-LANDFIL-N 
'2.6E-12 1.113.21 1.2E.16 9.4E-12 FE-SCRP-LANDFIL-N 
4.8E-26 4.81E-63 15E-44 1.413-26 FE-SCRP-LANDFIL-N 

~~ FE-SCO'T~-A Mb19-t" 
5.4E-0 4. Et I 2.5E-0S 2.1E-05 FE-SCRP-LADFIL-N 
2.4E-05 6. 1E-07 7 913-06 1.OE-04 FE-SCRP-LANDFIL--N 
7.613-27 9.613-69 9.211-49 9.9E-29 FE-BOFD-LANDFIL-N 
9.713,04 3.813-05 3.711-04 3.9E-03 FE-SCRP-LA]N~DFIL-N 

i~.. .... .....  

2.3E-07 3.213-09 6.2E-08 1.O11-06 FE-SCRP-LANDFIL.N 
4.413-02 2.8E-04 6.411-03 2.411-01 FE-SCRP-LANDFIL-N 
3.7E-02 3.413-03 1.7E-02 1.311-01 FE-SCRP-LANDFIL-N 
4 3E-21 2.IE-47 2.613-34 5.9E-21 FE-SCRP-LANDFlL-N 

1 .9E-17 4.9E-3S 1.4.&27 .4.IE-17 FE-SCRP-LANDFIL-N 
2.913-26 1.2E-66 1.6E-46 4.6E-27 FE-SCRP-LANDFIL-N 
8.OE-I0 1.9E-19 2.4E-14 2.1E-09 FE-SCRP-LANDFIL-N 
1.213+00 7.313-02 4.613-011 4.7E4-00 FE-SCRP-LANDFIL-N 

6.4E-1I I 3.8E.24 1.7E-17 5.5E,1 I FE-BOFD-LANDFIL-N 
6.6E-03 1.711-04 2.311-03 2.8E-02 FE-SCRP-LANDFIL-N 
1.8E-25 5.013-62 1.413-44 1.2E-26 FE-SLAO-LANDFIL-N 
7.6E-13 2.011-14 I.813-13 2.911-12 FE-SCRP-LANDFIL-N 

1.213-04 6.111-10 3.2E-07 1.713-04 FE-SLAO-LANDFJL-N 
4.5E-08 4.01-15 1.211-11 4.213-09 FE-SLAO-LANDFIL-N 
7.SE-03 1.9E-04 2.213-03 M.E-02 FE-SCRP-LA1MJFU.-N 
6.9E-01 3.O13-02 2.611-01 3.I1E+OO FE-SCRP-LANDFIL-N 

-2 ,.7%-Pi3 

2.3B-1 1 1.713-26 2.6E-19 3.1&-12 FE-SLAG-LANDFIL-N 
2.8E-05 L.OE-1 1 1A.6-O8. 2.613-05 FE-SLAG-LANDFEL-N 
3.311-01 4.913-03 6.413-02 1.513+00 FE-SCRP-LANDFEL-N 
5.411-02 8.113-04 LI.I-02 2.7E-01 FE.-SCRP-LANDFIL-N 

29-13.8E-03 5.9E-02 1.413+00 FE-SCRP-LANDFIL-N 
8.611-02 2.313-03 2.9E-02 3.513-01 FE-SCRP-LANDFIL-N 
&.9E-02 2.1E-03 2.8E-02 M.E-O1 FE-SCRP-LANDFEL-N.  
8.3E-02 2.4E-03 M.E-02 3.3E-01 FE-SCRP-LANDFIL-N 

2.1E-02 2.613-04 3.8E-03 I.O11-01 FE-SCRP-LANDFIL-N 
7.711-02 I.SE-03 2.5E-02 M.E-O1 FE-SCRP-LAINDFEL-N 
5.311-02 5.213-04 M.E-03 2.4E-O1 FE-SCRP-LANDFIL-N 
5.IE-02 5.613-04 9.313-03 2.613-01 FE-SCRP-LANDFIL-N 

I-IB-01 4.413-03 3.5E-02 4.7E-01 FE^SCR-LANDFIL-N 
1.3E-04 5.7E-07 1.213-05S 5E-04 FE-SCRP-LANDFIL,-N 
4.9E-02 5.2E-04 U.E-03 2.2E-01 FB-SCRP-LANDFEL-N

1.513-03 LSE-05 2.3E-04 7.OE-03 MSCRP-LANDFIL-W
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