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1. DESCRIPTION OF THE WCS ANDREWS FACILITY

1.1. ENVIRONMENTAL 

Waste Control Specialists' Andrews facility is located in the extreme western part of 
Andrews County, Texas, adjacent the border with New Mexico. The location is also about 30 
miles east of the USDOE Waste Isolation Pilot Plant facility. The closest communities to 
the facility are the city of Andrews and the city of Eunice. The city of Andrews (1990 

population 10,678) is approximately 30 miles east of the facility and is the major population 
center for Andrews County (1990 population was 14,338). The city of Eunice (1990 
population was 2676) is located 6 miles west of the facility within the State of New Mexico.  
There is no residential area, school, day care center, highway rest area, or national 

monument within a five mile radius of the facility. The facility is located on a 15,215 acre 
site (1500 acres in New Mexico), 1338 acres of which are fully permitted for the treatment, 

storage and disposal of RCRA and TSCA wastes (The permits allow acceptance of all RCRA 
and TSCA waste codes). The currently permitted disposal area can accommodate more than 
11,000,000 cubic yards of waste.  

The climate at the facility is classified as being arid to semi-arid and characterized by 
hot summers and dry winters. The average yearly total precipitation is approximately 14 
inches, while the average yearly evaporation rate is approximately 63.25 inches per year.  
The prevailing winds from December to May are toward the north or south with wind 
velocities above 18 knots only 5 percent of the time. The wind speed increases from March 
to May to approximately 12 percent above 18 knots and the wind direction slightly 
increases toward the South. During the months of June to November, the wind direction is 
predominantly to the south with wind velocity greater than 18 knots only 5 percent of the 
time. Tornadoes pose a natural threat to many areas in Texas. However, the probability of 
a tornado impacting a building at the facility appears to be very unlikely since Andrews 
County is in the area of lowest level of occurrence in Texas, and there is no record of a 
tornado in Andrews County. During the winter months, snow and icy conditions are 
possible, since the average monthly low temperature from November to February is below 
32 degrees. However, as with most areas in Texas, snow and ice does not remain for 
extended periods of time, thereby limiting its effect on the facility. Normal operations at 
the facility are expected to continue throughout the winter months.  

The Andrews site sits on an ancient erosional feature called the Redbed Ridge. This 
ridge is composed of a thick (about 800 to 1,000 foot) layer of continuous, predominately low 
permeability (about 10.8 to 10-9 cm/sec) red-bed clay, called the Dockum formation, that 
comes to within about 12 to 40 feet of the surface at the site. Migration times through this 
natural barrier have been conservatively calculated to be greater than 150,000 years. This 
clay layer protects the only aquifer at the site, the Santa Rosa Sandstone located below the 
clay formation, from any infiltration of water from the surface. The Santa Rosa aquifer is at 
least 900 feet below the surface, contains high levels of TDS, and is considered to be non
potable. None of the rainfall that falls on the site now, and probably none of the rainfall 
that has fallen on the site during the entire Pleistocene and Holocene geologic time periods,
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has reached the Santa Rosa aquifer.  

Surface deposits at the site, identified as the Antlers, Caprock Caliche, and 

Blackwater Draw Formations, are about 12 to 40 feet thick and consist primarily of eolian 
sand, caliche and a thin sand and gravel deposit at the base of the caliche. The high ratio of 
annual evapotranspiration to precipitation combined with the waste cell design1 will 
preclude significant hydrogeologic transport from the cells to the surficial deposits even 
after the engineered cover (15 foot thick compacted clay with other engineered barriers) has 
hypothetically degraded.  

Sandy and silty lenses in the upper part of the Dockum formation, appear to be 
isolated hydrogeologically and have been observed to exhibit very low rates of diffusive flow.  
The high iron oxide clays are expected to be very effective sorbents of radionuclides. These 

isolated sandy and silty lenses are unlikely to result in any transport of radionuclides off
site. At about 200 feet below the surface there is a layer of sand and silt that is saturated.  
But wells drilled into this layer are non-productive; consequently, it is not classified as an 
aquifer. Due to its low permeability, this layer serves as a ground water monitoring zone.  
Site monitoring wells drilled into this layer serve as an excellent, natural warning system 
for migration.  

The Dockum surface is a smooth, gently rolling eroded surface which contains shallow 
depressions called "buffalo wallows". The only water wells in the vicinity of the site are 
shallow wells, which tap into these shallow depressions and tend to collect water after a 
large precipitation event. These shallow wells contain high TDS, are typically pumped by 
windmill, and the water is only used for livestock watering or process water. The shallow 
formation is not classified as an aquifer.  

There is no surface water or wetland anywhere near the Andrews facility. The nearest 
potable groundwater aquifer is the Ogallala aquifer, which is located at least 10 miles 
northeast of the site and on the opposite side of the Redbed ridge. Potable water for site use 
is piped in from west of Hobbs, NM, about 20 miles northwest of the site.  

The only commercial activities within the vicinity of the facility consist of 
oilwell penetrations and a gravel and crushing operation located approximately 1 
mile to the west of the facility. Adjacent land use is not expected to change during 
the active life of the facility. These activities will have no adverse impact upon the 
facility.  

The following additional analyses have been performed on Andrews site: 
An evaluation has been performed with respect to its stability against potential seismic 
and fault activity. These studies show that there are no faults within the survey area 
with displacements in the Holocene time, and a review of probabilistic earthquake 
acceleration maps indicate that the project site does not fall within a seismic impact 

1 Waste cell design includes removal of the surface deposits, excavation into the redbed clay, 

construction of a 10 foot sidewall natural clay layer above the Dockum to the surface, and the 
RCRA engineered barriers
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zone.  
"* An analysis has been performed to determine the effects of the 100 year flood with a 

conclusion that the 100 year flood has no effect upon the facility.  
"* An analysis has been performed to assess the potential for long term erosion at the site.  

Utilizing the highest estimated erosion rates, it is extremely unlikely (if not impossible) 
that the WCS facility could be breached by erosion within the next 25,000 to 50,000 
years, and more likely in excess of 100,000 years. The WCS facility is situated atop a 
prominent buried ridge (Redbed), which has not been breached by erosion and has been 
a stable topographic feature, persisting as a drainage divide for at least the past 11 to 13 
million years.  

"* An archeological survey was conducted with the results indicating that no cultural 
artifacts worthy of site designation were found and that the study area offered few 
enticements to prehistoric people or early settlers.  

"* An ecological study has been performed which has determined that there are no 
threatened or endangered species present at the site.  

The nearest population center to the site is the town of Eunice more than five miles 
west of the site. Eunice has no municipal well; instead it brings water by pipe from Hobbs, 
New Mexico, more than twenty miles northwest of the site. There is no municipal well 
nearer to the site than those at Hobbs.  

1.2. FACILITY DESIGN AND OPERATION 

All waste currently authorized for disposal is placed in a RCRA cell with double 
plastic and clay liners and a double leachate collection system. The bottom of this cell 
extends well into the natural clay formation. An additional ten feet of compacted clay has 
been placed under the sidewall double liner from the surface down to the natural redbed 
clay, which provides an additional natural barrier for lateral migration near the surface.  

The WCS Andrews facility has received a radioactive waste storage and treatment 
license from the Texas Health Department. This license allows for the long term storage of 
hundreds of thousands of curies of various radionuclides for the term of the license, which 
is currently seven years and renewable. Storage capability includes pre-packaged and 
treated low level waste and mixed waste, including greater than Class C waste and sealed 
sources, in a drum storage facility that can accommodate 5,000 drums (36,750 cubic feet) 
and a bin storage area that can accommodate about 262,000 cubic feet of waste.  

The treatment facility includes a state of the art treatment/stabilization building, half 
of which is for treatment and stabilization of a variety of RCRA and TSCA wastes, with the 
remaining half dedicated to the treatment of radioactive and mixed waste. The current low
level radioactive waste (LLRW) treatment capabilities include consolidation, repackaging, 
stabilization of mixed waste, capabilities for in-drum compaction, and a variety of other 
waste management services. Current hazardous waste treatment capabilities include 
consolidation, repackaging, and stabilization for a wide variety of RCRA and TSCA wastes.  
The TSCA permit uniquely allows the direct disposal of PCB contaminated materials and/or 
treatment, if necessary.
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In view of the radioactive waste storage and treatment license, all operations 
involving the handling of any radioactive material are performed under the existing 
radiation safety program, regardless of the exemption status of the materials to be disposed 
or handled. All on site personnel are trained and badged as radiation workers. All work on 
site involving handling of radioactive material is controlled by specific procedures and an 
approved Radiation Work Permit (RWP). All site design, operations and record keeping 
activities are controlled under a Quality Assurance Program 

A comprehensive environmental monitoring program is being conducted under the 
requirements of the various existing RCRA/TSCA permits and radioactive material license.  

All material will be shipped to the WCS site in DOT approved containers or will meet 
DOT bulk shipping requirements. A shipping manifest will be prepared to document and 
certify the contents of the packages. The shipping manifest will be used to certify that all 
waste packages contain only radionuclides that meet the limits specified in TRCR Part 40 
and unimportant concentration criteria in 10 CFR Part 40.13. After receipt survey are 
performed, random samples may be taken on suspect packages based on external surveys, 
to verify compliance with all waste acceptance requirements.  

Exempt level material that does not contain RCRA or TSCA regulated materials, or 
meets the RCRA requirements for disposal will be transported directly to the WCS onsite 
RCRAITSCA disposal cell for final disposition. The WCS RCRA/TSCA permit allows 
disposal of radioactive material that is exempt from licensing under particular laws and 
regulations, and is therefore not classified as low level radioactive waste. Once received, the 
material will not leave the WCS licensed facility and will be handled only by appropriately 
trained WCS radiation workers and WCS transport vehicles under an approved radiation 
work permit.  

Exempt level material containing RCRA materials that require treatment will be 

stored temporarily in the transport containers in approved buildings awaiting staging for 
treatment and then moved to the Stabilization building for treatment and/or stabilization 
to meet the land disposal restrictions (LDR) prior to disposal. Treatment will be performed 
in accordance with the radiation safety program. Again, the material will not leave the 
WCS facility and will be handled only by appropriately trained WCS radiation workers and 
WCS transport vehicles under an approved radiation work permit.  

The current RCRA requirements applicable to the WCS facility exceed the Part 61 
requirements in several areas related to design and institutional control. This includes: a 
minimum of 30 versus 5 years for active maintenance, deed restrictions which prevent 
disturbing the cover after the facility has been closed, a 5 meter engineered cover which 
satisfies the Part 61 intruder barrier requirement for Class C waste, and a double lined
double leachate collection system RCRA engineered cell. There is no requirement under 
RCRA for long term government ownership.  

Existing site permits and licenses require various financial assurance instruments 
that provide for site decommissioning and closure, site maintenance and monitoring after 
closure, liability protection, and cleanup and removal of all waste stored on site under the
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license, if WCS cannot perform this activity.  

The radiation dose to the general public from all facility operations will be maintained 
below all applicable radiation protection limits and ALARA, and is expected to be far less 
than 1 mrem/yr. The radiation dose to workers will also be maintained below applicable 
limits and ALARA for all facility operations. All work will be performed under the existing 
radiation safety program and procedures. All workers are badged and trained as radiation 
workers. With these practices, radiological dose to workers from treatment and disposal of 
exempt level material is expected to be less than the standard for members of the public.  

2. SAFETY ANALYSIS FOR DISPOSAL OF EXEMPT MATERIAL 

AT THE WCS ANDREWS FACILITY 

2.1. PROTECTION OF WORKERS DURING OPERATIONS 

WCS is committed to operations that are in compliance with the standards for 
protection against radiation as established in 25 TAC 289.202 and standard industry 
practices. These criteria for operation are specified in the WCS Radiological Control 
Manual and the implementing procedures for radiation safety which have been previously 
described. The requirements for operation in these manuals are imparted to the workers 
and visitors through the training programs in the Radiological Training Manual. All work 
on site involving handling of radioactive material will be in accordance with the Operating 
Procedures Manual that embraces and implements the radiological safety program. All on 
site personnel are trained and badged as radiation workers.  

In order to assess the impact to workers from the transport, receipt, processing, and 
disposal of unimportant quantities of source material, an analysis was performed using the 
TSD-DOSE computer program, version 2.22. TSD-DOSE is a program developed by 
Argonne National Laboratory for estimating doses to facility workers and the surrounding 
public at Treatment, Storage, and Disposal (TSD) facilities from shipments of hazardous 
waste which may contain small amounts of radionuclides.  

TSD-DOSE can estimate worker and public doses from seven operations. Each of 
these operations can be evaluated, or not, to reflect the actual TSD facility operations.  
Many of the parameters used to model the typical operations may be adjusted to fit the 
WCS facility. A radiological dose is calculated for each operation based on waste 
characteristics, including radionuclide concentration, and site-specific information entered 
by the user. Doses to various receptors are calculated by summing the doses from those 
operations that would potentially contribute to the exposure.  

The TSD-DOSE computer program2 was used to calculate the dose to the truck driver 
and WCS facility workers during transport and handling of the exempt level material.  
Default values in TSD-DOSE were used except for the following: 

"* Waste volume is a 20 yard roll-off container.  
"* Incoming density was assumed to be 1.4 g/cm 3.  

2 TSD-DOSE, version 2.2, September 1998.
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* The incineration model was not evaluated.  

The results of the TSD-DOSE model calculations are shown Attachment 1. Since all 
workers at WCS are trained and badged as radiation workers, the 1 mremnyr limit can be 
exceeded under Texas Department of Health license to WCS.  

Radiological dose to WCS workers was evaluated in two waste handling scenarios. In 
one scenario, waste containing 0.05 wt% source material was assumed to be received and 
deposited directly into a RCRA landfill cell. Exposure was estimated during waste 
transport, receiving, and deposit into the landfill. TSD-DOSE derivations for this scenario 
are in Table 1.  

Table 1. Radiological Dose When Waste is Deposited Directly Into Landfill 
Radionuclide Concentration Radiological Dose to Person Exposed 

Driver Receiving Landfill Person 
Worker Worker Offsite 

(pCi/g waste) (torem) (mrem) - (mrem) (mrem) 
U238 +d 167 1.9 e-02 2.7 e-03 3.3 e-04 5.8 e-06 
UM4 167 1.7 e-05 1.2 e-03 9.7 e-07 6.4 e-06 
Th230 167 1.0 e-04 2.9 e-03 3.4 e-06 1.6 e-05 
Ran 6 +d 167 1.7 e+00 1.4 e-01 3.1 e-02 3.9 e-06 

Total Dose 1.7e+00 1.5e-01 3.1e-02 3.2e-05 

Th232  54.5 8.2 e-06 4.9 e.03 4.2 e-07 2.6 e-05 

Ra228 +d 54.5 3.1 e-01 2.6 e-02 5.6 e-03 2.1 e-07 
Total Dose 3.1e-01 3.1e-02 5.6e-03 2.6e-05 

The best, single-valued estimate of uranium to thorium radioactivity in Cabot waste is 
approximately 3.6-to-1. The concentrations corresponding to 0.05 wt% source material of 
3.6 U-to-1 Th are 90 pCi U 23 8/g and 25 pCi Th232/g. When this mixture of uranium series 
and thorium series in waste is evaluated, the resulting estimate of total dose is in Table 2.  

Table 2. Radiological Dose When Waste is Deposited Directly Into Landfill 
Radionuclide Concentration Radiological Dose to Person Exposed 

Driver Receiving Landfill Person 
Worker Worker Offsite 

(pCi/g waste) (torem) (mrem) (mrem) (mrem) 

U2 38 +d 90 1.0 E-02 1.5 E-03 1.8 E-04 3.1 E-06 
U234 90 9.2 E-06 6.5 E-04 5.2 E-07 3.4 E-06 

Th2 30 90 5.4 E-05 1.6 E-03 1.8 E-06 8.6 E-06 
Ra226 +d 90 9.2 E-01 7.5 E-02 1.7 E-02 2.1 E-06 
Th23 2  25 3.8 E-06 2.2 E-03 1.9 E-07 1.2 E-05 
Ra228 +d 25 1.4 E-01 1.2 E-02 2.6 E-03 9.6 E-08 

Total Dose 1.1 E+00 9.3 E-02 1.9 E-02 2.9 e-05
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In another scenario, waste containing 0.05 wt% source material was assumed to be 
treated before deposit into a RCRA landfill cell. Exposure was estimated during transport 
to WCS, receiving the waste, storage, treatment, and deposit into the landfill. TSD-DOSE 
derivations for this scenario are in Table 3.  

Table 3. Radiological Dose When Waste is Treated and Deposited Into Landfill 
Radionuclide Concentration Radiological Dose to Person Exposed 

Driver Receiving Landfill Person 
Worker Worker Offsite 

(pCi/g waste) (mrem) (mrem) (torem) (mrem) 
U234d 167 1.9 e-02 5.9 e-02 7.2 e-03 5.8 e-06 
UM 167 1.7 e-05 5.4 e-03 7.3 e-03 6.4 e-06 
Th23° 167 1.0 e-04 1.4 e-02 1.8 e-02 1.6 e-05 
Ra226 +d 167 1.7 e-00 4.7 e-00 6.5 e-02 3.9 e-06 

Total Dose 1.7e+00 4.8e+00 9.8e-02 3.2e-05 

Th232  54.5 8.2 e-06 2.2 e-02 3.0 e-02 2.6 e-05 
Ra228 +d 54.5 3.1 e-01 8.5 e-01 1.1 e-02 2.1 e-07 

Total Dose 3.1e-01 8.7e-01 4.1e-02 2.6e-05 

When a radioactivity mixture of 3.6 uranium to 1 thorium in waste is evaluated, the 
resulting estimate of total dose is in Table 4.  

Table 4. Radiological Dose When Waste is Treated and Deposited Into Landfill 
Radionuclide Concentration Radiological Dose to Person Exposed 

Driver Receiving Landfill Person 
Worker Worker Offsite 

(pCi/g waste) (torem) (mrem) (mrem) (mrem) 
U238 +d 90 1.0 E-02 3.2 E-02 3.9 E-03 3.1 E-06 
U24 90 9.2 E-06 2.9 E-03 3.9 E-03 3.4 E-06 
Th230 90 5.4 E-05 7.5 E-03 9.7 E-03 8.6 E-06 
Ra226 +d 90 9.2 E-01 2.5 E+00 3.5 E-02 2.1 E-06 
Th 232  25 3.8 E-06 1.0 E-02 1.4 E-02 1.4 E-05 
Ra 228 +d 25 1.4 E-01 3.9 E-01 5.9 E-03 1.1 E-07 

Total Dose 1.1 E+00 3.0 E+00 7.5 E-02 3.1 E-05 

Although Cabots' waste is not expected to require treatment at WCS, that contingency 
would result in the maximum estimated dose to a WCS receiving worker who treats the 
waste. A receiving worker or a landfill worker is a radiation worker, subject to the 
occupational limit in WCSs' radioactive material license.
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The maximum potential exposure estimate to a member of the public during disposal 
would be to a trucker while hauling waste. According to these estimates, a single driver 
could haul about 100 loads before his potential dose reaches 100 mrem. But because Cabot 
plans to ship its waste by rail, not by truck, the estimated dose to a trucker is unlikely to 
occur.  

The potential dose to workers during operations was also evaluated at the bounds of 
the uranium series -to- thorium series ratios. Worker scenarios were evaluated under 
separate assumptions that 1)uranium series only is present at 0.05 wt% (i.e., 167 pCi 
U238/g) and 2) thorium series only is present at 0.05 wt% (i.e., 54.5 pCi Th232/g). Results of 
the analyses, in Tables 1 and 3 show that, at any U -to- Th ratio in which the sum does not 
exceed 0.05 wt%, the potential dose to the most exposed category of worker, a receiving 
worker, is estimated to be 0.9 to 4.8 mrem. At any U -to- Th ratio, the most a truck driver, 
would experience would be 0.3 to 1.7 mrem. It seems unlikely that any particular driver 
would haul enough loads, all at the maximum acceptable radioactivity concentration, to 
experience as much as 25 mrem.  

2.2. DOSE TO THE GENERAL PUBLIC DURING FACILITY OPERATIONS 

2.2.1. Operation.  

Releases of radioactivity in effluents to the general environment are maintained at 
release levels below the allowable limits and as low as reasonable achievable through the 
implementation of an effective radiation control program. Appropriate design features are 

incorporated into the disposal cell design, operation, and closure to help achieve this goal 
include but are not limited to, a multi-layer thick disposal cell cover system, leachate 
collection system, long term maintenance specifications, and RCRA financial assurance.  

Processing of radioactive waste material occurs inside enclosed buildings where there 
are precautions to prevent or reduce airborne radioactivity. Containers of radioactive waste 

materials are opened under controlled conditions. Bins containing bulk materials are kept 
covered.  

During operation, effluents and radiation fields are monitored. The entire facility is 
surrounded by a restricted buffer area of approximately 1 mile. The nearest industrial area 
is located more than 1 mile to the west of the facility and winds toward that direction occur 
less than 5 percent of the time.  

Wastewater is not discharged from the facility. There is no connection to a municipal 
sewer system. Radioactive wastewater is collected in a storage container for use in 
stabilization processes or processed through the radioactive wastewater treatment system.  
Treated water is reused in the facility. Should the treated water exceed WCS requirements, 
upon approval by the Andrews Waterworks Department, it may be transferred via tank 
truck to the Andrews sanitary sewer system.  

The radiological dose to members of the public from the facility operations is expected 
to be far less than 1 millirem per year. Estimates derived with TSD-DOSE models to a 
person off-site, tabulated in Tables 2 and 4 are practically zero.
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2.2.2. Accident.  

In order to assess the impacts from a worst case operational accident involving 
exempt level material, an analysis was performed in the Environmental Analysis for a 
Class C Radioactive Waste Processing and Storage License (Reference 8). This analysis 
assumes a totally destructive fire in the bin storage area. Thirty-six bins of waste, each bin 
containing 800 ft3, (total volume 28,800 ft3) were assumed to be in storage and totally 
destroyed by the fire. Calculated doses for radionuclides of interest are tabulated below.  

Nuclide Activity Activity Radiological Dose 
Density Concentration 

Ci/fta pCi/gm 
1000 m At 2000 m At 3000 m At 5000 m 
(mrem) (mrem) (mrem) (mrem)

U-238 2.7 e-05 750. 6.07 2.95 1.95 1.19 
U-238 6.0 e-06 166.5 (1.34) (0.65) (0.43) (0.26) 

(Extrapolated values for exempt levels are shown in parentheses.) 

This analysis is a upper bound for accidents on-site. (The analysis for a worst case 
tornado event produced nearly identical impacts.) This analysis is a very conservative 
estimate since most exempt level waste will be received in a non-combustible soil/debris 
matrix and it is extremely unlikely that all material in storage would be at the maximum 
exempt concentration limit.  

2.3. PROTECTION OF THE GENERAL PUBLIC AFTER SITE CLOSURE 

In the operation of the facility for disposal of exempt level material, WCS is 
committed to ensuring that concentrations of radioactive material which may be released to 
the general environment in groundwater, surface water, air, soil, plants, or animals shall 
not result in an annual dose above background exceeding an equivalent of 1 millirem 
effective whole body dose to of any member of the public after site closure.  

WCS has prepared a bounding analysis that assesses releases to the general 
environment from the disposal of unimportant concentration of source material3 after 
disposal site closure. An analysis using the RESRAD computer code (V 5.95) has been 
performed to demonstrate that unimportant quantities of source material can be disposed 
at the WCS facility without exceeding a 1 mrem/yr effective dose to the maximum exposed 
individual.  

2.3.1. Land Use and Exposure Pathways.  

After closure of the landfill, it is possible that people could be exposed to radioactive 
materials from unrestricted use of the landfill site in a number of ways, depending on 
potential uses of land and groundwater resources. Over the long term, assumed for this 
analysis to be 1,000 years, use of the site for residential and agricultural purposes, though 
unlikely, would be the possible scenario most likely to maximize radiation exposure. Use of
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groundwater containing landfill constituents for domestic and agricultural purposes or for 
irrigation is unlikely. The landfill siting and construction requirements are designed to 
minimize the potential for migration of landfill constituents to groundwater. Nevertheless, 
such use is assumed to be possible for purposes of this analysis.  

Given assumed potential land and water uses, exposure of hypothetical future 
inhabitants of the landfill site to residual radioactive material in fill materials on the 
landfill site could hypothetically occur through one or more of three terrestrial pathways 
(water independent pathways), depending on the location of soils containing residual 
radioactive material with respect to the ground surface. If residual radioactive material 
were contained within soils at or near the ground surface, exposure could occur from 
radiation emitted directly from radioactive material in place in the soil, from inhalation of 
air containing residual radioactive material (either resuspended from soil at the ground .  
surface or produced from the radioactive decay of radon gas emitted from the soil), or from 
ingestion of residual radioactive material taken up from soils into garden products 
produced on the site. For significant exposure through terrestrial pathways, removal of the 
5-meter earthen cover and exposure of the fill material would be required. For the 
pathways involving groundwater use (water dependent pathways), radiation exposure could 
result from ingestion of water and from ingestion of radioactive material taken up from 
irrigation water into garden products produced on the site. Domestic animals might drink 
well water or eat vegetation irrigated by well water.  

