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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 (K4) (values based upon data in RESRAD Handbook)



1. Lead 210: Used a distribution coefficient of 270 cm 3/g for sandy soil based upon soil

type at the mine. The RESRAD User's Manual specifies the following values:

• Sand =270

* 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 Kd.. For the Plant (water

independent) pathway, the lower Kd 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 3/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 Kd. 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.

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

RESRAD Handbook)

3. 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

1. Cover depth: 0 inches (in accordance with NUREG-1569).

2. 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.

3. 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 101 to 1 x 104 m/yr. The soil types in the licensed area

are principally Hiland fine sandy loam and Cushman loam. The hydraulic

conductivity (Kt) in m/yr. given in the RESRAD Manual for loamy sand is 4.93 x

103 m/yr. Very fine sand is given a Kat of 3.0 x 103 m/yr in the RESRAD

Handbook. To be conservative, a high value of 4.3 x 103 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 106

2

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 3/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 101 to I x 104 m/yr. The soil types in the licensed area are principally

Hiland fine sandy loam and Cushman loam. The hydraulic conductivity (Ksat) in m/yr.

given in the RESRAD Manual for loamy sand is 4.93 x 103 m/yr. Very fine sand is

given a K., of 3.0 x 103 rn/yr in the RESRAD Handbook. To be conservative, a high

value of 4.3 x 103 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 to 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 3/yr.

2. Mass Loading for Inhalation: Default is 0.0001 g/m3. Handbook gives a value of

0.0003 g/ m 3 for agricultural generated dust loading. Used 0.0003 g/ m3

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 isjustified



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 I (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/m3 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/m3). 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:

" Drinking water: Used the RESRAD default of I (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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RESEAL, Version 6.3 1 T Limit = 15C jays 09/C6/2007 15:10 Page 3

Sununary : Moore Ranch Radium Dose File: mranchRal.RAD

Site-Specifi c Parameter `u=Tary

User U 
0

sed by RESRAD Parameter

Menm Parameter Input Default (if different from user input] Name

,11i Area of contaminated zone (m.2, 1-00E+04 1.000E+04 --- AREA

R011 Thickness of contaminated zone mm) 1.500E-01 2.00E-00 -- 1110HC

R0i1 Length parallel to aquifer flow ým 1,00E+02 1.,0E,02D --- LCZPAQ

R011 Basic radiation dose limit imrem/yr) 1.000E,`2 300E+01 F-BRDL
R011 Time since placement of material iyr D.0 0 +00 Q,000E+00 TI

R31i Times for caiculations (yr) 1, 2E+00 I.11.E900 F T 2)

RD!! Times for calculations (yr) 3.00OE+O0 3.90E+O0 --- T( 31

R01i Times for calculat:ons (yr) 1.000E+01 1 --- T( 41

RPi7 Tises for calcuIlatons (yr) .3 f)E+01 I I T 51,

D011 7 Times for -alculations (yr) I.00E÷02 F.00Ei02 --- F ý 1

R011 Times for calculations (yr) 300E+02 3.'00r, 2 - -- T

RiD! Times for calculations (yr) F.000E÷O3 1.00¢E÷3 r-F 8

PR11 Times for calculations (yr) nct used 0.0E+00 --- T( 9)

ROil I Times for calculatoions (yr) not used 0 ,0E 0F T 10)

RD12 Itnitai princ-pal radionuclide (pCi/g : Pb-21 01 .0 ,E+00 C0 F0 3, SI

R012 Initial principal radionuclide fpCiigq: Pa-3J I.E l.000E+00 F 000E-00 --- : 1

P012 Concentration in groundwater ipCi1). Pb-. ?10 not used 9 . 0 0Cl - - WI0 ]I

R012 F oncentration in groundwater rp"!L Pa-:, D not used 0F + Oý 0 -- F WI

R013 Cover depth {m) F.000E+O0 0.0E- -- F COVER.

P013 Density of cover material (g/cm**31 nct used 1.500E00 --- FE NSCV

R313 Cover depth erosion rate (m/yrF not used i.F 7E-03 --- VCV

R013 Density of contaminated zone fg/cm*F3) 1.500E+00 1.500E+00 --- DENSCZ

R013 Contaminated zone erosion rate (m/yr) F.OOOE-03 1.000E-03 --- VCZ

R013 Contaminated zone total porosity 4.00OE-01 4.000E-01 F-- TPCZ

R013 Contaminated zone field capacity 2.D000E-01 2.0FD E-01 --- FCCZ

R013 Contaminated zone hydraulic conductivity (m/yri 4.930E+03 F1000E+01 --- HCCZ

R013 Contaminated zone b parameter 5.30E+)O 5.300E÷00 -- F BCZ

R013 Average annual wind speed (mi/secF 5.000E+00 F.000E0 --- F WIND

R013 Humidity in air og/rn, ) not used 8.DO0E+00 --- HUMID

R013 Evapotranspiratron coefficient E.-009E-1 5. 00E-0i --- EVAPTR

R013 Precipitation (m yr: F .000E-01 1I000E+C0 --- PRECIP

R013 Irrigation in/yrl -D00E-)l F2.000E-51 --- RI

R013 Irrigation mode o verhead overhead --- IDITCH

R013 Runoff coefficient F. 00E-01 S.0E-0i --- RUNOFF

P013 Watershed area for nearby stream or pond lim*2) 1.-0EE+06 1.000E-06 -- F WAREA

R013 Accuracy for water/soil computations 1.-00E-03 1. 0E-03 --- EPS

R014 Density of saturated zone (g/cmr**3) F I 0E+00 I 500E+ --- I DENSAQ

R014 Saturated zone total porosity 4.A0OE-01 4. u 0E-0 --- - TPSZ

R014 Saturated zone effective porosity F . i0F-Si , . 0 0E-f 1 --- - EPSZ

R0114 Saturated zone field capacrty 2.r,> E-01 2.000E-0 --- FCSZ

R014 Saturated zone hydraulic conductivity (m/yrý 5.550E+03 H.03E÷03 -- F HOSZ

R014 Saturated zone hydraulic gradient 2F000E-32 2,W000-02 --- FRWT
P014 Saturated zone b parameter 5.3DDE+00 5.3100E50 --- BSZ

R014 Water table drop rate (m/yr) 1.000E-03 1.0 0 E03 --- VWT

R014 Well pump intake depth (,m below water table) 2.L20OE+0l 1.000CE01 --- DWIBWT

R014 Model: Nondispersion (ND) or Mass-Balance (MBE ND ND --- MODEL

R014 Well pumping rate r 
3
i/yr) 2.5000+02 2F.500EF02 - UW
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RESRAV, Version 6.; TLs Limit = 150 days I )fý,'200_7 15: iO Page 5

SLrirary : Moore Ranch Radium Dose File: mranchPal.FAt

Site-Specific Parameter Sii nary continued

User Used by RESRAD Parameter

Menu Parameter I nput De fAi t If different from user input) Name

R0 I? Fractions of annular areas withi: APEA:

R017 Ring I not used . 0OOEO0 --- FRACA:

