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Dose Assessment for Disposal of Kaiser Waste Containing Less Than 0.05 Percent by

Weight Source Material at US Ecology Idaho Facility

1.0 Introduction

This dose assessment was prepared by Civil and Environmental Consultants at the request of

Kaiser Aluminum and Chemical Corporation (Kaiser) to calculate dose from radioactive material

currently located at the Kaiser Tulsa, Oklahoma site (the site) during transportation and disposal

of the material at the US Ecology Idaho (USEI) facility. Much of the site-specific information

was provided by USEI in a dose assessment that provided the analytical basis for the permit

modification to accept certain low activity radioactive material at the USEI facility, (Reference 1).

Kaiser proposes to dispose of waste containing unimportant quantities of source material as

defined in 10 Code of Federal Regulations (CFR) 40.13, i.e., 0.05 percent by weight (wt

percent), at USEI. This submittal provides a dose assessment demonstrating that the dose to

members of the public from the disposal of this waste at USEI is low compared to the 100

millirem per year (mremlyr) public dose limit, the 25 mrem/yr unrestricted use limit in 10 CFR

20, Subpart E and 15 mrem TEDE per year from release of radioactive materials for unrestricted

use IDAPA 58.01.10.

The detailed assessments supporting these conclusions are presented below.
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2.0 Description of the US Ecology Idaho Facility

2.1 Physical Description

Geography - The USEI facility is located 10.5 miles west of the town of Grand View, in Owyhee

County, Idaho. The town of Grand View, Idaho has a population of 350. Only one residence is

located within 1-1/2 miles of the site (approximately 1 % miles east).

The site is situated on a one-mile wide plateau that slopes from south to north. Maximum

surface relief on the facility is 90 feet and the mean surface elevation is 2,600 feet. The site is

located in a desert environment with low rainfall and a high evaporation rate. Average rainfall is

7.26 inches per year, while the average evaporation rate is in excess of 42 inches. This high

net evaporation rate prevents the migration of significant amounts of surface runoff to off-site

locations.

Castle Creek, the nearest surface water, is located 1/2-mile west of the site and lies

topographically 150 feet below the facility. The Snake River, the largest surface water source

near the site, lies approximately 2-1/2 miles north and 350 feet in elevation below the facility.

EPA site evaluations indicate little possibility of site flooding due to a number of factors,

primarily low rainfall, high evaporation, and location of the facility outside the 100-year flood

plain.

The facility is located within seismic zone 2 and therefore does not require a seismic standard

demonstration under 40 CFR Part 264 Appendix IV.

Geology - The USEI facility is situated within the western portion of a 20,000-square mile

physiographic unit known as the Snake River Plain. The plain extends from the vicinity of

Ashton, Idaho to north of Ontario, Oregon. The Snake River Plain is approximately 350 miles in

length and varies in width from 25 to 75 miles. USEI Site B lies within the lowland area of the

Owyhee subunit of the Snake River Plain at an elevation range of 2,525 to 2,635 feet.
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The geology and hydrogeology beneath the facility have been fully characterized to consistently

predict subsurface information. The primary geologic units of interest underlying the facility are

the Bruneau and Glenns Ferry Formations.

Hydrogeology - The Bruneau Formation consists of approximately 50-feet of sand and gravel,

however, thickness varies greatly and the formation is absent in some locations. The Bruneau

Formation is generally more coarse-grained than the underlying Glenns Ferry Formation. The

Glenns Ferry Formation is approximately 1,500-feet in thickness in the vicinity of the facility and

consists of fluvial sediments that overlie thickly bedded lacustrine deposits.

The fluvial facies, identified as the upper unit of the Glenns Ferry Formation, is approximately

130-feet in thickness and is composed of well-consolidated fine-grained, thinly-bedded

sediments. The lacustrine facies, identified as the lower unit of the Glenns Ferry Formation, is

composed of thick-bedded clays and silts that contain thin beds of silt, sand, and sand-silt

laminae. Two water bearing zones, denoted as the Upper and Lower Aquifers, have been

identified in the lacustrine facies of the Glenns Ferry Formation. This extensive lacustrine facies

consists of thick-bedded, silty clay to clayey silt that grades with depth into a massive clay.

Within the lacustrine facies are discrete intervals of thin lenses of very fine, tuffaceous sand

interbedded with thicker, clayey, silt beds. These intervals represent periods of unstable lake

margins. During the period of deposition, as water levels declined, lake margins and fluvial

sands were deposited further into the lake. When lake levels rose, the sand lenses were

covered with additional fine-grained lacustrine sediments (clays). Where these sand zones are

saturated, they represent the water-bearing portions of the lacustrine facies of the Glenns Ferry

Formation.

The sediments of the Upper Aquifer, represented by the near-shore deposits, are comprised of

approximately 3 to 8 cumulative feet of thinly-bedded, fine, silty sand located within 70 to 90 feet

of silt and clay. This unit extends to an approximate depth of 210 feet below ground surface.

Groundwater flow in the Upper Aquifer is to the east-southeast with an average velocity of 47

feet per year.

In the Upper Aquifer, the near-shore deposits transcend into offshore, deep-lake deposits

consisting of thickly-bedded clay. This clay unit, defined as the inner confining bed, varies in
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thickness from 20 to 30 feet, but is continuous beneath the site. The inner confining bed

extends to a depth of approximately 230 feet. This offshore deposit then transcends into

another near-shore deposit comprised of thick-bedded silt and thinly-bedded clay that contain

thin-bedded sand and sand laminae that extends to a depth of approximately 260 feet. It is

within this unit that the Lower Aquifer exists. The Lower Aquifer consists of approximately 4

cumulative feet of sand within this 30 to 40 feet thick sequence of bedded silts and clays.

Groundwater in the Lower Aquifer is under slight artesian pressure and flows to the northeast

with and average velocity of 7 feet per year. Beneath the Lower Aquifer, the sedimentary

sequence transcends into another deep offshore deposit that consists of very thickly-bedded

clays and fine silts.

Ground Water Monitoring - Currently, USEI has eighteen (18) piezometers and thirty-two (32)

monitoring wells located within the two aquifers. In accordance with USEI Part B RCRA and

TSCA Permits, TOC, TOX, pH, Specific Conductivity, and a custom list of 26 VOCs are

monitored. Sampling for PCB analysis is performed on an annual basis. Groundwater sampling

is performed in accordance with the requirements of USEI's current operating permits. Analysis

is performed by an outside contract laboratory. The results of the semi-annual groundwater

sampling and analysis activities are submitted to IDEQ semi-annually, in accordance with the

requirements of the RCRA Permit, and to U.S. EPA Region 10 on an annual basis, in

accordance with the requirements of the TSCA Permit.

Storm Water - The high net evaporation rate prevents the migration of significant amounts of

surface runoff to locations off-site. Runoff due to heavy rains is addressed through a runoff

drainage, collection, and containment system. The system directs runoff from the interior of the

site. The runoff drains into one of three on-site impoundments. Runoff collected in the on-site

runoff impoundments is periodically tested and piped to the solar evaporation pond. A run-on

diversion system prevents run-on from entering the facility.

Site drainage and runoff controls are designed to contain and control runoff from a 25-year, 24-

hour storm (1.75 inches of precipitation). Active waste disposal, storage, and treatment

operations are segregated from uncontaminated areas by a series of diversion berms and

channels. The control system consists of drainage swales, engineered grades, drainage

conduits, flumes, riprap, and surface impoundments.
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A system of interceptor channels collects and conveys runoff from the active waste handling

areas to the rainwater collection ponds. Runoff from clean areas to the active are is prevented

by a series of dikes and channels around active units. Runoff is transferred from Collection

Ponds 1, 2, and 3 to the Solar Evaporation Pond for solar treatment.

Runoff from the active areas are collected within the unit and transferred to storage tanks and

treated as multi-source leachate.

2.2 Facility Design and Operation

Landfill Cells - Two RCRA/TSCA landfill cells are currently in operation at USEI. The cells are

used to dispose of containerized solids, bulk solids, electrical equipment, (i.e., small capacitors,

transformer carcasses, etc.). USEI operates Cells 5 and 14 under the joint Idaho/EPA Part B

Permit. PCB's are disposed in Cells 5 and 14 under the EPA PCB Disposal Permit.

Authorization to construct a third cell designated Cell 15 was granted on February 14, 2003.

Construction of this cell was initiated on March 1, 2003 and was scheduled to be in operation by

the end of 2003. Cell 15 is designated to contain over 3.6 million cubic yards of material.

Liner System - USEI's landfill liner system (Cell 5, Cell 14, Cell 15) consists of a dual composite

liner with a leak detection system overlying the primary liner. The liner system was constructed

from bottom to top as indicated:

* Subgrade: In-situ compacted silty, sandy soil.

* Secondary Soil Liner: Minimum 36-inches of recompacted clay with a permeability of

less than 1E-7 cm/sec.

* Secondary Flexible Membrane Liner: 60-mil high-density polyethylene.

* Leak Detection Zone: Composite layers consisting of a synthetic drainage net,

geotextile fabric, 12-inches of stone, and a secondary geotextile fabric.

