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RESRAD Data Input Basis

Parameters

This document summarizes the data input and modeling scenario that was used to
determine the radium benchmark dose for the MRISR Project. The modeling was
performed using RESRAD for Windows Version 6.3 developed by the Environmental

Assessment Division at Argonne National Laboratory.

The resident farmer scenario was used since this is the most likely this is the most likely

land use near the site. The following sections describe the data parameters that were used

to model site-specific conditions.

The data input was based upon four principal sources:

1. The RESRAD Data Collection Handbook (ANL, 1993)

2. The RESRAD Users’ Manual (ANL, 2003)

3. The NUREG-1569

4. Site specific information to be included in the MRISR license application

Soil Concentration

1. Lead 210: Used 5.0 pCi/g per the NUREG-1569.

2. Radium 226: Used 5.0 pCi/g regulatory limit as basis for determining benchmark.

Distribution Coefficient (K, (values based upon data in RESRAD Handbook)




1. Lead 210: Used a distribution coefficient of 270 cm®/g for sandy soil based upon soil
type at the mine. The RESRAD User’s Manual specifies the following values:

o Sand =270
o Loam = 16,000

Sensitivity analysis indicates with a multiple of 100, no appreciable impact on maximum
dose for the external dose pathway using higher or lower K,. For the Plant (water
independent) pathway, the lower K, value resulted in a slightly lower maximum dose for
this pathway. In this case, using the midrange value of 270 would result in a
conservative maximum dose estimate. Used values of 2.7, 270 (mid range), and 27,000
which covers the range of potential values at the site based upon sandy and loamy soil

types. Graph attached.

2. Radium 226: Used a distribution coefficient of 500 cm®/g for sandy soil based upon
soil type at the mine. The RESRAD User’s Manual specifies the following values:

. Sand = 500
° Loam = 36,000

Sensitivity analysis indicates with a multiple of 100, no appreciable impact on maximum
dose using higher K, Used values of 5, 500 (mid range), and 50,000 which covers the
range of potential values at the site based upon sandy and loamy soil types. Graph
attached.

Contaminated Zone

1. Area: Used default value of 10,000 square meters.



Sensitivity analysis was performed with a 2 multiple (5,000, 10,000 and 20,000 square

meters). There was no impact on maximum dose for the External dose component. Graph

attached.

Thickness: 15 cm (6 inches) based upon regulatory requirement (minimum in

RESRAD Handbook)

Length parallel to aquifer flow: Default of 100 meters was used and is based upon the

square root of a 10,000 square meter contaminated zone.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

Cover and Contaminated Zone

I

2.

Cover depth: 0 inches (in accordance with NUREG-1569).
Density of contaminated zone: Used the default value of 1.5 g/cc, which corresponds
to sandy soil in the RESRAD Handbook. This compares with the soil types at the

MRISR and data in the MRISR license application.

Because the RESRAD Data Collection Handbook considers this default value

representative of the soil type, no sensitivity analysis was performed.

Contaminated zone erosion rate: Used the default value of 0.001 meters/year.

NUREG-1569 states that the erosion rate should be lower at uranium recovery sites
due to the semi-arid environment. The RESRAD Handbook states that this value

should be adequate for screening purposes. It also states that, while water erosion is

the primary factor, wind erosion can also be significant.




Sensitivity analysis was run using a multiple of 5 (i.e., 0.0002, 0.001 and 0.005). The
lower erosion rate resulted in the total dose remaining at a higher level over a longer
period of time for both the external and vegetation (water independent) pathways.

However, there was no impact on the maximum dose.

4. Contaminated zone total porosity: Default value of 0.4 is based upon the soil types at

MRISR.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

5. Contaminated zone field capacity: Default value of 0.2 was used. This value was used
because it is at the midpoint of the range for the soil types at MRISR.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

6. Contaminated zone hydraulic conductivity: The range given in RESRAD

handbook for silty sand is 1 x 10" to 1 x 10* m/yr. The soil types in the licensed area

are principally Hiland fine sandy loam and Cushman loam. The hydraulic
conductivity (Kg) in m/yr. given in the RESRAD Manual for loamy sand is 4.93 x
10> m/yr.  Very fine sand is given a K of 3.0 x 10° m/yr in the RESRAD
Handbook. To be conservative, a high value of 4.3 x 10° representative of Hiland fine

sandy loam was chosen since site specific data is unavailable.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

7. Contaminated zone b parameter: Default parameter is 5.3 for silty loam. The
RESRAD Handbook and RESRAD Manual specify the range from sand to loam is
4.05 to 5.39. Used default value.




No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

8. Evapotranspiration Coefficient: The RESRAD default value is 0.5. NUREG-1569
suggests that a value of 0.6 to 0.99 for uranium recovery sites is appropriate because
they are located in a semiarid environment. For screening purposes, a mid-value

(0.75) was used.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

9. Wind Speed: The RESRAD default is 2 m/s. The average for the MRISR is 5 m/s
based on meteorological data from.

No sensitivity analysis was performed since this is actual site data.

10. Precipitation: The RESRAD default is 1 m/yr. The average for the MRISR site is 0.3
m/yr. Site data was used. No sensitivity analysis was performed since this is actual

site data as recommended in NUREG-1569.

11. Irrigation Rate: The RESRAD default is 0.2 m/yr. This default value is high for

western states where irrigation may not be an option for some area.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

12. Runoff Coefficient: The RESRAD default value is 0.2. This is the value for open
rolling land in the RESRAD Handbook and was used for MRISR. The potential range
in the RESRAD handbook for the site would be 0.1 to 0.4.



No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

13. Watershed Area for nearby stream or pond: The RESRAD default value is 1 x 10°

2
m-.

No Sensitivity analysis was performed since water dependent pathways were not
significant contributors to dose.
14. Accuracy: Used the default value of 0.001.

Saturated Zone

1. Density of saturated zone: Used the default value of 1.5 g/cc, which corresponds to

sandy soil in the RESRAD Handbook. This compares with the first saturated zone at
the MRISR.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

2. Saturated zone total porosity: Value of 0.43 is based upon formation type and data
for the RESRAD Handbook.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

3. Saturated zone effective porosity: Value of 0.33 was used based upon formation type
and data for the RESRAD Handbook.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.




4. Contaminated zone field capacity: Default value of 0.2 was used. This value was used
because it is at the midpoint of the range for the soil types at MRISR.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

5. Saturated zone hydraulic conductivity: A value of 5550 m/y was used based upon
formation type and data for the RESRAD Handbook.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

6. Saturated zone hydraulic gradient: The default value of 0.02 was used for screening

purposes.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

7. Saturated zone b parameter: Default parameter is 5.3 for silty loam was used. The
RESRAD Handbook and RESRAD Manual specify a value of 4.38 for loamy sand,

which corresponds to the soil classification used for the hydraulic conductivity. The

range from sand to loam is 4.05 to 5.39.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

8. Water Table Drop Rate: The default value of 0.001 m/yr. was used for screening
purposes. The site specific drop rate should be similar because there is little

consumptive use of groundwater in the immediate area other than ranches that use

local wells for domestic and livestock.




No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

9. Well Pump Intake Depth: The RESRAD default is 10 m. Since the depth to saturated

zone is 21 meters and this zone is relatively thin and intermittent, a value of 22 meters

was chosen.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.
10. Model for Water Transport Parameters: Used non-dispersion per NUREG-1569.
11. Well Pumping Rate: Used default of 250 m*/yr. (66,000 gal/yr.).

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

Unsaturated Zone

1. Unsaturated zone thickness: Used 21 meters based on site specific data to top of first

saturated zone..

2. Density of unsaturated zone: Used 1.5 g/cc, which is similar to the saturated zone as
discussed in NUREG-1569.

3. Unsaturated zone total Porosity: The default value of 0.4 is the same as used for the
saturated zone as discussed in NUREG-1569.



No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

4. Unsaturated zone effective porosity: The default value of 0.2 is the same as used for
the saturated zone as discussed in NUREG-1569.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

5. Unsaturated zone field capacity: Default value of 0.2 was used. This value was used

because it is at the midpoint of the range for the soil types at MRISR.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

6. Unsaturated zone hydraulic conductivity: The range given in RESRAD handbook for

silty sand is 1 x 10" to 1 x 10* m/yr. The soil types in the licensed area are principally
Hiland fine sandy loam and Cushman loam. The hydraulic conductivity (Ks,) in m/yr.
given in the RESRAD Manual for loamy sand is 4.93 x 10> m/yr. Very fine sand is
given a K, of 3.0 x 10° m/yr in the RESRAD Handbook. To be conservative, a high
value of 4.3 x 10° representative of Hiland fine sandy loam was chosen since site

specific data is unavailable.

No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.

7. Saturated zone b parameter: Used default parameter of 5.3. The RESRAD Handbook

and RESRAD Manual specify a value of 4.38 for loamy sand, which corresponds to

the soil classification used for the hydraulic conductivity. The range from sand to
loam is 4.05 t0 5.39. |




No Sensitivity analysis was performed since water dependent pathways were not

significant contributors to dose.
Occupancy
1. Inhalation Rate: Used default value of 8,400 m*/yr.

2. Mass Loading for Inhalation: Default is 0.0001 g/m’. Handbook gives a value of
0.0003 g/ m® for agricultural generated dust loading. Used 0.0003 g/ m*

No Sensitivity analysis was performed since inhalation pathways were not significant

contributors to dose.

3. Exposure Duration: Used default value of 30 years.

4. Indoor dust filtration factor: Used default value of 0.4.

5. External gamma shielding factor: The RESRAD default is 0.7, which assumes that
the indoor gamma radiation level is 30% lower than the outdoor gamma radiation
level. NUREG-1569 requires that a value between 0.33 and 0.55 be used. The
screening level was set at 0.55. This is a value suitable for a 7-inch thick concrete
slab on grade house (NUREG/CR-5512 Vol.3, p 6-25). This is representative of the

thickness of the local slab or basement floor thicknesses.

Sensitivity analysis using a 1.5 multiple (i.e., 0.367, 0.55 and 0.825 resulted in a change
in the maximum dose. See graph. The low range (0.367) resulted in a maximum dose for
the external exposure pathway of approximately 20 mrem/yr compared to a dose of 23
mrem/yr for a shielding factor of 0.55. Based upon the fact that most construction of
rural homes in the local area includes a thick concrete basement floor or slab, a

shielding factor of 0.55 for the MRISR area is justified.



6. Indoor/Outdoor Fractions: Used defaults of 0.5 indoors and 0.25 outdoors for farmer
scenario. As discussed above, the resident farmer scenario was chosen as the most

likely land use for the foreseeable future (i.e., 200 years).

7. Shape of contaminated zone: NUREG-1569 suggests use of actual shape.
However, the shape is unknown at this time. Various shapes were assumed including
a rectangle having a length of up to four times the width. The results were
independent of these shapes as long as the receptor was centered. When the receptor
was at the edge of the area, the dose was reduced significantly as expected. A

circular shape was adopted for the modeling.