A hypothetical landfill site inhabitant scenario that incorporates almost all possible 
exposure pathways would be a resident farmer who uses groundwater for domestic and 

agriculturalpurposes. Because this scenario incorporates almost all of the potential 
exposure pathways, it is most likely to result in the highest dose, and, for that reason, is 
selected as the scenario that represents maximum potential impact from habitation of the 
site. More realistic exposure scenarios would exclude some potential pathways and would 
result in lower calculated doses. The pathways included for analysis are: 

1. Ground 
-Direct radiation from material in soil 

2. Dust 
-Resuspension of surface particulate material--air--inhalation 

3. Radon (water independent) 
-Release of radon gas from radioactive material in near-surface soils to residence 
interior--ingrowth of airborne particulate radon daughter products--inhalation 

4. Plant (water independent) 
-Resuspension of surface particulate material--air--deposition or uptake in edible 
plant tissue--ingestion 

-Uptake of material in soil through roots of edible plants--ingestion 
5. Meat or Milk (water independent) 

-Resuspension of surface particulate material--air--deposition or uptake in edible 
plant tissue--ingestion by animal--ingestion of animal product 

-Uptake of material in soil through roots of edible plants--ingestion by animal-
ingestion of animal product
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6. Soil 
-Ingestion of soil 

7. Water 
-Release of materials in soil to infiltrating water--groundwater--ingestion 
-Release of materials in soil to infiltrating water--groundwater--transport to surface 
water--ingestion 

9. Radon (water dependent) 
-Release of radon gas from groundwater brought into residence--ingrowth of airborne 
particulate radon daughter products--inhalation 

10. Plant (water dependent) 
-Release of materials in soil to infiltrating water--groundwater--transport to surface 
as irrigation water--deposition or uptake in edible plant tissue--ingestion 

11. Meat or Milk (water dependent) 
-Release of materials in soil to infiltrating water--groundwater--transport to surface 
water--ingestion by animal--ingestion of animal product 

-Release of materials in soil to infiltrating water--groundwater--transport to surface 
as irrigation water--deposition or uptake in edible plant tissue--ingestion by 
animal--ingestion of animal product 

2.3.2. Parameters.  

Some values of parameters in RESRAD were entered specifically describing the WCS 
Andrews site.  

The calculations include an analysis using the HELP model to estimate infiltration 
through the disposal cell cover. That analysis takes no credit for the geotextile, HPDE liner, 
asphalt, and bottom soil layer. The infiltration through the cover is conservatively 
calculated to be less than 0.00028 m/yr. These infiltration results are used in the RESRAD 
model to estimate radiological dose.  

An analysis also has been performed using a conservative mathematical model to 
estimate the transport time to the nearest aquifer, the Santa Rosa at about 1000 feet below 
the site. Since the infiltration rate is very low, the bottom of the disposal cell is more than 
50% into the clay layer, and the presence of the 10 foot compacted clay layer along the sides 
of the cell; transport is assumed only to occur in a vertical direction down through the clay.  
This analysis shows that the minimum travel time through the thick clay layer below the 
site, assuming K& =0 for all radionuclides, is about 183,000 years.  

A detailed analysis has been performed to estimate potential radiation exposure from 
radioactive gases emanating through the cover system. As before, no credit is taken for 
geotextile, HPDE liner, asphalt, and bottom soil layer. The results of this analysis show 
that it would require the disposal of over 100,000 curies of Ra-226, Th-230, U-234, or U-238 
to result in greater than 1 mremiyr exposure to a worker directly on top of a disposal cell.  
Disposal of exempt level material will never begin to approach these inventories. Assuming 
1000 pCi/gm, it would require about 108 m3 of waste to create an inventory of 100,000 
curies, which is about ten times greater than the currently permitted disposal capacity.  

The following assumptions were made in developing input data for the RESRAD
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analysis.  
"• Even though erosion analysis indicates that it is likely that the cover depth will increase 

over time, cover erosion rate was conservatively calculated using the USDA's universal 

soil loss equation: A =R*K*Ls*C*P. For an established final cover; R=90 (for Western 

Andrews Co), K =0.27 (for sandy clay loam-conservative since most of cover is hard 

compacted clay), L. =0.4 (for L =300 ft, s =3%), C =0.01 (for moderate, grass legume 

meadow), and P =1.0 (for no supportive practice for long term); so A =0.0972 tons/acre/yr 

'.0.01 yd3/acre/yr = 1.83 x 10.6 m/yr.  
", The cover depth is assumed to be 5 meters of clay with no credit taken for any 

engineered layers or barriers.  
"* Since the infiltration rate is very low, the bottom of the disposal cell is more than 50% 

into the redbed clay formation, and there is a 10 foot compacted clay layer along the 

sides of the cell to the surface, the permeability is assumed to be the same as was 

measured from drillings in the Dockum Formation. The permeability of the Dockum has 

been measured to be between 10.9 and 10.8 cm/sec, so a value of about 3 x 10-9 cm/sec (f1 
x 10-a m/yr) was chosen as the unsaturated zone hydraulic conductivity. An unsaturated 

zone thickness of 300 m (981 ft) was used since the Dockum is reported to be between 

800 to 1100 ft thick.  
"• Other values such as annual rainfall (0.355m), cover porosity (0.427), and cover 

volumetric water content (0.418) for calculation of radon diffusion rate are actual site 

data.  
"* The evapotranspiration coefficient was conservatively assumed to be 0.8. For purposes 

of sensitivity analysis, the calculated infiltration from the HELP model was used to 

calculate the evapotranspiration coefficient using Equation E.4 in the RESRAD manual 

as follows: I=(1-Ce)[(1-Cr)Pr+Irr]. For the WCS condo disposal cell; I=2.74E-04 m/yr, 

CrO0.5, Pr=0.355 m/yr and Irr=, so Ce=0.9985.  

"* Other values used for the RESRAD calculations are default values.  

2.3.3. Radioactive Source Term.  

Key, long-lived radionuclides in each of the uranium series and thorium series were 

entered in RESRAD in concentration corresponding to 0.05 wt %. Radioactivity 
concentrations entered were 

Key Concentration 
Radionuclide (pCi/g) 

U238 166.5 
U235 1.2 
U234 166.5 
Th230  166.5 
Ra226  166.5 
Th232  54.5 

Having entered the equivalent of 0.05 wt % of each series, the source term is overestimated 

by a factor of 2. Over the 1000 years simulated, short-lived radioactive progeny grow to 

radioactive equilibrium with their parent radionuclides.
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2.3.4. Results.  

Detailed results of the RESRAD calculations are in Attachment 2. The maximum 
potential radiological dose to an hypothetical future resident farmer on the WCS Andrews 
site from all exposure pathways is estimated by RESRAD to be zero within the next 1000 
years.  

Sensitivity calculations have also been performed as follows: 
"* If the waste volume is assumed to increase one hundred times, the dose remains 

insignificant.  
"* If the evapotranspiration coefficient is increased to 0.8, the dose from all radionuclides 

remains insignificant.  

2.3.4. 1. Waste from Cabot.  

The best estimate of uranium to thorium radioactivity in Cabot waste is 
approximately 3.6-to-1. The concentrations corresponding to 0.05 wt% source material of 
3.6 U-to-1 Th are 90 pCi U2m/g and 25 pCi Th232/g. The resulting estimate of total dose to a 
farmer residing on the WCS site after closure from this mixture of uranium series and 
thorium series in waste would be practically zero within the next 1000 years.  

3. EVALUATION OF INADVERTENT INTRUSION SCENARIO 

3.1. INTRODUCTION 

Facility design and operation include appropriate features to protect against intrusion 
into the WCS facility. These measures include but are not limited posted warning signs, a 

fence around the property boundary, and security guards to prevent intrusion onto the 
facility.  

WCS intends make a reasonable effort to protect against inadvertent intrusion into 
the disposal site, occupation of the site, or human contact with the waste at any time after 
active institutional controls over the disposal site are removed. Planned controls after site 
closure include a 5 meter-thick, engineered cover of compacted clay. Deed restrictions will 
prohibit excavation.  

Because of the presence of the 5 meter-thick, compacted clay cover, the only intrusion 
scenario of potential concern is believed to be drilling to try to establish a water well.  
Radiological dose was estimated to a person who intrudes into buried waste by entering the 
burial site after its closure and drills through buried waste while trying to establish a water 
well. The result of the drilling intrusion analysis is that the radionuclide concentration in 
buried waste necessary to exceed i mrem/yr would be in excess of 106 pCi/cm 3 . These 

concentrations are far in excess of approximately 115 pCi/g corresponding to 0.05 wt% 
source material mixture in Cabot waste.  

Calculation of external exposure from exhumed waste was based on the guidance 
document IMPACTS (NUREG/CR-4370, 1986). The waste exhumed by drilling was 
assumed to be collected in a pit with the drilling cuttings and drilling fluid. The drilling
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was estimated to occur for 8 hours a day for three days; thus, the intruder was assumed to 
be exposed to the radiation for 24 hours. After drilling, the pit is assumed to be filled to the 
top with soil from the surrounding area. Inhalation impacts are discounted because of the 
liquid nature of the contaminated mud would suppress dust and mitigate inhalation.  

Initial computations estimates potential exposure from unit radionuclide 
concentrations of 1.0 Ci/ms disposed of in the Main Landfill and the Condo Landfills.  
Because waste exhumation is a concentration scenario, results are presented in units of 
mrem'm3/Ci-yr. The estimated radiological dose compute per unit concentration of each 
radionuclide was subsequently scaled to the radionuclide concentration equivalent to 0.05 
wt% source material.  

3.2. METHODOLOGY 

3.2.1. Exposure Scenario 

At the end of the institutional control period, 100 years after site closure, it is 
possible, although unlikely, that an intruder might build a house on or near the landfill. In 
order to secure a supply of water for living needs, a well is assumed to be drilled to the 
Santa Rosa aquifer. The drilling crew is assumed to drill inadvertently through the landfill 
and exhume a quantity of waste, which is presumed to be diverted into a pit with the 
drilling cuttings. The drilling crew is assumed to be exposed to the waste for the duration 
of the drilling, a total of 24 hours (8 hr/day for 3 days).  

3.2.2. Source 

Waste containing as much as 0.05 wt% source material is assumed to be buried in the 
engineered landfill cell penetrated by drilling. In the nominal mixture of uranium series 
and thorium series in waste at Cabot, 3.6-to-1 by radioactivity, the concentrations 
corresponding to 0.05 wt% source material are 90 pCi U28 /g and 25 pCi Th232/g waste.  

3.2.3. Equations Used for Calculation of Exposure from Unit Concentration 

Potential exposure to a unit waste concentration was estimated with the following 
equation: 

HJk = Rj. fD' DFk (1) 

where H-.,k = exposure from unit concentration (mrem-m3/Ci-yr) 
PB = exposure rate (mrem-m3/Ci-hr) 
fD = exposure duration factor (24 hr/yr) 

DFk = dilution factor 
j = radionuclide j 
k = landfill k 

The exposure duration factor (fD) was assumed to be 24 hr/yr based on the 24 hr 
drilling time. The dilution factor (DFk) accounts for the mixing of the exhumed waste with 
the drilling cuttings in the pit and is calculated in section 3.2.4. The exposure rate (1) was 

calculated based on guidance provided in section 4.2.1 of IMPACTS (NUIREG/CR-4370, 
1986), dose conversion factors listed in Federal Guidance Document No. 12 (FGR 12, 1993),
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and gamma ray energies provided in the computer model RADDECAY 2.02 (Grove 
Engineering, 1987).  

3.2.4. Dilution Factor 

Drilling cuttings consisting of exhumed waste were assumed to be completely mixed 
with cuttings from the remainder of the drilling. Assuming that the cuttings settle to the 
bottom of the drill mud pit and the drilling fluid (water) overlies the cuttings, the 
radionuclide concentration in the cuttings can be calculated as follows: 

DFk = V- = Tk (2) 

Vshf T + Tk 2 
whereVwaste = volume of waste exhumed by drilling (m3) 

Vshf = total volume of well shaft (m 3) 

Tk = thickness of waste in landfill (m) 
TH = thickness of soils between landfill and aquifer (m) 

Equation 2 is valid for a constant well hole diameter, assumed to be 8 inches. The soil 
thickness (TH) was estimated to be 330 m based on the geotechnical report. The 

thicknesses of the Main Landfill is 78 feet, and subtracting 5 meters for the thickness of the 
cap yields a waste thickness of 18.8 meters. The thickness of the Condo Landfills is 65 feet, 
and subtracting 5 meters for the cap yields a waste thickness of 14.6 meters. Thus, the 
dilution factor (DFk) was calculated to be 0.0538 and 0.0430 for the Main Landfill and 
Condo Landfills, respectively. The value of TH does not include the thickness of the landfill 

cover systems, therefore calculation of the dilution factor is conservative.  

3.2.5. Exposure Rate 

The exposure rate was calculated based on site specific characteristics and methods 
described in Section 4.2.1 of IMPACTS and Section 3.1 of NUREG/CR-3585 (1985). The 
exposure rate is given by Equation 3, which accounts for shielding provided by water 
overlaying the exhumed waste, the finite size of the cuttings pit, and decay and ingrowth of 
radionuclides over time.  

Equation 3 provides correction for several important physical phenomena. Decay of 
parent and ingrowth of progeny radionuclides was accounted for by summing the dose 
conversion factors for each radionuclide in a decay chain. The activity ratio (ARý-) is the 

ratio of radionuclide parent or progeny activity after 100 years of decay to the initial 
concentration of the parent radionuclide. The shielding provided by the layer of drilling 
fluid overlying the exhumed waste was accounted for by the shielding factor (SFi). The 

finite, rectangular shape of the pit was accounted for by the areal exposure correction factor 
(CFi).  

n 

Rj = XARj,i .DCFi .CFi .SFi (3) 
i=O 

where DCFi = dose conversion factor (mrem-m3/Ci-hr) 
SFi = shielding factor provided by water 
Cfj = areal exposure correction factor
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APRi = activity ratio, i=0 for parent 
n = number of radionuclides in decay chain including parent 
i = progeny or parent radionuclide i present after decay period 

3.2.5.1. Dose Conversion Factors 

The does conversion factors (DCF) are based on FGR 124, Table I1.7, factors for 
exposure to soil contaminated to an infinite depth. The factors in Table 111.7, when 
multiplied by 1.33 x 1019, convert from Sv-ms/Bq-s to mrem-m3/Ci-hr. For many of the 

radionuclides, these DCF are conservative because they include exposure from both gamma 
rays and beta particles even though no beta particles could penetrate the water that 
overlays the waste. Additionally, these DCF include Bremsstrahlung radiation caused by 
deceleration of beta particles.  

Preliminary calculations show that for radionuclides with multiple progeny in their 
decay chains, over 95% of the exposure rate results from only one, two, or three of the 
radionuclides in the decay chain. As a simplification, exposure from the other radionuclides 
that contribute less then 5% to the total exposure rate was not calculated.  

3.2.5.2. Areal Exposure Correction Factors 

The dose factors in Table 111.7 of FGR 12 are for a source with infinite area, therefore 
an areal correction factor (CFi) was used to account for the finite size of the drill mud pit.  

Based on Section 3.1 of NUREG/CR-3585 (1985), the shape correction factor is given by the 
following equation: 

CFj = AýptUitOF i A pit 1_ El(P.. 4z~' +r (4) 

Aei - Ad•cl.e E1 (pa,,,z) J 
where 

Apit = area of drill mud pit (m2) 

R = maximum horizontal distance from a person to an element of the source 
Z = maximum vertical distance from a person to an element of the source 

Acircie = area of circle with radius equal to the maximum distance from a person to 
an element of the source (m2 ) 

circleg j = correction factor for a person located a distance z above a source of radius r 
El(x) = exponential integral of x (calculated using a Taylor series approximation 

(Jeffrey, 1995)) 
ILa,I = linear attenuation coefficient of air (m-1) 

The pit containing the cuttings and drilling fluid was assumed to be rectangular in 
shape and the cuttings were assumed to be shielded by an overlying layer of drilling fluid 

4 USEPA. External Exposure to Radionuclides in Air, Water, and Soil. Fed. Guidance Rpt. No 
12. EPA 402-R-93-081. Sept. 93.
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(water). The cuttings were assumed to be completely mixed with exhumed waste (the 
initial portion of these cuttings). That is, drill cuttings settle to the bottom of the pit and 
the drilling water rises to the surface. IMPACTS suggests that the volume of the pit should 
be three times the volume of the cuttings.  

Slightly fewer cuttings would be exhumed by drilling through the Condo Landfills 
than the Main Landfill; therefore, slightly less water would shield the exhumed waste. For 
this reason, the source/shield geometry of the Condo Landfill was more conservative and 
was used to calculate RI (which was used for both the Main Landfill and the Condo 

Landfills). For the Condo Landfills, the volume of the cuttings were calculated to be 11.1 
m3 , thus the total volume of cuttings and drilling fluid was assumed to be 33.3 ms. The pit 
was assumed to be 17 ft (5.2 m) on each side and 5 ft (1.52 m) deep. The dose point was 
assumed to be 1.0 m above the top of the pit. This results in a source (cuttings) thickness of 
0.41 m and shield thicknesses of 0.83 m of water.  

Given that the mud pit was 5.2 m on each side, r = 5.2 m, Apit = 27 M2 , and, Atjie = 84 
M2 . The dose point was assumed to be 1.0 in above the top of the pit and there is 0.3 in of 
air between the surface of the water and the top of the pit ;therefore z = 1.3 m. The mass 
attenuation coefficients in air, as a function of gamma ray energy in MeV, are taken from 
page 139 of the Radiological Health Handbook (1970). These values are given in units of 
cm2/g. An air density of 0.00122 g/cm 3 was assumed, thus the values were multiplied by 
0.122 to convert to units of mi1 .  

Because attention coefficients are given for each gamma ray rather than for each 
radionuclide, it was assumed that all gamma rays for a single radionuclide penetrate 
identically to the most energetic gamma ray emitted by that radionuclide. This is a very 
conservative assumption because in reality the DCF are dependent on the entire range of 
gamma rays emitted by a radionuclide but the lower energy gamma rays are more 
attenuated than the higher energy ones.  

For some radionuclides, there is a higher yield (probability of emission) for a gamma 
ray that is slightly lower in energy than the maximum energy gamma ray. In order to be 
more reflective of reality for these instances, the gamma ray with the higher yield and 
slightly lower energy was used instead of the gamma with the lower yield and maximum 
energy. This was done for U-235, for instance.  

3.2.5.3. Shielding Factors 

The 0.83 m of water estimated to overlay the exhumed waste in drill mud shields 
against radiation. This thickness of water completely blocks alpha and beta particles but is 
not sufficient to completely block high energy gamma rays. Therefore, following formula 
from IMPACTS was used to calculate the gamma ray shielding factor: 

SFi = e-"wJLB(pwýL) = e -,'L(1 + 0.95.IwL ++0.35(.gw4L)2 ) (5) 

where pw,i = linear attenuation coefficient for gamma in water (m-1) 
L = thickness of water layer (0.83 m) 

B(x) = polynomial buildup factor
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The mass attenuation coefficients in water were taken from page 138 of the 

Radiological Health Handbook (1970). These values are given in units of cm2/g, and an 

water density of 1.0 g/cm 3 was assumed. Therefore, the values were multiplied by 100 to 

convert to units of m-1.  

3.2.5.4. Activity Ratios 

A number of radionuclides, such as U234, have both short-lived and long-lived progeny.  

In order to properly calculate exposure from these nuclides it was necessary to account for 

exposure due to the progeny as well as the parent. Ingrowth and decay of radionuclides 

was calculated using the following formula: 
A, n n e-tx 

A1j.iA _ -- --- •a (6) 
"Aj a=1 b=O0j-(Xc -%b) 

co.b 

where A, = activity of progeny/parent at time t (Ci) 
Aj = activity of parent at time 0 (Ci) 
Xx = decay constant for radionuclide x (yr"1) 

j = parent radionuclide 
i = daughter or parent radionuclide (i=0 for parent; i--n for final daughter) 
n = number or radionuclides in decay chain including parent 

Each radionuclide was analyzed separately. The source was assumed to have an 

initial concentration of 1.0 Ci/m3 for each parent radionuclide analyzed. The activity of the 

parents and the progeny were calculated after 100 years of decay and ingrowth.  

A 100-year time frame was evaluated because intrusion was assumed to occur 100 

years after the closure of the landfill. This assumes that all the radionuclides were 

assumed to be placed in the landfill during the last year of operational waste acceptance.  

3.2.6. Summary of Parameters Used to Estimate Potential Exposure 

Equations 1 through 6 can be used to estimate the potential exposure from a unit 

concentration of 1.0 Ci/m3 in either landfill via the intruder-driller scenario. Parameters 

used in these equations are summarized in Table 5.
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Parameter
Table 5. Summary of Parameters 

Symbol Main Landfill Condo Landfills

Exposure duration factor (hr/yr) 

Waste thickness in landfill (m) 

Depth of well shaft (m) 

Dilution factor 

Rate of exposure 

Activity ratio 

Dose conversion factor 

Vertical source-intruder distance (m) 

Horizontal source-intruder distance (m) 

Gamma attenuation in air 

Areal exposure correction factor 

Thickness of water shield (m) 

Gamma attenuation in water 

Shielding factor for water

Tk 

TH 

DFk

Rk 

ARj

DCFj 

z 

r 

Pa,i 

CFj 

L 

Sjwi 
SFi

24 

18.8 

330 

0.0538

24 

14.6 

330 

0.0430

Radionuclide specific 

Radionuclide specific 

Radionuclide specific

1.28 

5.28

1.28 

5.28

Radionuclide specific 

Radionuclide specific

0.83 

Radionuclide 

Radionuclide

0.83 

specific 

specific

3.3. RESULTS OF INADVERTENT INTRUSION ANALYSIS 

The driller-intruder analyses incorporated site parameters, federal guidance 
documents, geotechnical reports, and other sources of information to determine the 
potential exposure from radionuclides disposed of in the landfills.  

The estimated unit exposure from 1.0 Ci/m3 of each key U series and Th series 
radionuclide was calculated. Decay chain calculations were performed so that exposure 

rates for radionuclides includes the activities of progeny present after 100 years of 

institutional control. The analysis estimated the potential exposure from a unit 

radionuclide activity of 1.0 Ci/m3 disposed of in the Main Landfill and the Condo Landfills.  

Parent radionuclides analyzed are listed in Table 6. An estimate of potential exposure from 

a unit concentration of 1.0 Ci/m 3 of each was calculated for both landfills and is also shown 

in Table 6.
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Table 6. Potential Intruder-Driller Exposure from Unit Activity in Each Landfill 
Radionuclide Unit Source Unit Source 

in Main Landfill in Condo Landfills 
(mrem-m3/yr.Ci) (mrem-m3/yr-Ci) 

Ra-226 1.9E+la 1.5E+la 

Ra-228 2.1E-4 1.7E-4 

Th-230 8.5E-1 6.8E-1 

Th-232 2.7E+1 2.2E+1 

U-234 3.9E-4 3.1E-4 

U-235 5.9E-3 4.7E-3 

U-238 1.1E-1 8.5E-2 
a exposure due to Rn-222 and radioactive progeny of Rn-222.  

The unit exposure rates in Table 6 were multiplied by the maximum radionuclide 
concentration in the projected inventory to yield an estimate of the exposure rate for each 
radionuclide. The projected concentrations and exposure rates are shown in Table 7. Since 
this scenario applies to one intrusion episode, the acute exposure standard should be 500 
rnrem/yr.  

The specific focus of the analysis of intrusion is the scenario under which a person 
enters the closed landfill site after the end of institutional control and drills a well to the 
aquifer below the landfill.  

To estimate potential exposure, spreadsheet calculations were carried out for the 
intruder-driller scenario described in IMPACTS. The calculations estimated external 
exposure to gamma radiation from exhumed waste. The exhumed waste was assumed to be 
collected in a pit with the drilling cuttings and drilling fluid. The drilling was estimated to 
occur for 8 hours a day for three days, thus the intruder was assumed to be exposed to the 
radiation for 24 hours. Site parameters were based on a number of sources including 
landfill design drawings, geophysical analyses of the site and surrounding area, and federal 
regulatory guidance documents such as IMPACTS.
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Table 7. Potential Intruder-Driller Exposure from 
Projected Maximum Concentration in Each Landfill 

Radionuclide Maximum Main Landfill Condo Landfill 
Concentration Potential Potential 

Exposure Exposure 

(pCi/g) (Ci/mS) (mrem) (mrem) 

Ra226  90 1.2e-04 2.2e-03 1.8e-03 
Ra=8 25* 3.3e-05 6.8e-09 5.5e-09 

Th2i° 90 1.2e-04 9.9e-05 8.0e-05 
Th232 25 3.3e-05 8.8e-04 7.2e-04 

-2,4 90 1.2e-04 4.6e-08 3.6e-08 
U235 0.64 8.3e-07 4.9e-09 3.9e-09 
UW8 90 1.2e-04 1.3e-05 9.9e-06 

Total dose 3.2e-03 2.6e-03 

The intruder-driller analysis indicates that exposure from radionuclides will be far 
below the standard of 500 mrem/yr for an acute exposure and below the 100 mrem/yr 
standard for chronic exposure. There is a considerable margin of safety associated with this 
estimate because it assumes that the entire quantity of waste removed by drilling contains 
the maximum concentration. The waste will be placed in the landfill in layers and it is 
highly unlikely that a cross sectional core of waste would be homogeneous.  