* Primary Soil Liner: Minimum of 18-inches recompacted clay with a permeability of

less than 1 E-7 cm/sec (on the bottom of the cell).

* Primary Flexible Membrane Liner: 80-mil high-density polyethylene.
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* Primary Leachate Collection Zone: Composite layer consisting of a synthetic

drainage net, geotextile fabric, 12-inches of sand, and a second geotextile fabric.

* Protective Layer: 6-inches of compacted soil.

Leachate Management

Collection: The leachate collection system drains and traps moisture and liquids percolating

through the landfill. The leachate collection system is protected from clogging by a geotextile

filter and protected from physical disturbance by 6-inches of soil. Cells are graded so that

liquids drain through layers to sumps in the center of the cell. The sumps are pumped

according to a Leachate Management Schedule.

Inspection: Leachate levels are checked weekly in the primary leachate systems and daily in

the secondary leak detection collection and removal system. Both sumps are checked in the

event the facility receives more than 1/2 -inches of rainfall in a 24-hour period. Leachate is

pumped and removed in accordance with action levels established in the Part B Permit.

Records are maintained for each pumping event. Pumping records indicate leachate levels

before and after pumping, the volume pumped, and the on-site disposition of the leachate.

Treatment: The leachate is managed in accordance with 40 CFR Part 268.7. The leachate is

treated using a carbon absorption system. The treated leachate is stored until the required

testing is completed. Upon passing the required parameters, the leachate is disposed in the

solar evaporation pond.

Surface Impoundments: USEI has three surface impoundments for the collection of storm water

runoff (Rainwater Collection Ponds 1, 2, and 3). A fourth surface impoundment is a RCRA

permitted treatment and disposal unit for solar evaporation (Evaporation Pond 1).

Liner System: USEI's Surface Impoundments are constructed with dual synthetic liner systems

and associated leak detection capabilities. (Reference 2)

Post-Closure Plan: As required by the Idaho Department of Environmental Quality in IDAPA

58.01.10, US Ecology Idaho maintains an approved closure plan, submitted as part of its permit
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application. The plan conforms to all standard closure and post-closure requirements applicable

to RCRA disposal facilities, including post-closure monitoring and financial assurance. The plan

provides reasonable assurance that the radon emanation rate from the closed disposal unit will

not exceed twenty (20) picocuries per square meter per second averaged across the entire area

of the closed disposal unit and reasonable assurance that the general radiation protection

standard for the public (TEDE of 100 mremlyr) will not be exceeded, (Reference 3).
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3.0 Safety Analysis and Dose Assessment for Disposal of Kaiser Waste at the US

Ecology Idaho Facility

3.1 Source Term

The Kaiser waste contains thorium and radium, but essentially no uranium. The presence of

thorium in soil at the Tulsa site is the result of historical operations that involved the recycling of

magnesium-thorium alloy from aircraft scrap which was used in the smelting and manufacture of

magnesium anodes. Since uranium is not present, the calculation of 0.05 wt percent source

material involves only thorium. The thorium concentration of the Kaiser waste approaches 55

picoCuries per gram (pCi/g) Th-232, corresponding to the 0.05 wt percent. Thorium-228 and

Th-230 are also present but because of their very high specific activity relative to Th-232, they

are not a factor in the 0.05 wt percent calculation. Radium-226 and Ra-228 are also present but

not accounted for in the 0.05 wt percent concentration determination because radium is not

source material as defined in 10 CFR 40. However, Ra-226 and Ra-228 are included in the

dose assessment. Th-232, Ra-228, and Th-228 for the Kaiser waste are in secular equilibrium.

Th-230 concentrations are 3.5 times as much as Th-232. Concentrations of Ra-226 and Pb-210

were calculated from the Th-230 in growth considering an elapsed time of 55 years since

material production. This results in Ra-226:Th-230 and Pb-210:Th-230 ratios of 0.0235 and

0.0123 respectively. The ratios of each nuclide of concern to Th-232 are given in the table

below (Reference 4).

Table 3.1
Radionuclide Ratios

Radionuclide Ratio to Th-232
Pb-210 0.043
Ra-226 0.082
Ra-228 1
Th-228 1
Th-230 3.5
Th-232 1
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3.2 Dose to USEI Workers

US Ecology Idaho is required by condition of its Department of Environmental Quality permit to

operate in a way that assures that the highest potential dose to a worker handling radioactive

material is 400 mrem TEDE per year, and that assures that the highest potential dose to a

member of the public is 100 mrem TEDE per year from operations or 15 mrem TEDE per year

from release of radioactive materials for unrestricted use. To meet these requirements, US

Ecology Idaho conducts its operations in accordance with its Radioactive Material Health and

Safety Manual and other operating procedures. These procedures include measures for

minimizing release of material in receipt and handling. Workers use mechanized equipment to

transfer and deposit material in the disposal cell. Materials placed in the cell are covered each

day with a stabilizing layer of soil at least several inches thick to minimize the potential for

release of radioactive materials to the atmosphere (Reference 3).

There are two types of activities that result in non-negligible dose to USE] workers. The first

involves radiation protection (RP) technicians who survey incoming railcars and the second

involves drivers that transport the waste from the rail to the facility and unload the waste. An

estimate of this potential dose follows:

An RP technician may require 1/2 hour to inspect and perform a survey of an incoming railcar.

The average distance from the railcar is conservatively assumed to be 3 feet. The actual

distance is greater since part of the time is performing a survey at 3 meters. A MicroShield

(Reference 5) calculation was performed using the Kaiser waste profile and the specific

dimensions of the railcars to be used for shipping the Kaiser waste (52.5 ft L x 9.5 ft W x 5 ft H).

Although the railcar has a volume of 92 cubic yards (cy), it cannot be filled completely with soil-

like material. It is assumed the railcars will hold 85 cy of the waste material, however the

MicroShield calculations are conservatively based on the source material filling the full volume

of the railcar. The MicroShield report for this analysis is provided in Attachment 1.

The resulting dose per railcar survey is 1.483E-05 mrem (2.965E-05 mrem/hr x 0.5 hr). The

dose for an individual radiation protection technician is calculated as follows assuming that there
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are four RP technicians at USEI that are equally likely to perform the survey, 37,040 cy of

waste, and 85 cy per railcar:

DoseUSE1 RP Technrcian = (1 .483E-05 mrem per RP Tech per railcar)(37,040 cv waste) = 1.616E-03 mrem
(4 RP Techs)(85 cy per railcar)

The dose to the USEI driver is also calculated using MicroShield and the Kaiser waste profile.

Assuming that the dimensions of the trucks used at USEI are 25 ft L x 6 ft W x 3 ft H, they

would hold a volume of 450 ft3 (16.7 cy). The driver would be 5 feet from the waste and would

require 1 hour to load the truck, transport to the disposal cell, and unload. In addition to the

truck driver, dose to an excavator operator unloading the railcar into the truck is considered in

this calculation. The resulting dose is 1.029E-05 mrem per load (1.029E-05 mrem/hr x 1 hr).

Assuming three drivers that are equally likely to haul the waste, plus one excavator operator,

37,040 cy of waste, and 15.5 cy per load (using the argument above for filling the truck), the

individual driver dose is calculated as follows:

DoseUSEI DrivertOperator = (1 .029E-05 mrem/load)(37.040 cv waste) = 6.147E-03 mrem
(4 drivers/operators)(1 5.5 cy/load)

The MicroShield report for this analysis is provided in Attachment 2.

3.3 Dose to Members of the Public

There are three categories of individual members of the public that may be exposed as a result

of the transport and disposal of exempt quantity waste. These are 1) railroad crew members

and other railroad employees, 2) off-site residents in the vicinity of USEI during disposal, and 3)

future onsite resident after the USEI facility closes. The doses to these members of the public

are calculated below.
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3.3.1 Rail Transportation

The Kaiser waste will be transported to USEI by rail. The individual dose was calculated for the

train crewmember and to a railroad employee at a rail station. The calculation was performed

using MicroShield and guidance provided in NUREG-0170, Vol.1, "Final Environmental Impact

Statement on the Transportation of Radioactive Material by Air and Other Modes", Table 4-9.

These doses are calculated as follows:

Dose,,e,, = (1.173 mi/shinment)(3.342E-10 mrem/hr)(44 shipments) = 6.899E-07 mrem

(25 mi/hr)

Where: 1,173 mi = estimated distance from Kaiser to USEI

25 mi/hr = average train speed in medium-population areas (per NUREG-0170)

3.342E-1 0 mrem/hr = crew member exposure rate from Kaiser waste calculated

using MicroShield and assuming an average separation distance of 152 m (per

NUREG-0170, Table 4-9).

44 shipments = 37,040 cy Kaiser waste * 850 cy (assuming 10 Kaiser cars per

shipment @ 85 cy per car)

Dosei employee = (1.1 62E-06 mrem/hr)(0.25 hrlshipment)(44 shipments) = 1.278E-05 mrem

Where: Calculation assumes one station employee spends 15 minutes at a distance of

15 meters from a railcar (NUREG-0170, Section 4.3.3.1.3) for all of the Kaiser

shipments.

The MicroShield reports for these two calculations are provided in Attachments 3 and 4,

respectively.