Ingestion: Dietary

1. Consumption Rates:

A. Fruit, vegetable and grain: RESRAD default is 160 kg/yr. This value was used
based upon EPA estimated consumption. NRC Reg. Guide 1.109 has an estimated
consumption for an adult of 190 kg/yr. Screening level set at default of 160 kg/yr.
This amount is the total consumption. RESRAD adjusts for contaminated and

uncontaminated fractions based upon the size of the contaminated area.

B. Leafy Vegetable: Used default value of 14 kg/yr. NRC Reg. Guide 1.109 has

an estimated consumption for an adult of 64 kg/yr, while NRC estimates for dose

from nuclear power plants uses a consumption rate of 30 kg/yr. Screening level
for total set at default of 190 kg/yr (see above entry). This amount is the total
consumption. RESRAD adjusts for contaminated and uncontaminated fractions

based upon the size of the contaminated area.

C. Milk: No consumption of locally produced and consumed milk per NUREG-

1569. Dairy operations are not prevalent in the area.




D. Meat and Poultry: =~ Used RESRAD default value of 63 kg/yr. According to

NRC Regulatory Guide 1.109 (NRC, 1977), the recommended average value for
consumption of meat and poultry is 37 kg/yr for children, 59 kg/yr for teenagers,
and 95 kg/yr. for adults.

E. Fish/Seafood: No consumption of locally produced and consumed fish or

seafood products was considered as recommended by NUREG-1569.
F. Soil ingestion: Used the RESRAD default value of 36.5 g/yr..
G. Drinking water intake:  Used the RESRAD default of 510 I/yr. (1.4 L/d) as

a screening level. This value is based upon EPA estimates of drinking water

intake. The EPA (1990) has suggested that the average adult drinking water

consumption rate is 1.4 L/d; the reasonable worst-case value is 2.0 L/d. .

2. Contaminated Fractions:

NUREG-1569 states that for sites with over 25 acres (10,117 square meters) of
contamination, the fraction of diet from contaminated area should be assumed to be 25%
(0.25). A sensitivity analysis on these parameters was not performed based upon the

guidance.
A. Water: Used the default value of 1 (i.e., 100% of consumption is from
contaminated well water). All current water use in rural areas around the site

is from private wells and will likely continue to be in the foreseeable future.

B. Livestock Water: Used default of 1 (i.e., 100% is from contaminated water).

All current water use in rural areas around the site is from private wells and

will likely continue to be in the foreseeable future.




C. Irrigation Water: Used the RESRAD default of 1 (i.e,, 100% is from

contaminated water). All current water use in rural areas around the site is

from private wells and will likely continue to be in the foreseeable future.

D. Plant food: Used 0.25 as percentage of plant food that is contaminated.

E. Meat: Used 0.25 as percentage of meat that is contaminated.

Ingestion: Nondietary

1. Consumption Rates:

A. Livestock fodder intake for meat: Used the RESRAD default of 68 kg/day.

B. Livestock water intake for meat: Used the RESRAD default of 50 L/day.

According to NRC Regulatory Guide 1.109 (NRC 1977), the water ingestion
rate for beef cattle is 50 L/d.

C. Livestock intake of soil for meat: Used the RESRAD default of 0.5 g/day.

D. Mass loading for foliar deposition: Used the same value of 0.0003 g/m® for
agricultural generated dust loading as the inhalation parameter discussed

above.

Sensitivity analysis was run with a multiple of 100 (i.e., 0.000003, 0.0003, and

0.03 g/m’). There was no impact on dose.

E. Depth of soil mixing layer: Used the RESRAD default of 0.15 meters.




F. Depth of roots: Used 0.3 meters as a screening level based upon NUREG-1569
instead of the RESRAD default of 0.9. The root depth varies for different
plants. For some plants, such as beets, carrots, lettuce, and so forth, it does not
extend below about 0.3 m, which is the basis of the NRC guidance. For others,
such as fruit trees, the roots may extend 2 or 3 m below the surface. Tap roots
for some crops (e.g., alfalfa) can extend to 5 m. Most of the plant roots from
which nutrients are obtained, however, usually extend to less than 1 m below
the surface. Due to the common use of grazing crops such as alfalfa in the
immediate area surrounding the MRISR site, a sensitivity analysis was chosen
that would determine the dose using the 0.3 m NRC guidance as the screening
level as well as the 0.9 m RESRAD default.

Sensitivity analysis was run with a multiple of 2 (i.e., 0.15, 0.3, and 0.6 meters). There
was a significant impact on the maximum dose. Assumption of a shallow root system
increased the dose significantly. In a review of the exposure pathways, the plant pathway

resulted in approximately 35% of the total maximum dose. The meat pathway, which

would be the primary pathway affected by deeper roots such as alfalfa was insignificant..
Therefore, the root depth recommended in the NRC NUREG-1569 was chosen for this

parameter.

G. Groundwater fractional usage:
e Drinking water: Used the RESRAD default of 1 (i.e., 100% from

well).

Livestock water: Used the RESRAD default of 1 (i.e., 100%
from well).

Irrigation water: Used the RESRAD default of 1 (i.e., 100% from

well).




Storage Times

Used the RESRAD default values for all storage times (for vegetables, meats, fodder,

etc.).
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EPUZ (1)
FCUZ (1)
BUZ {1
HCUZ (1)

DCNUCU{ 1,1

DCNOUCS ¢ 1)

ALEACH

o

SOLUBK( 1)

DCNUCE

DCNUCU ¢

DCNUCS ( 2}

ALEACH

*

SOLUBK(

INHALR
MLINH
ED
SHE3
SHF1
FIND
FOTD

FS

L

o
i

RAD_SHAPE(
RAD SHAPE
RAD_SHAPE (
RAD_SHAPE(
RAD_SHAPE(
RAD_SHAPE |
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Summary Moore Ranch Radium Dose File: mranchRal.RAD
Site-Specific Parameter Summary (continued)

| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name

: : : : :
R0O17 | Fractions of annular areas within AREA: | | ] |
RO17 | Ring 1 | not used | 1.000E+00 | — | FRACA( 1}
RO17 | Ring 2 | not used | 2.732E-01 | -—= | FRACA( 2}
RO17 | Ring 3 | not used | 0.000E+00 | ——= | FRACA( 3}
RO17 | Ring 4 | not used | 0.000E+00 | = | FRACA( 4!
RO17 | Ring 5 | net used | 0.000E+00 | i | FRACA( %)
RO17 | Ring 6 | not used | | sme | FRACA( 8)
RO17 | Ring 7 | not used | | S | FRACA( 7}
RO17 | Ring 8 | not used | | i | FRACA( 8
RO17 | Ring & | not used | | - | FRACA( 9)
RO17 | Ring 10 | not used | | e | FRACA (10}
RO17 | Ring 11 | not used | | s | FRACA[1l
RO17 | Ring 12 | not used | | - | FRACA(12)

| | | ! |
RO18 | Fruits, vegetables and grain consumption (kg/yr) | 1.600E+02 | | i | DIET{1)
RO18 | Leafy vegetable consumption (kg/yr) | 1.400E+01 | | - | DIET (2
R0O18 | Milk consumption (L/yr) | not used | | e | DIET(3;
R0O18 | Meat and poultry consumption (kg/yr) | €.300E+01 | 6.300E401 | - | DIET(4)
RO18B | Fish consumption (kg/yr) | not used | 5.400E+00 | == | DIET(S)
RO18 | Other seafood consumption (kg/yr) | not used | 9. | - | DIET(6)
R018 | Scil ingestion rate (g/yr) | 3.650E+01 | 3. | s | so1L
RO18 | Drinking water intake (L/yr) | 5,100E+02 | 5. | == | pwr
R0O18 | Contamination fraction of drinking water | 1.000E+00 | 1. ] —-= | FDW
R0O18 | Contamination fraction of household water | not used | 1. | ——— | FHHW
RO18 | Contamination fraction of livestock water | 1.000E+00 | 1. | m—— | FLwW
RO18 | Contamination fraction of irrigation water | 1.000E+00 | 1 | - | FIRW
R0O18 | Contamination fraction of aquatic food | not used | 5.000E-01 | -—- | FRY
RO1B | Contamination fraction of plant food | 2.500E-01 |-1 | ——— | FPLANT
R0O18 | Contamination fraction of meat | 2.500E-01 |~-1 | o | FMEAT
RO18 | Contamination fraction of milk | not used |-1 | e | FMILK

| | | | |
RO19 | Livestock fodder intake for meat (kg/day) | 6.800E+01 | 6.800E+01 | oo | LF15
RO19 | Livestock fodder intake for milk (kg/day) | not used | 5.500E+01 | ——— | LF16
RO19 | Livestock water intake for meat (L/day) | 5.000E+01 | 5.000E+01 | i | LW15
RO19 | Livestock water intake for milk (L/day) | not used | 1.600E+02 | m——— | Lwie
RO19 | Livestock soil intake (kg/day) | 5.000E-01 | 5.000E-01 | - | Ls1
RO18 | Mass loading for foliar deposition (g/m**3) | 3.000E-04 | 1.000E-04 | —== | MLFD
RO19 | Depth of soil mixing layer (m) | 1.500E-01 | 1. 01 | —== | DM
R0O19 | Depth of roots (m) | 3.000E-01 | 8. | e | DROOT
RO19 | Drinking water fraction from ground water | 1.000E+400 | 1. | i | FGWDW
RO19 | Household water fraction from ground water | not used | 1. | == | FGWHH
RO19 | Livestock water fraction from ground water | 1.000E+00 | 1. | - | FewLw
RO19 | Irrigation fraction from ground water | 1.000E400 | 1. | ——— | FGWIR

| ! ! | |
R19B | Wet weight crop yield for Non-Leafy (kg/m**2) | 7.000E-01 | 7.000E-01 | = | yv(1)
R19B | Wet weight crop yield for Leafy (kg/m**2) | 1.500E+00 | 1.500E+00 | —— | yv(2)
R19B | Wet weight crop yield for Fodder {(kg/m**2) | 1.100E400 | 1.100E+00 | — | ¥v(3)
R19B | Growing Season for Non-Leafy (years) | 1.700E-01 | 1.700E-01 | ——- | TE(D
R19B | Growing Season for Leafy (years) | 2.500E-01 | 2.500E-01 | it | TE(2)
R19B | Growing Season for Fodder {years) | 8.000E-02 | 8.000E-02 | e | TE(3)
R19B | Translocation Factor for Non-Leafy | 1.000E-01 | 1.000E-01 | oo o0 | TV
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Summary ; Moore Ranch Radium Dose File: mranchRal.RAD