The intruder-driller scenario was also evaluated at the bounds of the uranium series 
to- thorium series ratios. Potential intruder-driller exposure was evaluated under separate 
assumptions of 1)uranium series only is present at 0.05 wt% (i.e., 167 pCi U2m/g) and 2) 
thorium series only is present at 0.05 wt% (i.e., 54.5 pCi Th232/g). Results of the analyses, 
inTable 8, show that, at any U -to- Th ratio in which the sum does not exceed 0.05 wt%, the 
potential dose to an hypothetical person who intrudes by drilling into a landfill will 
experience an estimated 1.6 x 10"3 to 4.3 x 10-3 mrem. Thus, disposal by burying waste not 
exceeding 0.05 wt% U and or Th at any U -to- Th ratio will be well below 25 norem.
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Table 8. Potential Intruder-Driller Exposure from 
Projected Maximum Concentration in Each Landfill 

Radionuclide Maximum Main Landfill Condo Landfill 
Concentration Potential Dose Potential Dose 

(pCi/g) (CiIm 3) (mrem) (inrem)

-U238 167. 2.2e-04 2.4e-05 
U235 167. 2.2e-04 1.3e-06 

U2s4 167. 2.2e-04 8.5e-08 

Th2s° 167. 2.2e-04 1.8e-04 

Ra226 167. 2.2e-04 4.1e-03

2.0e-06 

1.0e-06 

6.7e-08 

1.5e-04 

3.3e-03

Total = 

Th232 54.5 7.1e-05 
Ra228 54.5 7.1e-05

4.3e-03 3.4e-03 

1.9e-03 1.6e-03 

1.5e-08 1.2e-08

Total = 1.9e-03 1.6e-03 

4. CONCLUSIONS OF ANALYSES 

Cabot desires to dispose of soil, building rubble, debris, process equipment, and such 
wastes arising from its C-T process and supporting facilities in Boyertown, PA by transfer 
to WCSs' Andrews facility. Cabot will transfer only waste containing no more than 0.05 
wt% source material. Estimates of radiological dose to members of the public and to 
workers were made to evaluate the consequence of disposing of waste containing an 
unimportant concentration of source material as prescribed in 10 CFR Part 40.13 in a 
landfill at Waste Control Specialists' facility in Andrews, Texas.  

Analyses demonstrate that members of the public are subject to less than 25 mrem/yr 
potential radiological dose as a consequence of the proposed disposal and at any U series 
to- Th series ratio.  

, Although Cabot plans to ship the waste by rail; if hauled by truck, a single driver would 
have to haul about 25 loads before receiving as much as 25 mrem cumulative dose.  

* While waste is being disposed in a landfill cell at WCS, potential dose to a member of 
the public near WCS is estimated to be about 3 x 10-5 mreniload. Thus, a member of the 
public will experience much less than 25 mrenmyr from disposal of all waste from Cabot.  

* Even in the event of an accidental release, potential dose beyond WCSs' buffer zone is 
estimated to be only about 1 mrem or less.  

* After WCSs' disposal cells are closed and 100 years of institutional control has expired, 
an hypothetical farmer residing on the site is estimated to experience practically zero 
potential radiological dose arising from buried waste containing 0.05 wt% source 
material.
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* Even in the postulated event of inadvertent intrusion by drilling into buried waste after 
institutional control ends, the potential dose is estimated to be only about 3 x 10-3 mrem.  

WCS workers are radiation workers; and thereby, are subject to Texas state 
occupational dose standards.
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Attachment L

TSD-DOSE Analysis for Disposal of Unimportant Quantities 
of Source Material at the WCS Andrews Facility
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TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998 

Site: wcs 
Shipment: exempt source (U) direct disposal 
User: domsife

TOTAL EXTERNAL INTERNAL

Dose to: 
Driver: 

Receiving worker.  
Incineration worker: 

Landfill worker: 
Offsite indlividual: 

Offsite population: 
Worker Population: 

Dose from: 
Transport to TSD facility.  

Receiving and sampling waste: 
Storage before processing: 

Incineration of waste: 
Burial at onsite landfill: 

Transport to offsite landfill: 
SIncinerator maintenance:

1.GE-02 mrem 
3.9E-03 mrem 
5.3E-06 mrem 
3.3E-04 mrem 
1.2E-05 mrem 
4.IE-05 p-rem 
2.7E-05 p-rem 

1.9E-02 mrem 
3.9E-03 mrem 
5.3E-06 mrem 
not applicable 
3.3E-04 mrem 
not applicable 
not applicable

1.9E-02 mrem 
1.7E-03 mrem 
5.3E-06 mrem 
3.3E-04 mrem 

22E-05 p-rem 

1.OE-02 mrem 
1.7E-03 mrem 
5.3E-08 mrem 
not applicable 
3.3E-04 mrem 
not applicable 
not applicable

O.0E+00 mrem 
22E-03 mrem 
O.OE+00 mrem 
1.4E-06 mrem 

4.5E-06 p-rem 

not applicable 
22E-03 mrem 
not applicable 
not applicable 
I.4E-06 mrem 
not applicable 
not applicable

Doses due to each sotope (mrtem - population dose In p-rem).  

Isotope U234 U238+D 

Activity 3.3E-03 Cl 3.3E-03 Ci

Driver 1.7 E-05 1.9 E-02 

Receiving worker 12 E-03 2.7 E-03 

Incneration worker not licable 

Landfill worker 9.7 E-07 33 E-04 

Offalte Individual 6.4 E-06 5.8 E-06 

Offslte population 22 E-05 2.0 E-05 

Worker population 2.4 E-06 2.4 E-05



Site Description 

Operations Included: Operations excluded: 

Transport to TSD facility Incineration of waste 

Receiving and sampling waste Transport to offskte landfill 

Storage before processing Incinerator maintenance 

Burial at onsite landfill 

Parameters 
The foliwing are te adjustable'parameters used to model each operat•n.  
A (D) after a value Indicates the default value .was used.  

Fraction solid waste = 1.000 
Fraction Squid waste - 0.000 
Pre-processed waste density = 1.3 E+00 glcc 
Post-processed waste density = IA E+00 g/cc 

Transport to TSD facility (4 steps) 
Number of Workers: 1.0E400 (D) 
Truck bed dimensions (for all seps) 
length: 1.80E101 feet 
width: 7.50E+20 feet 
height: 5.00E+00 feet 

Step A& Load and secure shipment 
average distance: 3.00E+00 feet (D) 
duration: 3.00E+00 hours (D) 
shielding thickness: 625E-02 nches (D) 

Step B: Drive 
average distance: 7.00E+00 feet (D) 
duration: 2.80E+01 hours (D) 
shlaeling thcnss: 125E.01 nches (D) 

Step C: Rest 
average distance: 2.00E+00 feeL (D) 
duration: 1.602E01 hours (D) 
shielding tfhckness: 1.252-01 inches (D) 

Step D:. Maintenance In transit 
average distance: 3.00E200 feet (D) 
duraton: 2.00E.00 hours (D) 
shielding thickness: 625E-02 inches (D) 

Receiving and sampling waste (5 steps) 
Number of Workers: 2.0E+00 (D) 

Step A. Weight truck. Inspect manifest 
average distance: 5.00E+00 feet (D) 
duration: 1.002+00 hours (D)



-a -~-

Receiving and sampling waste (cont'd) 

Step B: Unload drums 
average distance: 3.OOE+00 feet (D) 
time per drum or pallet: &.33E-07 hours 

Step C: inspect and sample drums 
average distance: 5.OE-01 feet (D) 
time per drum: 1.83E-02 hours 
ieborne respiable dust concentration: I.0E+01 mg/m3 (D) 

respiratory protection factor: 1.0E201 (D) 

Step &: Transfer solids to storage 
average distance: 3.00E4M0 feet (D) 
time per drum or pellet: i.67E-05 hours 

Step E: Pump drummed oll to storage tank 
average distance: 5.00E01 feet (D) 
time per drum: 8.33E-06 hours 

Storage before processing (3 steps) 

Step A: Workers In solid waste storage area 
average distance: 3.OE+00feet (D) 
duration: 6.00E-03 hours 

Step B: Transfer solids out 
average distance: 3.OOE+00 feet (D) 
tm per drum or pallet 8.33E-05 hours 

Step C: Workers i liquid waste storage area 
average distance: 3.00E+00 feet (0) 
duration: 6.OE-M05 hours 
shielding thickness: 125E-01 kiches (D) 
Storage tank dimensions: 
kenth 7.OOE400 feet (D) 
wit 7.0E+00 feet (0) 
height I .20E+01 feet (D) 

Burial at onsite landfill (4 steps) 
Number of Workers: 1.OE+00 (P) 
Dump truck bed dimensions for steps A. C, and D): 
length: 2.OE.1 feet (D) 
width: 6.OOE+0 feet (D) 
height 3.00E4M feet (D) 

Step A: Unload waste to mixing pit 
average distance: 5.0012400 feet (0) 
duration: 2.50E-.0 hours 
shieldinthk:ness: 125E-01 inches (D) 
airborne respiraW dust concentratio I J0E+00M m 3 (D) 
respitory protection factor: I.OE,00 (D) 

Step B: Mix waste In Imxbd pit 
average distance: 1.OE0 feet (D) 
duration: 5.OOE-06 hours 
cover thickness: 2.00E+00 inches (D) 
Mixing pit dimensions: 
length: 1.00E401 feet (D) 
width: 1.O0E+01 feet (P) 
depth: I.OOE01 feet (D) 
cover thickness: 2.OOE+OO inches (D)



Burial at onsita landfill (contrd) 

Step C: Load truck and transport to landfIll 
average distance: 5.OOE+OO feet (D) 
duration: 2.50E-01 hour (D) 
shielding thiclness: 1.25E.01 biches (D) 

Step D. Unload truck at landfill 
average distance: 5.OOE+O feet (D) 
duration: Z.50E-01 hours (D) 
shielding tiJckness: 1.25E-41 inches (D)



717-540-5162 DORNSIFE

TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998 

Mite: wce 
Shipment exempt source (Th-230) direct disposal 

User: dornslfe

TOTAL EXTERNAL INTERNAL

Dose to: 
Ddver 1.OE-04 mrem 

Receiving worker. 2.OE-03 mrem 
Indneralon worker. 3.E-08 mrem 

Landfill worker. 3AE-N6 mrem 
Off, kitdivicdual: I.6E.-5 mram 

ofwre population: 6.3E-05 p-remn 
Worker Population: G.OE-06 p-ren 

Dose from: 
Transport to TSD fadlty: 1.OE-04 mrem 

Receiving and sampling waste: 2.GE-03 mrem 

Storage before processing: 3.E-08 inrem 

Indneration of waste: not applicable 

Burial at onsIte landfill: 3.4E-0M mrem 

Transportto offslte landfill: not appliCablo 

Incinerator maintenance: not applicablO

1.OE-04 mrem 
1.3E-05 mrem 
3.8E-08 mmm 
1.E-06 mrem 

1.3E-07 p-rem 

1.OE-04 mrmn 
1.3E-05 mrern 
3.05-08 mrern 
not applicable 
1.61!-06 iern 

not applicable 

not applicable

O.O+00 mrem 
2.AE-03 mrOm 
O.OE+OO mrem 
1.8E-06 mrem 

5.IE-06 p-rem 

not applicable 
2.9E-03 mrem 
not applicable 
not apprklable 
t.8E-.0 mrnm 
not applicable 
not appricable

Don" due to *afthiotope (Mmm -popuiatio-n dose in p-rei).  

Isotope Th=3 
AItiiy 33E03CI 7(.7i 

Relakz Fraction &0E--04 
Wa MENI i - i II

Driver 1.0 C-04

Rd:mving Worket 2.9 E-03 

Wicnorafl~i W~iItr not apoitbie 

Landfill W61&lK 3.4 M06 

o•__ inkwdivuat 1.6 E.05 

Offilnb 0rat'MOM 6.3 E-05 

woer r popuUlb 6.0 E.0.

U,
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84/2/8881412 717-548-5102 DORNSIFEPAE8

site Description 

Operations Included;: Operations excluded: 

Transport to TSD facility lIcinera11of of waste 

Reoelvng and samplina waste Transport to offabt landfill 

Storage before procesing lincinerator miniftenanfce 

B8urald at ansite landfl~l 

Paramreters 
The fdlofti m the .cjet*" pwwromv use to model each aperaftio 
A'(0) afte a vakm biictes "i Id~fMAi Vulm VMS u66d.  

Fraction solid waste * 1.000 
Fraction Mlud waste r- 0.000 
Pro-pocessed waste density = 1.3 EWO Clee 
Post-proegssed waste density - IA E+00 giecc 

Transport to TSD facility (4 steps) 
NumerdWCdrsaWV 1.0E400 (D) 
Truck bed dimmansIofls (for sVt sueps) 
bngftiAM1.0E41 feed 
WdkM 7.ZE.CO feel 
ha1Vt 5.00E+00 fedt 

stpA LoadS and somue shlpfmeft 
awnwae disance: 3.OOE+OOfeet (0) 

IK.IdUit**UidnMe: 6 25E.C2 iftW8 (D) 

gap : uv em e distanc: 7.OOE.OO fedt (Q 
dru~om 2A0E401 hours (0) 
sNe~f edr cmeaw. 1ZE-M kwhes (D) 

suep C Rest 
gverae disanc: 1005400 fW (D) 
duration: i.eOE+01 hmts (D) 
e&etding*lknae 125E41 C1~e (0) 

Step D-. NId~a~ntelce In kansit.  
BMW*g distanc: 3.00500 feet (D) 
&irAkrcn 2.OOEO0boUtn (D) 
sNgkkngVtIcim- M2E-02 kches (0 

Receiving and samnpling waste (5 Steps) 
Numbe of Woreers: 2.0E+00 (0) 

SeP A.: Weight tmck.Wip@S Manifetd 
averege distmne: 5.00E+M0feet (D) 
durvtin: I .0DE0Da0h=,r P0
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ReceMng and sampling waste (coned) 

Step B: Unload drums 
average ditance: 5.002E00 feet (0) 
*m per drum or pall•: &33E-07 hour 

Step C: nspec and sample drms 
average det=e 5.004-01 fet (D) 
ams per dnrn I11.-02 hours 
ab• a remptable dust c•naentraloC 1.0I 01 mMO¶3 (0) 
meptatry prctaflon factoc. 1.0240 (D) 

Step D: TmnmsfersolldstoaeCOSUP 
evarage dkta 3.002, feet (0) 
time per mao alhet 1.67Md 0 hours 

step L. Pump dnrimed o0 to storage lak 
averae d&#xn= 1002-01 be (D) 
tkne per *u= 8.33M-00 hou 

storage before processIng (3 steps) 

Step &. Workers in sad waste stor area 
mngedstn'e: t.OOEs0feet (D) 
duratlon 8.002.. hours 

Step f: Transfer miolds out 
average distance: 3.00E400feet (0) 
lme eur m or a Ip : 633E-05 hcur 

stop C: Workers In liquid waste sto•go Wrea 
averge datm e: t +00S fee (0) 
duratin: E.W040 hoaxD 
adIkrdu ftrnss: 1.25241 inche CD) 
Storagoe tank dimensions: 
brigft 7.002400feet (0) 
wikh: 7.00E400fee (M) 
heaht 120E401 Wee (D) 

Burial at onsie landfidl (4 steps) 
NumbernaWark I .0.E400 (D) 
Dump truck bed dimenSM for steps A. C, mnd D): 
tWiat 2160.01 feet 0 
wkll 6.E040 fe•e 
height 3.C0.00 feet (0) 

Step A: Unload wa 1t. to mxng pit 
average ditance: Sf02400l f Pt 
duratlu 2.602 hours 
atdeli;Wkmv ilknatIE-Ol hahn (D) 
airbone nqepimN dudt c•oentailo I. OE+W mrqS (D) 
repatocy prtqo facto. IS.O240 (D) 

step B: Mix waste In mixing 1p01 
average din= 1.=E+01 feed (D) 
duratbi: 8.00E-06 W"n 
over Iddmew 102400 Indhe (0) 

Mixin pit dhiwobiofl 
" fkt .A 401 fedt (0) 
widl 1.00IE401 feet (0) 
det I•. 1e*Ot fe D) 
cover# dIme: 2M.*40kch (D)
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717-540-5182 DORNSIFEP

TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998 

Site: wcs 
Shipment exempt source (Ra-22a) direct disposal 

User: dornslfe 

TOTAL EXENINTERNAL

Dose to:
Driver: 1.7E÷00 mrern 

Reoeving workerF IAE-01 mrmn 
Incinemtion worker. 4.6E-04 marn 

Landfill worker:. $.1E-02 inrem 
Offstb Indvdual: 3.9E-08 mrem 

Ofte population: 1.3E-O0 p-rem 

Worker Populaton: 2.CE-03 p-rem

Dose fromn 
Transport to TSD facliy:. 1.7E+00 mrem 

ReceiMng and sampling waste: IAE-01 mrmm 

Storage before processing: 4.6.-04 inrern 

Incineration of waste: not applicable 

Burial at onsite landfill: 3.1E-02 mrern 

Tmnsporto ofte landfill: not applicable 

Incinerator maintenance: not applicable

1.7E+00 mrm 
IAE-01 Merm 
4.6E-04 mrem 
3.1 E-02 rntemr 

2.OE-03 p-rem 

1.7E400 mnrem 
IAE-01 mrren 
4.6E-04 intem 
not applicable 
3.IE-02 mrer 
not applicable 
not applicable

0.0r-+0 mmmm 7.7E-05 mrrm 
O.0E400 inrern 
4.BE-05 inrern 

1.5E-07 p-rem 

not applicable 
7.7E-05 mrnm 
not applicable 
not applicable 
4.8E-08 nmrem 
not applicable 
not appicable

Dosev due to eachbIotope (nrmru -poulwaliondose In PAW*.  

1= I-, + II
Ac.• y . ;". -. . .

p,.a- Fra•_lo, 5.-0o,4 

Dre 1.7 E.0O 

R"velvog workfr 1.4 E-01 

kwcimrauon Worker not apimblce 

Landfill worker 3.1 E02 

Off _lt. IndidMual 3. E-06 

f•f._ Po•puLdon 1.A E-05 

Workmr poPUl"t 2.0 E-03
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Site Descriptlotn

Operations Included: 
Transport to TSO faCIlY 
R~eeMng and sampring waste 
Storage before processIng 
Buri at otnsfte landfill

operations exclIuded.  
lndnoamtofl of waste 
Transport to afflt landfill 
Incinerator maintenance

Parameters 
The loaowki arnWe *0 mtAus~%W d pw whed 11od vocde Wh opmratkxi 
A (D) afWaaavalin hlOmis tA dOCOAt Vaus W"s U6ed.  

Fraction solid waste 31.000 
Fraction liquid waste 0.000 0 f 
Pre-processed waste density - 1.3 E+O gc 
post-romesed wed@. density a.1 A E+00 g9/cc 

Transport to TSD fac~lity (4 steps) 
NuwbraorkemIA.E4OO A0 
Truck bad dlmensIon (for allsteps) 
kngfh 1.8OE*01 *de 
widt: 7.50400 feed 
hui~fl 5.COE+W fedt 

Step A. Load and secur sbipmelO 
wamve udistanc 3.OOEiOMfoW (D) 
dwunif: 1CODE4O hem, (0) 
skNedn~t~idan~: 6.2fE-02kinhe (D) 

Step &. Drive en& =7OEW (D 
=zU 2ME0E4 bows (0) 

"kanulfltirime 125E-O1 hichec (D) 

Step C: Rest 
ownsg disance: 2.OOE4CO feet PD) 
dUrnUM: 1.GOE40`1IO 
WaMrlg thicus In5E9h) (D) 

Step D: Makdonafce In transIt 
zverag disbn 3.00E400 fedt (D) 
duraton 2.COE+0O hour (9) 
sluldrgehik~nes: 6GZE.02kxcha (0) 

Receiving and sampling waste (5 steps) 
Number af Wo*mi: 2.OEi0 (0) 

Step A: WdghAt Iik. Insped nanifetx 
"ireage d-tuoc: &OOE4O fedt (D) 
dum6Mo IMXE400 bans (0)
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ROcMIng and sampling waste (conrd) 

Mtap 6: Unload drUMS 
averue isbncr. 2COE+OO feet (D) 
*noe per &=a or pal&u 9-33E-07 lxxxv 

step c:. inspect and sample drums 
avetp distano: 5.COS. fedt (0) 
tumeperginrm 1i3E-2h 
aliome roasptrae dud cm~u*isOM I CE-0E01 ffQW~ (D) 
Meelaito rOCKdocfl %GWr~ I JE-OI (D) 

Stop D: Transfer solids to Etorag 
nVetagu &M=in 3.OOE4V feet (0) 
dmW deruam or paket 1.67124 hous 

Step E: Pump drummed oil to storag lank 
averg@ distance 5.OOE1 fail (0) 
&iM per&=ru: BM3C6 omt 

Storage before proCessing (3 Steps) 

stepAj workrs insolid waste ctOfagN o 
rveragu distane: 3.oOEiQO We (D) 
dtutiafl s.CoE43 hours 

Step 9: Transfer solids wut 
rj~e Ogdlsimn 3.00E40 feet (0) 
am per drum or pallet 8.33E-05 hours 

step C: Workers in Eqtdd Wast stOMOg area 
a~verve distano 3.C0E40 Wee (M) 
dnumon 6.OO-O hamr 
sWl~uu td~lwua: l.2SE-O1 Inies (0) 
storage tank dimensions: 
bhgth 7MGO4WOfelt 
Wlfth 7.00E400feet (1) 
Whgt; i 20E'01 feet (D) 

Burial at onsite landfill (4 steps) 
Nufter of Woe"M 1J3E+00 D)) 
Dump truck tod dUMeNslmonaWr steps A. C. WAd ) 
kngft 2=12E401 foed (D) 
Wjlh: GODE4OO f (l C) 
heigt 3.C0E*00foo (0) 

step A- Unto~d waste to MxIXIg pit 
aftrage distanOO 6.COE40 feet 40) 
duraftan 2M5E-5 hOtas 
seidlrQt 0**1m: 1.2SE.1 kv*ho (D) 
sirame quapimble dust corwnctrairon IOElC MO mg ( D) 
reaplrltory prvoc~if fmotor~ I.OE+O (D) 

Step g: Mix waste in mixing Pit 
averge &gumnc ICOEll feet (D) 
dumIUOf S.OOEC6 hamt 
oover CickuuW 200E400 Inche (D) 
muixng p11 drimensbon: 
hrifth I.00E401 felt (D) 
wicift 1.OOE+OI %ed R0 
defth 1.00E*01 feet (D) 
COWU g~3iVW Z.OOF400 IrndMa (D)

ý '.04/12/2000 14:12
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TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998 

Site: wcs 
Shipment exempt Thorium- direct disposal 
User: dornsife

TOTAL EXTERNAL INTERNAL

Dose to:
Driver: 

Receiving worker: 
Incineration worker: 

Landfill worker: 
Offsite Individual: 

Offsite population: 
Worker Population:

3.1E-01 mrem 
3.1E-02 mrem 
1.8E-05 mrem 
5.6E-03 mrem 
2.7E-05 mrem 
9.OE-05 p-rem 
3.8E-04 p-rem

3.1E-01 mrem 
2.6E-02 mrem 
1.8E-05 mrem 
5.6E-03 mrem 

3.7E-04 p-rem

O.OE÷00 mrem 
4.9E-03 mrem 

O.OE+00 mrem 
3.OE-07 mrem 

9.8E-06 p-rem

Dose from: 
Transport to TSD facilityf. 3.1E-01 mrem 

Receiving and sampling waste: 3.1 E-02 mrem 

Storage before processing: 1.8E-05 mrem 

Incineration of waste: not applicable 

Burial at onsite landfill: 5.6E-03 mrem 

Transport to offsite landfill: not applicable 

Incinerator maintenance: not applicable

3.1E-O1 mrem 
2.6E-02 mrem 
1.8E-05 mrem 
not applicable 
5.6E-03 mrem 
not applicable 
not applicable

not applicable 
4.9E-03 mrem 
not applicable 
not applicable 
3.OE-07 mrem 
not applicable 
not applicable

Doses due to each Isotope (mrem -population dose In p-rem).  