3.3.2 Offsite Resident Durinq USEI Operations

Releases of radioactivity in effluents to the general environment are maintained at release levels

below the allowable limits and ALARA through the implementation of an effective radiation
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control program. The radiological dose to an off-site resident during the disposal of the Kaiser

waste is assumed to occur from airborne radioactivity generated during waste handling

operations at USEI, i.e., the loading and unloading of trucks. The estimated potential dose for

the disposal of material containing 0.05% by weight thorium and its progeny was calculated to

be 0.056 mrem, (Reference 3). This potential dose was for a waste volume of 3,800 cubic

meters, therefore the estimate dose for the disposal of the 28,319 cubic meters (37,040 cy) of

Kaiser waste is 0.42 mrem.

3.3.3 Dose to Future On-Site Resident After Site Closure

USEI has prepared a bounding analysis that assesses releases to the general environment from

the disposal of unimportant concentration of source material after disposal site closure. This

analysis calculates a dilution factor of 0.50 of radioactive to non-radioactive waste received at

the site, (Reference 1). An analysis using the RESRAD computer code V 6.2 (Reference 6) has

been performed to demonstrate that unimportant quantities of Kaiser source material mixed with

other waste can be disposed at the USEI facility without exceeding a 25 mremlyr effective dose

to the maximum exposed individual.

3.3.3.1 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 uses most likely to maximize radiation exposure. Use of 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

R-040-34 1 -12- February 20, 2004



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 3.6-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 agricultural

purposes. 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
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(3) Radon (water independent)

- Release of radon gas from radioactive material in near-surface soils to
residence interior-in growth 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

(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

(8) Radon (water dependent)

- Release of radon gas from groundwater brought into residence--in growth of
airborne particulate radon daughter products-inhalation

(9) 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

(10) 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
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- 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

3.3.3.2 Parameters

Some values of parameters in RESRAD were entered specifically describing the US Ecology

Idaho site. These site-specific parameters are listed below and were supplied by US Ecology

Idaho as part of its application supporting its recent permit modification related to radioactive

materials disposal, (Reference 1).

* Thickness of unsaturated zone (61 m by measurement of depth to water)

* Length parallel to aquifer flow (5.430E+02 m)

* Hydraulic gradient of the saturated zone (0.007)

* Hydraulic conductivity of the saturated zone (6.7 m/yr)

* Contaminated zone hydraulic conductivity (31.6 m/yr)

* Evapotranspiration coefficient (0.75) precipitation (0.184 m)

* Density of cover (1.78 g/cc-weighted average based on the thickness of each layer of

cover)

* Cover depth equals 3.6 meters (total distance between radioactive material and top of

RCRA cap)

* Cover total porosity (0.413-weighted average based on porosity of each layer of cover)

* Cover volumetric water content (0.0265, weighted average of volumetric water content of all

cover layers.)

* Cover radon diffusion coefficient (7.233E-07 m2/sec-diffusion coefficient for first layer of

cover.)

* Contaminated zone radon diffusion coefficient (5.471 E-07 m2 /sec-calculated by RESRAD

based on other inputs.)

* Building air exchange rate (1.5/hr-based on range of average ventilation rates in houses)

* Cover erosion rate (0.0001 m/yr-based on lack of precipitation and materials of

construction for cover.)
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Except for the concentrations of radionuclides assumed in the waste material and its density, all

other values used for the RESRAD calculations are default values.

3.3.3.3 Radioactive Source Term

The thorium radionuclides and their in growth (55 years) progeny were entered in RESRAD in

concentration corresponding to the Kaiser waste characterization multiplied by the USEI dilution

factor. This dilution factor assumes that the Kaiser waste is half of the total waste received

during the time period of the shipments. Radioactivity concentrations entered were:

Table 3.2
Kaiser Waste Radionuclide Concentrations

Radionuclide
Kaiser Waste

Concentration (pCi/g)

Pb2 '0
Ra226
Ra2 2 8

Th228
Th 230

Th 232

2.365
4.510

55
55

192.5
55

Kaiser Waste * Dilution (0.5)
Disposal Concentration

(pCilg)
1.18
2.26
28
28

96.25
28

Over the 1,000 years simulated, short-lived radioactive progeny grow to radioactive equilibrium

with their parent radionuclides.

3.3.3.4 Results

Detailed results of the RESRAD calculations are in Attachment 5. The maximum potential

radiological dose to a hypothetical future resident farmer on the USEI site from all exposure

pathways is estimated by RESRAD to be 4.25 mrem/yr at 1,000 years. This is well within the

U.S. Nuclear Regulatory Commission (NRC) requirement that the potential dose consequence

to members of the public from the proposed disposal at USEI be substantially less than 25

mrern/year.
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3.3.3.5 Waste from Kaiser

As stated above, the Kaiser waste radionuclide concentrations, corresponding to 0.05 wt

percent source material, are 55 pCi/g Th-232 and Th-228, with a corresponding concentration of

192.5 pCilg Th-230; 4.510 pCi/g Ra-226 and 55 pCi/g Ra-228; and 2.365 pCi/g Pb-210. The

result of the RESRAD analysis was 4.25 mrem/year at 1000 years.

3.4 Collective Dose

The collective dose from disposal of the Kaiser waste at USEI was calculated for USEI workers,

members of the public including transportation, off-site resident, and future on-site resident.

The collective dose for USEI workers is calculated based on the RP technician and driver

exposure scenarios and the number of workers exposed.

USEI Workers: ((1.616E-03 mrem/RPT x 4 RPT) + (6.147E-03 mrem/driver x 4 drivers)) x

1 rem/1,000mrem = 3.105E-05 person-rem.

The transportation collective dose calculation assumed five crewmembers (NUREG-0170, Table

4-9), each receiving a dose of 6.899E-07 mrem in addition to 1.278E-05 mrem for one rail

employee standing next to each railcar, for the shipment of all Kaiser waste.

Rail Transportation Workers: ((6.899E-07 mrem/crew x 5 crew members) + (1.278E-05

mrem/employee x 1 employee)) x 1 rem/1 000mrem = 1.62E-08 person-rem.

The collective dose for the off-site resident is 0.42 mrem. (See Section 3.3.2).

The collective dose to the future on-site resident is 4.25 mrem/year at 1000 years.
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4.0 Conclusions of Analyses

Kaiser proposes to dispose of contaminated soil from its Tulsa facility by transfer to the US

Ecology Idaho facility. Kaiser will only transfer waste containing unimportant quantities of

source material, i.e., less than 0.05 wt percent. Estimates of individual and collective dose to

members of the public and to USEI workers were made to evaluate the consequence of

disposing the Kaiser waste at the USEI facility. The doses are listed in Table 4.1.

In conclusion, the doses from the shipment of exempt Kaiser waste to USEI are below the 100

mrem/yr public dose limit and the 25 mrem/yr unrestricted use limit in 10 CFR 20, Subpart E.

Table 4.1
Individual and Collective Kaiser Disposal Dose

Exposure Scenario Individual Dose (mrem) Collective Dose (person-rem)

USEI Workers 6.147E-03 mrem 3.105E-05
(driver/operator)

1.616E-03 mrem (RPT)

Rail Transport 6.899E-07 (crew) 1.62E-08
Workers 1.278E-05 (employee)

Off-Site Resident 0.42 0.42

Future On-Site 4.25 4.25
Resident
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Attachment 1

MicroShield v6.02 (6.02-00204)
CEC,_Inc.

Page
DOS File
Run Date
Run Time
Duration

:1
:KUSEIR1.ms6
: February 18, 2004
: 12:35:29 PM
:00:00:05

File Ref
Date
By
Checked

Case Title: Kaiser Rail Car
Description: RP Survey at 3 Feet

Geometry: 13 - Rectangular Volume

Length
Width
Height

Source Dimensions:
289.56 cm
1.6e+3 cm
152.4 cm

(9 ft 6.0 in)
(52 ft 5.9 in)
(5 ft 0.0 in)

A
# 1

Shield N
Source
Shield 1
Air Gap

Dose Points
x Y z

381 cm 76.2 cm 800.1 cm
12 ft 6.0 in 2 ft 6.0 in 26 ft 3.0 in

Shields
Dimension

7.06e+07 cm
3

.635 cm

Material
FGR12 Soil

Iron
Air

Density
1.36
7.86

0.00122

Source Input: Grouping Method - Actual Photon Energies
Nuclide
Pb-210
Ra-226
Ra-228
Th-228
Th-230
Th-232

curies
2.2710e-004
4.3307e-004
5.2814e-003
5.2814e-003
1 .8485e-002
5.2814e-003

becquerels
8.4027e+006
1.6024e+007
1.9541e+008
1.9541e+008
6.8395e+008
1.9541e+008

pCi/cm3

3.2164e-006
6.1336e-006
7.4801e-005
7.4801e-005
2.6180e-004
7.4801e-005

Bq/cm'
1.190le-001
2.2694e-001
2.7676e+000
2.7676e+000
9.6867e+000
2.7676e+000

X Direction
Y Direction
Z Direction

Buildup : The material reference is - Source
Integration Parameters

10
20
20
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Attachment 1

Energy
MeV

0.0067
0.0108
0.0117
0.0123
0.0123
0.0123
0.0465
0.059
0.0677
0.0811
0.0838
0.0844
0.0949
0.125
0.1316
0.1681
0.1725
0.1862
0.216
0.3097
Totals