Site-Specific Parameter Summary (continued)

| | User | i Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name
t f f } f
RI19B | Translocation Factor for Leafy | 1.000E+00 | 1.0008+00 | e | TIv(2)
R19B | Translocation Factor for Fodder | 1.000E+00 | 1.000E=00 | = | TIv(3)
R19B | Dry Foliar Interception Fraction for Non-Leafy | 2.500E-01 | 2.500EB-01 | e | RDRY (1}
R19B | Dry Foliar Interception Fraction for Leafy | 2.5008=01 | 2.500E=01 | i | RDRY(2)
R19B | Dry Foliar Interception Fraction for Fodder | 2.500E~01 | 2.560E-01 | s | RDRY (3}
R19B | Wet Foliar Interception Fraction for Non-Leafy | 2.500E=01 | 2.500E-01 | - | RWET (1)
R19B | Wet Foliar Interception Fraction for Leafy | 2.500E-01 | 2.500E-01 | e | RWET(2)
R19B | Wet Foliar Interception Fraction for Fodder | 2.500E~01 | 2.5008-01 | o | RWET (3}
R19B | Weathering Removal Constant for Vegetation | 2.0008401 | 2.000B+01 | ——— | wraM
! | | | |
€14 | ©~12 concentration in water (g/em**3) | not used | 2.000E-05 | - | c1zwrr
Cl4 | ©-12 concentration in contaminated soil (g/gj | mot used | 3.000E-02 | e | c12cz
€14 | Fraction of vegetation carbon from soil | not used | 2.000E-02 ] - | .Ccso1L
€14 | Fraction of vegetation carbon from air | not used | 9.800E-01 | e | caIlr
€14 | ¢-14 evasion layer thickness in soil (m) | not used | 3.000E-01 | === | bMC
Cl4 | ©-14 evasion flux rate from soil (l/sec) | net used | 7.000E-07 | - | EVSN
Cl4 | €-12 evasion flux rate from soil (1/sec) | not used | 1.000E-10 | === | REVSN
Cl4 | Fraction of grain in beef cattle feed | not used | 8.C00E-01 | e | AVFG4
Ci4 | Fraction of grain in milk cow feed | not used | 2.000E-01 | e | AVFGS
€14 | DCF correction factor for gaseous forms of €14 | not used | 0.000B+00 | e | cozr
| | | | |
STOR | Storage times of contaminated foodstuffs (days): | | | |
STOR |  Fruits, non-leafy vegetables, and grain | 1.400E+01 | 1.400E+01 | s | STOR_T(1)
STOR | Leafy vegetables | 1.000E+00 | 1.0008%0D | - | STOR T(2)
STOR | Milk | 1.000E+00 | 1.000E+00 | e | STOR_T(3)
STOR | Meat and poultry | '2.000E+01 | 2.000E%01 | i | STOR_T(4)
STOR | Fish | 7.000E400 | 7.000E+00 | - | STOR_T(5)
STOR | Crustacea and mollusks | 7.000E400 | 7.0060E+00 | —-- | STOR_T(6)
STOR |  Well water | 1.000E+00 | 1.000E400 | i | STOR_T{7)
STOR |  Surface water | 1.0008400 | 1.0008+00 | ——— | STOR T(8)
STOR |  Livestock fodder | 4.500E+01 | 4.500E+01 | e | STOR_T(9)
| ! | | |
RO21 | Thickness of building foundation (m} | not used | 1.500E-01 | e | FLOOR1
R021 | Bulk density of building foundation {(g/cm**3} | mot used | Z.400E+00 | e | DENSFL
R021 | Tetal porosity of the cover material | not used | 4.000E=01 | i | TPCV
RO21 | Total porosity of the building foundation | not used | 1.000E-01 | = | TPFL
RO21 | Velumetric water content of the cover material | not used | 5.0008E-02 | e | pH20CV
RO21 | Volumetric water content o¢f the foundation | not used | 3.000E-02 | = | pH2OFL
R0O21 | Diffusion coefficient for radon gas (m/sec): i | | |
| R021 |  in cover material | not used | 2.000B-06 | i | prECcV
| R021 |  in foundation material | not used | 3.000E-07 | - | DIFFL
RO21 |  in contaminated zone soil | not used | 2.000E=06 | = | pIFCZ
' RO21 | Radon vertical dimension of mixing (m) | neot used | 2.000E+00 | - | HMIX
R0O21 | Average building air exchange rate (1/hr) | not used | 5.000E=01 | ——— | REXG
R021 | Height of the building (room) (m) | not used | 2 5002*00’] - | HRM
R021 | Building interior area factor | not used | U.000E+00 | e | FAI
ROZ1 | Building depth below ground surface (m) | not used |-1.000E+00 | ——— | DMFL
RO21 | Emanating power of Rn-222 gas | not used | 2.500E-01 | == | EMANA(1)
ROZ1 | Emanating power of Rn-220 gas | not used | 1.500B-01 | o | EMANA(2)
f I | ] |
TITL | Number of graphical time points | 32 | - | e | NPTS
TITL | Maximum number of integration points for dose | 17 | e | o | ymax
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Summary Moore Ranch Radium Dose File: mranchRal.RAD
Site-Specific Parameter Summary (continued)

| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (If different from user input) | Name

| ! I ] i

1 T T 1 T
TITL | Maximum number of integration points for risk | 257 | = | e 8 | KYMAX

i 1 1 1 1

Summary of Pathway Selections

Pathway

Find

external gamma
inhalation (w/o
plant ingestion
meat ingestion
milk ingestion
aquatic foods
drinking water
soil ingestion

radon

radon)

peak pathway doses

f
|
|
I
|
|
f
!
!
|
|

i

active
active
active
suppressed
suppressed
active
active
suppressed

active
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Summary: § e Ranch Radium: Dose File: mr
Initial Soil Concentratvions, g
10 DROE+(
Ra=22¢ 5.000E+
mrem £
Basic = 1 mrem/yr
Total Mixture Sum M(t) Cose
t i{years) 0 DOOE+C 3.000B+00 1 1 1.000E+03
TDOSE (t) 3 3.931E+01 3. BBOE+D 3 1BE+0 ] 3 0GOE+00
Mt 3 1 3,931 3.8 3.7 103 1 1.6EBE-01 0 0. 0DOE+00D
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Summary : Moore Ranch Radium Dose File: mranchRal, L RAD

Total Dose Contributions TDOSE(i,p.,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk
mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac
Pb-210 1.501E-02 0.0004 B8.679E-03 0.0002 O0.000E+00 0.00C0 7.763E+00 0.19%64 3.780E-01 0.008%6 0.000E+00 0.0000 9.
Ra-226 2.411E+01 D.6101 3.402E-03 0.0001 0O.000E400 0.0000 5.868E+00 0.1485 2.013E-01-0.0051 0.000E+C0 0.0000 1

1.363E+401 0.344% 5.793E-01 0.0147 0.000E+400 0.0000 1,172E+00 0.02

Total 2,413eE401 0.6105 1.208E-02 0.0003 0.000E+00 0.

Total Dose Contributions TDOSE(i,p,t) for Individual Radicnuclides (i) and Pathways (p

As mrem/yr and Fraction of Total Dose At t = 0.000E+00 years

ater Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr  fract. mrem/yr fract. mrem/yr fract. mrem/yr frac

00 '9.141E+00

.038E+D1 0.7

0.00DE+00 0.
0.000E+00 £.0000

0.000E+00 0.0
0.000E+00 O.

Pb-210 0.000E+00 0.0000 0.000E+00 0.00 0.000E4D0 0.0000 0.000E+00

09
Ra~226 0.000E+00 0.0000 (0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00

5]

Total 0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.952E+01 1.0C

L6

*Sum of all water independent and dependent pathways.




6.3 T Limit = 180 days

iium Dose

Total Dose ons TDOSE (i, p, Pathways (p

/yr and Fracti

Water Independent F

Ground Inhalation Radon Plant Meat

mrem/yr fract. mrem/yr fract mrem/yr fract. mrem/yr fract. mrem/yr fract.

Q0E+00 0.0000 7.462E400 0,1898 3. .000E+0

0.000E+(

6.060E+00 0.1541 2.1

0.000E+00 0.0¢C

1.352E#+01 0.3439 5.750E-01.0,0146 0,000E+00 Q

0.000E+00 0.0

Total 2.404E401 0.86116 1.

i) and Pathways (p]

Fish Radon Pl

Meat Milk All Pathways

mrem/yr mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr

0.000E+0C 0.000E+0(

0.000E

0.000E+00
0.000E+00 0.0

000E+00 8.7B7E+00 0.22

0.000E+00

0000 0.000E+00 0.0
0.000E+00 0.0

Pb-210 0.000E+00 D.

0.000E+C

3.053E401 0.7

Ra~-2

0.000E+00 0.000E+400 0.0000

0.00CE+00 0

0.000E+00

L]

Total 0.000E+00

*Sum ¢of all water independent and dependent pathways.
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Summary ! Moore Ranch Radium Dose File: mranchRal.RAD

Total Dose Contributions TDOSE(i,p.,t) for Individual Radionuclides (i) and Pathways (p)

As mrem/yr and Fraction of Total Dose At t = 3,000E+0C years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac
Pb-210 1.358E-0Z 0.0003 '7.706E-03 .0.0002 0.000E+00 0.0000 6.893E+00 0.1773 3.357E-01 0.0086 (0.000E+00 0.0000 8.670E-01 0.02
Ra-226 2.386E+01 0.6135 4.073E-03 0,0001 0.000E+00 0.0000 6.404E+00 0.1647 2.297E-01 0.0059 0.000E+00 0.0000 2.754E-01 0.0C

Total 2.387E+01 0.6138 1.178E-02 0.0003 0.000E+00 0.0000 1.330E+401 0.3419 5.654E-01 0.0145 0.000E+00 0.0000 1.142E+00 D.02

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways {(p)

As mrem/yr and Fraction of Total Dose At t = 3.000E+00 years

Water Dependent Pathways

Water Fish Radon Plant Meat Milk ARll Pathways

Radio=

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fra

<
<

0 0.000E+00 0.0000 0.000E+00 0.0000 8.117E+00 0.2¢

Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 O.
0 0 0.000E+00 0.0000 0.000E+00 0.0000 3.077E+01 0.7%

Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.00

o

L0000 3.8BY9E+01 1.0C

<

Total 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 0.0000 0.000E+0C

*Sum of all water independent and dependent pathways.
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Summary v Radium Dose File: 1.RAD

al ‘Dose Contributions TDOSE(i,p,t} for Radionuclides (i) and Pathways (p)
As mrem/yr 1 of t = 1.000E+01 years
Water Independent Pathways (Inhalation excludes radon
Ground Inhalation Radon Plant Meat Milk 1

Radio~-

Nuclide: mrem/yr fract. mrem/yr fract, mrem/yr fract. mrem/yr mrem/yr fract. mrem/yr

Pb-210 1.075E-02 0.0003 5.828E-03 0.0002 2.539E-01 0.000E+00 0.0000 6.558E-01 0.01
2 0.6215 5 JE~03 0.0001 0.000E+C 2.784E-01 0.000E400 0.0000 4.193E-01 0.01
e
Total 2.325E401 0.6218 1.109E-02 0.0003 0 00000 3.252E+01 03349 0.000E+00C 0000 1.075E+00 02.02
adionuclides and Pathways (p!
i t = 1,000E+01 years
hways
Water Fish Radon Plant Meat Milk All Pathways
Radio
Nuclide fract. mrem/yr mrem/yr fract mrem/yr fract. mrem/yr mrem/yr fract. mrem/yr frac

0.000E+00 0.0000 0.000E+00 0. 0.000E+00 0. 0.000E+C0O

000E+00 0.