Isotope Ra228.D Th232 

Activity 1.1 E-03 Cl 1.1 E-03 Ci 
S,1 ... r,.,,,.*un !; •.OL 5.00E-04

Driver 3.1 E-O1 8.2 E-06 

Receiving worker 2.6 E-02 4.9 E-03 

Incineration worker not applicable 

Landfill worker 5.6 E-03 4.2 E.07 

OffsIte Individual 2.1 E-07 2.6 E-05 

Ofrsite population 7.2 E-07 6.9 E-05 

Worker population 3.7 E-04 9.8 E-06



Site Description

Operations Included: Operations excluded: 
Transport to TSD facility Incineration of waste 

Receiving and sampling waste Transport to offsite landfill 

Storage before processing Incinerator maintenance 
Burial at onsite landfill 

Parameters 
The following am the adjustable parameter used to model each operation.  
A (D) after a value irdicates the default value was used.  

Fraction solid waste =1.000 
Fraction liquid waste = 0.000 
Pre-processed waste density = 1.3 E+00 g9cc 
Post-processed waste density = 1.4 E÷00 g/cc 

Transport to TSD facility (4 steps) 
Nunber of Workers: 1.0E+00 (D) 
Truck bed dimensions (for all steps) 
length: I .0E+01 feet 
width: 7.50E+00 feet 
height 5.00E+00 feet 

Step A: Load and secure shipment 
average distance: 3.00E+00 feet (D) 
duratiorr 3.00E+00 hours (D) 
shielding thickness: 625E-02 Iniches (D) 

Step B: Drive 
average distance: 7.OOE+00 feet (D) 
duration: 2.80E+01 hours (D) 
shiekdb 1thickness 125E.01 kiches () 

Step C: Rest 
average distance: 2.00E+00 feet (D) 
duration: 1.60E+01 hours (D) 
shielding thickness: 125E-01 inches (D) 

Step D, Maintenance In transt 
average distance: 3.00E400 feet (D) 
duration: 100E400 hounr (D) 
shielding thickness: 6.25E-02 inches (D) 

Receiving and sampling waste (5 steps) 
Number of Workers: 2.02E00 (D) 

Step Ak Weight truck, Inspect manifest 
average distance: 5.00O400 feet (D) 
duratm: 1.001200 hours (D)



Receiving and sampling waste (contd)

Step B: Unload drums 
average distance: 3.00E+00 feet (D) 
time per drnm or pallet: 8.33E-06 hourn 

Step C: Inspect and sample drums 
average distance: 5.00E-01 feet (D) 
time per drum: 1.83E-02 hour 
airborne respirabe dust corncetration: 11.01E.01 mgW3 (D) 
respiratory protection fcor I .0E+01 (D) 

Step D. Transfer solids to storage 
average distance: 3.00E+00 feet (0) 
time per drum or pellet 1.67E.05 hour 

Step E: Pump drummed oll to storage tank 
average distance: 5.0OE-0O feet (D) 
time per drum: 8.33E05 hours 

Storage before processing (3 steps) 

Step A. Workers In solid waste storage area 
average distance: 3.00E+00 feet (0) 
duration: 6.001-04 hours 

Step 8: Transfer solids out 
average distance: 3.OOE.00 feet (0) 
time per drum or pellet 8.33E-05 hours 

Step C: Workers I liquid waste storage area 
average distance: 3.OOE+00 feet (D) 
duration: 6.00E-04 hours 
shielding thickness: 125E-0I Inches (D) 
Storage tank dimensions: 
length: 7.00E+0 feet (D) 
width: 7.00E00 feet (D) 
height: 120E+01 feet (D) 

Burial at onsite landfill (4 steps) 
Number ofWorkers: I.OE+00 (0) 
Dump truck bed dimensions for steps A, C, and D): 
length: 2.50E+01 feet (D) 
width 6.00E+00 feet (D) 
height 3.ooE+00 feet (D) 

Step A. Unload waste to mbding plt 
average dstance: 5.00E+00 feet (D) 
duration: 2502E-06 hours 
shielding thicmess: 1.25E-01 Inches (D) 
airborne respirabe dust concetation: 1.Oe12+00 mn 3 (D) 
respratory protection factor 1.01200 (D) 

Step B: Mix waste In mixing pit 
average distance: 1.0oE401 feet (D) 
duration: 5.001-05 hours 
cover thickness: 2001E00 Inches (D) 
Mixing pit dimensions: 
length: 1.00E.01 feet (D) 
width: 1.00E+01 feet (D) 
depth: I.00E+01 feet (D) 
cover thickness: 2.00E+00 inches (D)



Burial at onsite landfill (contld) 

Step C: Load truck and transport to landfill 
average distamce: 5.OOE+0 feet (D) 
duratn: 2.50E-01 hours (D) 
shieldu fthckness: 1.25E-01 nches (D) 

Step D: Unload truck at landfill 
average distance: 5.00E+00 feet (D) 
duratin: 2-RE-01 hours (0) 
shieldinkg thckness: 125E-01 Inches (D)
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TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998 

Site: wcs 
Shipment: exempt source (U) treatment and disposal 
User: domsife

TOTAL EXTERNAL INTERNAL

Dose to:
Driver: 

Receiving worker.  
Incineration worker: 

Landfill worker.  
Offsite Individual: 

Offsite population: 
Worker Population:

1.9E-02 mrem 
6.5E-02 irem 
4.6E-02 mrem 
1.5E-02 mrem 
12E-05 mrem 
4.1E-05 p-rem 
4.4E-04 p-rem

1.9E-02 mrem 
5.5E-02 mrem 
4.6E-02 mrem 
6.9E-04 mrem 

4.OE-04 p-rem

O.OE+00 mrem 
1.OE-02 mrem 
O.OE+00 mrem 
I .4E-02 memr 

3.4E-05 p-rem

Dose from: 
Transport to TSD facility: 1.9E-02 mrem 

Receiving and sampling waste: 1.9E-02 mrem 

Storage before processing: 4.6E-02 mrem 

Incineration of waste: not applicable 

Burial at onsite landfill: 1.5E-02 mrem 

Transport to offsite landfill: not applicable 

Incinerator maintenance: not applicable

1.9E-02 mrem 
8.5E-03 mirem 
4.6E-02 mremm 
not applicable 
6.9E-04 mrem 
not applicable 
not applicable

not applicable 
1.OE-02 mrem 
not applicable 
not applicable 
1.4E-02 mrem 
not applicable 
not applicable

Doses due to each Isotope (mrem - population dose In p-remn).  

Isotope U234 U238+D 

Activity 3.3E-03 Ci 3.3E-03 Ci 
In~t ... .-.,4.Emfl OJ4 5.O0E-04

W% I 

Driver 1.7 E-05 1.9 E-02 

ReceMng worker 5.4 E-03 5.9 E-02 

Incineration worker not applicable 

Landfill worker 7.3 E-03 72 E-03 

Offskte Individual 6.4 E-06 5.8 E-06 

Offsfte population 22 E-05 2.0 E-05 

Worker population 1.9 E-05 4.2 E.04



Site Description

Operations Included: Operations excluded: 

Transport to TSD facility Incineration of waste 

Receiving and sampling waste Transport to offsite landfill 

Storage before processing Incinerator maintenance 

Burial at onsite landfill 

Parameters 
The following are the adjustable parameters used to model each operatio 
A (D) after a value kdiates the default value was used.  

Fraction solid waste = 1.000 
Fraction liquid waste = 0.000 
Pre-processed waste density = 1.3 E+00 glcc 
Post-processed waste density =14A E+00 g/cc 

Transport to TSD facility (4 steps) 
Number of Wokers: 1.OE+00 (D) 
Truck bed dimensions (for dR steps) 
length: I 0E+01 feet 
width: 7.50E+00 feet 
heigt 5.00E+O0 feet 

Step A. Load and secure shipment 
average distance: 3.00E.O0 feet (D) 
durati= 3.00E+00 hours (D) 
shielding tickness: 6.25E-02 inches (D) 

Step B: Drive 
average distance: 7.OOEO0 feet (D) 
duratow 2.SeE01 hours (D) 
shielding thickness: 1.25E-01 inches (D) 

Step C: Rest 
average distance: 2.00E+00 feet (D) 
dunrtion: 1.60E+01 hours (D) 
shielding thickness: 125E-01 Inches (D) 

Step D: Maintenance In transit 
average distance: 3.OOE+00 feet (D) 
duration: 2.00E+00 hours (D) 
shielding thickness: 6.25E-02 Inches (D) 

Receiving and sampling waste (5 steps) 
Number of Workers: 2.0E+00 (D) 

Step A. Weight truck, Inspect manifest 
average distance: 5.00E+00 feet (D) 
duratio 1.00E4OO hours (D)



Receiving and sampling waste (conrd) 

Step B: Unload drums 
average distance: 3.00E+00 feet (D) 
time per drum or pallet: 8.33E-02 hours (D) 

Step C: Inspect and sample drums 
average distance: 5.00E-01 feet (D) 
time per drurn 8.33E-02 hours (D) 
atrorne respirable dust concerntration: 1.0E01 mg3 (D) 
respiratory protection factor I .0E+01 (D) 

Step D: Transfer solids to storage 
average distance: 3.002+00 feet (D) 
time per drum or pallet l.67E-01 hours (D) 

Step E: Pump drummed ofa to storage tank 
average distance: 5.00E-01 feet (D) 
time per drum: 8.33E-02 hours (D), 

Storage before processing (3 steps) 

Step A: Workers In solid waste storage area 
average distance: 3.001400 feet (D) 
duration: 6.002+01 hours (D) 

Step B: Transfer solids out 
average distance: 3.00E*00 feet (D)" 
time per drum or pallet- 8.33E-02 hours (D) 

Step C: Workers In iquid waste storage area 
average distance: 3.00E102 feet (D) 
duration: 6.00E+01 hours (D) 
shiekling thicness: 125E-01 inches (D) 
Storage tank dimensions: 
length: 7.000E+0 feet (D) 
width: 7.00E00 feet (D) 
height 120E+01 feet (D) 

Burial at onsite landfill (4 steps) 
Number of Worken: 1.0E+00 (D) 
Dump truck bed dimensions for steps A, C, and D): 
length: 250E+01 feet (D) 
width: 6.00E+00 feet (D) 
height: 3.00E+00 feet (D) 

Step A. Unload waste to mdng pit 
average distance: 5.004E00 feet (D) 
duration: 2.50E-01 hours (D) 
shierding thickness: 1.25E-01 kcthes (D) 
airborne respirable dust concentration: 1.0E+00 m•m3 (D) 
respiratory protection Weor. I .02E00 (D) 

Step B: Mlx waste In mixing pit 
average distance: I.00E401 feet (D) 
duration: 5.O0E-01 hours (D) 
cover thickess: 2.001200 inches D) 
Mixing pit dimensions: 
length- 1.002+01 feet (D) 
width: 1.00E101 feet (D) 
depth: 1.00E1201 feet (D) 
cover thickness: Z00E+00 inches (D)



Burial at onsite landfill (corntd) 

Step C: Load truck and transport to landfill 
avergedistance: 5.OO 0 feet (D) 
duration: 2.50E-01 hous (D) 
stieldkV tckness: 1.25E-01 kiches (D) 

Step D: Unload truck at landfill 
average dsmance: 5.00EO0 feet (D) 
duration: 2.50E-01 hours (D) 
shield•ing Imess: 125E-01 ikche (D)
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TSD-DOSE: A Radiological Dose Assessment Model 

for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998

Wcs 

exempt source (Th-230) treetment and diposal 

dornsife

1IRI&

Dose to: iDrver. t.0E-04 mrem 

RaceiMng worker. I A-02 mrem 

Incineration worker 3.3E-04 Mrem 

Land•i worker. I .SE-02 mrCm 

Offslte IndMdual: 1.E-05 mrem 

Offelte population: 5.3E-05 p-rem 

Worker Populatn: 4.7E-05 p-rem 

Dose from: 
Transportto TSD facflty. 1.OE-04 nrem 

ReceMvng and sampling waste: 1.$E-02 mrem 

Storage before processing: 3.3E-04 rrem 

Indneration of waste: not appUcable 

Burial at ansite landfill: I.SE-02 mrem 

Transport to offstte landfill: not applicable 

Incinerator maintenfance: not applicable

1.01E-04 mrem 3.SE-04 mrem 
3.3E-04 mGeM 
3.4E-05 mrme 

2.GE-08 p-rem 

1.OE-04 mnrern 
6.7E-05 mrem 
3.3E-04 mrem 
not applicable 
3.4E-06 Mrem 
not applicable 
not pp•lcable

0.OE'00 mrom 1.$E-02 mrem 
0.OE+00 mrem 
1.SE-02 mren 

4.1SE-05 p-rem 

not applicable 
1.3E-02 mrem 
not applicable 
not applicable 

I.UE-02 mrem 
not applicable 
not applicable

Doses due to &&ch Isotop (nrm- poputatio dose In Pl'mr.  

Reiies. Fraction G.00E-04 

Driver 1.0 E-04 

Rceiving worker I.A E-02 

Indner11flon worker rd applicube 

WOndOl worker IA E432 

OO kff InVkdU .al 1.e E-05 

011a1 popul•tion 5.3E5 

Worker populatson 4.7 E-05

Site: 
shipment 
User:

MXERN-&

DORNSIFE717-540-5102
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SIte Description

Ope rations Included; 
Tritrsport to TSD faliftY 
RecevNg anid sampling wasde 
Storae before pmoocising 
B~urial at ansfte landfill

operations5 excluded: 
Incineralof of waste 
TrarkSpoft tW @ffSto landfil 

tncinerator maintenance

Parameters.  
The foloom"g ame "~ g~stwbe paeramtU(I used to waWe each "rem-ifl 

A (D) afier a vain k'dCatC3 ft defm* VdAt %Mg IWed 

Fradtofl SOld WastO = 1.000 
Fraclion liquid Wgust = 0.000 
P"O-pocesd wadte densUt = 1.3 E+O0 G/co 
post-proc~esd waste densty n I A E+00 gfCC 

Transport to T$D facifity (4 steps) 
Nuw ~of Workers: 1.OE10W (0) 
Truck bed dImeesl011 PM 1 i$stpB) 

vwlft 75OE4Wfeet 
hdght 6.00E400 fedt 

ttep A: Low WAd secure shlpmeet 
gwveag distnce: 3WOEiOO fe0t (D) 
durullorr =OE400 howT~ 
W*h V e ldn 625Egkz iohce (D) 

stop 9: Drive w~ saw .D4 0 
duraton: 2.SOEQ1 hoiau (D) 
$WwkV1IcknO$ 1.25E.01 kid=s (0) 

step c.- Rest ergfve CE*0o(D 
du~tIOflI.M+0 1hOOloS (D) 

~helin Uotime0: 1.25201 Ikutm (0) 

Step m: Nitakeanct Intmaiutt 
averagediftance: 3.OOEIVO feat (D) 
duration: 2.CIE40OIotK (0) 
sheieding Ihknosi 6.25E02 k~us (D) 

Receiving and SaMpflng WaStO (5 Steps) 
Nt=iberfW~ftlMOS

4O (D) 

$UeP A. wveight truck, kispedt Manife 
= verago distnc: 5.00E+00 bat (D) 

Iua~n 10040 hcWn (0l)

DORNSIFE717-540-5202
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ROcMMOg and Sampling waste (contd) 

$Uep B: Unload drums 
mnvuie fstanc: 3.00E+00 fee (0) 

wper drum or palle: 6.33E-02 hcuts (D) 

step C; Inspect and saMple CdrUMS 
aaerag ddawic 6.00E.01 fet (0) 
Om par &um: SM3E.02 hours R0 
alrboa. MeOprgbbl dus cocrtraiof I.0E+01 tngAW (0) 
ruOaplaofpMbxAdofl e~cr. 1.0401(D 

Step 0: TransIfe solidS to StOFAV4 
ffveOfUQ dostaniO 3.OOE.VO ha (D) 
tima per drum or poed I MMEO hours (D) 

Stap L: pump drumn-ed ef1 stoorage tank 
&weage dlstic: 5.OaE.OI foet (D) 
time per drum 8MF3-42 hours (0) 

ptoracis before processing (3 SUeP$) 

Step A: Workers In soli waste stOrag Or" 
average datm- 3.006400 oo (D) 
duraomr G.COEACI hours (0) 

ftpB6 Thanstor NOWldOUt 
goring.dotanc S.OOEsOO fas (0) 
Ime per drumn orv&Wle: 8.33E-02 hour (0) 

Step C. Workers In~ iquId vrjsft utrag. area 
wavrage diwetac: 3.00E+00 Wee (D) 
dwutcOf 6.00601 hours (0) 
INe(dint Okidm : 1.25E-0 Inches (R 

height 1.202401 Wo (D) 

Burial at ansfte landfill (4 steps) 
kNumber d Wadm 11 .E4CO (D) 

Dump trucK bed damansons, kit StePs A. C. and D): 
Mr4& 2.60600 fedt (D) 
wwih 6.024001661(P 
height 302.0 e etk (0) 

Step A: Unload wast to mixing p1t 
avRAMP iotano G.00240 fedt CD) 
durulio 2-9(E.O1 hours (D) 
"uhi e otn *jui$L 1.25-01 In&b (D).  
sjabonre spkable dust coaffertMifl 1.OEoOwdO ng~ (D) 
reukatOy p ect~cxfatcr 1.02.00 (DI 

step D: Mw ag, n itxing Pl' 
average dowsta: 1.OOE601 feet (D) 
duratln G.CODE.1 hours (M) 
cow tcidmes: 2=E0Gk00nhes, (D) 
Mkixng pit dkmer1Olbw 
kngth I.006t01 fued (D) 
vwdth I.00601 foad RD 

-e--h I .00641 fe (D) 
co,.w tdckn.E: 2.002440 Irches (D)



(0) WP4 W39r& '-99SWN DJWNB 
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(a) wnoq W3= w0pinP 
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TSD-DOSE: A Radiological Dose Assessment Model 

for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998 

Site: wcs 
shipment exempt source (Ra-226) treatment nd disposal 

User: dornsffe 

LILEXTERNAL& OfERAL

Dose to:
Driver 1.7E+00 mrem 

ReceMnlg worker 4.7Ei00 mrem 

Incdneration worker: 4.0E+00 mrem 

Landfill worker: 6.SE-02 mren 

Oftfate Individual: 3.02-06 mrmn 

Otfsle population: 1.3E-05 p-rem 

Worker Population: 3.5E-02 p-rem

Dose from; 
Transport to TSD facility: 1.7E+00 mrem 

Recelving and sampling waste: 7.1E-01 mrer 

Storage before processing: 4.0E400 mrern 

Incineration of waste: not applcable 

Burial at oneite landfill: 6.5E-02 mrmn 

Transport to offslte landfill: not applicable 

Incinerator maintenance: not applicable

1,7E+00 mrem 
4.7E+00 mrem 
4.02+00 mrern 
6.4E-02 mremm 

3.6E-02 p-rem 

1.7E.00 mrem 
7.1E-01 mrem 
4.0400 mrem 
not applicable 
6.4E-02 mrem 
not applicable 
not applicable

0.0E+00 mrem 3.51-04 rnem 
O.0E+00 mrem 
4.8E-04 mrem 

1.2E-06 p-rem 

not applicable 
3.5E-04 mrem 
not applicable 
not applicable 
4.6E-04 mnern 
w applicable 

not applicable

Doses due to each kotope (mreo -popuWOrkf dos, in 

kjotp~e Ra22l+D 
AdytY3.SE.03C 7 L 
Actlvitt*33E3 47j 

Re`;e,,' Fr5Ct~on 6.00E-04 

I)€•r 1.7 E400 

R civ.,__~ ing wo;"kar 4.7 E .4W) 

Landril worker S.5 E-02 

Offslts Individual 3.9E.  

W orker pOpulaisOn 3.5 E-02, ,, 

I I I I

PAGE 14
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Mie Description 

Operationr Included: Operations excluded: 

Transport to TSD WRcliY indrieraton of Wit-st 

ReWO~ng and samPling wasta Transport to offsfte landfill 

Storae beore rocesngIncinarator maIntenance, 

Burial at Onsfte landfill 

Parameters 
The kdimftg ar tae .4ust~bIBe Ww±3I5 ed tD mode "Oh~ "10mX~ 
A (D) afterea vahm kv&d** fte liedo.LI v"k~ was ued.  

Fracton ofl id woste 1.0 
Fraction NqUid Waste £0.000 
pre-processed vmste densOY = 1.3 E+00 glcrc 
post.prCoemed waste denslty a 1.4 E+.00 glc 

Transport to TSD facUltY (4 steps) 
Number Of Workers I.OE+00 (D) 
Truck bed diertwiom (for &I steps) 
knft& I AOE+1 "ee 
wkdt 7.50E400 feet 
hei'tc 5.O0DE+0feet 

Stop k. Load and mac~e shiPmert 
rmUge disnetre: 3.00E40 Wre (D) 
durtion 3M0E400 buni (D) 
saeldtuckoeirI 8.2SE-2kiwitG (D) 

StepB6 Drive&" gm .E* W(D 

Org&itdawue: 125E.01 kiche (D) 

BitPQRes &rega &guo=:e 006400 feet (0) 
duai= 1.S0E40i hmur (D) 
sNalft#dvowui 1.25E-01 biohes (D) 

Step D- MaIf uce In tmsI~t 
evemaeeditance: 3.002400feAt (0) 

dxW 25E-OE*Whn (0) 

Receiving and sampling wasts (6 tes 
NumWe af Workers: 2.0E400 (D) 

suep A.' Weight tiuck, bispedt maniliet 
MMjWO ft:m 6.0OE400fO~f (0) 
durjat Io 1.00240 h=9r (D)
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Reoeiving and s&mPiing wastS (cont'd) 

Step 0: Unload drum'i 
averae dietance 3.OOE*00 hat (D) 
11m. per dj'Iu or p"t 111-33M0 hours (D) 

Stap C: hispect and sample drums 
.vervsge dstuio 5006.01 We (0) 
by& par drum- 8-3312.0211oUr (D) 
airborne respliuble "R CoNac,*ali 1.0EAI1 'nWh" (D) 
.s*wypvaonfidOr~ 1.06401 (D) 

Step M: Transfer solds to sOvalle 
sVrage distance: 3.00itO Wre (D) 
ganu pa drum or pallet 1.67E4O1 homm (D) 

step E Pumpdrummedd( to StIO0etUnk 
.veria distnc: 5.00E-01 feet R0 
lime per daim: 9.33E.02 hours (D) 

Storage before processing 1(3 Steps) 

Stop A: Workers in solid Waste sCOMOg #rea 
everip ditatmce: 3.0040 fe1" (D) 
duraIkor 6.006401 hours (0) 

steps9: Transfer solids out 
average iamnc 3.00400 fee (D) 
lime per drum or palelt 8.33E.02 hours (0) 

step C: Workers in liquid Waste stMoag AMe 
avumgdistaOe. 3.0040 fedt (0) 

duralio 8.00E40 hour (D) 
gMtVe~~I thlcness: 1.25E-01 WOOhe (D) 
Storage tank dlniwslon 
lengi 7.00240 feet (D) 
Wldft 7.0E400 feet (lJ1 helgti 1.20Es01 fedt 

Burial at Onsite lan~dfill (4 StUPS) 
Number of Wodcrs: 1.06.00 (0) 
Dumpirtmck bed dirmenIonIS for steps A, C, and M) 
leneft 2h02E40 faet (D) 
,Adth: 6.002100feat (D) 
helgt 3M00400 fet (0) 

Step A. Unload waste 10Wfto nirAg 
avafue &itanc: 5.00E400 fedt (D) 
duration: 2.506-01 hxni (0) 
shielding fkkness: 1.25E-01 Indie (M) 
airbornG respirbe d&st concniadiom I.0E400 ITGbOn (D) 
ira*tffyprGtetc~nfacor. 1.0240 (D) 

sup D5: mix waste Mn mixing PHt 
aveage dsacej : I.OOEt*l feat (0) 
dLxutio 5.001-01 hour CD) 
coverttausa. 2.006400nh&As (D) 
Mixing pit dimnsionlfs: 
length: 1.006401 feed R0 
WkIf1 1.006401 feet (0) 
depft 1.00640 fee (D) 
came #"cne" 2ME0400 I-aChes )
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TSD-DOSE: A Radiological Dose Assessment Model 
for Treatment, Storage, and Disposal Facilities 

Version 2.22 - September 1998 

Site: wcs 
Shipment: exempt source (Th) treatment and disposal
User: dornsife

TOTAL 

Dose to: 
Driver: 3.IE-01 mrem 

Receiving worker: 8.7E-01 mrem 
Incineration worker: 72E-01 mrem 

Landfill worker: 42E-02 mrem 

Offsite individual: 2.7E-05 mrem 
Offsite population: 9.OE-05 p-rem 

Worker Population: 6.4E-03 p-rem 

Dose from: 
Transport to TSD facility: 3.1E-01 mrem 

Receiving and sampling waste: 1.5E-01 mrem 

Storage before processing: 72E-01 mrem 
Incineration of waste: not applicable 

Burial at onsite landfill: 42E-02 mrem 

Transport to offsite landfill: not applicable 
Incinerator maintenance: not applicable

EXTERNAL

3.1E-01 mrem 
8.5E-01 mrem 
72E-01 mrem 
1.1E-02 mrem 

6.3E-03 p-rem 

3.1E-01 mrem 
1.3E-01 mrem 
72E-01 mrem 
not applicable 
1.1E-02 mrem 
not applicable 
not applicable

INTERNAL

O.OE+0O mrem 
2.2E-02 mrem 
O.OE+O0 mrem 
3.OE-02 mrem 

7.5E-05 p-rem 

not applicable 
2.2E-02 mrem 
not applicable 
not applicable 
3.OE-02 mrem 
not applicable 
not applicable

Doses due to each Isotope (mrem -population dose In p-rem).  