?Dl, Ring 2 rot used I.732E-i --- FRACA

R017 Rrig 3 nrot used 00E0 FRACA( 3

R017 Ring 4 nI rt used 1.0- FRACA( 4

Rn 5 used 5.0 nE÷0 --- L FR1Ci ,

P017 king 6 not used 0.00E+00 --- FRACA( i

R017 P ing 7 nrot used 0 1E0 -- FRACA/(

R317 Ring R l 8 I /c t: used 0FFACA 8

R017 Ring no t used 0.00E*0. --- FRACA/i

R1'17 Ring 10 :zt used 0. PE I --- FRAC/Ai

R017 Ring 11 not used I :0-c: --- FRPACA/ P

R017 Ring 12 no t used C.0OOE+Co - FRACA 12)

R318 Fruits, vegetables and grain consumption kgi/yrý I.C. 0 E + 0 Cu DIET1

R018 Leafy vegetable consumption ikg/yrý .400CE+01 1 4100 1 --- DIET 2

P018 Mil? consumption Otiyrý not sed -- DIET 3,

R018 Meat and poultry consumption kgyz 6. 300E+01 s.3O0E÷l --- DIET 4

R018 Fish consumption ýkg/yr) n.ot used 5.400E÷00 --- DIETý5!

RD9 Other seafood consumption (ka/yr, not used 9.00`E-0i -! DIET 6

R019 Soil ingestion rate (g/yr) 3.650E+01 3.650+1 --- SOIL

R018 Drinking water intake (L/yr) 5 . 00E+02 5.10 3iE+2 DWI

R018 Contamination fraction of drinking water .IO00E+O+ I.CC0E'l0 --- FDW

R18IS Critamination fraction of household water not used 1+30CE÷00 --- FHHW

R019 Contamination fraction of livestock water I1000E+00 ].-E --, P FLW

R919 Contamination fraction of irrigation water 1.10E÷00 1. v,,,-- --- FIPW

P018 Contamination fraction of aquatic food not used ) P0CE-0LI FR9

R013 Contamination fraction of plant food .5O0E-01 -i --- FPLANT

PD18 Contamination rraction of meat 5s0O0E-01 -i -- FMEAT

R018 Co ntamination fraction of milk not used -1 -- FMILK

R019 Livestock fodder intake for meat :kg day) 6.800E+01 6.8F00EP l --- LFI5

R019 Livestock fodder intake for milk {kg/day) not used 5.500E÷01 --- LFI6

R019 Livestock water intake for meat L/day) .OOOE+01 5o00OE1 J --- LWI5

F019 Livestock water intake for milk (L/day) not used 1 . 00E+2 ---- LWI6

R019 Livestock soil intake (kg/day) L.OOE-0l 5. 00E-1- LSI

R019 Mass loading for foliar deposition ýg/m"3) .0000E-04 1.0 -04 --- MLFD

R019 Depth of soil mixing layer (m) 1.SOOE-0 1. 500E-0I -- M

R019 Depth of roots (m) 3.000E-01 9.00rE-0l --- DPOCT

R019 Drinking water fraction from ground water 1.000E-00 I.l00Esl0 - FGWDW

R019 Household water fiaction from ground water nct used I. 0I ,+30 --- FGWHH

5019 Livestock water fraction from ground water ".000E+00 I1.0E+ - FGWLW

R019 lirigation fraction from ground water 1. PE+00 I 1.PEODE --- F PWlR

P19B Wet weight crop yield for Non-Leafy koim-2) 7.000E-01 -. ,E-0i --- I
R2DB Wet weight crop yield for Leafy k/im* • .500CE+00 1.5 -ED00 -YV(2

Rl9B Wet weight crop yield for Fodder (k/m*21 1.100E+00 1I.00E-30 --- YV(3ý

P19B Growing Season for Non-Leafy {years I 700E-01 1.7P0E-01 --- T EI

R19 Gro~wing Season for Leafy fyears) ý.500E-0! '.0E I --- TE 2)

R198 Irowing Season for Fodder (yearsý F..L0E-02 8. 00-0 - TE(3i

RIg B Translocaticn Factor for Non-Leafy I. 00E-ol 1. .0E-0n --- TIV ]
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RESAD, Version 6.3 T- Limit = 180 days

Summary : Moore Ranch Raditum Dose

s/!'E/o00 15:10 Pacte

File: miarch~al.?-AD

.*e-specifi- Firaeter Summary 'cntcýrupdj

Menu I

I User

I input

I Used by RESRAD

Default I (if drfferent from user input

Flaraneter

NameParameter

TITL I Maximum number uf integration points fcr risk 7 I FYMAX

Stmrrary of Pathway Selections

Pathway I 'ser Selection

external gamma active

inhalat on (w/o radonI, act ive

3 plant irngestion active

4 -- meat ingestion active

5 -- milk ingestion s suppressed

6 aquatic foods suppressed

7 -- drinking water r active

8 -- Sio ingestion actIve

9-- radon I suppressed

Find peak pathway doses active



SquaIre Meter,-,

m t r ! !-

T I 22: X 
9

eSr mM (t

7:

I>- - - 1 2W

* -- UE*

* '~E*

I'.

X3 ,'x e ~ -, *>: 1 -n r.



RESP-AD, Version 6. riT~ Liwt = 18ý JdyS

SiNnr :More Rant2L- Pad_-= Dose

I1::0 Pag~e 9

F:1 le: ,-archb?a'. RAr

Total D)ose Ccntriro,ýit.ns TDC'rFf sp,' t nlo. f<r Ir e and Pathwaiys

As mrer.'yr and Ftac:ic. of Total Dose At 0.000E>-03 years

Wa -r 35.eenpn PatiO hways5 (In.133 t 1< excludies radon

To, a I

mr emis/v Ira~-! mrn-em yr frao - Trem/vl fract mreno yr ffiaý rr nem /,,-r f.act

>3 ~ ~ i IE6 .2 4 3. -E-0 C, LI 01 JE - 0 . 4. ½E.K >4 3. 780E-> :

.43F'1 .r 1 3.402E-Ct I (O' 2. 8. 68 O 3E-< 14ý' 2. 13E-. 1.03

41E+ .61C) _ 3EQ O.C j4 C) OCQEa 0F0.)C .6E 0 54 ,'9E 010 4

mi e11 21 f a t.

I" ýE- C

1.172E-D' r

Tot a! Dose .o_,t: ibJ:10rns TDOSE J;, p t, for Indv <da! Rdicnuclides 1 i .nd P'athways p

As :rrem/yr and Fractiono f Total 0 s , t' = C.00DE',Ea years

Water Dependcen~t i i'hw~ays

Fish

Padoc-

N~iclide mrem/vs tract.

Ra-226 C.. XE+00 0.,0-u

Tota _000E+
0
0 0.0e

sn-em/yr fract.

D..,-ODEaD C 03

C.DOQE-iO u.3o

030E0 OEO.3 fDOO

Packr Plant Meat

titer/yr tract. trem, yr fract . mren/yr fract

3 lODE.>. .. D OE4( :' C OE.