Ra-226 .00C0 0.000E+400 0. 0.000E+00 0.0000 0.000E+400 0. 0.000E+00 0. 0.000E+00Q 3.125E+01 0.8z
Total Q .0000 0.000E+00 0.0000 ©0.000E+00 O 0.000E+0C 0.000E4+00 0.(¢ 0.000E+00 0.0000 .3,738E+01 1.0C

of all water independent and dependent pathways.
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Summary Moore Ranch Radium Dose File: mranchRal.RAD
Total Dose Contributions TDOSE(i,p,t} for Individual Radionuclides (i) and Pathways I(p!
As mrem/yr and Fraction of Total Dose At t = 3,000E+01 years
Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Radio-
Nuclide mrem/yr fract mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/y frac
Pb=210 5.481E-03 0.,0002 2.586E-03 0.0001 0.000E+00 0.0000 2.313E+00 0.069% 1.127E-01 0.0034 0.000E+00 0.0000 .910E-01 0.0C
Ra-226 2.132E+01 0.6447 6.619E-03 0.0002 0.000E+00 0.0000 8.088BE+0Q0 0.2445 3.295E-01 0.0100 0.000E+00 0.0000 011E-01 0.01

e
Total 2.133E+01 D.€449 9.205E-03 0.0003 O.000E+00 0.0000 1.040E+01 0.3145 4.421E-01 0.0C134 0.000E+00 0.¢ 921E~01.0.02
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 3,000E+01 years
Water Dependent Pathways

Watex Fish Radon Plant Meat Milk All Pathways
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yxr fract. mrem/yr fract. mrem/yr frac
Pb-210 0.000E+00 0.0000 0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 .T25E+00 0.08
Ra-22 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 J0B5E+01.0.,91
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 3.308E+01 1.0
*Sum of all water independent and dependent pathways.
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Summary ¢ Moore Ranch Radium Dose File: mranchRal . PAD

2 Radionuclides and Pathways (p
1.000 years
excludes radon)
Ground Inhalatiocn Radon Plant Meat Milk Soil

Nuclide mrem/yr fract. irem/yr fract. mrem/yr fract. mrem/y frace. mrem/yr fract. rem/yr fract. mrem/yr frac

0.000C¢ 1.071E-04 0.0000 0.0 3. 0000 9 o 4.874E-03 0. 0 1.208E-02 0C

0.735%9 3,336E-03 0.0002 0.00C 3. £ 1.610E~01 0O 0.¢ 3.215E-01 0.01

[E—

Total 1.226E+01 0.7360 3.444E-03 0002 0.Qoge 3 9 1.657E-01 0. 0.000E+0C 0 3.335E-01 0.0z
Total yse Contribu {i,pety for Individual Radionuclides (i} and Pathways (p

As mrem/yr and Fraction of Total Dose At t.= 1.(

Water Dependent Pathways

b
o
ot
=
o
a
ot

Water Fish Radon Milk All Pathways

o

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr . mrem/yr g mrem/yr. fract, mrem/yr frac

0.C00E+00 -DOOE+ 0.000E+

0.000E+00 0.0¢C

(G.0000 0.000E+C

0.0000 0.000E+00 0.000E+00 0.000E+00

o
Total 0.000E+00 0.0000 ©0.000E+00 0.0000 0.000E+00 00 0.000E+00 O 0 0.000E+00 0. 0 01 1.
>y 1

Sum of all water independent and dependent pathways.




RESRAD,

Summary

Version 6.3

Moore Ranch Radium Dose

Th Limit = 180 days

08/06/2007

Total Dose Contributions TDOSE({i,p,t)

File:

15:10

for

mranchRal.

Individual

Page 1

Ra

As mrem/yr and Fraction of Total Dose At t

Water

Independent Pathways

{(Inhalation

dionuclides (1)

= 3.000E+02 years

excludes radon)

and Pathways

(o
o

Ground Inhalation Radon Plant Meat Milk Seil
Radio~
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract mrem/yr fract. mrem/yr fract. mrem/yr frac
Pb-21 0.000E+00 0.0000 0.000E+00 0. 0.000E+00 000G 0.000E+00 0.000E+00 £.0000 D0.000E+00 00,0000 0.000E+00 0.0C
Ra-226 0.000E+00 0.000C O0.C00E+00 0.0 0.000E+00 0.0000 ©0.000E+00 0.000E+00 0.000C 0.00CE+0C 0.0000 0.000E+00 0.0C
Total 0.000BE+00 0.0000 0.000E+00 0.0000 O0.0COE+DD O 0.000E+00 0.000E+C0 0.0 0.000E+00 0. 0.000E+00 0.0C

Total Dose Contributions TDOSE(i,;p,t) for Individual Radicnuclides (i) and Pathways (p
As mrem/yr and Fraction of Total Dose At t = 3.000E+02 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways
Radio-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract mrem/yr: fract mrem/yr fract: mrem/yr fract. mrem/yr frac
Pb-210 0.000E+00 0.0000 0.000E+400 0.0000 Q.000E+00 0.¢ 0.000E+00 0.0000 0.000E400 0.0000 O0.000E+00 0.0D00 0.000E+00 0.0C
Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 (©.000E+00 0.0000 0.000E+00 0.0000 O0.000E+400 0.0000 O0O.000E+00 0.0000 0.000E+00 0.0C
Total 0.000E+00 0.0000 0.000E400 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 ©0.000E+00 0.0C
*Sum of all water independent and dependent pathways.
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Summary File: mranchRal.RAD

Total ies Pathwayvs {p)
radon}
Ground Inhalation Radon Plant Meat Milk Soid

Radio-

Nuclide mrem/yr (fract. mrem/yr fract. mrem/yr fract, mrem/yr ‘fract. mrem/yr fract. mrem/yr fract. mrem/yr frac

pPb-210 0. 00 0.000E+00 0 0 0.000E+0Q0Q 0000 0.000E+00:0 0.000E+00 C 0.000E+00 0.0C
Ra-226 0.0 0.000E+00 e 0 0. 0.0 0.00CE+00 0 0.000E+00 O 0.000E+C0 -0.0C

P
Total 0.0 ¢ 8 0.0 00,0000 0. a0 6.0¢

for Individual Radionuclides (i) and Pathways (p}

of Total Dose At t = 1.000E+03 years

Water Dependent Pathways

Radon Meat Milk ALl P
Radic~-
Nuclide mrem/yr fract. mrem/yr fr: mrem/yr mrem/yr fract. mrem/yr fract. . mrem/yr: frac

Pb~-210 @ 5+00 0.0 0.000E+Q0 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0. 0.000E+00 0.¢ 0.000E+00-0.0¢C

Ra-226 0.000E400 0. 0. 000E+00 0 0.000E+0 0.000E+00 0.0 LO000E+00::0. 0.000E+00 0.0000 O0.000E+0C 0.0C
‘ Total 3k G. 0.000E+00 0.0000 0.000E+00 0. 0.000E+00 C 0.000E+00 0.C000 ©0.000E+00 0.0000 0.000E+00 0.0C
|

*Sum ¢of all water independent and dependent pathways:.
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Summary : Moore Ranch Radium Dose File: mranchRal . RAD

Dose/Source Ratios Summed Over All Pathways

Parent and Progeny Principal Radionuclide Contributions Indicated

t} At Time in Years (mrem/yr) / (pC

Parent Product Thread DSR {3
(i) (3) Fraction 0.000E+00 1.000E+00 3.000E+00 1.,000E+01 3.000E+01 1,000E+02 3.000E+02 1.000E+03

Pb~210+D PB~210+D 1.000E+00 1.828E+00 1.757E+00 1.623E+00 1.228E400 5.450E-01 2,263E-02 0.000E+00 0.000E+00

LBO1E+00 0.000E+00
+081E
.309E+00 0.0C0E+00D

6.016E+00 5.861E+CC 5.7

69E
B.954E~02: 1.922E-01 4.802E-01 8.71
49E

+
=
o
n
*
i)
e
4]
+
o
<
"

Ra-226+D Ra=226+D 1.0C0E+00 6.

11 0.000E+00

Ra-226+D Pb-210+D 1.000E+00 3:
D TDSR(3) 6.076E

i

o

ok

W v

.105E+400 6.154E+00 6.2

o

W
ot

The DSR includes contributions from associated (half-life B0 days) daughters.

Single Radionuclide Scoil Guidelines G(i,t) in pCi/g

Basic Radiation Dose Limit = 1.000E+02 mrem/yr

Nuclide
+02 1.000E+03

W
[

o
©
5

(i} t= 0.000E+00 1.000E+00 3.

Pb~210 5.470E+401 5.691E+01 6.160E+01 8.144E+01 1.B35E+02 *7.:634E+13 *7,634E+13
Ra-226 1.646E+01 1.638E+01 1.625E+01 1.600E+01 1.,647E+01 *9.88B5E+11 *9.88B5E+11

*At specific activity limit

Summed Dose/Source Ratios DSR(i,t} in (mrem/yr)/(pCi/g)
and Single Radionuclide Soil Guidelines G(i,t) in pCi/g
at tmin = time of minimum single radionuclide scil guideline

and at tmax = time of maximum total dose = 0.000E+0C years

Nuclide Initial tmin DSR({i,tmin) G(i,tmin) DSR(i,tmax) G(i,tmax)

(i) tpCi/qg) years) {(pCi/gj {pCi/g}

o
w
£

3
=

Pb-210 S.000E+00 .000E+00 1.B28BE+400 5.4708+401 1.82BE+00

E
Ra-226 5.000E+00 13.52 £:0.03 6.260E+00 1.597E+401 6.076E400 1.646E+01




RESRAD, Version 6.3 T Limit 180 days

MNue

Individual Nuclic

Parent Nuclide

1.000E40

1.000E+0G2 3.0

6.140E+00 2.72EE 1.132E-01 .O0DE+(

I

Pb-210 1. 1 118 2.401E+00 4. 00 2.540E+00 -000E+C0
Pb-210 ZDOSE(3) 9. 234E+00 9 §.541E+00 2 >4E+00

26 1.000E+00 3.0 Z 1 2.884E401 2.5859E+01 1.400E+01 0.000E+00 0.
THE (i} is ri.-of the parent nuclide

Nuclide

and Branc

1.0008403

Pb-210 100 1 0 000E+00 4 2.593E-14
Pb~-210 Ra-226 1. co 0.000E+00 1. 1.204E+

Pb=210 ¥S{i)s 5.000E+0

Ra-226 1.000 5.000E+00 4. G0 4.342E+00 1.220E+00




Radium Benchmark Dose Assessment

Appendix C-4

RESRAD Model Output

Uranium
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RESRAD, Version 6.3 Tk Limit = 180 days 09/06/2007 15:19 Page 2

Summary : Moore Ranch Uranium Dose File: mranchUl.RAD

Dose Conversion Factor (and Related) Parameter Summary

File: FGR 13 MORBIDITY

Current Base Parameter

Menu Parameter Value Case* Name

Dose conversion factors for inhalation, mrem/pCi:
6.7D0E+00
1.2B0E+00
.360E-02
.580E~-03
+260E-01
+320E-01