Activity
Photons/sec

1.214e+02
2.044e+06
1.285e+05
1.868e+07
5.766e+07
1.640e+07
3.403e+05
3.713e+05
2.551e+06
2.888e+04
4.797e+04
2.364e+06
2.175e+04
8.207e+04
2.423e+05
4.714e+05
2.244e+05
5.256e+05
4.670e+05
1.069e+03

1.026e+08

Fluence Rate
MeV/cm2 /sec

No Buildup
1.028e-146
2.804e-142
1.910e-143
2.918e-141
9.007e-141
2.561e-141
1.569e-10
1.397e-07
9.832e-06
8.672e-07
1.916e-06
1.00le-04
2.140e-06
3.008e-05
1.064e-04
4.145e-04
2.10le-04
5.862e-04
7.117e-04
3.189e-06
2.177e-03

Results
Fluence Rate
MeV/cm2 /sec
With Buildup

4.703e-33
1.282e-28
8.738e-30
1.335e-27
4.120e-27
1.172e-27
9.762e-10
1.258e-06
9.677e-05
8.616e-06
1.889e-05
9.849e-04
2.010e-05
2.368e-04
8.080e-04
2.677e-03
1.335e-03
3.555e-03
3.954e-03
1.450e-05
1.371e-02

Exposure Rate
mRn/hr

No Buildup
4.723e-147
6.748e-143
3.577e-144
4.671e-142
1.442e-141
4.100e-142
4.850e-13
2.836e-10
1.720e-08
1.366e-09
2.987e-09
1.557e-07
3.275e-09
4.740e-08
1.695e-07
7.024e-07
3.584e-07
1.018e-06
1.277e-06
6.073e-09
3;759e-06

Exposure Rate
mR/hr

With Buildup
2.161e-33
3.087e-29
1.636e-30
2.137e-28
6.595e-28
1.875e-28
3.018e-12
2.554e-09
1.693e-07
1.357e-08
2.945e-08
1.533e-06
3.076e-08
3.732e-07
1.288e-06
4.536e-06
2.277e-06
6.173e-06
7.095e-06
2.761e-08
2.355e-05
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Attachment 1

HicroShield v6.02 (6.02-00204)

MlcroShield v6.02 (6.02-00204)
CEC,_lnc.

Custom Materil: PORI.2 Soil
FGR 12 Soil

Density: 1.36 g/cmS
Averne Atomic Number: 10.53 (based on average elements 2)

Effective Atomic Number: 12.17 (for Buildup factor Interpolation)
effective Atomic Weight: 21.2

1
100.000:

02/18/04

Hydrogen
Carbon
Oxygen
Aluminum
Siacon
Potassium
Calcium
Iron

0.0o2
0.016
0.577
0.05

0.271
0.013
0.041
0.011

MicroShield v6.02 (6.02-00204)

MicroShield v6.02 (6.02-00204)
CEC,_Jnc.

Conversion of calculated exposure In air to dose
FILE: C:\Program Files\NicroShleid\Examptes\CaseFlles\KUSEIR1.ma6

Case Title: Kaiser Rail Car
This case was run on Wednesday, February 18, 2004 at 12:42:21 PM

Dose Point # 1- (381,76.2,800.1) an

02/18/04

Results (Summ-ed over eneralesl Uait Without
Rullduo

With
Bulidup

Photon Fluence Rate (flux)
Photon Energy Fluence Rate

Exposure and Dose Rates:
Exposure Rate In Air
Absorbed Dose Rate In Air

Photons/cm 
2
/sec

MeV/cm2/sec
i.2SBL-002 8.281e-002
2.177e-003 1.37le-002

Deep Dose Equivalent Rate
o Parallel Geometry
o Opposed
o Rotational
o Isotropic

Shallow Dose Equivalent Rate
o Parallel Geometry
o Opposed
o Rotational
o Isotropic

Effective Dose Equivalent Rate
o Anterior/Posterior Geometry
o Posterior/Anterior
o Lateral
o Rotational
o isotropic

mR/hr
mGy/hr

mrad/hr

(IcRP 51 - 1987)
rnSv/hr

(ICRP 51 - 1987)
mSv/hr

(ICRP 51 - 1987)
mSv/hr

3.759e-006 2.355c-005
3.282e-008 2.OS6e-007
3.282e-006 2.056e-005

4.692e*008
2.952e-008
2.948e-008
2.724t-008

4.690e.008
4.123e-D08
4.123e-D08
2.927e-008

4.062e-008
3.299e-008
2.lSDe-008
2.847e-008
2.338e-008

2.96Se-007
1.8Sle-0D7
2.847e-007
1.711e-007

2.962e-007
2.58Se-007
2.585e-007
1.837e-007

2.555e-007
2.078e-007
1.350e*007
1.792e.007
1.469e-007
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Attachment 2

MicroShield v6.02 (6.02-00204)
CEC,_Inc.

Page
DOS File
Run Date
Run Time
Duration

:1
:KUSEIT1.ms6
: February 18, 2004
: 1:00:00 PM
:00:00:04

File Ref
Date
By
Checked

Case Title: Truck at USEI
Description: Truck Driver at USEI

Geometry: 13 - Rectangular Volume

Length
Width
Height

Source Dimensions:
762.0 cm
182.88 cm
91.44 cm

(25 ft)
(6 ft)
(3 ft)

Dose Points
yA

# 1
x

Y
914.4 cm

30 ft
45.72 cm
1 ft 6.0 in

z
91.44 cm

3 ft

Shields
Shield N
Source
Shield 1
Air Gap

Dimension
1.27e+07 cm

3

.318 cm

Material
FGR12 Soil

Iron
Air

Density
1.36
7.86

0.00122

Nuclide
Pb-210
Ra-226
Ra-228
Th-228
Th-230
Th-232

Source Input: Grouping Method - Actual Photon Energies
curies becquerels tiCi/cm3

4.0985e-005 1.5164e+006 3.2164e-006
7.8158e-005 2.8918e+006 6.1336e-006
9.5315e-004 3.5267e+007 7.4800e-005
9.5315e-004 3.5267e+007 7.4800e-005
3.3360e-003 1.2343e+008 2.6180e-004
9.5315e-004 3.5267e+007 7.4800e-005

Bq/cm3

1.1901e-001
2.2694e-001
2.7676e+000
2.7676e+000
9.6866e+000
2.7676e+000

X Direction
Y Direction
Z Direction

Buildup : The material reference is - Source
Integration Parameters

10
20
20
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Attachment 2

Energy
MeV

0.0067
0.0108
0.0117
0.0123
0.0123
0.0123
0.0465
0.059
0.0677
0.0811
0.0838
0.0844
0.0949
0.125
0.1316
0.1681
0.1725
0.1862
0.216

0.3097
Totals

Activity
Photons/sec

2.190e+01
3.689e+05
2.320e+04
3.37 le+06
1.041 e+07
2.959e+06
6.142e+04
6.701e+04
4.604e+05
5.212e+03
8.657e+03
4.267e+05
3.925e+03
1.481e+04
4.373e+04
8.507e+04
4.050e+04
9.485e+04
8.429e+04
1.929e+02

1.852e+07

Fluence Rate
MeV/cm2 /sec

No Buildup
3.124e-107
8.519e-103
5.804e-104
8.867e-102
2.737e-101
7.783e-102
5.387e-09
4.951e-07
1.553e-05
6.751e-07
1.355e-06
6.941e-05
1.127e-06
1.090e-05
3.693e-05
1.267e-04
6.369e-05
1.741e-04
2.059e-04
8.981e-07
7.077e-04

Results
Fluence Rate

MeV/cm2 /sec
With Buildup

7.358e-34
2.006e-29
1.367e-30
2.088e-28
6.445e-28
1.833e-28
2.874e-08
3.795e-06
1.333e-04
6.143e-06
1.236e-05
6.334e-04
1.018e-05
8.776e-05
2.888e-04
8.486e-04
4.193e-04
1.089e-03
1.163e-03
3.969e-06

4.699e-03

Exposure Rate
mR/hr

No Buildup
1.435e-107
2.050e-103
1.087e-104
1.419e-102
4.380e-102
1.246e-102
1.666e-11
1.005e-09
2.718e-08
1.063e-09
2.112e-09
1.080e-07
1.725e-09
1.717e-08
5.887e-08
2.147e-07
1.086e-07
3.023e-07
3.694e-07
1.710e-09

1.214e-06

Exposure Rate
mR/hr

With Buildup
3.380e-34
4.829e-30
2.560e-31
3.342e-29
1.032e-28
2.934e-29
8.887e-11
7.704e-09
2.333e-07
9.675e-09
1.927e-08
9.858e-07
1.558e-08
1.383e-07
4.604e-07
1.438e-06
7.150e-07
1.890e-06
2.086e-06
7.559e-09

8.007e-06
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Attachment 2

MicroShield v6.02 (6.02-00204) 02/18/04

MicroShield v6.02 (6.02-00204)
CEC,_.nc.