-l 0 DDF.- 0

1) [OOOE+( 20

01F

0.000E-00 C.)30

AlK iaviways

9.141E+00 -.2

3.038E ' 0 -

*Sum of all water independent and dependent pathways
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RESRAD. Version r,. i Limit lae, -ys

Surnrmary :Moore Rancn Radium Dose

i 1,: 1 0 page I I

Fi.le: mranc]%Pal.HAL

Total Dose Contributxons TDCSE(-,pt) for Individual Radironuclides •i and Pathways ýp

As mrem/yr and Fraction of Totai Do3se At t = 3.QOQE*'0 years

Water Independent Pathways (Inhalation excludes radonr

Ground

Radio-

Ncide Tr'rem/yr frat

Ph-21C lO358E-Ol '.d

Ra-2216 2.3E6E-01 0.6135

Total 2.18E+01 0613

Inhalation

mrem/yr fract.

706lOE-0O 0. 0002

4.073E-03 0.0001

i 178E-02 0,0003

Radon

mrem/yr fract.

0. 000E+00

0.C0OE+00 O.O000

0OC00E,00 0.00C

Plant

mrnemr/yr frac -.

6. 893E-r1. J.ý73

'.330Ea0Dl10 3 4 1

Meat

inremlyr fract.

3 . 3 5-E - ,,1 u. r

2.9E 01. 0 ý

5.654E-01 0.0145

Milk

mrem/yr fract.

0.000E+0O Q. 0. 0J

0.000E403 0,0000

OO 0.0000

rsres,'yr fiac

2 .'714-1 1 KC,

D.02E-

Total Dose Contributions TDOSFi,p,t. for Individual Radionuclides ;.! and Pathways 'p

As mrem/yr and Fracticn cf Total Dose At t - 3.COOE÷0O years

Water Dependent Pathways

Water

Rado-

Nuclide mremiyr fract.

Pb-210 0.000E+00 0.0000

Ra-226 0.OOOE+00 0.0000

Total 0.000E+0 0 .0000

Fish

mrem/yr fract.

O.OO0+O 0.000.O

O.OOOE+O0 0.0000

O.OOOE+O0 0.0000

R adon

Irnem//yr fract.

0.000E+00 0.000C

0.000E+00 3.0000

O.DODE+00 0.0000

Plan~t

mrern/yr fzact+

O.UODE-'DO U..OOO0

0 COOE-CO 0.000D

.ODOOE+00 0+0000

Meat

mrem/yr fract.

.000E+O00 0.0000

D.O0OEs00 0.0000

0.000E+00 0.0000

Inlet/yr fract-

AIl Pathways

Inremlry: frac

*Sut, of all water independent and dependent pathways.
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RESRA:ý, Version 6. T4 Limitt = .80 days

.uos'-Moore Ranch Radiums Dose

;/C 2,-7C0'- 15: 12 C age 19-

File: mranchRaI.RAD

Tc~tal Dose Contributions TDOSE i,p,t for Individual Padionuclides ( and Pathways ýp

As m're.'/yr and Fraction of Total Dose At t = 1000E+01 years

Water Independent Fathways Vnrhalatisoo excludes ration

Gx~roud Inhalat 4n. Pa don; Plan Meat Milk 2ii

Radic

Nu,7 i.de

It-. 102

Ra-226

.srem/yr fraL''

2.132E+01 0.6441

2.13382.0 4 '.44*

rsrerslyr frat..

6.619E-03 0 . . .

9.05E03

mrrem/yr rracoý

;.DOOE+i2 .<.7

000

mrem/; yr

2 31 3E:O0

8. 088400i

1.940E.01

fraot. sr ext/yr

0.0699 1.1276-0l

0.2445 3.295E-01

r.3145 4.421E-01

fract r mrem/yr

-.0034 0.000E*00

0.6104 0.000E+00

3'0 0006'(j

fra~t. mr emyr irac

0.22000 2 .9OP

S. 0. 00 6,. 0> 1 0. G1

T7otal Dose Contributcrns TDOSE(i, pt. fot Individual Radionuclides ý1; and Pathways p

As mterm/yi and FRaction. of Total Dose At 2.000E+01 vears

Water Dependent Pathways

Radio.-

Iluclide

Pb-ZIOx

Ra-226

Tlotal

Water

mremiyr fract.

0.000E+00 0.0000

0,000E+00 0.0020

0.000E0•0 0.00CO

Fish Radon

mrem/yr fract. mrem/yr frac

0.2000+00 0.0000 0.0006+00 2.20

0.000E+00 0.0030 0.0006200 0.00i

0,000E400 0.000 0.0002E+0 0.00

Plant

sszer/yr fract.

00 0.000E'20 0.2020

00 0.O006.20 2 .200

0 GDOOE0 3.00

Meat

mren/yr fract.

0.0002+00 0.0000

0.000E+00 0.0000

2.000G6±0 2.O02/

11, 11'

zster/yr ft lot.

0.000E.21. 0.0000

0 00OE06. 0,0000

0.000E+00 0.C22OO

Al.. iPsowavr

3.035F+`1 0. 1

3.30SE.21 1.02

*SuOm of all water independent and dependent pathways
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RESRAI), Version 6.3 TL Limit =ISC days

Srmay:Moore Ran~ch Racicum Dose

09 '00M 5:10 Page 95

File: mranchta.P.AD

,:otal Do se Oirtic TrA0fE ar,: , fo indii'dual Ralionucid es a- and. Pathways p

As rnrem/yr and Fraction ot Total Dose At t 3.0UOE.Vý .oars

Water Independent Pathways ~inhallationi excludes raon

Radio-~

Noc I de.

Pb-I: I

Pa-2LI ,

I taI

mreis/yr tract.

*0Cj,-E,0

inaato

sarern/yr fracl'

.0 D0E400 0. C C

0 00E4 00 r,0 ,

* ODA40 0 V

rr~rezs/yr fract riremlyr hract

0 0')E + C

mrem/yr tract.

O. E÷O 0,0

0 (O0E-O0 C ., •

Tnrems/yr tract.

0 010E-CE

mraerr, y Y frar

0 . C

T, 'al Cont a~r it irs TDO' F i~, for I rd iv.dui I Pas a ,cmcj ýles a) and Pathways P

As rarert yr and Frc.,ý Total Ecse A'ý = c.OUOE-02 years

.Wa'er Depencdert Pattowavs

Water

Rad io-

NuClAe mrem/yr fract,

Pb-210 O000E+00 0.O0CU

Ra-226 000E400 0.000

Total 0,00E+O 00

Fi sh Radon Plant Meat Milk

inlet/yr [a at

O.OOOE+00 0.3100

0OUQOE+00 G,0 -

O.OOOE40' D,00

rsrem/yr tract,

O.OO0EOrj 0.00N0

inrers/x hrat . irem/yr tract . mresc/yr fracýt

JOCa~ ... O .OOOE+DD 0.0000 00U)E0E 0 0.)900

.OOOEaOu u. :'0.000E+010 0. 0 JO00E+l (1 0 0

O.O0OE+00 ).noc 0.O0Er. D)OOOF+0

AMl FA'-wAys

m 1,em, /'Yr frac

0.000E-~ 00C

3.02c.