6.724E+00
1.280E+00
2.320E-02
8.594E-03
3.280E-01

1.320E-01

Ac-227+4D DCF2( 1)

Pa-231 DCF2 (

o]

bt

DCF2( 3}
DCFZ2( 4)

Pb-210+D
Ra-226+D

[

DCF2 ( 2)

Th-230
U=234

o

DCF2( &)
1.230E-01
1.180E-01
.180E-01

U=2354D DCF2( 7)

U-238

DCF2( 8)

DCF2( 9)

b

U=2384D

D=1 Dose conversion factors for ingestion, mrem/pCi:

D~1 Ac~-2274D b 1.410E-02 DCF3( 1)
D=1 Pa-231 1 1.080E-02 DCF3({ 2)
D=1 Pb-210+D 7 5.370E~03 DCF3( 3)
D=1 Ra-226+D ki 1.320E-03 DCF3( 4)
D-1 Th=230 5 5.480E~04 DCF3( 5)
D-1 U-234 2.B30E-04 2.830E-04 DCF3{ 6)
D-1 U-2354D 2.673E-04 2.660E-04 DCF3( )

2.550E-04

[

-550E-04
.550E~04

DCF3( 8)
DCF3( 9)

553
o
@
~J
™
1
(=4
re
2

U-238+D

D-34 Food transfer factors:
2.500E~03

D-34 Ac-227+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) > . 000E-05 2.000E-05 RTF({ 1,2}
D~-34 Ac-2274D , milk/livestock-intake ratio, (pCi/L)/i(pCi/d) 2.000E~-05 2.000E-05 RTF( 1,3)
D-34

D-34 Pa-231 , plant/soil concentration ratio, dimensionless 1.000E-02 1.000E-02 RTF( 2,1)
D-34 Pa-231 , beef/livestock-intake ratio, (pCi/kg)/{pCi/d) 5.000E~03 5.000E-03 RTF{ .2:2)
D~34 Pa~231 ; milk/livestock~intake ratio, (pCi/L)/(pCi/d) 5.000E~-06 5.000E-06 RTF( 2,;3)
D-34

D-34 Pb~210+4D , plant/scil concentration ratio, dimensionless 1.000E-02 1.000E-02 RTF{ 3,1)
D-34 Pb~210+D , beef/livestock-intake ratio, (pCi/kg)/{(pCi/d) §.000E-04 8.000E-04 RTF¢ 3,2)
D-34 Pb-210+D , milk/livestock-intake ratio, (pCi/L)/i{pCi/d) .000E-04 3.000E-04 RTFL 3,3)
D-34

D~-34 Ra-226+D , plant/soil concentration ratio, dimensionless 4.000E~02 4.000E~-02 RTE( 4,1)
D-34 Ra-226+D , beef/livestock-intake ratio, (pCi/kg)/{(pCi/d) 1,000E-03 1.000E-03 RTF( 4,2)
D-34 Ra-226+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 1.000E-03 1.000E-03 RTF( 4,3)
D-34

D-34 Th-230 + plant/soil concentration ratio, dimensionless 1.000E-03 1.000E-03 RTF( 5,1)
D-34 Th-230 , beef/livestock-intake ratio, (pCi/kg)/{pCi/d) 1.000E-04 1.000E-04 RTF( 5,2)
D-34 Th-230 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) 5.000E-06 5.000E-086 RTF( 5,3
D-34

D-34 U-234 , plant/soil concentration ratio, dimensionless 2.500E-03 2.500E-03 RTF( 6,1)
D-34 U-234 ; beef/livestock-intake ratio, (pCi‘kg)/(pCi/d) 3.400E~04 3.400E~-04 RTF( 6;2)
D-34 U-234 , milk/livestock-intake ratio, (pCi/L)/ (pCi/d) 6.000E-04 6.000E-04 RTF( 6;3)
D-34

D=-34 U-235+D + plant/soil concentration ratio, dimensionless 2.500E~03 2.500E-03 RTF( 7,1}
D-34 U=-235+D . beef/livestock~intake ratio, (pCi/kg)/(pCi/d} 3.400E~-04 3.400E-04 RTF( 7,2}
D-34 U-235+D ; milk/livestock-intake ratio, (pCi/L)/(pCi/d) 6€.000E-04 6.000E~04 RTF( 7:3)

| | | |
i | I |
} f t t
| | | |
| | | |
| ! | |
I | | |
| | ! |
| | | |
| i ! [
| | | !
! | ! |
| ! | |
I ! | [
I | | |
| 5 ! l
| | ! |
! 1 | |
| | | |
| | [ |
! | | |
] | l |
| ! ! !
| ! | |
| | | |
l | | |
D-34 | Ac-227+D , plant/soil concentration ratio, dimensionless | | 2.500E-03 | RTF({ 1,1)
| | | !
! | | |
! | I |
| | | !
| | | |
| ! | !
| | ! |
| | ! !
| | | !
| | ! !
! ! | |
! | | |
! i | |
| | | |
1 | | |
! I | 1
| l | |
| | | |
! | | !
| | | !
| | | |
| | | |
| | | |
| | | |
| | | |
! | | I
| | | !

D-34




Conversion Factor f{and Parameter Summary (continued)
File: BIDITY
irrent | arameter
Menu | Parameter } | Cas | Name

| 2.500E-

8
| 3.400E-04 | RTF( 8,2)

s ‘plant/snil ‘concentration ratio,

D~34 s beef/livestock-intake ratio, (pCi/kg)/(pCi/d) | 3. 2
D=34 Yy , milk/livestock-intake ratio, (pCi/l 1/d | # | 6. 000E=04 | BRTFL 8,3}
D=34 | | ! %
D-34 | I . plant/soil concentratic | 38 | 9,1
D-34 | U , beef/livestock-intake | 04 | 9,2)

| U ; milk/livestock-intake | 04 | 9,13y

i | |

D=5 ation . fresh water, L/kg: | | |
D=5 | 1.5008+01 | '1.500E+(Q ] ¢ 1,1
D=5 and mollusks | 1.00 | 1 1%
D-5 | | !
D=5 | y Eish | 1.000E+01 | 1.000E401 e
D=5 | , and mol I | 02 | 1.100E+ 2,2
D+ | | ; '
D~% | Pp-210+D ., fish I3 0E+0Z | 3.000E+02Z | BIOFAC( 3,1
D-5 | Pb=210+D ., crustacea and mollusks | 1 | 1 | ¢ 342
b-5 | % | |

| + f£ish | 5.000E+01 | 5.000E+01 | BIOFAC{ 4,1
D=5 | Ra-226%D , crustacea and mollusks | 2.500E402 | 2 | BICFAL( 4,2
| | |
D-5 | Th- . Fish | | 1 5,1)
D-5 | Th= , crustacea and mollusks | | 5.000E+0:Z 5.2

| | !
p-5 | . fish | | 1 6,1
p-5 | ©v-234 , Ccrustacea and | 6.000E+01 6,7
D-5 | |
D-5 | U-235+D ; fish [ 1 | 1.000E+01 Tk
D=5 | ; and mollusks | 6. | 6.000E+01 7,2
p-5 | I E
D-% , | | 1.000E+01 8,1
D-5 | , stacea and mollusks | £.000E+01 | 6.000E401 8,2
D=5 | | |
D~5 H ; fish | 1 | 1.000E401 | BIOFAC( 9,1
D=5 | U~238+D , crustacea and mollusks | 6. | 6.000E+01 | BIQFAC 9,2

*Base Case 'means Default.Lib w/o




RESRAD,

Summary

Version 6.

Moore Ranch

Uranium

3 T4 Limit = 180 days

Dose

Used by RESRAD

Parameter

! | l
Menu | Parameter | (1f different from user input) | Name

t it I
RO11 | Area of contaminated zone (m**2) | i | ARER
RO11 | Thickness of centaminated zone (m) | e | THICKO
R0O11 | Length parallel to aquifer flow (mj | == | LczPAQ
RO11 | Basic radiation dose limit (mrem/yr) | == | BRD
RO11 | Time since placement of material r) | o | 11
RO11 | Times for caleulations (yr) | - [Tt 2y

| Times for calculations (yr) | oy | 3)

| Times for calculations (yr) | o 1 4

| Times for calculations (yr) | - | T( 5}

| Times for calculations (yr) | i | T( 6

| Times for calculations (yr) | i | T¢ 7

| Times for calculations (yr) | i Lo 8
RO11 | Times for calculations (yr) | | e | Tt 9
RO11 | Times for calculations (yr) | | | i | (10

| ! | ! !
RO12 | Initial principal radionuclide (pCi/g): U-234 | 4.890E401 | 0.000E+00 | S | 81¢( &
R0O12 | Initial principal radionuclide (pCi/g): U-235 | 2.200E+00 | 0.000E+00 | Wi | 81¢
R012 | Initial principal radionuclide (pCi/g) Uu-238 | 4.8%90E+01 | 0.000E+00 | WA | s1( 8
RO12 | Concentration in groundwater (pCi/Liy U~-234 | not used | 0.000E+00 | s | wi( &)
R012 | Concentration in groundwater (pCi/LY U~235% | + used | 0. | —== | w1
RO12 | Concentration in groundwater (pCi/Ly: U-238 | not used | 0.¢ | == | wi( 8

| ! f ! |
RO13 | Cover depth (m) | 0.000E400 | 0. | o | coveRrQ
R013 | Density of cover material (g/cm**3) | not used | 1 | i | DENSCV
R013 | Cover depth erosion rate (m/yr) | not used | 1. | —-= | vev
RO13 | Density of contaminated zone (g/cm**3) | 1.500E+00 | 1. | s | DENSCZ
RO13 | Contaminated zone erosion rate | 1.000E-03 | 1 | —— | vez
R013 | Contaminated zone total porosity | 4.000E-01 | 4. | et | TePCZ
RO13 | Contaminated zone field capacity | 2.000E~01 | 2. | - | Fcecez
RO13 | Contaminated zone hydraulic conductivity (m/yr) | 4.930E+03 | 1 | - | HCCZ
RO13 | Contaminated zone b parameter | 5.300E400 | 5. ] e | BCZ
RO13 | Average annual wind speed (m/sec) | 5.000E+00 | 2. | e | WIND
R013 | Humidity in air (g/m**3) | not used | 8. | e | HUMID
RO13 | Evapotranspiration coefficient | 7.500E-01 | 5. | e | EVAPTR
RUO13 | Precipitation (m/yr) | 3.000E-01 | 1.000E+00 | w | PRECIP
RO13 | Irrigation (m/yr) | 2.000E-01 | 2.000E-01 | —-= | rRI
RO13 | Irrigation mode | overhead | overhead | s | 1DITCH
RO13 | Runcff coefficient | 2.000E-01 | | - | RUNOFF
RO12 | Watershed area for nearby stream or pond (m**2} | 1.000E+06 ] —— | WAREA
R013 | Accuracy for water/soil computations | 1.000E-03 | - | EPS

| | |
RO14 | Density of saturated zone (g/cm**3) I 1.500E+00 s | DENSAQ
R014 | Saturated zone total porosity | 4.300E-01 e | TpSz
R0O14 | Sarurated zone effective porosity | 3.300E-01 - | EPSZ
R0O14 | Saturated zone field capacity | 2.000E-01 s | Fcsz
RO14 | Saturated zone hydraulic conductivity (m/yr) | 5.550E+03 - | HCS2
RO14 | Saturated zone hydraulic gradient | 2.000E-D2 - | HGWT
R014 | Saturated zone b parameter ] 5.300E+00 - | Bsz
R014 | Water table drop rate (m/yr) | 1.000E-03 i | vwT
RO14 | Well pump intake depth (m below water table) | 2.200E+01 ok o | DWIBWT
RO14 | Model: Nondispersion (ND) or Mass-Balance (MB) | ND - | MODEL