Isotope Ra228+D Th232 

ActivIty 1.1 E-03 C4 1.1 E-03 Ci 

Relase Frction 5.00E-04 5.00E-04

Driver 3.1 E-01 8.2 E-06 

Receiving worker 8.5 E-01 2.2 E-02 

Incineration worker not applicable 

Landfill worker 1.1 E-02 3.0 E-02 

Offslte Individual 2.1 E-07 2.6 E-05 

Offslte population 7.2 E-07 8.9 E-05 

Worker population 6.3 E-03 7.5 E-05



Site Description 

Operations Included: Operations excluded: 
Transport to TSD facility Incineration of waste 

ReceMng and sampling waste Transport to offstte landfill 

Storage before processing Incinerator maintenance 

Burial at onsite landfill 

Parameters 
The following am the adjuste parameters used to model each operation.  
A (D) after a value indicates the defaukt value was used.  

Fraction solid waste = 1.000 
Fraction ISquid waste = 0.000 
Pre-processed waste density = 1.3 E+00 g/cc 
Post-processed waste density = 1.4 E+00 glcc 

Transport to TSD facility (4 steps) 
Number of Workers: 1.0E+0 (D) 
Truck bed dimensions (for all steps) 
ength: I 80E+01 feet 
width: 7.50E+00 feet 
height: 5.001E00 feet 

Step A: Load and secure shipment 
average distance: 3.00E+00 feet (D) 
duration: 3.00E+00 hours (D) 
shielding tackness: 625E-02 inches (D) 

Step B: Drive 
average distance: 7.00E+00 feet (D) 
duration: 2.0E+01 hours (0) 
"shieding thickness: 1.25E-01 inches (D) 

Step C: Rest 
average distance: 20012E00 feet (D) 
duration: 1.60E401 hours (D) 
shielding thickness: 1.25E-01 kiches (D) 

Step D. Maintenance In transit 
average distance: 3.00E+00 feet (D) 
duration 2.OOE+00 hours (D) 
shieking thicness: 6.25E.02 kiches (D) 

Receiving and sampling waste (5 steps) 
Number of Workers: 2.0E+00 (D) 

Step A. Welght truck, Inspect manifest 
average distance: 5.OOE.O0 feet (D) 
duration: 1.00E+00 hours (D)



Receiving and sampling waste (conrd) 

Step B: Unload drums 
average distance: 3.00E+00 feet (D) 
time per drum or pallet 8.33E-02 hous (D) 

Step C: Inspect and sample drums 
average distance: 5.00E-01 feet (D) 
time per drum: 8.33E-02 hours (D) 
airbomne respirae dust concentration: I.0E401 nV (D) 
respiratory protection factor. 1.0E101 (D) 

Step D: Transfer solids to storage 
average distance: 3.002400 feet (D) 
tine per drum or paglet: 1.67E-01 hours (D) 

Step E: Pump drummed oil to storage tank 
average distance: 5.00E-01 feet (D) 
time per drum: 8.33E-02 hours (D) 

Storage before processing (3 steps) 

Step A: Workers In solid waste storage area 
average distance: 3.001200 feet (D) 
duration: 6.00E+01 houri (D) 

Step B: Transfer solids out 
average distance: 3.OOE+00 feet (D) 
time per drum or palet 8.33E-02 hours (D) 

Step C: Workers In liquid waste storage area 
average distance: 3.OOE+00 feet (0) 
duration: 6.00E+01 hours (D) 
shielding thickness: 125E-01 inches (D) 
Storage tank dimensions: 
length: 7.00E+00 feet (D) 
width: 7.00E+0 feet (D) 
height: 1.206E01 feet (D) 

Burial at onsite landfill (4 steps) 
Nwnber of Workers: 1.0E+00 (D) 
Dump truck bed dimensions for steps A, C, and D): 
length 2.50E+01 feet (D) 
width: 6.00400 feet (D) 
height: 3.00E00 feet (D) 

Step A: Unload waste to mixing pit 
average distance: 5.00E+00 feet (D) 
duration: 250E-01 hours (D) 
shielding thickness: 1.25E-01 inches (D) 
airborne respirable dust conodritration: 1.02400 rffe3 (D) 
respiratory protection factor 1.02E+0 (D) 

Step B: Mix waste In mixing pit 
average distance: 1.00E+01 feet (D) 
duration: 5.002-01 hours (D) 
cover thickness: 2.002+00 inches (0) 
Mixing pit dimensions: 
length: 1.0O6+01 feet (D) 
width: 1.00E+01 feet (D) 
deph: 1.00EO01 feet (D) 
cover Vthcness: 2.00E+00 inches (D)



Burial at onsite landfill (contrd) 

Step C: Load truck and transport to landfill 
average distance: 5.00E400 feet (D) 
duratiob 2.50E-01 hours (D) 
shieldb thickness: 125E-41 Inches (D) 

Step D: Unload truck at landfill 
average distance: 5.00E400 feet (D) 
duration: 2.50E-01 hors (D) 
shieking thcness: 125E01 Inches (D)



Attachment 1

TSD-DOSE Analysis for Disposal of Unimportant Quantities 
of Source Material at the WCS Andrews Facility
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Attachment 2 

RESRAD Analysis for Disposal of Unimportant Quantities 
of Source Material at the WCS Andrews Facility
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DOSE: All Nuclides Summed, All Pathways Summed 
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Dose Conversion Factor (and Related) Parameter Summary 
File: Default.LIB

0 
Menu s Parameter

3 Current 3 . Parameter 
3 Value 3 Default 3 Name

Dose conversion factors for inhalation, mrem/pCi: 
Ac-227+D 
Pa-231 
Pb-210+D 
Ra-226+D 
Ra-228+D 
Th-228+D 
Th-230 
Th-232 
U-234 
U-235+D 
U-238+D

3 

3 
3 

3 

3

B-1 
B-1 
B-1 
B-1 
B-i 
B-I 
B-1 
B-I 
B-1 
B-I 
B-1 
B-I 

D-1 
D-1 
D-I 
D-1 
D-1 
D-1 
D-1 
D-1 
D-I 
D-1 
D-1 
D-I 

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

Food transfer factors: 
Ac-227+D , plant/soil concentration ratio, dimensionless 
Ac-227+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
Ac-227+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d)

Pa-231 
Pa-231 
Pa-231

Pb-210+D 
Pb-210+D 
Pb-210+D

plant/soil concentration ratio, dimensionless 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

plant/soil concentration ratio, dimensionless 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

6.720E+00 
1.280E+00 
2.320E-02 
8.600E-03 
5.080E-03 
3.450E-01 
3.260E-01 
1.640E+00 
1.320E-01 
1.230E-01 
1.180E-01

1.480E-02 
1.060E-02 
7.270K-03 
1.330E-03 
1.440E-03 
8.080E-04 
5.480K-04 
2.730E-03 
2.830E-04 
2.670E-04 
2.690E-04

& 2.500E-03 
2 2.000E-05 
3 2.000E-05

2 

3

1.OOOE-02 
5. OOO-03 
5.OOOE-06 

1.000E-02 
8.000E-04 
3.000E-04

a

Dose conversion factors for ingestion, mrem/pCi: 
Ac-227+D 
Pa-231 
Pb-210+D 
Ra-226+D 
Ra-228+D 
Th-228+D 
Th-230 
Th-232 
U-234 
U-235+D 
U-238+D

DCF2( 1) 
DCF2( 2) 
DCF2( 3) 
DCF2( 4) 
DCF2( 5) 
DCF2( 6) 
DCF2( 7) 
DCF2 8) 
DCF2( 9) 
DCF2 (10) 
DCF2 (11) 

DCF3( 1) 
DCF3( 2) 
DCF3( 3) 
DC-3( 4) 
DCF3( 5) 
DCF3 6) 
DCF3( 7) 
DCF3( 8) 
DCF3 9) 
DCF3 (10) 
DCF3 (11)

3 
31 

3 

3

3 

3 

3 

3

6.720E+00 
1.280E+00 
2.320E-02 
8.600E-03 
5.080E-03 
3.450E-01 
3.260K-01 
1.640E+00 
1.320E-01 
1.230E-01 
1.180E-01

1.480E-02 
1.060E-02 
7.270E-03 
1.330E-03 
1.440E-03 
8.080E-04 
5.480E-04 
2.730E-03 
2.830E-04 
2.670K-04 
2.690E-04

2.500K-03 
2.000E-05 
2.000E-05 

1.OOOE-02 
5.000-03 
5.OOOE-06 

1.OOOE-02 
8.OOOE-04 
3.OOOE-04

p. 2

RTF 
RTF 
RTF 

RTF 
RTF( 
RTF ( 

RTF 
RTF 
RTF

1,1) 
1,2) 
1.3) 

2,1) 
2,2) 
2,3) 

3,1) 
3,2) 
3,3)

••M•J4JkL•I4JktM•IUUULJ&IJUUUkEIJL•t•M•tJMLJ4•

#



D-34 Ra-226+D , plant/soil concentration ratio, dimensionless 3 4.OOOE-02 3 4.000E-02 s RTP(4,l) 
D-34 Ra-226+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.OOOE-03 3 1.OOOE-03 v RTF( 4,2) 
D-34 Ra-226+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) • 1.OOOE-03 1.0008-03 3 RTF( 4,3) 
D-34 I I 

D-34 Ra-228+D , plant/soil concentration ratio, dimensionless 2 4.OOOE-02 3 4.OOOE-02 s RTF( 5,1) 
D-34 Ra-228+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 3 1.OOOE-03 8 1.OOOE-03 3 RTFC 5,2) 
D-34 Ra-228+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) ' 1.OOOE-03 3 1.OOOE-03 3 RTF( 5,3) 
D-34 3 , 
D-34 Th-228+D , plant/soil concentration ratio, dimensionless 1.OOOE-03 1.OOOE-03 : RTF( 6,1) 
D-34 3 Th-228+D , beef/livestock-intake ratio, (pCi/kg)/(pCi/d) l.O•OE-04 s 1.OOOE-04 3 RTF( 6,2) 
D-34 Th-228+D , milk/livestock-intake ratio, (pCi/L)/(pCi/d) * 5.OOOE-06 s 5.OOOE-06 3 RTF( 6,3) 
D-34 3 a
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Dose Conversion Factor (and Related) Parameter Summary (continued) 
File: Default.LIB 

0 a 2 Current ' Parameter 
Menu a Parameter 2 Value 3 Default 3 Name

plant/soil concentration ratio, dimensionless 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

plant/soil concentration ratio, dimensionless 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

plant/soil concentration ratio, dimensionless 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

plant/soil concentration ratio, dimensionless 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
milk/livestock-intake ratio, (pCi/L)/(pCi/d) 

plant/soil concentration ratio, dimensionless 
beef/livestock-intake ratio, (pCi/kg)/(pCi/d) 
milk/livestock-intake ratio, (pCi/L)/(pCi/d)

a 

a 

$ 

a

a 

2

Th-230 
Th-230 
Th-230 

Th-232 
Th-232 
Th-232 

U-234 
U-234 
U-234 

U-235+D 
U-235÷D 
U-235+D 

U-238+D 
U-238÷D 
U-238+D

' Bioaccumulation factors, fresh water, L/kg: 
' Ac-227+D • fish 
2 Ac-227+D , crustacea and mollusks

fish 
crustacea

Pb-210+D , fish 
Pb-210+D , crustacea

and mollusks 

and mollusks

Ra-226+D , fish 
Ra-226+D , crustacea and mollusks 

Ra-228+D , fish 
Ra-228+D , crustacea and mollusks

fish 
crustacea and mollusks

1.000E-03 
1.000E-04 
5.OOOE-06 

1.OOOE-03 
1.000E-04 
5. 000E-06 

2.500E-03 
3.400E-04 
6.OOOE-04 

2.5001-03 
3.400E-04 
6.000E-04

3 

a 

3 

3 

3 

3 

3 

2

2.5001-03 s 
3.400E-04 3 
6.000E-04 a 

1.500E+01 8 
1.000E+03 3 

a 
1.000E÷01 2 

1.100E+02 3 
$

3.000E+02 
2 1.000E+02 

2 5.0001E01 
3 2.500E÷02 

5.0001E01 
2 2.500E+02 

2 1.000E÷02 
: 5.000E+02

2 
a 

a 

2 

$ 

a

1.000E-03 
1.000E-04 
5.000E-06 

1.000E-03 
1.000E-04 
5.000E-06 

2.500E-03 
3.400E-04 
6.000E-04 

2.5001-03 
3.400E-04 
6.000E-04

a 

a 

2 

2 

a 

a 

a

2.500E-03 3 
3.400E-04 a 
6.000E-04 2 

a 

1.5000E+1 S 
1.0001+03 a 

a

RTF( 7,1) 
RTF( 7,2) 
RTF( 7,3)

RTF( 8,1) 
RTF( 8,2) 
RTF( 8,3) 

RTF( 9,1) 
RTF( 9,2) 
RTF( 9,3) 

RTF (10,1) 
RTF(10,2) 
RTF(1 0,3) 

RTF (11,1) 
RTF (11,2) 
RTF (11,3) 

BIOFAC( 1,1) 
BIOFAC( 1,2)

1.000E+01 3 BIOFAC( 2,1) 
1.1001+02 3 BIOFAC( 2,2) 

3.000,E02 2 BIOFAC( 3,1) 
1.000E+02 3 BIOFAC( 3,2) 

a 

S.0001E01 2 BIOFAC( 4,1) 
2.500E+02 2 BIOFAC( 4,2) 

a

5.000E+01 
' 2.500E+02 

2 1.000N+02 
a 5.0001+02

a BIOFAC( 5,1) 
3 BIOFAC( 5,2) 

a BIOFAC( 6.1) 
a BIOFAC( 6,2)

D-34 
D-34 
D-34 
D-34 
D-34 
D-34 
D-34

a 
a 
2 

a 
a 
a 
2

a 

a 

$ 

2 

a 

a 

a 

a 

2

D-34 s 
D-34 3 
D-34 3 
D-34 • 
D-34 3 
D-34 a 
D-34 3 
D-34 • 
D-34 
D-34 a 
D-34 a 
D-34 a

a

* Pa-231 
2 Pa-231 
a

D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5 
D-5

a 
3 

3 a 

a 

a

3 Th-228+D 
8 Th-228+D 
3

I



D-5 Th-230 
D-5 Th-230 
D-5 
D-5 Th-232 
D-5 Th-232 
D-5 
D-5 U-234 
D-5 U-234 
D-5 
D-5 U-235+D 
D-5 U-235+D 
D-5

* fish 
, crustacea and mollusks 

fish 
, crustacea and mollusks 

* fish 
* crustacea and mollusks 

£ fish 
, crustacea and mollusks

1.000E+02 * 1.000E+02 3 BIOFAC( 7,1) 
3 5.000E+02 3 5.000E+02 3 BIOFAC( 7,2) 
a 31 3 

1.000E+02 2 1.000E+02 BIOFAC( 8,1) 
5.OOOE+02 3 5.000E+02 5 BIOFAC( 8.2) 

2 1.000E+01 3 1.00OE+01 3 BIOFAC( 9,1) 
6.000E+01 3 6.OOOE+01 2 BIOFAC( 9,2) 

1.000E+01 • 1.000E+01 2 BIOFAC(10,1) 
2 6.000E+01 • 6.000E+01 2 BIOFAC(10,2)

IRESRAD, Version 5.95 Te Limit - 0.5 year 
Summary : RESRAD Default Parameters

04/14/2000 10:50 Page 4 
File: RAREARTH.RAD

Dose Conversion Factor (and Related) Parameter Summary (continued) 
File: Default.LIB 

0 a Current 2 3 Parameter 
Menu 8 Parameter • Value a Default 3 Name 

D-5 2 U-238+D , fish 3 1.000E+01 3 1.000E+01 2 BIOFAC(11,1) 
D-5 • U-238+D , crustacea and mollusks 3 6.000E+01 2 6.000.+01 $ BIOPAC(11,2)

p. 5
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Site-Specific Parameter Summary 
0 a User a Used by RESRAD 8 Parameter 
Menu Parameter * Input 3 Default a (If different from user input) a Name

Area of contaminated zone (m**2) 
Thickness of contaminated zone (m) 
Length parallel to aquifer flow (m) 
Basic radiation dose limit (mrem/yr) 
Time since placement of material (yr)
Times 
Times 
Times 
Times 
Times 
Times 
Times 
Times 
Times

for 
for 
for 
for 
for 
for 
for 
for 
for

calculations 
calculations 
calculations 
calculations 
calculations 
calculations 
calculations 
calculations 
calculations

R012 Initial principal 
R012 Initial principal 
R012 Initial principal 
R012 Initial principal 
R012 Initial principal 
R012 Initial principal 
R012 a Concentration in 
R012 3 Concentration in 
R012 Concentration in 
R012 2 Concentration in 
R012 a Concentration in 
R012 3 Concentration in 

R013 Cover depth (m)

(yr) 
(yr) 
(yr) 
(yr) 
(yr) 
(yr) 
(yr) 
(yr) 
(yr)

radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 
radionuclide 

groundwater 
groundwater 
groundwater 
groundwater 
groundwater 
groundwater

(pCi/g) : 
(pCi/g) : 
(pCi/g) : 
(pCi/g) : 
(pCi/g) : 
(pCi/g) : 
(pCi/L) : 
(pCi/L) : 
(pCi/L) : 
(pCi/L) : 
(pCi/L) : 
(pCi/L) :

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238

Density of cover material (g/cm**3) 
Cover depth erosion rate (m/yr) 
Density of contaminated zone (g/cm**3) 
Contaminated zone erosion rate (m/yr) 
Contaminated zone total porosity 
Contaminated zone field capacity 
Contaminated zone hydraulic conductivity (m/yr) 
Contaminated zone b parameter 
Average annual wind speed (m/sec) 
Humidity in air (g/m**3) 
Evapotranspiration coefficient

R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011 
R011

L�

a 
3 

2 

a 
a

1.000E+04 
2.OOOE+00 
1. OOOE+02 
3.000+E01 
0.000E+00 
1.OOOE+00 
5.OOOE+00 

1.000E+01 
3.000E+01 
3.000E+02 
1. OOOE+03 
3.000E+03 
1.000E+04 
1.000+E05 

1.665E+02 
1.665E+02 

2 5.450E+01 
a 1.665E+02 
3 7.800E+00 
3 1.665E+02 
a not used 
a not used 
a not used 
a not used 
a not used 
3 not used 
a 

a 5.000o+00 
s 2.350E+00 
3 1.8303-06 
a 1.500E+00 
a 1.000E-03 
a 4.000E-01 
3 2.000E-01 
2 1.000E+01 
3 5.300E+00 
2 2.000E+00 
8 not used 
a 8.000E-01

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
3 

a 
a 
a

3 
3 
a 

3 
a 

3 
a 

2 

3 

3 
a 

a 

3

1.000E+04 
2. 000E+00 
1. 000E+02 
3.000E+01 
0.000E+00 
1.000E+00 
3.000E+00 
1. 000+E01 
3.000E+01 
1.000E+02 
3.000E+02 
1.OOOE+03 
0. 000÷+00 
0. 000E+00 

0. 000E+00 
0. 000E+00 
0. 000E+00 
0. 000E+00 
0. 000E+00 
0. 000E+00 
0. 000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0. 000E+00 
0. 000E+00 

0.000E+00 
1.500E+00 
1.000E-03 
1.500E+00 
1.000E-03 
4.000E-01 
2.000E-01 
1. 000E+01 
5.300E+00 
2. 000E+00 
8. 000E+00 
5.000E-01

a 

a

R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013 
R013

AREA 
THICKO 
LCZPAQ 
BRDL 
TI 
T( 2) 
T 3) 
T( 4) 
T( 5) 
T( 6) 
TC 7) 
T( 8) 
T 9) 
T(1O) 

Sl( 4) 
S1( 7) 
Sl( 8) 
Sl( 9) 
SIMlo) 
Si(li) 
Wl 4) 
W1 7) 
W1 8) 
Wi 9) 
Wi (10) 
W1 (11) 

COVERO 
DENSCV 
VCV 
DENSCZ 
VCZ 
TPCZ 
FCCZ 
HCCZ 
BCZ 
WIND 
HUMID 
EVAPTR



Precipitation (m/yr) 
Irrigation (m/yr) 
Irrigation mode 
Runoff coefficient 
Watershed area for nearby stream or pond (m**2) 
Accuracy for water/soil computations 

Density of saturated zone (g/cm**3) 
Saturated zone total porosity 
Saturated zone effective porosity 
Saturated zone field capacity

a 3.550E-01 
2 O.OOOE+00 
• overhead 
a 5.OOOE-01 
2 1.000E+06 
a 1.OOOE-03 

1 1.500E+00 
a 4.OOOE-01 
a 2.OOOE-01 
• 2.OOOE-01

a 
2 

a 

a 
a 

a 

a

1.OOOE+00 
2.OOOE-01 
overhead 3 
2.OOOE-01 
1.OOOE+06 
1.OOOE-03 

1.500E+00 
4.OOOE-01 
2.OOOE-01 
2.000E-01 3

R013 
R013 
R013 
R013 
R013 
R013 

R014 
R014 
R014 
R014

3 

1 
3 

a 

a

a P4ECIP 
I RI 
a IDITCH 
a RUNOFF 
3 WAREA 
8 EPS 

3 DENSAQ 
3 TPSZ 
2 EPSZ 
3 FCSZ

I
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Summary : RESRAD Default Parameters
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Site-Specific Parameter Summary (continued) 
0 S a User I S Used by RESRAD 4 Parameter 

Menu 3 Parameter . Input D Default $ (If different from user input) a Name

Saturated zone hydraulic conductivity (m/yr) 
Saturated zone hydraulic gradient 
Saturated zone b parameter 
Water table drop rate (m/yr) 
Well pump intake depth (m below water table) 
Model: Nondispersion (ND) or Mass-Balance (MB) 
Well pumping rate (m**3/yr)

Number 
Unsat.  
Unsat.  
Unsat.  
Unsat.  
Unsat.  
Unsat.  
Unsat.

of unsaturated zone strata
zone 
zone 
zone 
zone 
zone 
zone 
zone

1, 
1, 
1, 
1, 
1, 
1.  
1,

thickness (m) 
soil density (g/cm**3) 
total porosity 
effective porosity 
field capacity 
soil-specific b parameter 
hydraulic conductivity (m/yr)

R014 
R014 
R014 
R014 
R014 
R014 
R014 

R015 
R015 
R015 
R015 
R015 
R015 
R015 
R01S 

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016

3 

3 

3 

3 

3 

3 

3 

a

3 
a 
a 
3 

a 
3 

3 

a 
3 

3 

a 
3 

a 
3 

3
R016 ' Distribution coefficients for U-234 
R016 3 Contaminated zone (cm**3/g)

1.000E+02 
2.OOOE-02 
5.300E+00 
1.000E-03 
1. 000E+01 
ND 
2.500E+02 

1 
3. 000E+02 
2.350E+00 
4.OOOE-01 
6.000E-02 
2. 000-01 
5.300E+00 
1.000E-03 

7.000E÷01 
7.000E+01 
7.000E+01 
0.000E+00 
0.000E+00

6.000E+04 
6.000E+04 
6.000E+04

3 

a 
3 

3

1.OOOE+02 
2.000E-02 
5.300E+00 
1. OOOE-03 
1.000E+01 
ND 
2.500E+02

1 
3 4.000E+00 
8 1.500E+00 
2 4.000E-01 

2.000E-01 
2.000E-01 
5.300E+00 

3 1.000E+01

a 
3 

a 
3 

a 
3 

a 
3 

a 
3

0.000E+00 a 
O.0003E+00

6.000E+04 
6.000E+04 
6.0003+04 
0.OOOE+00 
0. 000E+00

3 
a 
3 

3 

a 
3 

3

7.0008+01 
7.000H+01 
7.000E+01 
0.000E+00 
0. 000E+00 

6.000E+04 
6.000H+04 
6.0008+04

3 

3 

3 

3 

a 

3 

3 

3 

3 

3J 

3.  