*Sus of all water independent and dependent pathways.
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RESRAD, Vý'is rI on. T" Limit - 1 dvas

Summarv: M-vre Panch FaIi um Dose

0I/O /Z'hI 15:10 rage 1

Eie: mranochPa"RA:D

1)c'se :iu-e Ratios v-!O;e All P~atha

P-arent and picrqeny R~oi~ au,~i~~ Contritot~cons Indicatedi

Parent Product 7 hýrea d

F raction

Pb-KJ'iC E'~r0-

0 DICE' 07 1 .OOOE *00

-t At Time in Years 'tMty/ yr PC g)

3U0)E-00 1UOOE'D1 3.OOOE'<1, 1CD00ED02 3.000F+D0 1.000E+03

23 E-C C I. 22 8 E -0 5 .4' 5 F- 01 2 2.(3 F- 0 G.OKCE40() 0U3CE+ 'D

Rd - ---- +D

Rd- 2 2E ,

Rh a 2-,P

Rd-226 I1. ýýEmU 6043ESF' A.C1EE+00 5..nolE'< o.76. 
1

50'26 5 .JKE-

pb-20+1e 1.HOE-CD 3.34-7E-02 9.9D4E-C
0  

U-'40- :.-EF-20 50.- 5

G.P (0A5.Y"' C . 1ýýE,(t0 6.1 4E-,' .24 1E0 3E -00 3. 09E+0.

:ludes cc,rtrihjtions f rom associated (hal f-11is e 1 ýOK days) s .e:

F, -

5'-.

B-

Single Radionul ide Sosi uidellsoes G ( i, t 'in oý-. 'q

B3asic P,,diat ion Dose Limit. = Bal 'too+ aemv

Nucl1de

Kmi activity

5 sS1E+01

i.-39E+01

K' IU 00F"-

8 14 4 E+ 01

1.60DE+'- I
4 7E+ 0 1

-. 71SE*(

3 345 E-

*9.88c0E'II

K I0lE+ 5?

* 3 88 E. 13

summed Lose/Source Patios DSR(i,t! in (mrem/ zI pCi/g)

and Single Radionuclide Soil Guidelines GSi,ti in pCi/g

at tmin = time of minimum single rtaionuclide soil guideline

and At tmax - time of maximum total dose = 0.COE-C years

Initial

ýPCs/g)

5.OOOE-PrO

OOOE+00

*-n In

"ears)

S 0E'-00

1'S 0 .03

DSR i,tmniný S,~tmsln; USr Artmax) GS~.cx

1 8.OF-UD

6. 16 EKO 1.597EC1 6..l'CE+CG

5. 47E÷01
1 , ;46E+01,,
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Radium Benchmark Dose Assessment

Appendix C-4

RESRAD Model Output

Uranium
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PESRAD, Version 6.3 TIs Limit = 180 day

Sum.mary : Moore Panch Uranium Dose

17 15:19 Page I

File: mranchUI .P.AD

Dose Conversion Factor (and Relatedl Parameter Summary

File: FGP 13 MOPBTDMTY

Cirent I

Va Ilie

Base Parameter

Case* NameMenu Parameter

B-I

B-I

B-I

B-i

B-I

B-I

B-I

B-I

B-I

B-I

P- I
D-i

D-

D-i

D-1

D-ID- I

n-I
13-I

Dl-i

Dose conversion factors

Ac-2?? 7+D

Pa-l31

Pb-2 10+D

Ra-2 26 +

Th- 2 3

'-234

`38

U1-138÷DE

for inhalation, mrem/pCi:

Dose conversi

Ac-2274D

Pa-231

Pb-210+D

Ra-226+D

Th-2 30

U-234

U-2354D

U-2i38

l-I 8 A +

,n factors for ingestion, mrem/pCi:

D-34 Food transfer factors:

D-34 Ac-227+D , plant/soil concentration ratio, dimensionless

D-34 Ac-2273D , beef/livestock-intake ratio, (pCig.!'pCi/di

D-34 Ac-227÷D , milk/livestock-intake ratio, (pCi/L /.pC'/d)

1. 321E-03

2.8 .'-0

.2 -E--il0

5,0015-04

5.0,10E-06

2.63 CE-04

2.5)25-33

1+0 -DE's

D.10-04

2.501-E-33

1 . 1115-04

520 E-0 4

1>-4

6. 700,E

1.2 ROE,

.360E-

8. 580E-

3.260E-

1.320E-

.2 30E-

1.1lIE-

41DE-:

1. 060E-:

S. 370E-

I . 320E-:

5. 480E-

2.830E-0

2. 660E-2

2. 550E-0

2.ý550E-0

2. 50DE-0

2. 000E-

2 .005E-

1 000E-0
* 000E-0

5. 000E-

S. 000g-I
8 .000E-

3. 000E-0

4. 000E-0
1. OOE-0

1. 0O1E-0

D-34

D-34

0-34

D-34

D-34

D-34

D- 34

D-34

D-34

D-34

D-34

D-34

D-34

D-34

D-34

D-34

D-34

D-34

D-34

D-34

D- 34

11-34

LI-34

0-34

D-34

0C

002
DC F2 (

1['F2 2

I -2 DCF2

0-- DUCl:

1-1 D'2F2

D2 I DUC F--

0 1 :1F2:

03 DUCl:

0I 3 DUCl.

014 DCFII

014 DCFI)

C24 jDUCl)

04 DCFI'

0I 3 RUF)

15ý PTFf

OS F7F)

24 ?7iE

13 R TF)

23 P75,

IA I P75

Hf RT PF

21 PTFI

04 RUE:(

:4 R7F)

)3 RUF

'4 P7 PF

A4 ?,-FE

2)

3I

4)
.5

6)

8:

9)

2, )

I:

A)

5:

6)

7)

82)

9)

1,12

I, 2)

2, If

2,2

2, 3

7, 1
3,2)

3,1)

4,1)

4,22

A, I:

5, 1

5,22

5, 32

6, 1

6,2)

6, 3

'7,1)

'7, 3.

Pa-231

Pa-231

Pa-231

Pb-210-+ D

Pb-2 10+D

Pb-2 10+D

Pa-226tD

Pa-226ED

Ra-226+D

Th-230

Th-230

Th-230

U -234

U-234

U-234

U-2315+ D

U-2 35+0

U-235+D

plant/soil concentration ratio, dimensionless

beef/livestock-intake ratio, (pCi/kgi pCri/d)

milk/ilivestock-intake ratio, (pCi/L)/(pCi/d)

plant.'soil concentration ratio, dimensionless

beef/livestock-intake ratio, (pCi!/g: ip0 Iid)

miIk/livestock-intake ratio, (pCi/T ! pC:/d)

plant/soil concentration ratio, dimensionless

beef/livestock-intake ratio, (pCi/kgi pCi/dI

milk/livestock-intake ratio, (pCi4/LirpCUid)

plant/soil concentration ratio, dimensionless

beef/livestock-intake ratio, (pCi/kg)i 2pCi/d)

milk/livestock-intake ratio, (pCi/L)!/pCi/d)

plant/soil concentration ratio, dimensionless

beef/livestock-intake ratio, (pCi/kg)i pCi/d)

milk/livestock-intake ratio, (pCi/iL) ýp:i/d)

plant/soil concentration ratio, dimensionless

beef,' ivestnck-intake ratio, fpCi/kg)i pC:/dJ

rrilk/livestock-intake ratio, (pCn/- i/ dpCiid

1.000E-

1. EIE-

5. 000E-

2. 50DE-

3.400E-

6.0OOE-

2.500E-

3. 400E-

I. 005E-

0
0

0



.mcen

I~~~~ ~ ~ r;,, a ra " eI* (,l

F, c;r I "

tx~v l-,j,. . a t o, m- sA pq

',c'h..raT a~ i ,ý a -

Bps

tare

,nt I n"I"d

[-c4
*1

4 4 Q

F, I

-3,-

F ,

ý-,- ý4 i ; , - " ;. 8 - P

D- - 4 3 8 L )

::- 3 -1 ý ý,3 I.