Tw Limit = 180 «days 20 Page
*h Uranium Dose Files mrang +RAL
tey y/ continued)

| ] | | Used by RESRAD | Parameter
| Parameter ] Lupuat | ‘Default | (If diff from user input) | Name
+ f f t
| Well pumping rate [m**3/yr) | 500K+ | 2.500E% | o [ uw
| | | | |

1 | 1 | et | N8

| @.1 s i

zone 1, f d capacity | 2.000B-01 |} 2.000E-01 | i FCUZ (1
zone 1, soil-specific b parameter | 5.300E+00 | 5.3 s 3 i | BUZ (1
5 | Unsat: z 1, By vity ] 4.930 11 1] o | ‘HCUZ (1
5 | l | !
RO ion coefficients for U-234 | | | |
RO ntaminated zone (cm**3/qg) | 5.000E+01 | 5.00 o1 | i | DecNuccl 6
RrO16 | Unsaturated zone 1 (em**3/g | & | 5.000E+01 | o | pewucy 1
saturated zc ] E+0L | ¢ | e | NUC &
Leach rate yr | | | ALEACH!( #
ubility ant | 0 +00 | | SOLUBK( &
| ' x \ &
RO : i ! |
R( | & 31 | 5.000E+01 | - | pcnucc( 7
) ™ 61 | $.000E+01 | s DCNUCU ¢ 7,1
¥ 5.000E+01 | 5.000E+01 o DCRU 7

. | © | 9.7
RO | 0 | | not SOLUBK( 7 |
1 : 1 i
RO Distribution c¢oefficients for U-238 ] | |
ROl6 | Contaminated zone (em**3/gi 5 | 5 11 o | beuucce 8)
1 U ted 1 {ecm**3/g 1] - | penupcud 8,1

oo
¢
h
.
@
o
o

&

| ‘5.000E+01 | - | pewucs

b
<
o
o

<
'

e ]

daughter

m
™

1| i | beNucce 1

"
=]
*
w
Q
&
<
=
<
e
¢
o
p
.

ntaminated

.
¢

016 Unsaturated 1 | 2.000E+01 | s | penucut 1,1
| aturated zone (cm**3/g) 2. | 2.000E+01 | i | DCNUCS( 1)
Leach rate VI | 00 | 20428 | ALEACH( 1)

RO16 clubility constant | o | 800

| 0.000E+00 | not used | SOLUBE( 1
I

| Distributio

RO16 | “ont g | E+01 NUCC{ 2
RO | Unsaturated zone 1 {cm**3/g 5.000E+01 | 5.0G0E+0) | e | 2,1
R | Saturated zone (cm**3/9g) | & | &5.000E%01 | S | 9
RO16 | Leach rate | C0E+00 | D.000E400 | 9.752E-03 ALEACH{ 2

RO16 | Solubilit | 0.000E+00 | not used

RO16 | Distribution coefficients for daughter Fb-41¢( | |

ntaminate

i
|
|
|
i | benucct 39
|
!
|

RO16 | Unsaturated zone 1 (cm**3/g) [ 1.000E+#02 .| 1.000E+ | e DCNUCU L 3.1}
RO16 | Saturated zone (cm**3/qg) i |1 | - DCNUCS { .31
| v | | 0:000E+00 | 41.882E~-03 ALEACH{ 3

| soLuBr( 3




RESRAD,

Summary

Menu

Version 6.3 TH Limit = 180 days

Moore Ranch Uranium Dose

Parameter

307 15:19

mranchUl.RAD

File:

User

Input

Site-Specific Parameter Summary

Page 6

Default

{continued)

Used by RESRAD

different from user input}

Parameter

Name

RO16
ROl€
RO16
RO16
RO16
ROlE

RO16
ROLlE
RO16
RO1€
RO16
RO16

RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO17
RO
RO17
RO17
RO17

b
~3

RO17
RO17
RO17
RO17
RO17
RO17
RO17
ROL17
RO17
RO17
RO17
RO17
RO17

RC18

pDistribution coefficients for daughter Ra-i26

Contaminated zone (cm**3/g}
Unsaturated zone 1 (cm**3/g)
Saturated zone (cm**3/g)
Leach rate (/yr)

Solubility constant

Distribution coefficients for daughter

Contaminated zone (cm**3/g)
Unsaturated zone 1 {cm**3/g)
Saturated zone {(cm**3/g)
Leach rate (/yr)

Solubility constant

Inhalation rate (m**3/yr)

Mass loading for inhalation (g/m**3)

Exposure duration

Shielding factor, inhalation
Shielding factor, external gamma
Fraction of time spent indoors
Fraction of time spent outdoors (on
Shape factor flag, external gamma

Radii of shape factor array (used 1

Cuter annular radius (m}), ring 1:

Outer annular radius (m), ring 2@

Outer annular radius (m), ring

Outer annular radius (m), ring 4:

Outer annular radius (m), ring

Quter annular radius (m), ring 6&:

Quter annular radius (m), ring

Outer annular radius (m), ring 8:
Quter annular radius (m), ring 2:
Outer annular radius (m), ring 10:
Quter annular radius (m), ring 11:

Quter annular radius (m), ring 1l2:

Fractions of annular areas within AREA:

Ring 1
Ring 2
Ring 3
Ring 4
Ring 5
Ring 6
Ring 7
Ring 8
Ring 9
Ring 10
Ring 11
Ring 12

Fruits, vegetables and grain consumption

0o W W

o

w

n

t
t used
t

.000E+01

1.000E+01

(.000E+00

5. 0C0E+04
.000E+04
5. 000E+04
.Q00E+00
.Q00E+00

.500E-01
.Q0CE+00

not used
not used
not used

1ot ‘used

used

used

not used

not used

used

not used

not used

not used
not used
not used
not used
not used
ot used
not used
not used
not used
not used
not used

not used

1.600E+02

o oo

400E+03

.000E-04
S000E+01
+000E-01

.00CE-01

<000E+01
«071E+01
.DOOE+00
.000E+00

.000E+00

.000E+00
0.

000E+00

.CORE+00

.000E+Q0
.000E+00

.000E+00

DCNUCC (

-~

DCNUCU{ 4, 1)

DCNUCS ( 4}

ALEACH( 4)
SOLUBK ( 4)
DCNUCC

SOLUBK ( 5}

INHALR
MLINH
ED
SHF3
SHF1
FIND
FOTD
FS
RAD_SHAPE( 1
RAD_SHAPE( 2)
RAD_SHAPE( 3)
RAD SHAPE( 4)
RAD_SHAPE{ 5)
RAD SHAPE( 6)
RAD_SHAPE( 7)
RAD_SHAPE( 8)
RAD_SHAPE( 9)
RAD_SHAPE
RAD_SHAP

RAD_SHAPE(12)

FRACA( 1
FRACA( 2}
FRACA({ 3
FRACA({ 4)
FRACA( 5)
FRACA( &)
FRACA( T}
FRACA( 8)
FRACA({ 9}
FRACA (10}
FRACA (11}
FRACA (12}




. Version 6.3 T Limit = 18C 0 °
Moore Uranium - Dose

| | se1 | | Parameter
| i J
Menu | Parametex | L 18 < | If dif input | Name

RO18 | Leafy vegetable

consumption ) I ne i 200 y i — ‘

and poultry

-

=Ons!

018 | ‘Dther seaf

2l angestilc

018 | Drinking wat

ination

31 | Contamination

£

| - | FLW

| - | FIRW

RO18 | Cont ilon: f | #ir | FRO
ROLB mination f | i | FPLANT

118 | Centaminati f | i | FMEAT
RO18 | Contamination f | oty | FMILK
! | | ! |
RO1% | Livestock intake for meat | 6.800B+01 | € 1| e | LFIS
g L for milk | not used: | 5.500B+01 LFIG

|
| A | LW15
|

ROLS | L for meat ]

RO1G L for milk (L ! | o

RO L (kg/dayv) | m— | 1s1

RU | Mass 1 for deposition (g/m**3) | - | MLFD

RO19 | Depth of mixing layer | e | oM

RO19 | Depth of | w5 | DROOT

RO19 | Drinkin from ground water | - | FGWDW

RO1Y9 | Hous 3 ater fraction from - | FGWHH

RO19 | ] i | FGWLW

ROLG | | == | FGWILR
| | |

R19B | - | vl

R18B. | i i | ¥vi2)

R10E | ! = !

R1%B | for Non-Leafy (years = | TE{L)

R1498 | son for Leafy (years) ] | TE(2)

R1%8 odder i
R19B tor | i | vl
R19E for | == |

wow
+

§ fai . R

198 ion for Non-Leafy | | e DRY (1
R19H ion for Leafy | i RDRY (2
R19E | ~ion-for Fodder |

|
| - | RDRY (3
|

R19B | ior n-Lea | | RWET (1}
R19B | ion Leafy | | e RWET (2)

R14B | icn for Fodder |

R198 v | i | WLAM
| | | | |

€14 |+C+~12 concentration dn | net |2 E= | wise |

Cl4 | ¢=12 concentration in contami I not usged 3 E= ] i ]

Cl4 Fraction of vegetation carbon | not used | ) | o | cso1L

Cl4 | Fraction of vegetation-carb fro 58 4 | t used | 9.8 | e | CAILR

cid4 | C~14 ver thickne: in 1 | not used | 3.0 | oo | pMC




RESRAD, Version 6.3 Th Limit = 180 days 09/06/2007 15:19 Page 8
Summary Moore Ranch Uranium Dose File: mranchUl.RAD
Site-Specific Parameter Summary (continued)

| | User | | Used by RESRAD | Parameter
Menu | Parameter | Input | Default | (1f different from user input) | Name