Conversion of calculated cxposure In air to dose
FILE: C:\Program Files\OMkroShleld\Examplbs\CasaFiles\KUSEIT1 mtc6

Case Titles Truck at USEI
This case was run an Wednesday, February 15, 2004 at 1:00:00 PM

Dose Point # 1- (914A,45.72,9144) cm

Results t(ummed over enerles)

Photon Fluence Rate (flux)
Photon Energy Fluence Rate

Exposure and Dose Rates:
Exposure Rate In Air
Absorbed Dose Rate in Air

Deep Dose Equivalent Rate
o Parallel Geometry
o Opposed
o Rotatonal
o Isotropic

Shallow Dose Equivalent Rate
o Parallel Geometry
o Opposed
o Rotational
o isotroic

Effective Dose Equivalent Rate
o Anterior/Posterior Geometry
o Posterior/Anterior
o Lateral
o Rotational
o Isotropic

Ua=1

Photons/cmI/sec
MeV/cm

2 /sec

mR/hr
mGy/hr
mrad/hr

(ICRP 51 - 1987)
mSvlhr

(ICRP 5 1 - 1987)
mSv/hr

(ICRP 51 - 1987)
mSv/hr

Wtthog t
13ulld-j ulu

4.479e*003 3.149e-002
7.077e.004 4.699e-003

1.214e-006 B.007e-006
1.060e-008 6.990e..008
1.O06o-006 6.990e--006

1.54 le-008
9.554e-009
9.524e.009
8.847e*Co9

1.539e-008
1.333e-008
1.333e-008
9.484e-C09

1.330e-C08
1.074e-CO8
6.964e-CO9
9.259e-009
7.59te-009

1.029e-007
6.312e-008
6.286e-m0
5.86le-008

1.027e-007
8.800e-008
8.800e-008
6.274e-008

S.86Be-008
7.137e.008
4.607e-008
6.144e-006
5.03le-008
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Attachment 3

MicroShield v6.02 (6.02-00204)
CEC,,_Inc.

File Ref
Page
DOS File
Run Date
Run Time
Duration

:1

:KUSEIRlC.ms6
: February 18, 2C
: 1:04:30 PM
:00:00:04

)04
Date
By
Checked

Case Title: Kaiser Rail Car
Description: Rail Car Crew at 152 Meters

Geometry: 13 - Rectangular Volume

Length
Width
Height

Source Dimensions:
1.6e+3 cm
289.56 cm
152.4 cm

(52 ft 5.9 in)
(9 ft 6.0 in)
(5 ft 0.0 in)

Dose Points
YA X z

# 1 16800.2 cm
551 ft 2.3 in

76.2 cm 144.78 cm
2 ft 6.0 in 4 ft 9.0 in

Y
z--~~

Shield N
Source
Shield 1
Air Gap

Shields
Dimension Material

7.06e+07 cm3  FGR12 Soil
.635 cm Iron

Air

Density
1.36
7.86

0.00122

Nuclide
Pb-210
Ra-226
Ra-228
Th-228
Th-230
Th-232

Source Input : Grouping Method - Actual Photon Energies
curies becquerels pCi/cm3

2.2710e-004 8.4027e+006 3.2164e-006
4.3307e-004 1.6024e+007 6.1336e-006
5.2814e-003 1.9541e+008 7 .4801e-005
5.2814e-003 1.9541e+008 7.4801e-005
1.8485e-002 6.8395e+008 2.6180e-004
5.2814e-003 1.9541e+008 7.4801e-005

Bq/cm3

1.190le-001
2.2694e-001
2.7676e+000
2.7676e+000
9.6867e+000
2.7676e+000

X Direction
Y Direction
Z Direction

Buildup : The material reference is - Source
Integration Parameters

10
20
20

Attachment 3 Page 1 of 3



- -

Attachment 3

Energy
MeV

0.0067
0.0108
0.0117
0.0123
0.0123
0.0123
0.0465
0.059

0.0677
0.0811
0.0838
0.0844
0.0949
0.125
0.1316
0.1681
0.1725
0.1862
0.216
0.3097
Totals

Activity
Photons/sec

1.214e+02
2.044e+06
1.285e+05
1.868e+07
5.766e+07
1.640e+07
3.403e+05
3.713e+05
2.551e+06
2.888e+04
4.797e+04
2.364e+06
2.175e+04
8.207e+04
2.423e+05
4.714e+05
2.244e+05
5.256e+05
4.670e+05
1.069e+03
1.026e+08

Fluence Rate
MeV/cm2 /sec

No Buildup
7.965e-222
2.172e-217
1.480e-218
2.260e-216
6.977e-216
1.984e-216
3.485e-18
2.633e-14
3.585e-12
5.534e-13
1.323e-12
7.026e-11
1.920e-12
4.280e-11
1.634e-10
9.093e-10
4.787e-10
1.491e-09
2.240e-09
1.662e-11

5.419e-09

Results
Fluence Rate
MeV/cm2 /sec
With Buildup

2.349e-36
6.404e-32
4.363e-33
6.665e-31
2.057e-30
5.850e-31
3.041e-17
4.321e-13
7.625e-11
1.510e-11
3.749e-11
2.006e-09
6.108e-11
1.476e-09
5.604e-09
2.850e-08
1.479e-08
4.391e-08
5.898e-08
3.099e-10
1.558e-07

Exposure Rate
mR/hr

No Buildup
3.659e-222
5.227e-218
2.771e-219
3.618e-217
1.117e-216
3.176e-217
1.077e-20
5.347e-17
6.273e-15
8.715e-16
2.063e-15
1.093e-13
2.938e-15
6.743e-14
2.605e-13
1.54le-12
8.164e-13
2.588e-12
4.018e-12
3.165e-14
9.445e-12

Exposure Rate
mR/hr

With Buildup
1.079e-36
1.54le-32
8.170e-34
1.067e-31
3.293e-31
9.364e-32
9.402e-20
8.772e-16
1.334e-13
2.378e-14
5.845e-14
3.122e-12
9.349e-14
2.326e-12
8.932e-12
4.828e-11
2.522e-11
7.625e-I 1
1.058e-10
5.902e-13
2.709e-10
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Attachment 3

MicroShield v6.02 (6.02-00204) 02/18/04

MicroShleld v6.01 (6.02-00204)
CEC,_Inc.

Conversion of calculated exposure In air to dose
FILE: C:\Program Files\MiroShlold\ExmPlem\CasesFiies\KUSElRlC.ms6

Case Title: Kaiser Rail Car
This case was run on Wednesday, February 18, 2004 at 1:04:30 PM

Dose Point # 1 - (16800.2.76.2,144.78) cm

. . . _

Restilts (Summed over encreics)

Photon Fluence Rate (nux)
Photon Energy Fluence Rate

Exposure and Dose Rates:
Exposure Rate In Air
Absorbed Dose Rate In Air

Deep Dose Equrvalent Rate
o Parallel Geometry
o Opposed
o Rotational
o isotropic

Shallow Dose Equivalent Rate
o Parallel Geometry
o Opposed
o Rotational
o Isotropic

Erfective Dose Eouivalent Rate
o Anterior/Posterior Geometry
o Posterior/Anterior
o Lateral
o Rotational
o Isotropic

2.923e-008
5.419e-009

8.457e-007
1.558e-007

Photonslcm zjsec
Mey/arn2/

mR/hr
mGy/hr
mrad/hr

(ICRP 51 - 1987)
mSvlhr

(lCRP 51 - 1987)
rMSv/hr

(ICRP 51 - 1987)
mSv/hr

9.445e-012 2.70ge-010
8.245e-014 2.365e-012
8.245e-012 2.365e-010

1.163e-013
7.406e-014
7.403 e-0 14
6.811e-014

1.153e-013
1.034e-013
1.034e-013
7.328e.014

1.007e-0I3
0.216e-014
S.382e-014
7.10te-014
5.839~e-014

3.342e-012
2. 124e-0 12
2.123e-012
1.954e-0 12

3.34 3e-0 12
2.967e-012
2.967e-012
2.103e-012

2.896e-012
2.360e-012
1.544e-012
2.03ge-012
3.676e-012
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Attachment 4

MicroShield v6.02 (6.02-00204)
CEC,_Inc.