ý I ýin s , 1, ýc T~ce , raý ,qt -,, d rý-. ,e"S

* ,ee! ivest o k n1ta:.e rat1 i , 3p:i /k. p

* 'r. v ,,1,0 -o k - - 1 a~: :: e' z I oL

4 3 10 F - 4

,3 7c7.Mll

E-I 1 . 1') - E E: FAý

,E - .I ý -) E~ -:F N

In- a '1di 1 5
E*'! 1.O F- F A

pa D

34 11id MQ11: ýsY

QVE..4 1 AZ

f)I C3F4 : F ~
[-F

D-5

D-5

ti-L

1 s*- ,e a an dm rI Ijc-sk

U "I- -2 4 acea rAi nio I. -;sk' Og-oi

F. 03-

6 O'D G E C

0)9 F1F I FZA

F 3A-

-0 K FA'> 3-

0 . ' F CE 14 F * A>'
*Ot z -i - aýeaandm

, F a n e -a s - ine, i I ý ýý ý, " ! ý ý, ý -ý . '. 1 1 ý ý / o A s s - - a - e N,-, 7 ý 4 jo - C -ý ! - "ý -I, ,I ! - ý 1. , ,



MEP.AD, Version 6.3 Th Limit = 180 days 28./06.207 15:19 Page 4

.ra ry : Moore Ranch Uranium Dose File: mranchU7. AD

S.ite-Specfi: Parameter Su0noary

I user Used by RESRAD Parameter

Menu Parameter : Input Default jIf different from user input, Name

RH.. Area of contaminated zone (m*'., O 00E+04 i0 4 --- AREA

R01I Thickness of contaminated zone ( I .500F-01 : . -E, --- TH CK

Poll Leng t h par al'e. tI aquifer f Iow 'm. O .0OE'02 1. L CZPA.

R011 Basic radiation dose limit .mremi yr I OO j02 8.BFDL

RSIC Time since p acement of materal! yr' .00 0 0+ TI

R011 Times for caco latrons (yr I i. OOE+00 1.000E÷0 ---- T 2}

RD!; Tames for calc" ations (yr) I 0E - T( 3

P011 T ime s fo i c a l c lat .o ns (yr) T 1,i0 +) .0 E <]. . ( 4'
Tines for calculatlons {yr) I '. 0 ý. 0- TI 54

PI TeI s for Catirlatlons {yr) I C' .--

-1 r Times for calculations ýyr) >r'> O .£ 0 - T

RC 1 Times for calculations (yr) . - 70l3 8.. -T

R0!! Times for oalcrllations (yr) not used 0.I00 * --- T( i

R01 Times for cal I at onq (yr nt " used 0i1.7oý - 0

F012 rintral principal radionuclide {pCiq/g: U-234 4.890E*01 D,2 ÷ - I 6

R012. Initial principal radionuclide {pCi/27 U-'35 J 2200E+00 0.0E. -I; ?•

R01- Irnital principal radaonucide r2Ci/g) U-238 1.6 4,90E1 0.0CE÷00 -- S P

R012 Concentration in groundwater pCi/L): U-234 [ ot used I *>CF.' --- WI( 6)

H 1 2 Concentration it, groundwater {pCi/Ll U-232 I nct used 0..00E'0C --- WI "

R012 Concentration in groundwater lpCi/ L U-238 not used 0. "CE+-- Wi P

P013 Cover depth 0m CEr00 C. E+0 --- CCOVERO

R013 Density of :over material (g/cm**3) not used 1i,50E0 --- + DENSCV

R013 Cover depth eiosion rate (m/yr not used I.000E-0 --- VCV

R013 Density of conrtaminated zone a cm' C 130E00 ,5E÷00 --- DEN1CZ

P 13 C.otaminated zone erosion rate =miyr) I .00-0 j I. ICE-CC --- VCZ

R1.3 Contaminated zone total porosity 4., DE-01 4.0O }-01 -- TPC7

RP1, Contaminated zone field capacity _ .0OE-01 Z. CE-tI --- FCCZ

R013 Contaminated zone hydraulic conductivity ým/yr) i4.9E+03 -.00E+l --- HOC(:Z

P013 Contaminated zone b parameter 5. f"0 0 PC}--- CZ

P013 Average annual wind speed rm/secý .50Er0 ."00E> --- WIND

R013 Humidity in air r.m" 3 not used 8>.0E÷ - HUMID

RI3 Evapotranspiration coefficient 1 7 FE-;I .0E-0 --- EVAPTF

P013 Precipitation in/yrý I . -0] I 000E+ --- PREC I P

P013 irrigation lm/yr )E >F01 2., 0E-L I RI

P013 Itrigation trode overhead overhead --- IITCH

PO13 Runoff coefficienr .22.O-l1 2.00E'-91 --- RUNOFF

PlC1 Watershed area for nearby stream or pond fm*-2) : 1 s00006 '.E- WAREA

R013 Accuracy for water/soil computations E1.00E-03 F.000E-> --- EPS

P014 Density of saturated zone (g/cm**3 i .500E300 1.500E÷00 --- DENSAQ

P014 Saturated zone total porosity 143.OE-Ol 4.-OE-, - TPSZ

R014 Saturated zone effective porosity .300E-01 2.,0 0E-01 --- ESZ

RP14 Saturated zone fieid capacity c O.Q00E-0] .. 00E-01 --- F

P014 Saturated 2one hydraulic Conductivity Im/yr) .-50Er03 1 000E*02 --- HCSZ

P014 Saturated z %one hydraulic gradient F 2 .00E-02 L.,E-0F --- HCWT

P,.4 Saturated zone b parameter 1.300E+00 5F 3 0E•00-- BSZ

C .4 Water table Irop rate {m/yrý 1.C, E-0 3 1 , CE- --- %WT

R0.4 Well pump intake depth (m below water tablep IF.0 0E0i 1 1 .0E ):1 --- DWIRWT

PC14 Model: Nondrspersion ýND) or Mass-Balance (M' 'I C' ND --- MODEL
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RESRAD, Version 6.3 Tis Limit

Summary : Moore Ranch Uranium Dose

E,, / (C 7' 15:i14 Page t

Firle: mranchU1.PJD

:t,--Ppti Pa~rameter Sumrmary ccntrflucoa

User

Input etau~t

Used by RESRAD Parameter

If different from user input! NamrneParameter

R016

Ro016

P016

P016

P01E

PO 1.