} t t t t
Cl4 | C-14 evasion flux rate from soil (1/sec) | not used | 7.000E-07 | - | EVSN
€14 | C-12 evasion flux rate from soil (1l/sec) | not used | 1.000E-10 | - | REVSN
Cl4 | Fraction of grain in beef cattle feed | not used | 8.000E-01 | - | AVFG4
Cl4 | Fraction of grain in milk cow feed | not used | 2.000E-01 | - | AVFGS
Cl4 | DCF correction factor for gaseous forms of Cl4 | not used | 0.000E+00 | L | cozr

| | ! | |
STOR | Storage times of contaminated foodstuffs (days): | | |
STOR | Fruits, non-leafy vegetables, and grain ] 1.400E+01 | 1.400E401 | e | STOR T(1}
STOR | Leafy vegetables | 1.000E+00 | 1.000E+00 | -= | STOR T
STOR |  Milk | 1.000E+00 | 1.000E+00 | -= | STOR T(3
STOR | Meat and poultry | 2.000E+01 | Z.000E+01 | e | STOR
STOR | Fish | 7.000E+00 | | - | STOR T(5)
STOR | Crustacea and mollusks | 7.000E+00 | | -~ | STOR T (6
STOR | Well water | 1.000E+00 | | - | STOR T(7)
STOR | Surface water 1 0E+00 | | = | STOR_T (8}
STOR | Livestock fodder | 4.500E+01 | | - | STOR T(9)

| | | | |
RO21 | Thickness of building foundation (m) | not used | 1.500E~01 | -= | FLOOR1
R021 | Bulk density of building foundation (g/cm**3) | not used | 2.400E+00 | - | DENSFL
RO21 | Total porosity of the cover material | not used | 4.000E-01 | - | TPCV
RO21 | Total poresity of the building foundation | not used | 1.000E-01 | - | TPFL
RO21 | Volumetric water content of the cover material | not used | 5.000E-02 | -— | PH20CV
RO21 | Volumetric water content of the foundation | not used | 3.000E-02 | - | PH20FL
R0O21 | Diffusion coefficient for radon gas (m/sec): | | | |
RO21 | in cover material | not used | 2.000E-06 | - | pIFCV
RO21 | in foundation material | not used | 3.000E-07 | == | DIFFL
RO21 | in contaminated zone soil | not used | 2.000E-06 | -= | pIFC2
RG21 | Radon vertical dimension of mixing (m) | not used | 2.000E+00 | “e | AMIX
R021 | Average building air exchange rate {l/hr) | not used | 5.000E-01 | i | REXG
R021 | Height of the building (room) (m) | not used | 2.50CE+00 | - | HRM
R0O21 | Building interior area factor | not used | 0.00CE+00 | - | FAI
RO21 | Building depth below ground surface (m) | not used |-1.000E+00 | - | DMFL
R021 | Emanating power of Rn-222 gas | not used | 2.500E-01 | e | EMANA (1)
R021 | Emanating power of Rn-220 gas | not used | 1.500E-01 | - | EMANA (2)

! | | | |
TITL | Number of graphical time points | 32 | o | = | npTS
TITL | Maximum number of integration points for dose | 17 ] - | s | LyMax
TITL | Maximum number of integration points for risk | 257 | e | e | KYMAX

i b 4 L L
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RESRAD, Version 6.3 Tw Limit = 180 days

Summary : Moore Ranch Uranium Dose

Contaminated Zone DRimensions 1

09/06/2007 15:19

File: mr

nitial Soil Concentrati

Page 10

anchUl.RAD

ons, pCi/g

Area: 10000.00 square meters

Thickness: 3,15 meters
Cover Depth: 0.00 meters

Total Dose
Basic Radiation

Total Mixture Sum M(t) = Fraction

U=234 4.890E+01
P-235 2.200E400
U-238 4.890E+01

TDOSE(t), mrem/yr
Dose Limit = 1.00CE+02

of Basic Dose Limit Re

mrem/yr

ceived at

Time (t)

t (years): '0.000E+00C 1.000E+00 3.000E+00

~J
o
W
o
m
+
o
5

TDOSE(t): 7.486E+00 7.386E+00
M(t): T7.4B6E-02 T7.386E-02 7.190E~02

Maximum TDOSE(t): 7.486E+00 mrem/yr at t

.0COE+01

.836E+400

= W

.936E-02

0.000E+00 years

3.000E+02
0.000E+CD
0.000E+CD

1.000E+03
.COCE+QD

.000E+0QD



Version 6.3 Th Limit = 18( 2007
Summary Uran £i
Toral Cont i,pet f i I
As rtion ot years
nt Fathways lax es radon
Ground Inhalation P Milk Seil
Radic-
lide mrem/yr mr fract: mrem/yr fr me fy mrem/yy frace frac
34 -9 ) 13 4 476E-01 0999° 4.307E-02 0ose 14020
U=235 8.1 1088 . 3. 182E~00 43 1 0.0002 2°0.0C
3.3 4 { \ 7 4. 0055 1 04
P
Total 4.21 U St 3 461E-01 64 GOE+DD 0000 1.:489E+L0 ~1989 B.5BlE-0Z 15 G G 7.485E~01 AL
tal Lopet for Individual p
AS mrem/yr ctior f Total Dose At
Water Dependent ways
Water t Plant Meat Mil All Pathways
Radic-
r fract mrem/yr fract. rx fx fract mrem/yr fract mrem/yr fr ] mrem/yr frac

20000 . 1.0000  0.000E+00 ¢
0.G000 ¢ 0 0.000E+00 0

0.000E+00

Total

*Sum. pf all water pathways.




T
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Summary : Moore Ranch Uranium Dose File: mranchUl.RAD

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways [(p}

As mrem/yr and Fraction of Total Dose At t = 1.000E+0C vears

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk So1l

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract, mrem/yr fract. mrem/yr

u-234 9.825E-03 0.0013 4.807E-01 0.0651 O0.000E+00 0.0000 7.354E-01 0.0996 '4,23BE-02 0.0057 0.000E+00 0.0000 3.696E-01
uU-235 8.057E-01 0.1091 2.016E-02 0.0027 Q.000E+00 0.0000 3.141E-02 0.0043 1.B46E-03 0.0002 0.000E+00 0.0000 1.573E-02
0-238 3.354E400 0.4541 4.298E-01 0.0582 0.000E+00 0.( 6.983E-01 0.0945% 4.023E-02 0.0054 0,000E+00 0.0000 3.509E-01
Total 4.170E+00 0.5645 9.306E~01 0.1260 0.000E+00 0.0000 1.465E+00 0.1984 B.446E-02 0.0114 0.000E+Q0 0.0000 7.363E-01
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+00 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathw

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr

.638E+00

e

0.000E+00 0,0000 0.000E+00 0.0000 0.000E+00 0.0000
0.000E+00 0.0000 ©.000E+00 0.0000 0.000E+00 0.0000 8.749E-01
000 0.000E+00 0.0000 0.000E+00 0.0000 4

f o

U-234 G.000E+00 0.0000 0©.000E+00 0.0000 ©.000E+00 0.0
U-235 0.000E+00 0.0000 0.000E+00 0.0000 0©,000E+00 0.0
38 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0

Q
o o

.B73E+00

j=]
b

=]
[}

0.000E+0C 0.0000 7.386E+00

o)
[}

Total 0.000E+400 0.0000 0.000E400 0.0000 .Q00E+00 0.0000 0.000E+00 0.0000 0.000E+00

*Sum of all water independent and dependent pathways.
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Summary : Moore Ranch Uranium Dose File: mranchUl.RAD

and Pathways (p)

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years

Water Independent Pathways (Inhalation excludes radon)

n
o
ot
e

Ground Inhalation Radon Plant Meat Milk

Radio-

Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr

U-234 9.031E-03 0.0014 4.137E-01 0,0633 0.000E+00 0.0000 6.329E-01 0.0968 3.646E-02 0.0056 ©0.000E+0Q0 0.0000 3.181E-01 0.04
U-235 7.323E-01 0.1120 1.741E-02 0.0027 O0.000E+00 0.0000 2.789E-02 0.0043 1.836E-03 0.0003 0.000E+00:0.0000 1.366E- .ot
U~238 3.026E+00 0.4630 3.698E-01 0.0566 0.000E+00 0.0000 6.009E-01 0.0919 3.462E-02 0.0053 0.000E+00 0.0000 3.020E-01 0.04
Total 3.768E400 0.5764 8.009E-01 0.1225 0.000E+00 0.0000 1.26ZE+00 0.1930 7.292E-02 0.0112 0.000E+00 0.0000 6.337E-01 0.0%
Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i} and Pathways (p)
As mrem/yr and Fraction of Total Dose At t = 1.000E+01 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways
Radio~
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0O.000E+00 0.0000 O0.000E+00 0.0000 1.410E+00 0.21
U-235 0.000E+00 0.0000 ©0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 7.931E-01 0.12
u-238 0.000E+00 0.0000 D0.000E+00 D.0000 C.000E+00 0.0000 O0.000E+00 0.0000 O.000E+00 0.0000 O0.000E+00 0.0000 4.334E+00 0.6¢
Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0,.000E+00 0.0000 €.537E+00 1.0C

*Sum of all water independent and dependent pathways.
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Summary : Moore Ranch Uranium Dose File: mranchUl.RAD

Total Dose Contributions TDOSE(i,p,;t) for Individual Radionuclides (i) and Pathways i(p)

As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil
Radic
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac
U=23 4.748E-03

<
oo
o
w
W
-

5.123E~02 0.0419 ©0.000E+00 0.0000 9.38B6E-0Z 0.064
0

3 5.402E-03 0.0037 0.000E+00 0.0000 '4.707E-02 0.0z
). 0000 5:559E-03 0.0038 6.376E~-04 0.

4
U-235 2.180E-01 0.

48 2.775E~03 0.001% 0.000E+00 0004 0.000E+00 0.0000 2.28%E-03 0.0C
U=-238 §.260E-01 0.5655 5.458E-02 0.0374 (.000E400 0.0000 8.871E-02 0.0607 5.114E-03 0.0035 0,000E+00 0.0000 4.456E-02 0.0:Z
Total 1.049E+00 0.7181 1.,186E-01 0.0812 0.000E+00 0.1 1.881E-01:0.1288 1.115E-02 0.0076 0.000E+00 0.0000. 9.392E-02 0.0€
Total Dose Contributions TDOSE(i,p,t}) for Individual Radionuclides (i) and Pathways (p!}
As mrem/yr and Fraction of Total Dose At t = 1.000E+02 years
Water Dependent Pathways

Water Fish Radon Plant Meat Milk All Pathways

Radio-
Nuclide mrem/yr fract, mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac
U-234 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 2. 0.14
U-235% 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 O0.000E+400 0.0000 2. 0.18
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+Q0 0.0000 1.018E+00 0.8%

.Q00E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 1.461E+00 1.0C

Total 0.000E+00 0.0000 0.000B+00 0.0000 O

*Sum of all water independent and dependent pathways.