3 

$ 

a 

3

0.000E+00 3 
0.0003+00 a 

a 

3,

6.000H+04 
6.000E+04 
6.0003+04 
0.000E+00 
0. 000E+00

5.000E+01 2 5.000E+01

a 
3 

a 

3

3 

a 
a 
3 

3 

a 
3 

3 

3 

a 
3 

3 

a 
a 
3 

3 

a 
3 

3 

3 

3 

3 

3

1.686E-04 
not used

1.9723-07 
not used 

1.972E-07 
not used

a 
a 
3 

3 

a 
3 

3 

3 

3 

a 
3 

3 

a

HCSZ 
HGWT 
BSZ 
VWT 
DWIBWT 
MODEL 
UW 

NS 
H(1) 
DENSUZ (1) 
TPUZ (1) 
EPUZ (1) 
FCUZ (1) 
BUZ (1) 
HCUZ (1)

DCNUCC( 4) 
DCNUCU( 4,1) 
DCNUCS( 4) 
ALEACH( 4) 
SOLUBK( 4) 

DCNUCC( 7) 
DCNUCU( 7,1) 
DCNUCSC 7) 
ALEACH( 7) 
SOLUBK( 7)

DCNUCC( 
DCNUCU( 
DCRUCS( 
ALACH ( 
SOLUBK(

8) 
8.1) 
8) 
8) 
8)

3 DCNUCC( 9)

Distribution coefficients for Ra-226 
Contaminated zone (cm**3/g) 
Unsaturated zone I (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant 

Distribution coefficients for Th-230 
Contaminated zone (cm**3/g) 
Unsaturated zone I (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant 

Distribution coefficients for Th-232 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant

a 
a 
3 

3 

3 

a 
3 

a 
3 

3 

a 
a 
3 

3



Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant

3

R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016

5.OOOE+01 
5.OOOE+01 
0. 00OE+00 
0.000E+00 

S. OOOE+01 
5.OOOE+01 
5. 000E+01 
0. OOOE+00 
0.OOOE+00

3 

3 

3 

3 

3 

3 

3 

3 

3

5.OOOE+01 3 
5.OOOE+01 a 
O.OOOE+00 O 
0.000OE+00 a 

3 

5.OOOE+01 
5.OOOE+01 
5.OOOE+01 ' 

O.OOOE+00 .  
0.OOOE+00 a

2.358E-04 
not used

3 

3 

3 

3 

3 

3 

I 

3 

3 

3 

3

DCNUCU( 9,1) 
DCNUCS( 9) 
ALEACH( 9) 
SOLUBK( 9) 

DCNUCC(10) 
DCNUCU(10,1) 
DCNUCS(10) 
ALEACH(10) 

3 SOLUBK(10)

Distribution coefficients for U-235 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant

2.358E-04 
not used

p. 9

q
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Site-Specific Parameter Summary (continued) 
0 a 3 User I a Used by RESRAD ' Parameter 

Menu 3 Parameter 1 Input S Default 3 (If different from user input) ' Name

Distribution coefficients for U-238 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016 
R016 

R016 
R016 
R016 
R016 
R016

Distribution coefficients for daughter Pb-210 
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 Ra-228 
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 Th-228 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr)

3 

3

a 
3 
3 
3 
3 

3 
a 
3 
3 

3 

3 

3 

3 
3 

a 

a 

a 

a 

a 

a 

a 

al 

$ 

a

5.OOOE+01 
5.OOOE+01 
5.000E+01 
0.000+E00 
0.000E+00 

2.000E+01 
2.000E+01 
2.OOOE+01 
0.000E+00 
0.000E+00 

5.000E+01 
5.000E+01 
5.000E+01 
0.000E+00 
0.O000+00 

1.000E+02 
1.000E+02 
1. 000E+02 
0.000E+00 
0. 000,+00 

7.000E+01 
7.000E+01 
7.000E+01 
0.OOOE+00 
0.O00E+00 

6.000E+04 
6.OOOE+04 
6.000E+04 
0.000E+00

3 
a

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
5 

a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
S 

a 
a 
a 

a

7. 000E+01 
7.000E+01 
7. 000E+01 
0.000E+00 
0. 000E+00 

6. 000E+04 
6.000E+04 
6. 000E+04 
0. 000E÷00

a 
a 
a 

a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a 
a

5.000+E01 
5.000E+01 
5.000E+01 
0.000E+00 
0.000E+00 

2.000E+01 
2.000E+01 
2.000E+01 
0.000E+00 
0. OOOE+00 

5.000E+01 
5.000H+01 
5.000E+01 
0.000E+00 
0.0003+00 

1.OOOE+02 
1.000E+02 
1.OOOE+02 
0.OOOE+00 
0.000E+00

3 
3 

3

2.358E-04 
not used 

5.865E-04 
not used 

2.3583-04 
not used 

1.1813-04 
not used 

1.686E-04 
not used 

1.972E-07

DCNUCC(11) 
DCHUCU(11,1) 
DCNUCS (11) 
ALEACH (11) 
SOLUBK(11)

a 

a 

a 

a 

a 

a 

a 

a 

a 

a 

a

1) 

2,1) 
2) 
1) 

2) 
2) 

3,1) 

2) 
2) 
2) 

3) 
3,1) 
3) 
3) 
3) 

5) 
5,1) 

5) 
5) 

5) 

6) 
6,1) 
6) 
6)

DCNUCC( 
DCNUCU( 
DCNUCS( 
ALEACH ( 
SOLUBK( 

DCNUCC( 
DCNUCU( 
DCNUCS( 
ALEACH( 
SOLUBK( 

DCNUCC( 
DCUCU( 
DCNUCS( 
ALEACH( 
SOLUBK( 

DCNUCC( 
DCNUCU( 
DCNUCS( 
ALEACH( 
SOLUBK( 

DCNUCC( 
DCNUCU( 
DCNUCS( 
ALEACH(

# i

Distribution coefficients for daughter Ac-227 
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 Pa-231 
Contaminated zone (cm**3/g) 
Unsaturated zone 1 (cm**3/g) 
Saturated zone (cm**3/g) 
Leach rate (/yr) 
Solubility constant

p. 10



R016 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 site) 
Shape factor flag, external gamma

O.OOOE+O0 O.OOOE+O0 
3 *3 

* 8.400E+03' 8.400E+03 
3 1.OOOE-04 3 1.000E-04 
I 3.OOOE+01 3 3.OOOE+01 
3 4.OOOE-01 A 4.OOOE-01 
I 7.OOOE-01 3 7.OOOE-01 3 
3 5.OOOE-01 I 5.OOOE-01 
1 2.500E-01 3 2.SOOE-01 
I 1.OOOE+00 I 1.OOOE+÷00

not used 

>0 shows circular AREA.

SOLUBK( 6) 

INHALR 
MLINH 
ED 

3 SHF3 
SHF1 

$-FIND 

sFOTD 
aFS

3 

3 

3 

3 

3 

3 

3

R017 
R017 
R017 
R017 
R017 
R017 
R017 
R017

p. 11

# 4
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Site-Specific Parameter Summary (continued) 
0 a User 3 2 Used by RESRAD S Parameter 
Menu 3 Parameter a Input 3 Default 3 (If different from user input) 3 Name

R017 Radii of shape factor array 
R017 Outer annular radius (m), 
R017 Outer annular radius (m), 
R017 Outer annular radius (m), 
R017 3 Outer annular radius (m), 
R017 3 Outer annular radius (m), 
R017 Outer annular radius (m).  
R017 Outer annular radius (m), 
R017 Outer annular radius Wm), 
R017 Outer annular radius (m), 
R017 2 outer annular radius (m), 
R017 3 Outer annular radius (m), 
R017 Outer annular radius (m),

R017 
R017 
R017 
R017 
R017 
R017 
R017 
R01? 
R017 
R017 
R017 
R017 
R017 

R018 
R018 
R018 
R018 
R018 
R018 
R018 
R018 
R018 
R018 
R018 
R018

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

(used if FS - -1):
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring 
ring

1: 
2: 
3: 
4: 
5: 
6: 
7: 
8: 
9: 

10: 
11: 
12:

of annular areas within AREA:

Fruits, vegetables and grain consumption (kg/yr) 
Leafy vegetable consumption (kg/yr) 
Milk consumption (L/yr) 
Meat and poultry consumption (kg/yr) 
Fish consumption (kg/yr) 
Other seafood consumption (kg/yr) 
Soil ingestion rate (g/yr) 
Drinking water intake (L/yr) 
Contamination fraction of drinking water 
Contamination fraction of household water 
Contamination fraction of livestock water 
Contamination fraction of irrigation water

2 

3 

a 
2 
3 

3 

a 
3 

a 
3 

2 

2 

3 

3 

a 
2 

2 

2, 

2 

2 

a 

a 

2 

a 

2 

2 

a 

a 

2, 

a 

2t 

2 

a 

2 

2 

2 

2 

2 

2

not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 

not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not 
not

used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 

used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used 
used

a 
2 

2 

2 

a 
3 
3 

-2 

2 

2J 

al 

2 

2 

2J 

2

1.600E+02 
1.400E+01 
9.2005+01 
6.300E+01 
5.400E+00 
9.000E-01 
3.650E+01 
5.100E+02 
1.0005+00 
1.OOOE+00 
1.000H+00 
1.000E+00

5. OOOE+01 
7.071E+01 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0.OOOE+00 
0.0O0E+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 

1. OOOE+00 
2.732E-01 
0. 000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000+E00 
0.OOOE+00 
0.000E+00 
0. OOOE+00 
0.000E+00 
0.000E+00 

1.600E+02 
1.400E+01 
9.2008+01 
6.300E+01 
5.400E+00 
9.000E-0l 
3.650E+01 
5.100E+02 
1.0009+00 
1.OOOE+00 
1.OOOE+00 
1.0005+00

a 

aJ 

a 

2 

2 

2 

2 

2 

a 

a 

2 

2 

a 

a 

2 

aJ 

a 

2 

2 

a 

2 

a 

a 

a 

2 

2 

a 

a 

:I 

a 

a

3 

3 

3 

a 

2 

3 

a 

3 

2 

2 

a 

3 

3 

a 

a 

a 

a 

a 

a

RAD SHAPE( 1) 
RADSHAPE C2) 
RADSHAPE ( 3) 
RAD SHAPE ( 4) 
RADSHAPE( 5) 
RADSHAPEC 6) 
RAD_SHAPE( 7) 
RADSHAPE( 8) 
RAD SHAPE( 9) 
RADSHAPE (10) 
RADSHAPE (11) 
RAD SHAPE (12)

FRACA 1) 
FRACA 2) 
FRACA 3) 
FRACA 4) 
FRACAC 5) 
FRACAC 6) 
FRACAC 7) 
PRACAC 8) 
FRACAC 9) 
FRACA(10) 
FRACA (U1) 
FRACA (12) 

DIET(l) 
DIET (2) 
DIET(3) 
DIET(4) 
DIET(5) 
DIET(6) 
SOIL 
DWI 
FDW 
FHHW 
FLW 
FIRW

p. 12



Contamination fraction of aquatic food 
Contamination fraction of plant food 
Contamination fraction of meat 
Contamination fractionof milk 

Livestock fodder intake for meat (kg/day) 
Livestock fodder intake for milk (kg/day) 
Livestock water intake for meat (L/day) 
Livestock water intake for milk (L/day) 
Livestock soil intake (kg/day) 
Mass loading for foliar deposition (g/m**3)

I 5.000E-01 O 5.000E-01 
3_1 3-1

R018 
R018 
RO18 
R018 

R019 
R019 
R019 
R019 
R019 
R019

3 

3

a 
6.800E+01 3 
5.500E+01 a 
5.000E÷01 
1.600E+02 
5.OOOE-01 
1.OOOE-04

6.800E+01 
5.500E+01 
5.OOOE+01 

3.1.600E+02 
3 5.OOOE-01 
3 1.OOOE-04

2 

a 
a 
a 
a 
a

0.500E+00 
0. 500E+00 
O.S00E÷00

3 

a 
2

I FR9
FPLANT 
FMEAT 
FMILK

a LFI5 
2 LFI6 
a LWI5 

SLWI6 
' LSI 
s MLFD

p. 13

3-1
3-1
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Site-Specific Parameter Summary (continued) 
0 3 * User a 

Menu • Parameter ' Input 3 Default a (If
Used by RESRAD 3 Parameter 

different from user input) 3 Name

R019 
R019 
R019 
R019 
R019 
R019 

R19B 
R19B 
R19B 
R19B 
R19B 
R19B 
R19B 
R29B 
R19B 
R19B 
R19B 
R19B 
R19B 
R19B 
R19B 
R19B 

C14 
C14 
C14 
C14 
C14 
C14 
C14 
C14 
C14 

STOR 
STOR 
STOR 
STOR 
STOR 
STOR

1.500E-01 
9.000E-01 
1.,000E+00 
1. OOOE+00 
1.000E+00 
1.000E+00 

7.000E-01 
1.500E+00 
1.100E+00 
1.700E-01 
2.500E-01 
8. OOOE-02 
1.000E-01 
1.000E÷00 
1.000E+00 
2.500E-01 
2.500E-01 
2.500E-01 
2.500E-01 
2.500E-01 
2.500E-01 
2.000E÷01

Depth of soil mixing layer (m) 
Depth of roots (m) 
Drinking water fraction from ground water 
Household water fraction from ground water 
Livestock water fraction from ground water 
Irrigation fraction from ground water 

Wet weight crop yield for Non-Leafy (kg/m**2) 
Wet weight crop yield for Leafy (kg/m**2) 
Wet weight crop yield for Fodder (kg/m**2) 
Growing Season for Non-Leafy (years) 
Growing Season for Leafy (years) 
Growing Season for Fodder (years) 
Translocation Factor for Non-Leafy 
Translocation Factor for Leafy 
Translocation Factor for Fodder 
Dry Foliar Interception Fraction for Non-Leafy 
Dry Foliar Interception Fraction for Leafy 
Dry Foliar Interception Fraction for Fodder 
Wet Follar Interception Fraction for Non-Leafy 
Wet Foliar Interception Fraction for Leafy 
Wet Foliar Interception Fraction for Fodder 
Weathering Removal Constant for Vegetation 

C-12 concentration in water (g/om**3) 
C-12 concentration in contaminated soil (g/g) 
Fraction of vegetation carbon from soil 
Fraction of vegetation carbon from air 
C-14 evasion layer thickness in soil (m) 
C-14 evasion flux rate from soil (1/sec) 
C-12 evasion flux rate from soil (1/sec) 
Fraction of grain in beef cattle feed 
Fraction of grain in milk cow feed 

Storage times of contaminated foodstuffs (days): 
Fruits, non-leafy vegetables, and grain 
Leafy vegetables 
Milk 
Meat and poultry 
Fish

used 
used 
used 
used 
used 
used 
used 
used 
used

1.400E+01 
1. 000E+00 
1.000E+00 
2.000E+01 
7.000E+00

a 
a 
a 
a 

a 
a

1.500E-01 
9.000E-01 
1.000E÷00 
1.000E+00 
1.000.E00 
1.000E+00 

7.000E-01 
1.500E+00 
1.100E+00 
1.700E-01 
2.500E-01 
8.000E-02 
1.0001-01 
1.000E+00 
1.000E+00 
2.500E-01 
2.500E-01 
2. 500-01 
2.500E-01 
2.500E-01 
2.500E-01 
2.000+E01

2.000E-05 
a 3.000E-02 
a 2.000E-02 
a 9.8001-01 
a 3.000E-01 
a 7.000E-07 

S 1.000E-10 
a8.000E-01 
2.000E-01

a 
a

1.400E+01 
1.000E+00 
1.000E+00 
2.000E+01 
7. 000E+00

#

not 
not 
not 
not 
not 
not 
not 
not 
not

a 
a 
a 
a 
a 
a 
a

a 
a 
a 
a 
a 
a

DM 
DROOT 
FGWDW 
FGWHH 
FGWLW 
FGWIR 

YV (1) 
YV(2) 
YV (3) 
TE (1) 
TE (2) 
TE (3) 
TIV (1) 
TIV(2) 
TIV(3) 
RDRY (1) 
RDRY (2) 
RDRY (3) 
RWU (1) 
RWET (2) 
RWET (3) 
WLAM 

C12WTR 
C12CZ 
CSOIL 
CAIR 
DMC 
EVSN 
REVSN 
AVFG4 
AVFGS 

STOR_T (1) 
STOR_T (2) 
STOR_T (3) 
STOR_T (4) 
STOR_T(5)

a 
a 
a 
a 
a

I 1 11 , 1, 1, 1, 1, , , , , I I i 11 i I j I



Crustacea and mollusks 
Well water 
Surface water 
Livestock fodder

7.OOOE+00 
1.OOOE+O0 

3 1.OOOE+00 
3 4.500R+01

STOR 
STOR 
STOR 
STOR 

R021 
R021 
R021 
R021 
R021 
R021

3 

3 

3

1.500E-01 
2.400E+00 
4.270E-01 
1.000E-01 
4.18OE-01 
3.OOOE-02

a 

3 

3 

3 

3 

3

7.000E+00 3 

1.OOOE÷00 
1.OOOE+00 
4.500E+01 3 

1.500E-01 
2.400E+00 3 

4.000E-01 3 

1.OOOE-01 
5.000E-02 
3.OOOE-02 3

Thickness of building foundation (m) 
Bulk density of building foundation (g/cm**3) 
Total porosity of the cover material 
Total porosity of the building foundation 
Volumetric water content of the cover material 
Volumetric water content of the foundation

3 

3 

3 

3 

3 

3

STOR T(6) 
STOR T(7) 
STORT(a) 
sToRTT(9)

FLOOR1 
DENSFL 
TPCV 
TPFL 

3 PH2OCV 
PH2OFL
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Site-Specific Parameter Summary (continued) 
0 2 2 User a 3 Used by RESRAD 2 Parameter 

Menu 3 Parameter 0 Input , Default I (If different from user input) 3 Name

Diffusion coefficient for radon gas (m/sec): 
in cover material 
in foundation material 
in contaminated zone soil 

Radon vertical dimension of mixing (i) 
Average building air exchange rate (1/hr) 
Height of the building (room) (i) 
Building interior area factor 
Building depth below ground surface Wm) 
Emanating power of Rn-222 gas 
Emanating power of Rn-220 gas

2 

2-1.000E+00 
3 3.000E-07 
2 2.OOOE-06 
2 2.OOOE+00 
3 5.000E-01 
3 2.500E+00 
3 0.000E+00 
$-2.000E+00 
2 2.500E-01 
3 1.500E-01 
2

2 2 

2 2.000E-06 2 

3 3.000E-07 I 
22.000-E06 2 

2 2.0001E00 2 

2 5.000E-01 2 

s 2.500E÷00 3 

3 0.000E+00 2 

21001.g.O00 2 
3 2.500E-01 2 

a 1.500E-01 2

1.943E-09 2 DIFCV 
- DIFFL 

- DIFCZ 
-HMIX 
3 REXG 
I HRM 

code computed (time dependent) 3 FAI 
code computed (time dependent) 2 DMFL 

- EMANA(1) 
- EMANA(2)

TITL Number of graphical time points * 32 --- --- a NPTS 
TITL I Maximum number of integration points for dose S 17 3 --- 2 --- ' LYMAX 
TITL 3 Maximum number of integration points for risk 3 257 3 --- 2 --- a KYMAX 

Summary of Pathway Selections 

Pathway 2 User Selection

1-- external gamma 1 
2 -- inhalation (w/o radon)P

active 
active

3 -- plant ingestion 2 active 
4 -- meat ingestion 2 active 
5 -- milk ingestion 2 active 
6 -- aquatic foods 2 active 
7 -- drinking water active 
8 -- soil ingestion 2 active 
9 -- radon 2 active 
Find peak pathway doses 2 active

p. 16

R021 
R021 
R021 
R021 
R021 
R021 
R021 
R021 
R021 
R021 
R021

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2

% 
# •



1RESRAD, Version 5.95 Tc Limit = 0.5 year 
Summary : RESRAD Default Parameters 

Contaminated Zone Dimensions 

Area: 10000.00 square meters 
Thickness: 2.00 meters 

Cover Depth: 5.00 meters

04/14/2000 10:50 Page 11 
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Initial Soil Concentrations, pCi/g 

Ra-226 1.665E+02 
Th-230 1.665E+02 
Th-232 S.450E+01 
U-234 1.665E+02 
U-235 7.800E+00 
U-238 1.665E+02

Total Dose TDOSE(t), mrem/yr 

Basic Radiation Dose Limit - 30 mrem/yr 
Total Mixture Sum M(t) - Fraction of Basic Dose Limit Received at Time (t) 

t (years): 0.000E+00 1.000E+00 5.000E+00 1.000E+01 3.000E÷01 3.000+E02 1.OOOE+03 3.000E+03 
TDOSE(t): 0.OOOE+00 0.000E+00 0.000E+00 0.000E+00 0.000E÷00 0.000+E00 0.000E÷00 0.000E+00 

M(t): 0.00DE+00 0.OOOE÷00 0.000E+00 0.000E+00 0.OOOE+00 0.OOOE+00 0.000E+00 0.000E÷00 

OMaximum TDOSE(t): 0.000E+00 mrem/yr at t - 0.000E+00 years

1.000E+04 
0.000E÷00 
0.000E+00

1.0003E05 
0.00DE÷00 
0.OOOE+00

t.,

4 4'
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Summary : RESRAD Default Parameters
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Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 0.OOOE+00 years 

Water Independent Pathways (Inhalation excludes radon)

0 Ground 
Radio- M
Nuclide 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
fff Iff 

Total

mrem/yr 
A~AAMMA 
0.OOOE+00 
O.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0. OOOE+00 
If I ffIfff 
O.OOOE+00

fract.  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ffo100 
0. 0000

Inhalation 
MMAW+ A

mrem/yr 

0.OOOE+00 
0.OOOE+00 
0.000E+00 
0.OOOE+00 

0.OOOE+00 
0.OOOE+00 
11ffIff I I 
0.OOOE+00

fract.  
AA0A0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
111fff 
0.0000

Radon 

mrem/yr fract.  
7AAiAAA AAAW
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.000+Off 
0.OOOE+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000

Plant 
iJiiiJflJUAM

fract.  
I'll" 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
fffff0 
0. 0000

mrem/yr 

0. OOOE+00 
0.OOOE+00 
0. OOOE+00 
0.OOOE+00 
0.000E+00 
0.OOOE+00 
0ffffff+0 
0.OOOE+00

Meat

mrem/yr 

0.000E+00 
0.OOOE+00 
0.000E+00 
0. OOOE+00 
0.000E+00 
0.OOOE+00 
flflfffllf 
0.OOOE+00

fract.  

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Pathways (p)

Milk MJkkkWAUA U
mrem/yr 
AAAAAAM 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0. OOOE+00 
O.OOOE+00 
0. OOOE+00 

0.OOOE+00

fract.  

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Soil 

mrem/yr fract.  

0.000E+00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 

0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
fffffffft fiffff 
0.OOOE+00 0.0000

Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 0.OOOE+00 years 

Water Dependent Pathways

Water 

mrem/yr fract.  
"IA"'i' AA

Fish 
iliAiAiAiA
mrem/yr 

0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0. 000E+00 
0. OOOE+00 
0. OOOE+00 
If ff1fff 
0.000E+00

fract.  
"0.00' 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000
independent and dependent

Radon 

mrem/yr fract.

0.000E÷e00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.000E+00 
lfffffIff I 
0.OOOE+00 
pathways.

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0110 
0.0000

Plant Meat MWAAAWAM J kJ U UJJJA
fract.  
0.0" 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 
111111 
0.0000

mrem/yr 

0. OOOE+00 
0.OOOE+00 
O.000E.+00 
0.000E+00 
0.OOOE+00 
0.000E+00 
I1111111 
0O.0E+00

mrem/yr 
AAiAiiAiI 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
fff111fff 
0.OOOE+00

fract.  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0ff0 
0. 0000

Pathways (p)

Milk 

mrem/yr fract.  
AAAMMAiAA=A 

0.000E+00 0.0000.  
O.000E+00 0.0000.  
0.OOOE+00 0.0000 
O.OOOE+00 0.0000 
0.000E+00 0.0000 
0.000+E00 0.0000 
0.OOOEi-00 0.0000 
IfIIlIflff f1flf 
0.OOOE+00 0.0000

All Pathways* 

mrem/yr fract.  