Page
DOS File
Run Date
Run Time
Duration

:1
:KUSEIR1E.ms6
: February 18, 2004
: 1:09:14 PM
: 00:00:03

File Ref
Date
By
Checked

Case Title: Kaiser Rail Car
Description: Rail Employee at 15 Meters

Geometry: 13 - Rectangular Volume

Length
Width
Height

Source Dimensions:
289.56 cm
1.6e+3 cm
152.4 cm

(9 ft 6.0 in)
(52 ft 5.9 in)
(5 ft 0.0 in)

Dose Points
A x

z

# 1 1789.56 cm
58 ft 8.6 in

Y z
76.2 cm 800.1 cm

2 ft 6.0 in 26 ft 3.0 in

Shield N
Source
Shield 1
Air Gap

Shields
Dimension Material

7.06e+07 cm3  FGR12 Soil
.635 cm Iron

Air

Density
1.36
7.86

0.00122

Nuclide
Pb-210
Ra-226
Ra-228
Th-228
Th-230
Th-232

Source In put
curies

2.2710e-004
4.3307e-004
5.2814e-003
5.2814e-003
1.8485e-002
5.2814e-003

: Grouping Method - Actual Photon Energies
becquerels pCi/cm3

8.4027e+006 3.2164e-006
1.6024e+007 6.1336e-006
1.9541e+008 7.4801e-005
1.9541e+008 7.4801e-005
6.8395e+008 2.6180e-004
1.9541e+008 7.4801e-005

Bq/cm3

1.190le-001
2.2694e-001
2.7676e+000
2.7676e+000
9.6867e+000
2.7676e+000

X Direction
Y Direction
Z Direction

Buildup : The material reference is - Source
Integration Parameters

10
20
20

Attachment 4 Page 1 of 3



Attachment 4

Energy
MeV

0.0465
0.059

0.0677
0.0811
0.0838
0.0844
0.0949
0.125
0.1316
0.1681
0.1725
0.1862
0.216

0.3097
Totals

Activity
Photons/sec

3.403e+05
3.713e+05
2.551e+06
2.888e+04
4.797e+04
2.364e+06
2.175e+04
8.207e+04
2.423e+05
4.714e+05
2.244e+05
5.256e+05
4.670e+05
1.069e+03

7.740e+06

Fluence Rate
MeV/cm2 /sec

No Buildup
1.591e-11
1.031e-08
6.171e-07
4.583e-08
9.864e-08
5.125e-06
1.011e-07
1.253e-06
4.358e-06
1.61 le-05
8.134e-06
2.247e-05
2.690e-05
1.185e-07

8.533e-05

Results
Fluence Rate
MeV/cm2 /sec
With Buildup

9.820e-11

9.038e-08
5.870e-06
4.369e-07
9.325e-07
4.836e-05
9.103e-07
9.542e-06
3.213e-05
1.024e-04
5.093e-05
1.348e-04
1.488e-04
5.416e-07
5.357e-04

Exposure Rate
mR/hr

No Buildup
4.921e-14
2.092e-11
1.080e-09
7.219e-1 1
1.538e-10
7.976e-09
1.547e-10
1.974e-09
6.947e-09
2.729e-08
1.387e-08
3.901e-08
4.826e-08
2.257e-10

1.470e-07

Exposure Rate
mR/hr

With Buildup
3.036e-13
1.835e-10
1.027e-08
6.880e-10
1.454e-09
7.526e-08
1.393e-09
1.503e-08
5.121e-08
1.734e-07
8.684e-08
2.340e-07
2.670e-07
1.032e-09

9.178e-07

Attachment 4 Page 2 of 3



Attachment 4

MlicroShleld v6.02 (6.02-00204) 02/18/04

MicroShield v6.02 (6.02-00204)
CCC,_lTc.

Conversion of calculated exposure In air to dose
FILE: C:QProgram FIlesMicroShletd\Example\Casafl~es\KUSEuRlams6

Case Title: Kalser Rail Car
This case was run on Wednesday, February 18, 2004 at 1:09:14 PM

Dose Point # 1 - (1789.56,76.2,300.1) cm

Results fSummed aver enercies) ,Wthout

Photon Iluence Rate (flux) Photons/crnmtsec 5.045e-004 3.327e-003
Photon Energy Fluence Rate MeV/cm2

1seC 8.S33e-005 5.357e-O04

Exposure and Dose Rates:
Exposure Rate In Air mRJll 1.470e-007 9.17Be-007
Absorbed Dose Rate in Air mGylhr 1.284e-009 8.013e-009

mrad/hr 1.284e-007 8.013e-007

Deep Dose Equrvalent Rate (ICRP 51 - 1g87)
o Parallel Geometry mSv/hr 1.843e-009 1.162e-008
o Opposed 1.lSSe-OO9 7.219e-009
o Rotatonal 1.153e-009 7.202e-009
o Isotropic * 1.067e-009 6.684c-009

Shallow Dose Equlvalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 1.842e-009 1.161e-008
o Opposed * 1.613e-009 1.00Se-008
o Rotational 1.613e-009 1.008c-008
a IsotropMc 1.146e-0Q9 7.170e-009

Effective Dose Equivalent Rate (ICRP 51 - 1987)
o Anterior/Posterior Geometry mSvlhr 1.595e-009 1.004e-008
o Posterior/Anterior * 1.294e-009 8.121e-009
o Lateral 8.417e-O10 S.267e-009
o Rotational 1.116e-009 7.000e-009
o Isotropic 9.157e-010 5.739e-00S
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Attachment 5
RESRAD Summary Report - 21 Pages

RESRAD, Vorcion i.21 7" Limit - 0.5 yar 02/20/2004 ID:01 rago

Sumary R.£SR o Pes rarmer - KLsor Waste at USUX

Fila CEt: l~nrOE e anR

Sable of Contenta

Part 1: mixture Sur= and Sinqgle adionuclide Cuidelune3

Dose Convers3on Factor (and Related) Paramter Suulary 2

3itt-Specific Paramoetr Sunnary .......................... 4

Sucmary of Pothwoy ScLcctionz. .. . . .. 9

Contamindted lone and Total Dose Su3 ry .10. 1

Total Dose Componerts

T - 0.000E+00 ....... ............................. IL

Tie - 1.OOE+O0 ......... ........................... 1Z

Time = S.OOOEtOO ......... ........................... 13

Time - 1.OOOE+01 ....... ............................. 14

Triz - 3.000E+0L ....... ............................. 15

Tlrw - 3.OOOZ+02 ....... ............................. 16

Tine - 1.000C+03 ....... ............................. 17

Done/Source Ratulbs Sunmed Over ALl Pathways ... ...

Single Rudionuclide Soil GuLdeliles ...................... 18

Dose Per luclide Summed Over A1l rathia . ................ 20

Soil Concintrataon Pox Uuclide ....... .................... 21



RESAD. Vorsion 6.21 Th Limit - 0.5 year 02fn012004 10:01 Page 2

SLarY y PLSPAD Reo rarrxr - Xalser Wasrt at USE1

FrLe ICtjKuiserUStlRQsfuarnP.F AD

Doue Conversion tactor (end RelAted) lorvactwr Swvuary

Wjlez TFR 13 Morbidity

I
tftau I Perage tsr

U-1 Dose conversion fActors for inhalation, Brew/pCL:

L-1 | tb-2100D

e-1 | 5s-2269D

D-l Ra-22$*D

-19 Th-220#D

B-1 Th-230

5-1 I Sh-23Z

D--1 C ose convecsion tactors for ingestion, wren/pC:

D-1 | lb-2104D

D-1 | R-226+D

D-1 | ha-228+D

D-1 | Th-228+D

D- | Th-230

P-I | Th-232

D-34 | Food transter factors:

E-34 I Fb-210#D , plant/soil concentration ratio, dimensionless

D-34 Pb-210*D . beet/1l.wstocl-intake ratio, tpC/kq)/ipCL/d)

D-34 P tb-210+D , milkliyvstock-irtase ratio. (pCl/LI/jtPCifd

D-34 I

D-34 P|a-226tD , plant/soll concentration ratio, dimenslonless

D-34 I 1a-226#D , beef/tivestock-intake ratio, (pCi/kg)/(pCL/d)

D-34 | Pa-226+D , nilk/i}vestock-Intake ratio, (pCiIL)/CpCIfd)

D-34

D-34 | R-2Z8+D , plnt/soil concenteatton ratio, dimenslonless

D-34 | Ps-2280D ,beef/1j.eswoet-intake xatlo, (pCi/kq)f(pCj/d9

0-34 | Fa-2Z8.D , alt/livestoek-intake ratio, lpCi(L)/(pCifd)

D-34

D-34 T Th-228#D ,plant/soil concentration ratio. direonslonless

D-34 T tn-228tD ,teef/livestock-intaIo ratio, (pCi/kg3/(pCi/d?