RESRAD, Version Limit =1 08/06/
ry Mooy um Dose
Total Dose (Bt {p
Water Independent Pathwa tion @ radon
Ground Inhalation Radon Plant Meax Soil
Radio=
lide mrem/yr frace fract. mrem/yr fract mrem/yr fract. mrem/yr frac
L 04 0.0000 000E+CQO ) goo- .0 0. 0C
0 +00 0 0.000 00 00 0.00C (b} ] 0
U-238 0.000E+0D O 0:000 000060 UOUE+! 0.0 0. 0c
E——
Total 4 0.000¢C GO0 0.000E=( GO0 1. 000E+00 ). O00E+00 0. 0C 0. 0..0C

1 Badionuclides i

Pathways (p

Water Dependent. Pathways

Water Fi

Radon Plant Meat Milk ALl Pathways

mrem/yr fract. mrem/yr frac

U=234 0 0 0. 0 0 J OE+ { 2. 0 0C
). UO0E+00 gooc 0.0000 0.000E+00-0.0000 ). 000E+Q0 0. 0.0C

U-238 0 ). 000E+00 0.00 0 + 0.00 }.00CE+00 D ¢
e

Total 0:000E4+00

0.000E+400

<

000E400

SODOE#

1 water independent and dependent pathways.
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Summary : Moore Ranch Uranium Dose File: mranchCl.RAD
Y

v

{i} and Pathways (p)

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides

As mrem/yr and Fraction of Total Dose At t = 1,000E+03 years

Water Independent Pathways (Inhalation excludes radon)

Ground Inhalation Radon Plant Meat Milk Soil

Radio~

Nuclide mrem/yr fracet, mrem/yr fract: mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr frac

.000E+00 0.0000° 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0C
0

U=-234 0.000E+00 0.0000 0.000E+00
0

o
o
= R |
5 €
QK

[ S = S
o
<
<
o

U=235 0.000E+00 0.0000 0.000E+0Q .CO0E+00 0.0000 0.000E+0C0 G000 0.000E+00 0.000C 0.000E+00 0.0000 0.000E+00
U-238 0.000E+400 0,.0000 0.000E+00 0000 ©0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0,0000 0.000E+00 0.0000 0.0 0.0C
P
Total 0.000E+00 0.00C0 0.000E+00 0. 0.000E+00 0.0000 :0.000E+0C 0.0000 '0.000E+00 0. 0.000E+00 0.0000 O ). 0¢
Total Dose Contributions TDOSE(i,p,t} for Individual Radionuclides (i} and Pathways (p
As mrem/yr and Fraction of Total Dose At t = 1.00Q0E+03 years
Water Dependent Pathways
Water Fish Radon Plant Meat Milk All Pathways
Radic-
Nuclide mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. nmrem/yr fract. mrem/yr fract. mrem/yr frac

0.000E+00 0.0C

U-234 0.000E+00 0.0000 O.000E+400 0.0000 (.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0. 0
0 0.000E+00 0.0C
0

0
U-238 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.0000 0.000E400 0.0000 ©0.000E+00 0.0000 0.000E+00 0.000
0 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00 0.000

U-238 0.000E+400 0.0000 ©.000E+00 0.0000 0.000E+00 0.000

.0000 0Q.000E+00 0.0000 O0.000E+00 0.0000 0.000E+00 0.0000° 0.000E+00 0.0C

©

Total 0.000E+00 0.0000 0.000E+00 0.0000 0.000E+00

*Sum of all water independent and dependent pathways.
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Summary : Moore Ranch Uranium Dose File: mranchUl.RAD
Dose/Source Ratios Summed Cver All Pathways
Parent and Progeny Principal Radionuclide Contributions Indicated
Parent Product Thread DSR{j,t) At Time in Years (mrem/yr)/(pti/g)

(1) (3 Fraction 0.000E+00 1.000E+00 3.000E+00 1.000E+01 3.000E+01 1.000E+02 3.000E+02 1,000E+03
U=234 U-34 1.000E+00 3.405E-02 3.349E-02 3.241E~-0. 2.883E-02 2.034E~02 4.291E-03 0.000E+00 0.000E+00
U-234 Th-230 1.D00E#+00 2.417E~07 7.080E~07 1.607E~06 4.425E-06 1,004E-05 1.023E~05 0.000E+00 0.0COE+00
U-234 Ra-226+4D 1.000E+00 3.830E-09% 2.692E~D8 1.406E-07 1.18%E~06 B.280E~-06 3.656E-05 0.000E+00 0.000E+00
U-234 Pb~210+D 1.000E+00 1.242E-11 1.608E<10 1.665E~0% 3.650E-08 5.847E~07 3.936E~06 0.000E+00 0.000E+00
U~234 TDSR (9} 3.405E-02 3.348E-02 3.241E-02 Z.BB4E~0Z 2.036E-02 4.342E-03 0.000E+0D 0.000E+00
U=2354D U=235+4D 1.000E+00 4.020E-01 3.976E~01 3.889E-C1 3,598E~01 2.860E~01 1.02BE-01 0.000E+00 0.000E+00
U-235+D Pa~231 1.000E+00 3.429E-05 1.054E-04 2.414E-04 6.494E-04 1.337E-03 9.418E-04 0.000E+00 0.000E+00
U~235+D Ac~227+D 1.000E+00 3.359E-07 2.145E-06 1,.035E-05 7.409E~05 3.520E~04 5.221E-04 0.000E+00 0.000E+00
U=235+D TDSR(]) 4.020E-01 3.977E~01 3.881E-01 3 .605E-01 I.876E~01 1.042E-01 0.000E+00 0.000E+00
p-238 U-238 5,.400E-05 1.646E-06 1.619E-06 1,566E-06 1.393E~06 9.8B24E~-07 2,063E-07 0.000E+00 0.000E+00
U-236+D U-2384D 9.89%%E-01 1.009E-01 9.966E-02 9.711E-02 B.B6ZE-02 6.763E~02 2.084E-02 0.000E+00 0.000E+00
U-238+D U-234 9.999E-01 4.813E-08 1,423E-07 3.214E-07 8.581E-07 1.758E~06 1.223E-06 0.000E+00 0.000E+00
U~238+4D Th-230 9.699E-01 2.313E-13 1.568E-12 8.006E-12 6.491E-11 4.127E~10 1.223E~09 (.000E+00 0.000E+D0
0-238+D Ra-226+D 9.999E-01 2.693E~15 4.063E~14 4.685E-13 1.164E-11 2.313E-10 3.1Z0E-09 0.000E+00 0.00CE+00
U~238+D Pb-210+D G,4599E-01 7,367E-18 1.955E-16 4.317E-15 2.765E~13 1 .89E~11 2.86ZE~-10 (0.CO0E+00 0.000E+00
U-238+D SDSR(]} 1.008%E-01 9.966E~02 9.711E-(2 B.862E-02 €.764E~02 2.084E-02 0.CO0E+00 0.00CE+00
CeCeECTETmECIN | RSSESTERIT e R e RIS T TR
The DSR includes contributions from associated (half-life %€ 180 days) daughters.

Single Radionuclide Soil Guidelines G(i,t) im pCi/g
Basic Radiation Dose Limit = 1.000E+02 mrem/yr

Nuclade

i) t= 0.000E+00 1.000E400 3.000E+00 1.000E4+01 3.000E401 1.000E+02 3.000E+02 1.000E+03
V=234 2.937E+03 2.986E+03 3.086E+03 3.46BE+03 4.912E+03 2.303E+04 *6.247E+09 *6.247E+09
U=235 2.488E+02 2.515E402 2.570E+02 2.774E402 3.476E+02 9.584E+02 +*2.1€1E+06 *2.161E+(06
y~-238 9.9086E+402 1.003E+03 1.030E+03 1.12BE+03 1.47BE+03  4.789E403 * 3. 361E405 *3.361E+05

e e LRI

*At specific activity limit

Summed Dose/Source Ratiocs DSR{i,t) in (mrem/yri/(pCi/g)
and Single Radionuclide Soil Guidelines Gi{i,t} in pCi/g
at tmin = time of minimum single radionuclide s¢il guideline

and at tmax = time of maximum total dose = 0.000E+00 years

Nuclide Initial tmin DSR (i, tmin) G(i,tmin) DSR(i,tmax) G(i,tmax)
(1) (pCi/g) {years) (pCilg) pCisay
U=234  4.BY0B+01 0.00DDE+00 3.405E~02 2.937E+03 3.405E-02 2.937E+03
U=235 2.200E+00 0.000E+00 4.020E-01 2.48BE+0Z 4.020E-01 2.488E+02
y=238 4.890E+01 0.000E+00 1.010E~01 '9.806E+07 1.010E~01 S.906E+02

Erss——



Version 6.3

Moore Ranch Uranium Dose

Parent

THF (1)

o

#

Parent

-DOCE+00

Th Limit = 180 days

. GOOE+00

&
P

Nuclide and Branch

File: mranchUl.RAD

DOSE (3,t),

1.000E+01

3

Page 20

Individual Nuclide Dose Summed Over All Pathways

raction Indicated

mrem/yr

.000E+01

.000E+D2

3.000E+02

U-234
U-238

ZDOSE (3)

u-238
U-238

TDOSE(

.000E+CO

3. 899E~-01

.000E+00

L998E-01

.Q00E+00

.000E+00

.400E-05
.999E-01

8

o

)

.BE5E+0D
.353E-06

.665E+00

.182E-05
L131E-11
. 182E-05

B73E=07

«317E-13

1.873E-07

.071E-10

.603E~16

65.071E-10

.843E-01

7.543E-05

-390E~07

.048E~05

.8936E+00
.937E+00

PO

-

-638E+00
. 958E-06
.638E+00

7.917E-05
.873E+00
.873E400

o

i

< 585E400
.572E-05

.S5B5E+00

.B5BE-05
«915E-10
.B56E-05

:B74E-06

+291E-11
BT4E-06

+311E-04

«2TTE=05

.660E-05

- T49E+00

. T48E+00

1.410E+00
.196E-05
1.410E+00

2. 166E-04
3.174E-09
. 166E-04

+793E-05

.691E-10

5.793E~-05

1.785E-06

1.352E-11

1.785E~06

.915E-01

429E-03

.630E-04

. 813E-05

. 333E+400
- 334E+00

9.6

~3

3

3

+859E-05

049E-04
.131E-08

.049E-04

L 291E-01

.942E-03

.B804E-05

307E+00
307E+00

(61

W

.098BE-01
.978E-05
.099E-01

.001E-04
.981E-08
5.001E-04

.788E-03
.526E-07
.78BE-03

+925E-04

+399E-08
.925E-04

.072E-03

.149E-03

.009E-05

.019E+00
.018E+00

o

o

).000E+00
.000E+00
.000E+00

). 000E+00
0.000E+00

.00CE+0Q0

.000E+00

.Q00E+00

.000E+00

.00CE+00

). 000E+00

.000E+00

.COOE+00

.Q00E+00
.COOE+00

.000E+00

.00QE+00
.000E+00
.000E+00

.000E+00
.000E+00
.000E+00

.000E+00

.000E+00

.00CE+00

.000E+00

.000E+00Q

.000E+00

.000E+D0

.000E+00

.000E+0QD

.000E+00Q

.000E+00
.00CE+00

is the thread fraction of the parent

nuclide.
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Radium Benchmark Dose Assessment

Appendix C-5

RESRAD Model Output

Standard Graphics for Radium and Uranium Dose Modeling



Radium Dose Graphics
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Natural Uranium Dose Graphics
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DOSE: All Nuclides Summed, Component Pathways
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