0.000E+.00 0.0000 
O.OOOE+00 0.0000 

0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.000H+00 0.o000 
0.000E+O0 0.0000 

0.000E+O0 0.0000

tuw 

4 4,

0 
Radio
Nuclide 
~AUAAM 
Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
fffIfIf 

Total 
0*Sum of

0.OOOE+00 
0.O00E+00 
0.OOOE+00 
0.OOOE+00 
0.000E+00 
0.000E+00 
lffffffffI 
0.000E+00 
all water

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 

ff0.00 
0. 0000



IRESRAD, Version 5.95 Ta Limit = 0.5 year 
Summary : RESRAD Default Parameters

0 
0 
Radio
Nuclide 
AA~AA 
Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 

Total
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Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 1.000E+00 years 

Water Independent Pathways (Inhalation excludes radon)
Ground 

mrem/yr fract.  
MAW-UNUAA ii
0.000E+00 
0.OOOE+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E÷00 
0.000Eff! 
0.0003,00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Inhalation AJA•AAAAAAWA
mrem/yr 

O.OOOE+00 
O.O00E+O0 

O.000E÷00 
0.000E+00 
0.OOOE+00 
0.000E+00 
O.ff0f00+ 
0.0003.00

fract.  
0A.0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0. 0000

Radon 

mrem/yr fract.  
AAAUAAM A•AM
0.OOOE+00 
O.000E+00 
0.OOOE+00 
0.OOOE÷00 
0.000E+00 
0.000E÷00 

0.0000E+0

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ff0.f0 
0. 0000

Plant 
iiAMWiJAjAAAA
mrem/yr 

AAAAAAAUA 
0.OOOE+00 
0. O00E+00 
0.OOOE+00 
0.000E+00 
0.OOOE+00 
0.000E+00 
•ffffff! 
O.O00E+00

fract.  
AAA.00 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
f1fff! 
0. 0000

Pathways (p)

Meat Milk AAAAAAAWAAMU kUJJJJJJAAAAAA•
mrem/yr 

O.O00E+O00 
0.000E+00 
0.000E+00 
0.O00E+00 
0. 0000E+0 
0.000E+00 

0. O00E+00

fract.  
AAA000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ffffff 
0. 0000

mrem/yr 
AkAAAMAAA 
0.OOOE÷00 
0.OOOE÷00 
0..000E+00 
0.000E+00 
0.000E+00 

0.O00E+00 

0.000E+00

fract.  
00M0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Soil 

mrem/yr fract.  

0.OOOBO0 0.0000 
0.OOOE+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 

O.O00E+O0 0.0000

Water tAkkUAUAA• 
mrem/yr fract 

MA•U•UA MM
0. 000E+00 
0.000E÷00 
0. O00E+00 
0.000E+00 
0. OOOE.00 
0. 000E+00 
0.000E+00 

0.000E+00 
all water

0.001 
0.001 
0.001 
0.004 
0.004 
0.004 

0.004

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 1.000E+00 years 

Water Dependent Pathways 
Fish Radon Plant Meat 

mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  
~A AAAAAUL AAAMA MAAAAAAA AAAM AAJAAJUMA AAAMA JAAAAUMA AAAAA 

00 0.000E+00 0.0000 0.000E+00 0.0000 0.O00E+00 0.0000 0.O00E+00 0.0000 
00 0.0000+O0 0.0000 O.000E+00 0.0000 0.000H+00 0.0000 0.000H+00 0.0000 
00 0.000E+00 0.0000 O.O00E+00 0.0000 O.O00E+00 0.0000 0.000E+00 0.0000 
00 O.O00E+00 0.0000 0.O00E+00 0.0000 O.O00E+00 0.0000 0.O00E+00 0.0000 
00 0.000E+O0 0.0000 0.000,E00 0.0000 0.OOOE+00 0.0000 O.0000E+0 0.0000 
00 O.000E+00 0.0000 O.O00E+00 0.0000 O.O00E+00 0.0000 0.000H+00 0.0000 

00 0.000H+00 0.0000 O.000E+00 0.0000 0.OOOE+00 0.0000 O.0000E+0 0.0000
independent and dependent pathways.

Pathways (p)

Milk 
IIIIIKXIIIIIRXM
mrem/yr 

0.OOOE+00 
0.OOOE+00 
0.O000E00 
0.000E+00 
0. OOOE÷00 
O.0000E+0 

0.000E+00

fract.  
0AM0 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

All Pathways* 

mrem/yr fract.  
AMMAAAAW AAiM 
0.O00E+00 0.0000 
O.000E+O0 0.0000 
0.000E÷00 0.0000 
O.000E+O0 0.0000 
0.0003+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000

0 
Radio
Nuclide 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
fffffff 
Total 

O'Sum of

•' 4'•
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Ground 
Radio- SIIIIIIIIIII 
Nuclide mrem/yr fract 

UA AMU AM 
Ra-226 0.000E+00 0.00( 
Th-230 0.000+E00 0.00( 
Th-232 0.000+E00 0.00' 
U-234 0.000E+00 0.00' 
U-235 0.OOOE+00 0.00 
U-238 0.0003+00 0.00 

Total 0.000E+00 0.00

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 5.000E+00 years 

Water Independent Pathways (Inhalation excludes radon) 
Inhalation Radon Plant Meat W AA WUAAMU AM AJJJJJJW JAMNAWAJJJJ AAAMUMMAUM 

t. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  
AAAAA A UAA AAiAM AAA AAA JJAAW MAW JAAAA AAA

0o 
oo 

00 
00 
00 
00 
ff 
00

0. O00E+00 
0. 000E+00 
0. 000E+00 
0. 000E+00 
0. O00E+00 
0. 000E+00 

0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000

0.000E+00 
0.000+E00 
0. 0003+00 
0. 000E+00 
0.000E+00 
O.000E+00 

0. 000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000

0. 000E+00 
0. 000E+00 
0. 000E+00 
0. 000E+00 
0. 000E+00 
0. 000+E00 

0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000

0. 000E+00 
0. 000E+00 
0.0003E00 
0. 000E+00 
0. 000E+00 
0.000E+00 

0.0003.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0f.000 
0. 0000

Pathways (p)

Milk SUAAAAUA UJAM
mrem/yr 

0. 000E+O00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 

0.000E+00

fract.  
AAA000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
iff!ff 
0. 0000

Soil 

mrem/yr fract.  

0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.0003E00 0.0000 
0.000+00 0.0000 

0.000E+00 0.0000

Water 
iiA AKZ A.Ki 
mrem/yr fract AAAM LamJ

0.000E+00 
0.0000E+0 
0. 000E+00 
0. 000E+00 
0. 000E+00 

0.000E+00 

all water

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (M) and 
An mrem/yr and Fraction of Total Dose At t = 5.000E300 years 

Water Dependent Pathways 
Fish Radon Plant Meat

mrem/yr 
tAAAAAA 

O.O00E+00 
0.000E+00 
0.O00E+00 
0.000E+00 
0.OOOE+00 
0.000E+00 

O.OOOE+00

fract.  
ANAAM 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000

independent and dependent

mrem/yr 

0.000E+00 
0.000E+00 
0.000E+00 
0. 000E+00 
0.000E+00 

0.000E+00 

pathways.

fract.  
AoAA 
0.0000 
0.0000 
0.*0000 
0.0000 
0.0000 
0.0000 

0. 0000

mrem/yr 

0.0003+00 
0.000+E00 
0.000E+00 
0.000E÷00 
0.000E+00 
0.000E+00 

0.000E+00

fract.  
0A.AA0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0. 0000

mrem/yr fract.  
AAAAAIM AiA

0. 000E+00 
0. O00E+00 
0. O00E+00 
0. 000E+00 
0.000E÷00 
0. 000E+00 

0.000E+00

0.o0000 
0.*0000 
0.0000 
0.0000 
0.0000 
0.0000 
f0.000 
0. 0000

Pathways (p)

Milk AAAAAAAAAAAA M
mrem/yr 

0.000H+00 
O.O00E+00 

0.000E÷00 
0.000E+00 
0.000E+00 
0.000E+00 
fiffifff i 
0. 0003+00

fract.  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0. 0000,

All Pathways* 

mrem/yr fract.  UJAAAUA A " 
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 
0.000+E00 0.0000 

0.000E+00 0.0000

0 
Radio
Nuclide 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 

Total 
0*Sum of

p. 2 0

w S••

t .
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Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 1.000E+01 years Water Independent Pathways (Inhalation excludes radon)

0 Ground 
Radio- A 
Nuclide mrem/yr fract.  
"""'UMUA AUAA 
Ra-226 0.OOOE+00 0.0000 
Th-230 0.OOOE+00 0.0000 
Th-232 0.OOOE+00 0.0000 
U-234 0.OOOE+00 0.0000 
U-235 0.OOOE+00 0.0000 
U-238 0.OOOE+00 0.0000 

Total 0.OOOE+00 0.0000

Inhalation 
A AKIK6IIIRIA W 
mrem/yr fract.  

"'AA""AA A•XAI 
0.OOOE+00 0.0000 
O.OOOE+00 0.0000 
O.OOOE+00 0.0000 
0.OOOE,00 0.0000 
0.OOOE+00 0.0000 
O.OOOE+00 0.0000 

0.OOOE+00 0.0000

Radon 
IAXIU XX IIXX
mrem/yr 

0.OOOE+00 
O.OOOE+00 
0.OOOE+00 
0. OOOE+00 
O.OOOE+00 
0.OOOE+00 

0.OOOE+00

fract.  

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Plant Meat Milk SUJ UAUAAU U AAAAMAAMjJJJ AAAAMJAUA A
mrem/yr WAAAAAA 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0. OOOE+00 
0.OOOE+00 

O.OOOE+00

fract.  
AAAA 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.o0000 
ttittt 
0.0000

mrem/yr 
~AAAKWU 
0.OOOE+00 
0. OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0. OOOE+00 

0.0005+00

fract.  
A000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

mrem/yr 
AAUAA•W 
O.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.000E+00 
0.OOOE+00 
0.000E+00 
tittititi 
O.OOOE+00

fract.  
0A0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Soil 

mrem/yr fract.  

0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
O.000E+00 0.0000 
O.OOOE÷00 0.0000 
0.OOOE÷00 0.0000 

O.OOO+00 0.0000

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.OOOE+01 years 

Water Dependent Pathways
Water 

Radio- IXXIJA IXXI
Fish 

mrem/yr fract.  
AAAAAM AAAW

Radon 

mrem/yr fract.  MUM= AAA
0.000E+00 
0.000.E+00 
0. 000E+00 
0.000E+00 
0.000E+00 
0.O00E+00 

0.000E+00
all water independent and dependent pathways.

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
fffttf 
0.0000

Plant 

mrem/yr fract.  

0.000E+00 0.0000 
O.000E+00 0.0000 
0.O00E+00 0.0000 
0.O00E+00 0.0000 
0.000E+00 0.0000 
0.000".00 0.0000 

O.O00E+00 0.0000

Meat 
IXAIAIXXAMUX

mrem/yr 

0.0000E+0 
0.000E+00 
0.000E+00 
0.O00E+00 
0.000E+00 
0.000E+00 
tin00E+00 
0.0005.00

fract.  
AAA0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Milk 

mrem/yr fract.  AAWAM A A 
0.000E+00 0.0000 
O.000E+00 0.0000 
0.000E+00 0.0000 
0.000.E00 0.0000 
0.OOOE+00 0.0000 
O.O00E+00 0.0000 

0.O00E+O0 0.0000

All Pathways* 
AIAIIUA AUA"M 

mrem/yr fract.  
AAliAA AA~AA 
O.000E+00 0.0000 
0.000E+00 0.0000 
0.000E÷00 0.0000 
0.000E+00 0.0000 
0.0005+00 0.0000 
0.000E+00 0.0000 

O.O000E00 0.0000

A

Pathways (p)

Nuclide 
A1A1 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
ffttttt 
Total 

0*Sum of

mrem/yr 

0. 000E+00 
O.000+O00 
0.000E+00 
0. 0000E+0 
0.0000E+0 
0.000E+00 

0.O00E+00

fract.  
0AA0 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

0. 000E+00 
0.000E+00 
0.OOOE+00 
0. 000E+00 
0.000E+00 
0.000E+00 
0.t00i+it 
0. 0005.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
it til 
0.0000
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0 Ground 
Radio- AiiiIAiiiRIIIM 
Nuclide mrem/yr fract.  

Ra-226 0.OOOE+00 0.0000 
Th-230 0.OOOE+00 0.0000 
Th-232 0.OOOE+00 0.0000 
U-234 0.OOOE+00 0.0000 
U-235 0.OOOE+00 0.0000 
U-238 0.OOOE+00 0.0000 
fff•ffi ffffffff• 1 !ffff 
Total 0.OOOE+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 3.OOOE+01 years 

Water Independent Pathways (Inhalation excludes radon)
Inhalation 

mrem/yr fract.  AAAAL •uJA
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 000 
0.0000

0.000E+00 
0.000E+00 
0.000-E+00 
0.000E+00 
0.000E+00 
0.OOOE+00 
fflffflfff 
0.O00E+00

Radon 

mrem/yr fract.  AUMALM3 A•U•A
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1ff1ff 
0.0000

0. OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.000E+00 
0. OOOE+00 
Ifff I fff I 
0.000E+00

Plant 

mrem/yr fract.  UAUAAAA •U•AW
0.000.E00 
0. 000E+00 
0.000E+00 
0. 000E+00 
0. 000E+00 
0. 000E+00 

0.OOOE+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ffffff 
0.0000

Meat 

mrem/yr fract.  
AmA W AAA"
0.000.E00 
0. OOOE÷00 
0.OOOE+00 
0.000E+00 
0. 0005.00 

0.000E+00 
1111ff1ff 
0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ff1111 
0.0000

Pathways (p)

Milk

mrem/yr 

0.OOOE+00 
0.OOOE+00 
0. OOOE+00 
0. OOOE+00 
0.000E+00 
0.OOOE+00 
ff0.00E÷O 
0.000E4.00

fract.  
oXoo00 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
f0.ff0 
0. 0000

Soil 

mrem/yr fract.  

O.OOOE+00 0.0000 
O.OOOE+00 0.0000 
0.OOOE÷00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
O.OOOE+00 0.0000 

O.OOOE+O0 0.0000

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 3.OOOE+01 years 

Water Dependent Pathways

Pathways (p)

Water 

mrem/yr fract.  
tU•U3J•k 11111
0.0000E+0 
0.000E+00 
0.000E+00 
0. 000E+00 
0. 000E+00 
0.000E+00 

0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
flufff 
0.0000

Fish Radon 
IIAXXIAIIIIAAIII AXIXXXXIIXXIR
mrem/yr 

A=AAAM 
0.000.+00 
0. 000E+00 
0.000E+00 
0.000H+00 
0.0000E+0 
0.000E+00 
11fff iff 
0.000E+00

fract.  
A•MAA 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1f Iff 

0.0000
all water independent and dependent

mrem/yr 

0. OOOE+00 

O.000E+00 
0. 000E+00 
0.000E+00 
0.O00E+00 

III111 1 II 
0. 0005+00 
O.OptE+h0 pathways.

fract.  
0. 00 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Plant 
IAAXAWAIAXXI
mrem/yr 

0.000E+00 
0. 000E+00 
0.000H+00 
0.0005+00 
0.000.E+00 
0.000E+00 
1111fffIf 
0.OOOE+00

fract.  
0.000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Meat 

mrem/yr fract.  

0.000E+00 0.0000 
0.000H+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.0008+00 0.0000 
0f.0fffff 0.00f0 
0.0005.00 0.0000

Milk 

mrem/yr fract.  
AIXAIIXI 111111
0. 000.+00 
0.000H+00 
0.000E+00 
0.OOOE+00 
0.000E+00 
0.000.0E+0 
hf 1111f1 
O.O0005+O0

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
flufff 
0.0000

All Pathways* 
AIAIAIIIXXXAXM 
mrem/yrr fract.  

O.O00E+00 0.0000 
0.000E÷00 0.0000 
O.000E+00 0.0000 
0.000E+00 0.0000 
O.O00E+00 0.0000 
0.000E+00 0.0000 

UI1ffiffh 111111 
O.000E+00 0.0000

4 10

Radio
Nuclide 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
fffIf1f 

Total 
0*Sum of
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Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 3.000E+02 years 

Water Independent Pathways (Inhalation excludes radon)
Ground AAkA AUAUAUAM

fract.  

0. 0000 
0.0000 
0.o0000 

0. 0000 
0. 0000 
0.o0000 

f0ffff 
0.0000

Inhalation SJAAA&WAA AA 
mrem/yr fract.  
A'iii"" AJUAA
0.000E+00 
0.0000E+0 
0.000E+00 
0.000E+00 
0.000E+00 
0. 000E+00 
fflfffff! 
0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000

Radon Plant

mrem/yr 
AAAALUA 
0.000E÷00 0. O00E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0. 0001.00 
0f.f0ff00 
0.000E+00

fract.  
0.0U0 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

flffff 
0.0000

mrem/yr 

0.OOOE÷00 
0.OOOE+00 
0. OOOE+00 
0.000E+00 
0. OOOE+00 
0.000E+00 
f0ff0ff00 
0.000E+00

fract.  
0.00 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0f0ff0 
0.0000

Meat 

mrem/yr fract.

0. 000E+00 
0. 0000E+0 
0. 000E+00 
0. OOOE+00 
0. 000E+00 
0.000E+00 flffffffff 
0.0000E+0

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
111111 
0.0000

Pathways (p)

Milk 
IIIIIEIIIIRXKIK
mrem/yr 

O.000+E00 
0.000E÷00 
0.000E+00 
O.000E+00 
0.0000E+0 
0.000E+00 
fff1f f! 

0.000E+00

fract.  
"0.00 
0.0000 
0.0000 
0.0000 
0.0000 
0.o0000 
0. 0000 
Iff1ff 
0.0000

soil 

mrem/yr fract.  
"""iii AAA-W 
0.000E+00 0.0000 
0.O000E00 0.0000 
O.O000E00 0.0000 
0.OOOE+00 0.0000 
0.000E+00 0.0000 
0.OOOE+00 0.0000 
fffffIff ffffff 
O.O000E00 0.0000

Water 

mrem/yr fract

0.000E+00 
0.000E+00 
0.O00E+00 
0.0001+00 
0.000E+00 
0.O00E+00 Ifffff~ff 
0.000E+00 
all water

Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t - 3.000E+02 years 

Water Dependent Pathways 
Fish Radon Plant Meat Milk 

t. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fr 
AAUAAA NAM MUAAAW AA= AAAAAWA AA AAAUA M JA A JAUU A

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ff!ff 
0.0000

0.0001+00 
0.000E+00 
0.000E+00 
0.O00E+00 
0.0001+00 
0.000.E00 
fffffffff 
0.0001+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1ff1ff 
0.0000

independent and dependent

0.0008+00 
0.0001+00 
0.000E÷00 
0.000E+00 
0.000E+00 
0.000E+00 
pahfffays 
0.0001400 
pathways.

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ffffff 
0.0000

0.000E+00 
0.000E+00 
0.000E+00 
0.000+E00 
0.O00E+00 
0.OOOE+00 

O.0000E+0

0.0000 
0.0000.  
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

0.000H+00 
0.000.+00 
0.0001+00 
0.000E+00 
0.000E+00 
0.000E+00 
0ffffffff 
0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ffffff 
0.0000

0.0001+00 
0.0000E+0 
0.000E+00 
0.000E+00 
0.0001+00 
0.0001+00 
f0fff.f00 
0.000E+00

Am£ 
act.  
AM

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
nfufff 
0.0000

All Pathways* 

mrem/yr fract.  SAAAAA AM 
O.000E+00 0.0000 
0.O00E+00 0.0000 
0.000E+00 0.0000 
0.000H+00 0.0000 
0.0008+00 0.0000 
0.000E+00 0.0000 
fffff0fff 0ff000 
0.000E+00 0.0000

0 
Radio
Nuclide 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
fffffff 
Total

mrem/yr 

0.OOOE+00 
0.O00E+00 
0.O00E÷00 
0.000E+00 
0.000E+00 
0.000E+00 
f~fffff~ff 
0.OOOE+00

Radio
Nuclide 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 

Total 
0*Sum of

p. 23
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Ground 

mrem/yr fract.  
MAAA~AA AAAMA
0.OOOE+00 
0.000E+00 
0.000E+00 
0.000E+00 
0. O00E+00 
0. OOOE+00 
0fffffff0 
0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
f fiff 
0.0000

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 1.OOOE+03 years 

Water Independent Pathways (Inhalation excludes radon)
Inhalation

mrem/yr 
0. 005.0 
0.000E+00 
0.000E+00 
0.000E+00 
0.OOOE+00 
0. OOOE+00 
0.000E+00 flffflflff 
0.000E+00

fract.  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

fff000 
0.0000

Radon 
KIIkfikAkum 
mrem/yr fract.  

Akulkw iMW
0.000E+00 
0.000E+00 
0.OOOE+00 
0.000E+00 
0.000E+00 
0. 000E+00 fffff1fff 

0.O00E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ffifff 
0.0000

Plant 

mrem/yr fract.  
AAAAMUA AM

0.OOOE+00 
0.000E+00 
0. 000E+00 
0.000E+00 
0.000E+00 
0.OOOE÷00 

0.OOOE+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ifffff 
0.0000

Meat 

mrem/yr fract.  SUAUAU AM
0.OOOE+00 
0.O00E+00 
0.000E+00 
0.000E+00 
0. 000E+00 
0.000E+00 

0.0005.00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Pathways (p)

Milk SVWAAUA A 
mrem/yr fract.  
AAAAAAA AAA
0.000E+00 
0.OOOE+00 
O.O00E+00 
0. 0000E+0 
0.000E+00 
0. OOOE.00 
0.OOOE+00 

0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.i000 
0. 0000

Soil 

mrem/yr fract.  

0.OOOE+00 0.0000 
0.000E+00 0.0000 
0.O00E+00 0.0000 
O.000E+00 0.0000 
0.000E÷00 0.0000 
0.000E+00 0.0000 fffffffII •fffff 
0.000E+00 0.0000

Total Dose Contributions TDOSE(i.p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 1.000E+03 years 

Water Dependent Pathways

Pathways (p)

0 Water 
Radio- iIAIIIIIRIJ
Nuclide 
UAIiA 
Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
ifiiiff 
Total 

O'Sum of

mrem/yr 

O.O000E+00 
0.O00E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 

0.000E+00 

all water

LA
fract.  
""IiAA

Fish 

mrem/yr fract.  
AAAA IAA

0.0000 0.000E÷00 0.0000 
0.0000 0.000E+00 0.0000 
0.0000 0.O00E+00 0.0000 
0.0000 0.OOOE+00 0.0000 
0.0000 0.000E+00 0.0000 
0.0000 0.000E+00 0.0000 
ifff ffiffff ff1 ffif I 
0.0000 0.000E+00 0.0000 
independent and dependent

Radon 
IXXAIAMUMU M

nrem/yr 

0.000E+00 
0.O00E+00 
0.000E+00 
0. OOOE+00 
0.000.E00 
O.O00E÷00 
ff1ff1111 
0.000E+00 
pathways.

fract.  
0. 00 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

ffffff 
0.0000

Plant 

mrem/yr fract.  AUAAAAM •U•UW
0.000E+00 
O. OOOE+00 
0. 000E+00 
0. O00E+00 
0.000E+00 
0.000E+00 
of. fffff 
0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
fiffff 
0.0000

Meat

mrem/yr 

0.000E+00 
O.O00E+00 
0.000E+00 
0.000E+00 
0. O00E+O0 

0.0005+00 
0.iiii+O0 
0.00054.00

Milk SAVAAAkUAA JM
f ract.  

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0ff0ff 
0.o0000

mrem/yr 

0.OOOE+00 
0.000E+00 
0.000E+00 
0. 000E+00 
0.OOOE+00 
0.000E+00 

O.000E+00

f ract.  

0. 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

All Pathways* 

mrem/yr fract.  

0.OOOEi.00 0.0000
0.000E+00 0.0000' 
0.000E+00 0.0000 
0.000H+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000E+00 0.0000

Radio
Nuclide 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
iffffff 
Total
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Total Dose Contributions TDOSE(i.p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 3.OOOE+03 years 

Water Independent Pathways (Inhalation excludes radon)
Ground 

Radio- AilWiiiii
mrem/yr 
AAAAAAM 
0.OOOE+00 
0. OOOE+00 
0.OOOE+00 
0.000E+00 
0. 000E+00 
0.000E+00 
fffffffff 
0.OOOE+00

fract.  
A0A.  
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Inhalation SUAAA~kuJJkJlt 
mrem/yr fract.  

AWAA AUAA
0.OOOE+00 
0. OOOE.00 
0.000E+00 
0.000E+00 
0.000E+00 
0.OOOE+00 
ff0.f000E 
0.0005,00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ffffff 
0.0000

Radon

mzrem/yr 

0. OOOE.00 
0. OOOE+00 
0.000E+00 
0. 000E+00 
0. 000E+00 O.O00E+O0 

0.000E÷00 11111 1 II 
0.O000+00

fract.  
0. 0A 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

ff1111f 
0.0000

Plant 

mrem/yr fract.  