R017

ROV' 7

ROI7

P017

P11 1'

R01 I

R017

RD 7 I

R07 I

R01 I -

PD17

DListribution coefficients for

Contaminated zone (cm"*3/g)

Unsaturated zone I (cm**r/a

Saturated zone lcm**3/g)

Leach rate ý/yr)

Solubility constant

Distribution coefficients for

iontaminated zone (cm**3/qg

Unsaturateu zone I ucm**3//g

Saturated zone (cm"*3)

Leach rate ;/yr1

Solubility constant

daughter Ra-.26

DflfJFrOI
.1105' 1

E~ 1

* 3 E'~1

5'00

6.97iE-03

not used

0E.'04

uE-. 04

OEc4

0 si oh

~ o

4

116 NUC'U

ALEFAC.H

SOLIIBK

AL EAC H

(LINH

E1DiA

FIND

FS'

inhalation rate (mis3/yr)

Mass loading for inhalation g/m'**

Exposure duration

Shielding factor, inhalation

Shielding factor, external gammra

Fraction of time spent indoors

Fraction of trie spent outdoors on site.

Shape factori fla, external gamma

Radii of shape factor array (used if FS

3 .05CO-04

4 OOOE-01

5. 5005-01

5.OCOE-01

S4I

1.0(

- Er

C Er

F-

* .5. -

3

4

1

sow5 circular AREA.

)uter annular radius

Outer

Outer

Outer

Outer

Outer

Outer

Outer

Outer

Outer

Outer
Outer

annular

annular

annular

annular

annular

annular

annular

annular

annular

annular

annular

radius

radius

radius

radius

radius

radius

radius

radius

radius

radir us

radiius

(m) ring

(mi) ring

(m) ring

(m) ring

(m) ring

<ml ring

(m) rinq

rml trg

(m) r1ng

(m) ring

nc

no

TIC
n(

no

0,<

11C

-1

t

4

4

-t

used

used

used

used

used

used

used

used

used

used

used

used

- OS'ul

ll'1E-i-01

'7 CF*~ I
0.CIAE'co I

CE. .0

- - - -

70:5~00

cr :05'.,: I
- - iE*l0 I
O.u>,E'Ouj

RAD SHAPE

RADSHAFE

PAD SHAPE

RAD SHAPE

PAD SHAPE

PAD SHAPE

PAD SHAPE

PAD SHAPES

PAD SHAPE

RAU SHAPE,

RADSHAvE-

RAD SHAPE:

Fractions of

Ping 1

Ping 2

Ping 3

Ring 4

PRng 5

PRng 6

Ring 7

Ring 8

Ping 9

Ring 10

Ring 11

annular areas within AREA:

nut used 1.0OE÷00

not used 2.732E-01

not used 0015' 7

not used 0 7.0E.0C

riot used Oj0rE+0

not used O.05E02

not used j,05.0'E-

not used C .0E÷O

not used 0.OO0E-O0

not used 0.0E"00

not used O.OE÷(}O

nrt used $ -00E+O0

1.6.050E+0 !.0E'.l

P RACA

FP.AC A
FRACA !

FRACA

FPACA

FRACA

FPACA

FRACA

FRACA

FRAC A

FRACA

FRACA

4

Fruits. vegetables and grain onsumption kr
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PESRAD, ersion (.3 Tki Limit ý 160 days 091A/U207 15:19 Fage 6

Vyore Ianch Uranium Dose File: mranchOUi P,4D

Sit.-Specific Parameter Su-mary ýcontinued)

User UIsed by RESRAD Parameter

Men,. Parameter Input Default (If different from user input I Name

C14 1-14 evasion flux rate from soil {!/sec) not used 7,.00E-D7 --- EVSN

C14 C-12 evasion flux rate from soil fiisec) not used l.OGOE-i0 REVSN

C14 Fraction of grain in beef cattle feed rot used 8. 000-Il --- AVFG4

C14 Fra -con Of grain in milk cow feed n'ot used *. 0- -- AVFG5

C14 I7F courection factor for gaseous forms of C14 not used ,0 0 --- CO2F

STOP Storage times of contaminated foodstuffs (clays,:

S Fruits, non-leafy vegetables, ana grain l.4 O0+0] 1 4 oE'- STOR T

ST P Leafy vegetables . .00E+00 *7'C0 -T P

STOP 1i k I l00E+00 i. >E•00 --- STOR T,`

STOP Meat and poultry .0 -E+01 . E+01 - s ToR T

STO7 Fish -. 000E+00 7.0fE-- STOP Tý

STOP Crustacea and mollusks ý.000E-00 '. ?E-0 STOR TC6

STOP Well water ].000E+00 I. 0E÷00 . STOR T:•

STOP Surface water + 1'-Er0 )E. +E+0 E STOR_Tý61

STOP Livestock fodder 4-)0E+01 4.5 E÷- STOR T,

P021 Thickness of building foundatio% . r net used 1.5O0E-i1 --- FLOORI

R021 Bulk density of building foundation g/cm**3 j not used 2.400E-- DENSFL

R021 Total porosity of the cover material inot used 4. 0E-:- TPCV

Poll Total porosity of the building foundation not used 1.J0F-C --- TPFL

R0211 Volumetric water content of the cover material not used 5O00OE-0 -- POCV

P021 Volumetric water content of the foundation not used 3.000E-2 PH2OFL

R021 Diffusion coefficient for radon gas m/sec):

P021 in cover material not used 2.000E-06 --- DIFCV

R021 in foundation material not used 3.00'E-07 -DIFFL

P_11 in contaminated zone soil not used E000E-06 --- [IFCZ

RPC1 Radon vertical dimension of mixrna (m, not used 2j 0OE+00 --- HMIX

PR2 Averaqe building air exchange rate fl/hr) not used 5.A00E-Ql --- REXG

RC21 Height of the building (room) orr not used 2.S L-.0 HRM

RP21 BuLilding interior area factor not used _ F400 --- FAI

P021I Building depth below ground surface ým) not used 1-i 00 EB00 --- OMFL

R02- Emanating power of Ri-222 gas not used 2orE --- EMANAPil

P021 Emanating power of Rn-220 gas not used 1.500E-01 --- EMANA:Zi

TITL Number of graphical time points 32 ...... NPTS

TITL Maximum number of integration points for dose 17 ...... LYMAX

TITL Maximum number of integration points for risk I 57 V Y'M AX,
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RESP-AD, verion fi. 3 T't Limit = ~r da~ys

Sunsma~y :M~ oIoore Raic 1ýuum Dos File,: mranchor.RAII

v-,namiflatfl i ono Dimensi~ons

ýVer Dp-h 0.0m ter's

efntratins, F-i!q

4 8 9E - 0

T 0ta 1 5- s e T DO SE ( -

Basic Radiat, r, on Limi t =1 .C OGE.-O.. orevi, y:

Total Mixture Sum M~t) Fraction of Basr,. S-cse Limit kpccived at Time (t

t lyears)
TD SE t:

(4. "INE-'

-7 4 H bF -C:

'I. 4 r ,E-

1.0040 1.0-t~ <4OCOECD 1GU0E. IC, EEO 1 E .OF

ý66+00 1 ~ 6. Sf 4 936E+00 1 4 o'E.-7 O E~

.386E-02 7 
2

'E -D 1'- 2 6- 4 3 rE-02 1 .4, E-

- DS 6.63

E'U~

6736' CD

Maxismur. 6676E tI '.48i6'0 6 rem/yr At
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RESRAV, Version 6.3 T, Limit = 180 days

S.ary: Moore Ranch Uranium Dose

9- / U 60 - 15 :19 Page 12

File: mrarcn2'1 .P)-2

Total Dose Contribu:<tions TDOSEii,p,t for Fndivtdai , Rdnucides fi) and Pathways p

As mrem/yr and Fraction of Tota3 Dose At t = .000E+D0 years

Water Independent Pathways (inhalation excludes radon)

C r oun d

Ntuclide rsrem/yr fract.