D-34 3 !i-2Z8+D , uilt/Xlv jtoCt-intak* ratio. (pCi/L)/(pCifO)

D-34

D-34 | 7r-230 oplant/soil concentration ratio. dinenslOnlehs

D-34 Th-230 . beef/livestock-intake ratio, (pCi/kg)f(pCLid1

D-34 Th-230 . wil/livestock-intake ratio, 1pCi/L3/CpCitd)

D-34 I
D-34 Th-232 .plant/soil concentration ratio. dimensionless

D-34 nTh-232 .beef/ivestock-intaie ratio, (pCi/ka)/IPCi/d)

D-34 | Th-232 ,miik/livestock-intake ratio, (pCi/L/( Cifd

D-S BloaccumulAtion factors, fresh water, Lkq:

n-S I Pb-210+tD fish

D-S |Pb-210+0D crstacea and mollusks

D-SI

D-S | Pa-226+r fish

D-S PA-226+D , crustsaee and mollusks

D-S|

D-S Pa-228'V fish

D-S Pa-229+D , crustacea Dnd molluek

I

I

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I

Current |

Value

2.32C0-02 I
e.0ooZ-03 1

5.080E-03 1

3.450E-01 I
3.260E-01

l.440z*00

7.270T-03

1.330E-03

1.4401-03

8.080E-04

5.480E-04

2.)301-03

1.000-02

8. OOO-04
3.000&-04

4.0001-02

1. 0OOl-03

I. OOOE-03

4.000Z-02

1.000C-03

1.000E-03 |

1.DOOO-03 |

1.001-04 t

5.v001C-06

I.000E-03

1.000e-04 I
5.D000-06 |

l.OOOE-03 |

1.000E-04 1

5.000E-06 1

3.00DE402

1.0000-02

S.OODX+01
5.0005.01 I

2.S000r-0

5.000E+01

2.soort02

Varaneter

Default NamI

2.3201-02 | Ct21 11

8.400Z-03 I D:2( 2)

5.CSO0-03 V DCf2t 3)

3.4501-01 j DCr2( 43

3.2601-0).J OCr2 ( 5)

1.64Ot+400 DCF2c 6)

7.270C-03 Dcr3t 1)
1.330E-03 | DCF3I 2)

1.440E-03 I DCr3( 3)

S.08DE-0O DCm31 4)

5.480D-04 | OCt31 51

2.730t-03 D M 31 61

l.OOOE-OZ | RFIF 1.1)

s.o00r0-o04 3 Pur 1.2)
3.0OE-04 R PTF 1,3)

4.000W-02 | RIFI 2,t)

l.worE-03 j K7F 2,22

1.ooor-03 R RFIr 2,3)

4.00DE-02 | RTFf 3,11

1.00DE-03 A M1Ff 3,2)

1.000E-03I RTFI 3,3)

1.WOE-03 | RTF( 4,1)

1.000C-04 RTrf 4.2)

5.000C-06 RTF( 4.3)

1.000E-03 I 31rFf 5,1)
1.000£-04 RTFt 5.2)

S.COOE-06 I| TFf 5.3)

1.00OE-03 | 3rFf 6.1I

1.0001-04 n RF( 6.2)

5.00-06 It 3TrF 6,3)

3.000E402 3 SlO9Cf 1,11

1.0001.02 | OFICI 1,21

5.000oe0l 3 SIOACf 2,11

2.500E-02 | slOrxC( 2,21

5.000.+01 IS0FAC4 3,11

2.5001+02 | 5CI*ACI 3.21



RESRAD, version 6.21 S4 Linit 0 0.5 year

Sumary: RESPAD Res Farmer - Ka~ier Waste at USE1

File : crCXaJiser-YSZ Res fasraP.AD

02n2/2004 20:01 Page 3

Dose ConversioA Factor (lad Ptelatedd Pitanoter Sumury Icontinued)

rile: rfp 13 rozbidity

I I Curreat Parameter
Meu I Parameter | Yalut Defoult Itarm

D-S | Th-228.D * fish 1.COOE02 1.COOzE02 | UTOACI 4,12
D-S | ?h-220+D . crustace, and mollusks | S.OOOE+02 | 5.000C*02 | IOrACC 4.23

V-5 I Th-230 , t1h I 2.000C-02 1.CO00,02 MIOMACC 5.1t
D-S Th-230 caustacae and molluslt 5.|005.02 |5.000E02| DIWOM C 5,2)

D-SI | | |
D-S Th-232 * fih | 1.000C*02 1.000%+02 | STOrACt 6.1)
D-S Th-232 , crustacea and mollusk | S.OOOz | 5.0005+02 | ZIOrAC( 6,2)



RZSRAID Version 6.21 T% Limit * 0.5 year
rr I PZ8D gas FrAr- - ltser vaste at USZ1

Jill :CCaser0122. earP.PAD

02floi2004 MCI0l Page I

Sits-spFeale Parameter Sumazy

Fbnu I

I veer I I coed by F AV I tergaete
| Input I Defaultt (if dif fe...t frme uer Input) I NamPatrter

R0tl 1 Art. of cont*aiated ooe. 1--2)

ROl1 T|hekness of COot.sidted aone (ul

11011 | 2ength parallel to aquifer £lo.* Is

roll b Zasic zadiation 0o0e limit taeumyr)

11011 Tlwm sice placement o material lyr)
roll | eas for ealculataon lytcl

ROll I 71aa fog calculations yrl

11011 7 3xas fog calculations tyrl
10o11 I Iei for caklstiot" Iyr)

1011 I Tlms for calculationa lyr)

Roll1 7L SO fo clculatictw (ye)

Roll I TS2s for calculatlens lyry

t011 | Taes for Calculations lyri

1011 T lmes for calculattons lyrI

1012 | nltial principal taeieaucsilde (pCi/gl: tD-210
R012 initial prLaCSpal z:uonuclide IPCI/9I: a-22tl
R012 I Initial principal radmonuclide (pCid9 t Ra-228

R012 I Initial principl4 radtonuclide (pCI/;l: Th-228
R1012 I nitial principal radionuclide (pCS/I1: Th-Z30
R012 | Initial prLacipal rndionucllde (pCI/9i: Tn-232

R012 | Concentration in grouIwater (pCitLI: 1t0-210
3012 Concentration in groundsateZ (pCi/LI: ra-226
R012 I Concentration in qroundvater IpCIAlI: e-222
POIZ Concentratlon In grounduter IpCIILI: Th-228
10 12 Concentration Lo ground-ater tpCIll?: M-2-0
t012 Concenctarion in groundwvater (pCiLI: T-232

I.

rO015 Cover depth 1m)

R013 | Consity of cover saterlal Iqcn* 31

P013 | Cover depth *eosion rate Inytr)
R011 tensity of oentainated zone tg/ca,-l)
R013 Contaminated zone erosion rate tx/yrl

r013 | Contamlnated zone tot&. porosity
R013 Contaminated zone field capacity

R013 | Contsamnattd zon, hydraulic Conxcitivity 4f/yrl
P013 | Contaminated zone b parameter

R013 | Aversow annual vind Sectd 1t/secl
1013 | Freudity in air tve"-l

R013 Evapotanspiration coefficient

P013 I trecipitation ImYe l
F013 | lrrngoanon I/yrl

R013 lrrgatlon *ode
1013 I umnoff coefficient

R01:1 Wratrshed sea for iwarby strgam or pond lm-21

R013 j Accuracy far vater/soil coputatlens

R014 V 0-nsity of saturated zone 4g/c.--32

R014 Saturated tar, total porosity

V014 | Saturated toree effactive porosity

6.6222404

.360401I

S 5.3024-02

3.COO0eOO I

S1.00O1*0 I1 ).00020l I

I3.C00t02*0
I 1.00020 C

not used

Iot used

not used

1.10z+0D

2.260c+00

2.6000.+01

2.600t201

9.625t201

2.6002.01

not used

not used I

not used

not used

Mot used

no. usedI

I

1.0001204 I
2.00400 I

1.0002902

2.500Z01 I
0.0002+00

1.0002.00 1

3.00lc+OO I
1.000t+0l 1

3.0032.01

1.000.-02

3.000C-02

1.0002.03 1
0.0002.00 g

0.000t.00 1

0.0002.00

0.0001.00

0.0002.00

0.0002.00

0.0002,00

0.0001*00 1

0.0(302+00 I

0.0002.00 I

0.000O.00 |

I Al1AO

LCZTA'i

I Zt

I TI
1 t2 21

I T 3)

I71 4)

7s 1

it 9)

vlo

I T( 11

314 2)

I 3I 6*

I 311 12

I SI) 2)

1wit 2)

I 31 3)

1 511 4)
wit StC

w it 61

I covk o

|DcttSCY

I vWoe

I vCZ 5

I covtO
I rscl

I VCZ

I rt1 tI B~rCtI vTie

I 12S
XMIITCH

I t~ts
I znz1

I 3.6002.OO 0.000 OO I
I 1.360.to0 | 1.5002D00 |

I 1.000-04 1.000Z-03

I 1.360C+00 I 1.500Z.00

I 1.000e-03 1.000t-03

| 4.Coox-OI| 4.000£-01 |

| 2.COOt-01 I 2.0002-01 I
| 3.1602+01 1.0002t0ol

I 5.300t.+0 1 5.300t+00 1
1 2.0ooz+00 I 2.oooeo00

not usel I 3.0002E00

| 7.500Z-01 I 5.0D0t-01I

1 .1.4OL-01 I 1.0900200

2.00Dt-01 I 2.00D0-01
overhead | a'orhead |

| 2.COoz-01 l 2.000r-ol |

I 1 .0012.06 I l.000V06
I .000a-02 j 1.0002-02

I O~te I ,O~-I

1.5002r IOO 1.500C.20 I
4.000C0C.OI 1.0002-01

2.000t-01 2.000t-01



lltmhAz, Versuon 6.21 2 Liit - 0.5 yar 02/20/2004 IC00I lags S

Suenr y t151RAD M- Tarm - S-lnr waste at 0311

71. CtC -KaserYS1 01 s tar l.RAD

Sits-lpefitic Praenter soesary (rontinaed)