0.000E÷00 0.0000 
0.000E÷00O 0.0000 
0.000E÷00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
n±1±f•l! 0ffff00 
O.OOOE+00 0.0000

Meat 
iAU IiAMUMMj
mrem/yr 

0.000E+00 
0.000E+00 
0.OOOE+00 
0.OOOE+00 
0.000E+00 
0.0000E+0 
ffllfffff 
0.000E+00

fract.  
MAAWA 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1fffIl 
0.0000

Pathways (p)

Milk

mrem/yr 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0. O00E+00 
0. OOOB+00 
IIfffffff 
0.000E+00

fract.  
A.AA0 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
f0ff00 
0.0000

Soil 

mrem/yr fract.  
AMLAUJ. AAMAA 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.000E+00 0.0000 
0.OOOE+00 0.0000 
O.OOOE+00 0.0000 
0.000.E00 0.0000 
fiffffff-fflffff 
0.000E+00 0.0000

Total Dose Contributions TDOSE(i,p,t) for Individual Radionuclides (i) and 
As mrem/yr and Fraction of Total Dose At t - 3.000,E03 years 

Water Dependent Pathways
0 Water 
Radio- A
Nuclide mrem/yr fract. mrem/yr fract.  

Ra-226 0.000E+00 0.0000 0.000E+00 0.0000 
Th-230 0.000E+00 0.0000 0.000E+00 0.0000 
Th-232 0.000E+00 0.0000 0.OOOE+00 0.0000 
U-234 0.000E+00 0.0000 0.0005+00 0.0000 
U-235 0.000E+00 0.0000 0.OOOE+00 0.0000 
U-238 0.000E+00 0.0000 0.000E+00 0.0000 

Total 0.000E+00 0.0000 0.000E+00 0.0000 
0*Sum of all water independent and dependent

Fish Radon Plant AAA AAAAtAAAMAAAAAAM AAULAUAUAUA A
mrem/yr 

0.000OE+00 
0.000E+00 
0.000E+00 
0.000H+00 
0. 000.E00 
0. 000E+00 

0.000E+00 

pathways.

fract.  
A0A.A= 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 
111111 
0. 0000

mrem/yr 

0.0008+00 
0.OOOE+00 
0.000E+00 
0.000E+00 

0. OOOE+00 0. 0005+00 

0.O00E+00 
f111f 1fff 
0.000E+00

fract.  
"0.00 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 
ff0f.0 
0.0000

Meat 

mrem/yr fract.

0.000E+00 
0.000E+00 
0.000E+00 
0.0005E+00 
0.000E+00 
0.0005+00 
f Iff ff 

0.OOOE+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000 
0.0000

Pathways (p)

Milk 

mrem/yr fract.  

0.0005+00 0.0000 
0.000H+00 0.0000 
O.O00E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 

0.000H+00 0.0000

All Pathways* 

mrem/yr fract.  

0.000E+00 0.0000 
0.000E+00 0.0000 
O.O00E+00 0.0000 

0.000E+00 0.0000 
0.000.E00 0.0000 
0.000E+00 0.0000 
0f.f00000 ff0ff0 
0.000E+00 0.0000

Nuclide 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
1111±11 
Total

4r
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Total Dose Contributions TDOSE(ip,t) for Individual Radionuclides Ui) and 
As mrem/yr and Fraction of Total Dose At t a 1.OOOE+04 years 

Water Independent Pathways (Inhalation excludes radon)
0 Ground Inhalation 
Radio- AiKAAAAAAIRIIZII AAAAAAAIIIIII1
Nuclide 
A•AAAM 
Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
Tfoaff1 
Total

mrem/yr 
AAAAAW 
0.000E+00 
0. OOOE+00 
0. 000E+00 
0. O00E+00 
0. 000E+00 
0. 000E+00 

0.0001+00 If IIfff1 I 
0. OOOE+00

fract.  
0. 000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.00ff 
0. 0000

mrem/yr 
MMAAAAJA 
0.000E+00 
0. OOOE+00 
0. O00E+00 
0. OOOEe.00 
0.000E+00 
0.000E+00 111111111 
0.000.E00

fract.  
AEAAAW 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000

Radon AA/JA JJJkulkl 
mrem/yr fract.  

0.OOOE+00 0.0000 
O.OOOE+00 0.0000 
O.OOOE+00 0.0000 
O.OOOE+00 0.0000 
0.OOOE÷00 0.0000 
0.OOOE+00 0.0000 
0.ff 000+0 00ff0 
0.OOOE+00 0.0000

Plant A•AAAAAAAAAAW
mrem/yr 

0.000E+00 
0. OOOE+00 0..000E+00 

0. 000E+00 
0.000E+00 
0.OOOE+00 
0.000E+00 

O.000E+00

fract.  
AAAW 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ffffff 
0.0000

Meat AUA J UA WAM 
mrem/yr fract.  

SUAAM A l"
0. 000.E00 
0. O00E+00 
0. 000E+00 
0.000E+00 
.0. 000E+00 
0.000E+00 

O.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
1111ff 
0. 0000

Pathways (p)

Milk

mrem/yr 
MAAMAWA 
0.000E+00 
0. OOOE.00 
O.OOOE+00 
0.000E+00 
0.000E+00 
0.O00E+00 

O.OOOE+00

fract.  
AMAA 
0. 0000 
0.0000 
0.0000 
0.0000 
0. 0000 
0.o0000 

0.0000

Soil 

mrem/yr fract.  

0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.000E+00 0.0000 
O.000E+00 0.0000 
0ff00flf0 00f000 
O.O00E+00 0.0000

0 Water 
Radio- iRIIIIXIIIIUL 
Nuclide mrem/yr fract AAAAME EEAAAEAMA AME
Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
111fff! 
Total 

0*Sum of

0. 000E+00 
0.000E+00 
0.000E+00 
0.OOOE+00 
0.000.E00 
0.000E+00 

0.000E+00 
all water

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides Mi) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t - 1.000E+04 years 

Water Dependent Pathways 
Fish Radon Plant Meat Milk 

t. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  
A AAAAAM A MA � A&A AE AAM AEAEAAAA EAAM AEAAEJAA AAAIUA AAAAAAAi A AA

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0ff! 
0.0000

0.000E+00 
0.O00E+00 
0.000E+00 
0.000H+00 
0.000E+00 
0.000.E+00 

0. 0009+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000

independent and dependent

0.000E+00 
0. 000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0. 000.+00 

0.000E+00 
pathways.

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ff0.00 
0. 0000

0. OOOE+00 
0.0001+00 
0.000E+00 
0.O00E+00 
0. 000E+00 
0.000E+00 

fff0f00E0 
0. 0001+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0,0000 
0.00f0 
0.0000

0.000H+00 0.0000 
0.0001+00 0.0000 
0.0000E+0 0.0000 
O.000E+00 0.0000 

O.000E+00 0.0000 

0.000E+00 0.0000

0.O00E+00 
0. 000E+00 
0.000E+00 
0.000E+00 
0.000.+00 
0. 000E+00 

0.000E÷00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0ff0f0 
0.0000

.4

All Pathways* 

mrem/yr fract.  AAAAEAAJU AAAWE 
O.000E+00 0.0000 
0.000E+00 0.0000 
0.OOOE+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E÷00 0.0000 
0.0001+00 ff0.00 
0.0001.00 0.0000
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Ground 
RiiIAWLAAAAWAI 
mrem/yr fract.  

AAAAAW Riii' 
0.000E÷00 0.0000 
0.OOOE+00 0.0000 
O.O000E00 0.0000 
0.000E÷00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
flfffflf fff1ff 
0.O00E+00 0.0000

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides(i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t - 1.000E+05 years 

Water Independent Pathways (Inhalation excludes radon)
Inhalation AALUJ£ WAJJJJJU

mrem/yr 
•Us "Ii" 

0.000E+00 
0.O00E+00 
0.000.E+00 
0.000E+00 
0. 000E+00 
0.000E+00 
fff~ffffl!

fract.  
A0.000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0. 0000 
f~fffff

0.000E+00 0.0000

Radon AAAA3A-SAAAAA3W 
mrem/yr fract.  

AMAAAM U•UA
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0. O00E+00 

O.OOOE+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

Plant 
6AkJIRUIkkuUR
mrem/yr 

0.000E+00 
0.000E÷00 
0.000E÷00 
0. 000E÷00 
0.000E+00 
0. OOOE+00 

0.000E+00

fract.  
AAAMA 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
ff±0ff 
0. 0000

Meat 

mrem/yr fract.  

0.OOOE+00 0.0000 
0.000E+00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.OOOE+00 0.0000 
0.000E+00 0.0000 

0.OOOE+00 0.0000

Milk 
£i IKEiAUZUtUi 
mrem/yr fract.  

NA Akm •UI•i
0.O00E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.OOOE+00 
0.000E+00 
ffffflflff 
0.OOOE+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

soil 

mremfyr fract.  
A~AAAA AAAA~AA 
O.OOOE+00 0.0000 
0.000E+00 0.0000 
0.OOOE+00 0.0000 
0.000E+00 0.0000 
0.000.E00 0.0000 
0.000E+00 0.0000 
f0f.ffff+ f0ffff 
0.000E.00 0.0000

Water 

mrem/yr fract 
AAAAAUU AUm
0.000E+00 
0.O00E+00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000.E+00 

0.000E+00 
all water

Total Dose Contributions TDOSE(i,pt) for Individual Radionuclides (i) and Pathways (p) 
As mrem/yr and Fraction of Total Dose At t - 1.000E+05 years 

Water Dependent Pathways 
Fish Radon Plant Meat Milk AAAAAAAA AMMUUAU•AAU A•hAAAAAUAA •£ AARLW•JAAU3J £ A SAAAM 

t. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract. mrem/yr fract.  
SAUA AUAKALAUAA MAA •UAAAAAM AUAAW AAAAAAW AWAA

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

0.0001+00 
0.000+E00 
0.000E+00 
0. 000E+00 
0.000E+00 
0.000E+00 

0. 000H+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000
independent and dependent

0. O00E+O0 0.000E+00 
0.000E+00 
0.OOOE+00 
0.OOOE+00 
0.0000E+0 

0.O00E+00 

pathways.

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

0. 000E+00 
0.O00E+00 
0.000E+00 
0. 000E+00 
0.000E+00 
0.0001+00 
1ffff!!!!! 
0. 0001+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

0.0003+00 
0.000E+00 
0.000E+00 
0. OOOE+00 
0.000E+00 
0.000E+00 

0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

0.0001+00 
0. 000E+00 
0. 000E+00 
0. 000E+00 
0.000E÷00 

0. 000E+00 

0.000E+00

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.0000

All Pathways* 

mrem/yr fract.  

O.O00E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
0.000E+00 0.0000 
O.000E+00 0.0000 
0.0009+00 0.0000 
fff0f.fO0 fffff0 
0.00014.00 0.0000

Radio
Nuclide UAU£A 
Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
Iff1fff 
Total

A4

0 
Radio
Nuclide 

Ra-226 
Th-230 
Th-232 
U-234 
U-235 
U-238 
fffffff 
Total 

O*Sum of
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Dose/Source Ratios S 
Parent and Progeny Principal Radi

ned 
onucl 
DSR (j

ýver All Pathways 
ide Contributions indicated 
,t) (mrem/yr)/(pCi/g) 
3.OOOE+01 3.OOOE+02 I.OOOE+03 
AAAAMM AAMUM AKAAAAW

OParent 

M 
AMUM 
Ra-226 
Ra-226 
Ra-226 
OTh-230 
Th-230 
Th-230 
Th-230 
OTh-232 
Th-232 
Th-232 
Th-232 
OU-234 
U-234 
U-234 
U-234 
U-234 
OU-23S 
U-23S 
U-235 
U-23S 
OU-238 
U-238 
U-238 
U-238 
U-238 
U-238 
fffffff

Product 
M 

AAAAW 
Ra-226 
Pb-210 
ADSR(J) 
Th-230 
Ra-226 
Pb-210 
ADSR(J) 
Th-232 
Ra-228 
Th-228 
ADSR(j) 
U-234 
Th-230 
Ra-226 
Pb-210 
ADSR(J) 
U-235 
Pa-231 
Ac-227 
ADSR(J) 
U-238 
U-234 
7b-230 
Ra-226 
Pb-210 
ADSR(J) 

fffffff

Branch 
Fraction* t
AAAAAAW 
1. OOOE+00 
1. OOOE+00 

1. OOOE+00 
1. OOOE+00 
1. OOOE+00 

1. OOOE+00 
1. OOOE+00 
1:000E+00 

1. OOOE+00 
1. OOOE+00 
1. OOOE+00 
1. OOOE+00 

1. OOOE+00 
1. OOOE+00 
1. OOOE+00

0. OOOE+00 
AAAAAAW 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0.0008+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0.0008+00 
0. OOOE+00 
0. OOOE+00 
0.0008+00 
fffffffff

1. OOOE+00 
AAAAAAM 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 

O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 

O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 

O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
fffffffff

5. OOOE+00 
AAAAAAW 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 

O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 

O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 

O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
fffffffff

1. OOOE+01 
AAMUM 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOH+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+06 
0. OOOE+00 
0. OOOE+00 
fffffffff

3. OOOE+03 
AAWAM 
0. OOOE+00 
O.OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
3.33GE-38 
3.336E-38 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0.0008+00 
0. OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
O.OOOE+00 
0. OOOE+00 
0.0008+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
fffffffff

1. OOOE+04 
AWAAM 
0. OOOE+00 
0. OOOH+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
4.1768-38 
4.176E-38 
0.0008+00 
0. OOOE+00 
O.OOOE+00 
0. OOOE+00 
0. OOOH+00 
0. OOOH+00 
0. OOOR+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
O.OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0.0009+00 
fffffffff

1. OOOE+05 
AWAAW 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0.0008+00 
0. OOOE+00 
0. OOOE+00 
7.476E-37 
7.476E-37 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
fffffffff

0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
O.OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0.0003+00 
0. OOOE+00 
0.000H+00 
0. OOOE+00 
0. OOOE+00 
0. OOOH+00 
O.OOOE+00 
O.OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
O.OOOE+00 
0. OOOE+00 
ffffiffff

0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOR+00 
O.OOOE+00 
0. OOOE+00 
fffffffff

0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0.0008+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOH+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
O.OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
0. OOOE+00 
fffffffff

1. OOOE+00 
1. OOOE+00 
1. OOOE+00 
1. OOOE+00 
1.OOOE+00 

fffffffff
*Branch Fraction is the cumulative factor for.the jIt principal radionuclide daughter: 
The DSR includes contributions from associated (half-life 6 O.S yr) daughters.
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Single Radionuclide Soil Guidelines GUM in pCi/g 
Basic Radiation Dose Limit a 30 mrem/yr

ONuclide 
M t- 0.006E+00 

MUM AAAAAAM 
Ra-226 *9.882E+11 
Th-230 *2.018E+10 
Th-232 *1.096E+OS 
U-234 *6.245E+09 
6-23S *2.160E+06 
U-238 *3.360E+OS 
MUM fffffffff 
*At specific activity

1. OOOE+00 
AMMUM 

*9.882E+ll 
*2.018E+10 
*1.096E+05 
*6.245E+09 
*2.160E+06 
*3.360E+05 
fffffffff 

limit

5. OOOE+00 
AAAAAAW 

*9.882R+11 
*2.018E+10 
*1.096E+05 
*6.24SE+09 
*2.160E+06 
*3.360E+OS 
fffffffff

1.000E+01 
AAAAAAM 

*9.882E+11 
*2.018E+10 
*1.096E+OS 
*6.245E+09 
*2.160E+06 
*3.360E+05 
fffffffff

3. OOOE+01 
AWAAW 

*9.8828+11 
*2.018E+10 
*1.096E+05 
*6.245E+09 
*2.160E+06 
*3.360E+05 
fffffffff

3. OOOE+02 
AWAAW 

*9.882E+11 
*2. 018E+10 
*1. 096E+05 
*6.245E+09 
*2.160E+06 
*3.360E+05 
fffffffff

1.OOOE+03 
AAAAk"M 

*9.882E+11 
*2.018E+10 
*1.096E+05 
*6.245E+09 
*2.160E+06 
*3.360E+05 
fffffffff

3. OOOE+03 
AAAAAAW 

*9.882E+11 
*2. 018E+10 
*1.096E+05 
*6.245E+09 
*2.160E+06 
*3.360E+05 
fffffffff

1 - OOOE+04 
AAMAAW 

*9.882E+ll 
*2.018E+10 
*1. 096E+05 
*6.245E+09 
*2.160E+06 
*3.360E+05 
fffffffff

I.OOOE+OS 
AAAUAW" 

*9.882E+ll 
*2. 018E+10 
*1.096E+OS 
*6.245E+09 
*2. ME+06 
*3.360E+05 
fffffffff

Summd Dose/Source Ratios DSR(it) in (mrem/yr)/(pCi/g) 
and Single Radionuclide Soil Guidelines G(it) in pci/g 
tmin - time of minimum single radionuclide soil guideline 
tmax - time of maximum total dose a O.OOOE+00 years 
Ltial tmin DSR(itmin) G(itmin) DSR(itmax) 
i/g (years) (pCi/g) 
UUMA AAAAAAAAAAAAA M AAAAAAM AAAAAAM AAAAAAW 
55H+02 O.OOOE+00 O.OOOE+00 *9.882E+ll O.OOOE+00 
SSE+02 0.000E+00 O.OOOE+OO *2.018E+10 O.OOOE+00 
50E+01, O.OOOE+00 O.OOOE+00 *1.096E+05 O.OOOE+00 
65E+02 O.OOOE+00 O.OOOE+00 *6.245E+09 0.000E+00 
OOE+00 O.OOOE+00 0.000H+00 *2.160E+06 O.OOOE+00 
65E+02 O.OOOE+00 O.OOOE+00 *3.360E+05 O.OOOE+OO 
ffffff ffffffffffffffff fffffffff fffffffff lffffffff

and 
ONuclide 

M 
AAAAM 
Ra-226 1 
Th-230 1 
Th-232 I 
U-234 3 
U-23S I 
U-238 3 
fffffff I

at 
at 
In 
P( 

.6 
.6 
.4 
.6 
.8 
.6 
ff

G (i, tmax) 
(pCi/g) 

AAAAAAM 
*9.882E+11 
*2.018E+10 
*1. 096E+05 
*6.245E+09 
*2.160E+06 
*3.360E+05 
fffffffff

*At specific activity limit
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File: RAREARTH.RAD

Individual Nuclide Soil Concentration 
Parent Nuclide and Branch Fraction Indicated

ONuclide Parent BRF(i)

AAAA~AU AAAAAAj 
Ra-226 Ra-226 
Ra-226 Th-230 
Ra-226 U-234 
Ra-226 U-238 
Ra-226 AS(j): 

OPb-210 Ra-226 
Pb-210 Th-230 
Pb-210 U-234 
Pb-210 U-238 
Pb-210 AS(j): 

OTh-230 Th-230 
Th-230 U-234 
Th-230 U-238 
Th-230 &S(j): 

OTh-232 Th-232 
ORa-228 Th-232 
OTh-228 Th-232 
OU-234 U-234 
U-234 U-238 
U-234 &S(j): 

OU-235 U-235 
OPa-231 U-235 
OAc-227 U-235 
0U-238 U-238 

Iffffff lffll

t= 0.000.E00 

1.665E+02 
0.000E+00 
0.OOOE+00 
0.OOOE+00 
1.665E+02 
0.000E+00 
0.OOOE+00 
0.OOOE+00 
0.OOOE+00 
0.000E+00 
1.665E+02 
0.OOOE+00 
0.OOOE+00 
1.665E+02 
5.450E+01 
0.000E+00 
0.OOOE+00 
1.665E+02 
0.OOOE+00 
1.665E+02 
7.800E+00 
0.OOOE+00 
0.OOOE+00 
1.665E+02 
f±flfIfIf

1. OOOE÷00 

1.664E+02 
7.211E-02 
3.246E-07 
3.063E-13 
1.665E+02 
5.094E+00 
1.109E-03 
3.337E-09 
1.721E-15 
5.095E+00 
1.665E÷02 
1.499E-03 
2.124E-09 
1.665E+02 
5.450E+01 
6.189E+00 
1.016E+00 
1.665E+02 
4.719E-04 
1.665E+02 
7.7985E00 
1.650E-04 
2.598E-06 
1.665E+02 
fffff1!

5.000E+00 
A~AAA~AM 
1.660E+02 
3.601E-01 
8.105E-06 
3.830E-11 
1.664E+02 
2.392E+01 
2.660E-02 
4.041E-07 
1.443E-12 
2.395E+01 
1.665E+02 
7.489E-03 
5.307E-08 
1.665E+02 
5.450E+01 
2.466E+01 
1.423E+01 
1.663E+02 
2.357E-03 
1. 663E+02 
7.791E÷00 
8.242E-04 
6.221E-05 
1.663E+02 
Iflf If

s(j.t), 
1.OOOE+01 3.000E+01 

MAAAAM AAAAJAku 
1.655E÷02 1.635E+02 
7.191E-01 2.144E+00 
3.237E-05 2.897E-04 
3.060E-10 8.216E-09 
1.662E+02 1.657E+02 
4.432E+01 9.978E+01 
1.011E-01 7.510E-01 
3.110E-06 7.252E-05 
2.238E-11 1.608E-09 
4.442E+01 1.005E+02 
1.665E+02 1.665E+02 
1.497E-02 4.480E-02 
2.121E-07 1.903E-06 
1.665E+02 1.665E+02 
5.450E+01 5.450E+01 
3.815E+01 5.297E+01 
3.074E+01 5.224E+01 
1.661E+02 1.653E+02 
4.709E-03 1.406E-02 
1.661E+02 1.653E+02 
7.782E+00 7.745E+00 
1.646E-03 4.915E-03 
2.361E-04 1.744E-03 
1.661E+02 1.653E+02 
ffffff1ff fflfffiff

pCi/g 
3.OOOE+02 1.000E+03 3.000E+03 
AAA A A M AAA AAWA "A'AAMAA1Aku 

1.OOOE+00 
1.000E+00 
1. OOOE.00 
1.OOOE+00 
1.000E+00 

1.OOOE+00 
1. OOOE+00 
1.000E+00 
1.OOOE+00 

1. 000E+00 
1. OOOE+00 
1.OOOE+00 

1.000E+00 
1. 000E+00 
1.000.E00 
1.000E+00 
1. OOOE+00 

1. 000E+00 
1.000E+00 
1.OOOE+00 
1.0 f0E+00

9.121E+01 
5.392E+01 
2.464E-01 
2.349E-04 
1.454E+02 
9.265E+01 
5.245E+01 
2.321E-01 
2.146E-04 
1.453E+02 
1.650E+02 
1.327E+00 
1.811E-03 
1.663E+02 
5.449E+01 
5.441E+01 
5.441E+01 
1.311E+02 
3.723E-01 
1.315E+02 
6.161E+00 
1.290E-01 
1.237E-01 
1.315E+02 
Ifffff ff

2.737E+01 
9.839E+01 
1.333E+00 
3.816E-03 
1.271E+02 
2.780E+01 
9.766E+01 
1.310E+00 
3.711E-03 
1.268E+02 
1.620E+02 
3.162E+00 
1. 195E-02 
1.651E+02 
5.447E+01 
5.439E+01 
5.439E+01 
8.137E+01 
6.950E-01 
8.206E+01 
3.844E+00 
2.364E-01 
2.315E-01 
8.206E+01 
Iffififff

1.OOOE+04 1.000E+05 
AAAAA~AW AAAAAML 
4.052E-01 1.213E-24 
1.107E+02 4.851E+01 
3.646E+00 1.903E+00 
3.038E-02 2.380E-02 
1.148E+02 5.043E+01 
4.116E-01 1.232E-24 
1.103E+02 4.834E÷01 
3.628E+00 1.896E+00 
3.017E-02 2.372E-02 
1.144E+02 5.026E+01 
1.519E+02 6.636E+01 
5.357E+00 2.603E+00 
4.953E-02 3.256E-02 
1.573E+02 6.899E+01 
5.439E+01 5.344E+01 
5.432E+01 5.336E+01 
5.432E+01 5.336E+01 
1.531E+01 7.179E-09 
4.401E-01 2.353E-09 
1.575E+01 9.532E-09 
7.377E-01 4.465E-10 
1.407E-01 3.927E-10 
1.388E-01 3.884E-10 
1.575E÷01 9.532E-09 
fflffff 1ff flififfi

BRF(i) is the branch fraction of the parent nuclide.  
ORESMAIN5.EXE execution time - 62.34 seconds

p.31

1. 390E+02 
1.977E+01 
2.686E-02 
7.639E-06 
1.588E+02 
1.412E+02 
1.774E+01 
2.180E-02 
5.672E-06 
1.589E+02 
1.660E+02 
4.333E-01 
1.822E-04 
1.665E+02 
5.450E+01 
5.442E+01 
5.442E+01 
1.550E+02 
1.319E-01 
1.551E+02 
7.267E+00 
4.598E-02 
4.078E-02 
1.551E+02 
Sff ffffff