J2-34 K4ý25E-03 0,0013

U1-2 3 5 6.257E-21 0. 1031

U25 3 .354E+2D 0. 4 4 1

-,ta 1 ̀OE+0 O.45

Tnh.ara-n P a do

msrem/yr tract.

4.807E-01 0.0651

- 216E-02 0.0227>

4.29BE-01 O05282

9.0EGl019

street/yr fract,

O.3210E+DOc.2

Plant

mrier/yr fract.

7
.354E-C.l C-09

3.1IlE-2>- 01.3343

4.2>38E-02 21.CGS'

1.646E-03 O.C213

E.446E-02 O.2i>4

MilkSI 1

mrels/yr fract. sr em! Yr Sra.

21.2120E'2> 0.2.3 0 .69138-. --0

01.2000E0 01.'>12 1.572>6.'

O.2102Ei21C 0.2>2 3.5,)9E')'2

O.OQ 0 0.p,0 7.363E-31 -.C

Total Dose Contributions TDOSEi,p,t for Individual Radionuclides {i. and Pathways p

As rtrer/yr and Fraction of Total Dose At t = 1.000E+Dr- years

Water Dependent Pathways

Water

Radio-

Nuclice msem/yr fract.

U-234 0.000E+00 0.0020

U-235 O.000E+00 0.0000

U-238 0.000E+00 J.-000

Total O3100E+00 21 CO0

Fish

rsreze/yr tract.

21.021E+0821 0.0122

O.O00E+00 0. -020

0.0100E4-00 G.'C-

3.21221821021.22

strem/yr trio:.

C.0120Ea021 0.20

-.;)OOE8-22O O.22122

Plant

mrnem/ yr f ra ct.

.[)ODE8+, C'2122

21.212128.42 2. 0J2

0.00F+02PC1 01. D22

0,00E+1800 21.212212

Meat

mremiyr fract.

0.000E+00 0.0000

0.000E+00 0.0:00

O.O200E+0 0.0000

M- 1.k

mrem/yr fract.

0.O0CE+00 o,0' 00

0.0O0E+00 0.0000

O.O00E+00 0.0000

0.000E+00 0.3000

A~i l)at:.avs

tsrert yr f ra(

4,873E-ý22 2.6'

7.398C-E2, 1.21,

*Sum, of all water independent and dependent pathways
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RFSPAD, Vrsiori ý.3 Thý Limit 180 lays

Sumsmary :Moore Ranch Os-,niuis Dose

O,09/c 12^0'7 15: 19 Page :4

FEi1 e: mrach'.1A .AD

7otal Dose Cont rib-utions TDC©SE , p, t foi Individual Padionucl ideý ý: -,And Pathways !p

As mrem/yr and Fracti:n of Total Dose At t = 1.000F+01 years

Water Independenrt- Pathways (Tnh lation excludes radoný

Rallo

Nucli de

U-23 4

U-238

Ground

rrern/yr fract.

'.2E0 0 4 12

L.768E*00 01.564

Inhalatio~n

rsrem/yr tract.

1.-,41E-02 (0 02

3.69HE-01 0.0566

8.009E-1 0 . -2 ý

Pador:

!ruem/yI trazt.

Q .000E+00 .10

,.c00E+002 1.

.w.reni/y~ fra..t

(.3.1981-1 0.0a68

* 
7

8a81-0.. .0243

(.00981-00 c.O91a

1.2s2E~00 1.0930

3.646E-02 &0. 56

346:1E0 0.1 5

ý29181 <2 3. .112

Milk

mremiyr

0 OOE+O0

3.O00EO8*00

OO00EO00

0.000E+00

tract. mremiyr :fiac

020 3.181 E-0 0 .34

0.0-0 1.366E-..2 . . 9

2.0000 3.021` E-0 4

0 000 0 6 1:8"1-01. . 0

Total Dose Ccntributicns TDOCSE(i,p,t for Individual Radionuclides i and Pathways (p

As rrrem/yr and Fract4or. of Total Dose At t = 1.000E÷+01 years

Water Lependent Pathways

padnr

Nuclide mrem/yr fract.

U-234 ... 000E+00 0.000-

U-235 0.000E+00 0.0000

U-238 G.OOOE+00 0.000

Total O,O00E400 0.0000

Plant Meat

mrem/yi fzact. mremi/yr fract.mrem/yr tract.

0.000E+00 0. .00

.0000E+00 0.000

0.000*+00 0.0000

0.000E400 0.O000

mremiyr fiac Ct.

0,000E+ý0

0.0001E+0

0.000E+00

0. OOOE+00

0.00
0.00

0.00

0 0,000E+00

000 0.000±E÷00

000 0.000E+00

000 0.000E1.00

C. 000E810l

0. 000E+0

0.000+E÷00

Mi!k

mrem/yr fract.

O.O000E1O0.0030

O.00OE00 0.0000

0.000E+00 0.0000

0.0008+00 0. <000

Al! Fat-wayr

m re n,, y: r rac

1.4!081*.. 0.21

7.93181-20 O11

4 .334E=- ", 0.6

E.53 O1*

0,000

C 0000

*Sur, of a--- water independent and dependent pathways.
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RESOAD, Version 6.3 TV Limit = 180 days

Summrsary : Moore Ranch Uranitum Dose

09/ Ci0 15 5:19 Page Ii

File: mranchUL.RAD

Total Dose Contritions TDOSIEi,p,tý for Individual Padionuclides fiý and Pathways ýp'

As mrer/yr and Fraction of Total Dose At t = 1.000E÷C2 %,ears

Water Independent Pathways Inhalaticn excludes radoný

?adio

Nuolizde urem/yr fract.

4.748E-03 0.0033

i80E- 1 0.1493

;.260E-01 0.5655

1.C49E+00 0.71E1

inhalation

ruem/yr fract.

6-.123E-02 0.0414

2,775E-03 0,00:9

5.458E-02 0.03'4

1.186E-01 .

Radon Plant Meat

mrem/yr fract, mrem /yr tract. rrrem/yr tract.

O.0OOE'13 CC.0 1 9. 386F-0, >45 5.402E-03 0.00A

0.0OOE+÷0 C.0000 5.559E-G 0 38 3 6.376E-0C4 0.0C04

0.COOE+O0 0.E C08.871E-02 0. 7 5.114E-03 0.OC35

0.00 F+. O 0.0 1 88]F 0. 88 1.115E-02 0.0C -

Mi 1k

mrem/yr tract.

0.ODOE+C .0 3

0.OOE*0C 0C0Y0

0.000E*0 0.003.O

0.000E'00 0 0003

inert /r fra..

4,707E-... C0

4.456E-D 0

Total Dose Contributions TDQOSE I,p,t, for Individual Radionuclides and Pathways p

As mremiyr and Fraction of Total Dose At t = 1.000E+02 years

Water Dependent Pathways

Water

Svremisyr fract.

O.O00E+00 0.'CC

0.000E+00 0.0000
0.000Ea00 0.0>00

3.000E+00 0.0000

Fish

mtrem/yr fract.

3.O00E*O0 0.30.0

D.OO0E+00 0.-000

.000E+00 0.000D

O.QO0E+00 o.0o0o

Radon

0.000E+00 0.00
.OO0E*00 0.700

O.000E+00 0.0000

O.O00E÷.O0 0.0300

Plant

mrerr/yr fract.

0.000E+00 3.0000

3.000E+00 0. 30

O.OOOE+00 0.0000

Meat

mrem/yr fract.

O.OOOE+00 0.0.0

O.O0OE+00 ).0000

0.OO0E.00 3.03000

0.Q00E÷00 0.0000

Milk

msrem/yr tract.

O.O00E+00 0. 000

D.O00E÷O0 0.$0000

All Pathwayr

mrer yr frac

2.123E-0] 0.14

J.6%

!. 4 61 F O 1 .0C

*Sun f all water independent and dependent pathways.
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PESRAD, *Jersion E.3 T4h Limit =0 IS ay

'1.tar : cre Ranchn !Urdnitm Dose

S- 2', 15 :1I-' aq

File: mranch.C I PA2

Toal Dose Contrihlutons TDOSE{i,p,t, fr Indivirual Radionuclides ýii and Pathways ip;

As mrem/yr and Fraction cf Total Do;e At , O -000E-03 years

Water independent Path.ays (Inhalation excludes radon)

t;roun I

Padiý

U-234 . EO

7 El

i nnatiat ion

nrnem/yi fra_

E+'-G 5.2

RPa dc i

ir- I-nt/y I f IAct.

'..CODE--DC ---

-1 ,OE- 0-C -_ ,

Plan~t Meat

mre.M/yi fract. rsrem/yr frarzt.

-00E-sO 0.0D .000E-0C200C

ý..CCE-OC 0.00C0E->C~

Cý.000E-so D.C .COOE-Ci(

F.0EC 1C0OE-

Milk

mrem/yr fract.

0.OOO0E - ,-- - -

000CRD O

riren-sy: 5r~

O.CDSF~C

C. .5

)1'~F-*-~' A

0 Cr.

T7 t-l Dose Contr:butions TDCSERi,p,t: for Indiv..ual -adionuclides ;, and Pathways p

As mrem/yr and Fracticn of Tota. Dose At t = 1.000E+1R yeArs

Water Dependent Pathways

Wauter

nrorm/yr I

C3O)E-s00 0

O.OOOE-s-0 0

Fish

rsrem/yr tract.

0).OOOR-+O00 7

)C000F+O0.00

Radon

mrem/yr t:at-t.

0.000•O- O.O .0

0.000EO00 00

O.O00E+O0OQ 0

Plansr',

mrein/yr fract.

0.00CR--DOG OD

).OOOE-s-OO 0.00

.000E40 r,~u

00CRE0 0.00

Meat

Isreinlyr fract.

QOOEOC0 0.0000

0.00OE-n00 0.0000

O.OOOE-.-0 O.H00O

O.OOOE+0O C.~0000

inrein/vi fract.

0.00CE-IC09'

0.00CR-s-I 'ADOOD

Al 'a.hways

0re0Eyr fra0

0.00 E-C 00

C .OOO'ROC 0.

0.000E+0C0 0,CC

*Suimc all water independent and dependent pathways.
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RESPADS. Versi on f,. 3 T~i Limnit = 8ý (jays

Sursmnarv :Moore Pans. Urar.102 Dose

9/ýý 0 j; 1: i9 Page 2 0

File: rrranchtl'PAC

individual !?uclide Dose Sursed Over All Pathways

Parent Nuclide and Branch Fraction IndicateJ

Nuclide Parent TMFfi)

U-234 U-234 1.30(E+O0

U-234 -2 38 1.

1-4 DOSF

CYOS0F~jt , rrrem/yr

-)F.+01 ý.UD-1 -UOOE0080.30O0E'00 1. 01.E÷00 3. FE 3.ý 5E8 02 1.00 E+03

Th-2 3

Ra-..2 2

Pa- 12

Fb-..l

-234

U-2 3 8

(j'1

U, 3 4

o -238
Zt jF

1. 182E1-05

1.317E-13

1 . 187 81-(:

1 .3 1"E- 1'

3. C 3E-1-

6. (0 3F.- i i

3 462E8-05

j.47CE-11

1.58E0

1.S72E-C5

1. 5685E÷00

1 .1, IGE00

4. 196E-05

14 1010+00

i9.6E-04

* .7'43E-ON%

'85E-00.

4 90 -- 04

.I314E-04

4. 7 3E-08

2 .0988E-01

5. 9ý9E-05

2. 099E0-01

1.00:E-04

98!E1-08

5. 007 E-04

I1. 788E-03

1 .52 6E-07

1. 92581-A

I . 39981-O

1.925E-04

0 . 0080±0)

O . 0~ 010' 00

0 .081.30

C .10' 00

0. 0281-00

- . .CECO

0.00.E'00

S. CO 010±50

(iCE'..

0. ~100~

.20010-il

0 .0 CE'00

0.000E+00

0.000E400

0.000LE.00

0.000E+00

0 000 CE+0

0.00681.0

O.O00E*00
0. 0008100

0.000E10'

0.000CE+00

0.00CE,00

0.000£F.-0

0.001E.00

6.874F- C6

2 .29181-1

6. 74E- 0t

8. 140F-,

2.1 1 .E-A

8.]40'E-0F

"-234 1 .•E 0,1

'OSE ( j

7.8c2.E-09

9.76E210

7.862E-09

0-235 U-235 1.00SE.

Pa-231 U-235 1.0003E.

Ac-2.. U-235 1.Oe.00-

8.843E-01 8.74681-01 8.555E-010 7.0510 .. 8-121111 E'00 0.000-E+

~7 .543E-05 2.3819E-04 5.il0..-CA 1.4-29E-03 2.912E-03 2.072E1-03 `--F'S 0.00081.00

7.39081-07 4.720E.-06 2.2
7
7E-05 _ 0108-04 7.

7
44E-04 1.149E.-)3 P.A-00 0.01081.0

0-238 5.'E.0E-O5 8.04881-05

U-238 9.999E.-01 4.936E1-00

7YýSE(7) 4.93
2
F.S00

7
.917E-05 7.660E-~

4.87181±00 4.74qE81

4.873E±00 4.74-1-. 4 4.334E.±0

4.8 4E-, 5 1.009E-05

0 1.019E+00

0 1.019E+00

010-00 0.S0CF.'0

i0-l0.0(0FC0

''F:-00 0.00081±U

THF(ir 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





DOSE: All Nuclides Summed, Component Pathways

L

1~

E

25

20

15

10

5

0
1 10 100

Years



Natural Uranium Dose Graphics
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