UIac V i nsod by P55hXD | ares. tar

oneI Iartr i nput DOfault ( LIf different Zr..us input) | taae

R014 Saturated eno field Capacity | 2.000-01 | 2.0031-o0 | -- | rcas

3014 Saturated coae hydraulic condactivity t lyrt | 6.700CSOO| 1.0000+02 |-H

ROI 4 Saturated ent hydraulic gradient | 7.000E-03 2.00CC-O- --- |Il

Y014 3Sturated *on b paranter S.300icOO S.3000-00 -- 3t

F014 Water table drop rate (e/yr I| 1.OOOC-0 I| l.OOOC-03 | -- j W

1014 w e*1l pusep Intake depth 1a bale., watr table? 1.0001tO | I 1.OOOttOlI |I__ Cdr

p014 odelt: Wncdispcesioa Isei cc Kans-tLtnc tI | |o | --- | E

F014 W-ll pmping cat. I-0yc) 1 2.5000+02 I 2.50OL02 | --- V U

POIS w Wounber Saaturated ena strat I 1 I 1 it

FOS I Unnst. ene 1, thicknes (a) 6.1000.01 4.0001.0* mm - I nil

015 I Vnat. zone 1. soil density Ig/cr- 3) 1.5003.00 1.500t'00 I --- I DtnS5ZiI)

Poll I Ceat. Son 1. total porocity 4.000C-1 I 4.OOOC-01 | I | I301I

OIS t Vnset. Son 1, effctie porosity 2.000Z-01 2 2.OOOtE-O --- | tr31 (I

011 Vnet. *one 1. field cacity | 2.00CZ-01 | 2.000f-02 I _ | rcul()
RO1S | (Inst. aonn 1, eoil-cp efirc b petater | 5.300 jOO 5.3001.00 -- I 11

3I01 5 uneat. cone 1. hydraulic conductility (slyt) I .cOOtOl i 1.0001.02 i -- Ihcrzl1)

3016 | bietcibutie. coeffscleets, for t210 | I
IOt6 Centelnated zone fcn--3/g) |.C00z0002 | 1.000-02 | --- 1 DvaUCC 11

8014 | UCaturatOd tone I Imn-3/9g | 1 .000+02 | 1.0001.02 |- I OCUC1 1,1)

P016 | Satutated lone IcM- g91 |.0OOt+02 1.0000-02 |C-- H oCSI 11

8016 LeaCh rate dry:) I0.001+00 0.1000too 1.6 6r-03 ALACO!( 1I

It19h SelubilIty constant | 0.000OZ00 | o.000+OO not used I 5o0u10 1)

R0164 Distr.Lbutlon Coefficiesta tar la-226 I I I
P1016 Contaniated tone (c.- 3l91 | 7.000E+01 7.0O0t-01 | -CSS1C( 2)

srOli Oecaorated zone I (cmn"3/g1 | 7.000 t01 7.0300t01 D|NUCU( 2.11

1016 Saturatd zone Ince3/gI .COO1+0l | 7.000*01 --- . DCRUC5i 2)

3016 Leach rate (1yr) O.CDO0903 0.0O00+00 2.7060-05 A E1C091 2)

3016 Solubiltty Constant | 0 .00t00+0 0.004400 | not "sad | SOLSI 21

1016 | listrIbutlon coefficients lor 8a-220 | | | |

r016 j Contaninated zone cni8291 | 7.000C.01 I7.OOE-0 01 --- I 00DCCJ 31

Pto36 U nsaturted tons I f -s3/gI I 7.000t+0l ? 7.*0 .DI --- I D00CCJ 3.11

O0M6 3 Saturated tone 1cu-3/g I 7.0O0Z+01 I 7.000.01 3 --- C ocsc 3)

j016 Leach rate )yr) | 0.000z+00 | 0 .OOO00 | 2.706£-CS I AIXCIC 31

3016 3 Solubzlity constant 0.000o+03 I o.030c400 not used a SCLOSn 3)

P016 I Dlstrciution coefficieets for Th-228 I I I

8016 I Contosinatad cone (rs 3/g/) 6.GOOO04 6.000+#04 --- | DCauCCI 41

P0M6 U Unsaturated tone I 1cm'0g I 6.000t+04 | 6.0000.04 3 --- 3 0o0rJcuJ 4.11

0t16 I Saturated tone (o',3loI | 6.0O00004 | 6.0100'04 3 --- | tCWJCiS 4)

8016 I Leach rate flyr) | 0.0O0Ot0O D0.0OZD00 1.166t-01 | AIZACN( 4)

R016 I Solubility constant I 0.000t00 I O.D0t0DO not used SOUBK( 4)



ESRAD, Version 6.21 S' Limit - 0.5 year

6-"*y 5.r6k= aDs Dr~ar - relier Wants at VSCt

tile t slisr Vizis-esn far.1pAD

02/20/2004 l:O0 Page 6

Ute-spocfac faraotqr 4S-Mrs 4contin"*d)

_ I

I 05t I I Used by RESIAD I | iasater

I InPut I D thUlt I (C different fro., use Inputl I| t4

I I

1016 | Ditribation Caofr:CLents for sn-z3C

06 | Contiobnsted Zone (a.n3/9)

F4016 "Aurat*d zone 1 (Cte3/q)

R4016 Stu ateg lone Iot-31g9

4016 L&ast? rate (/yr1

R016 | Solullixty corstant

BO06 S Dsotribotior coefficieatA for Th-23Z

1016 I ontainated *o0e icnf3/g1

kO1I tiUaotarated lane I (cmn3/9)

POoI | aturated *one (ar-f3gl

1O01 I LaaCm rate (/VrT

P016 I Solubtlity constant

14O17 I Xnhalatxon 1st. E3fyr)

RX017 I Ks loadicq lor Inhalation t7/n--3)

P017 5 Exposure duration

a017 I ShIelding factor, Inhalation

P017 I Snielding factor. *sternsl gara

11017 I Fractiou of tie spent Indoors

1o01 I frrctJos of tire spent outdoors Ion ste)

P017 Shape factor ilag, external qan.

4017 14±11 01 siPe factor array (used if rs - -II

POl1 Outer annula: xiadus (M). ring 1:

R017 I
P017 1

xOn7 1

PD17 |

14017 5
P017 1

ol?7 I
o017 I

P1017 1

R017 I

14017 1

14011

P017 I
1401?

14011

P017 5
P017 1

a1017 I

017

P40117

Outer annular radlus

Oater annular radius

Cater snnul-a radius

Outer annular radius

Outer annular radius

Outer anaular radius

Ostor annular radius

Outer annular radius

Ostsr annular radius

Outet annular radius

Outer annular radius

t.- ring 2:

(a), ring 3:

(m), ring 4:

Nj , ring 5:

Im2, ring 5:

(a), ring 7:

W . ring 8:

-.l ring 9:

(a). ring 10:

t. ring 11.

(al, ring 12:

S C00g+04 G s 000.04

C6COOrn04 I 6.000t*04

4.002a04 5 6.00O2.04

C .O 00S0 I O.00-O l OO

I 0.OOOt6000 O. o.Otoo|

6 *.COOr+04 | t.0DO+04

I 6.CO0t+04 S S.0002+04

1 64.OOtz04 4 .0003*04

I 0.200zaoo I 0.0002.00 I
I 0.600200 1 0.030o000

.4006.03 8 5.400Z+03 5
I 1.000-04 i1.0oo0o0 o

3.0001.01 I 3.000Z01
4.COC-O1 4 .000-01

1 I teo 1.020 7.OOF.0iE
I 5.COO-OI 17.0002-01

2.SOOI-O1 | 2.500£-01 5
I .COO+1.00 |1.000600

| not Used | 0.0302+01

| not used I Ol.0 01E+0

I not used | OO000+O0
not Used | 0.oOOz+OO

I not Usad 5 O.OO1+OO
| not used | .D00vO o
| not used | 0.000oo00
| not used | 0.000EOo

| not used | O.0oao+oo
| not used | 0.0202+0o

not used 0.0 00E5oo
not used | O.ooor0oo

5 not usd I .OO3OE+0

not used | 2.732F-01
not used | 0.030o+00

not used | 0.006-00
not used O.000i405

| not usnd | 0.000E.0o
| not used | 0.COOE-oo

| not used | O.OOIOo

| not used | 0.ooor0oo
I nt Msod 5 .0006+005
not used | O.Oo0+O0

| not used | O.0202.Do

S

3. 1666-Oe

not Used

___

3.06G6-08

not used

0 i _
___

)wO shwF Circular AM.E

I owtC Si

3 0Qft=( II2DtieCUl 5.1)

I 0Omc( 62S

I ALEPAC( 62

00WC~t II)

DI C I C l I

I At o

I 3OLU 61

I IAn^

|ED

S HF3

I nroh

I rs

S SED.SK~t~ 121S 75A6U.SKAt I 22

I RAO_SHAIF 32

I 14E4P1I 41

I SAD SaAte( 51

I -sADSAP6 62

RAp 3sAn I * I

5 RAD _Suf C 9 9I

PkD_5lgxPc ti0
RAIDSHAPt4tl1

I ..S~t1121

(RAc I tJ

I ILCAI 21

I r1AsA 3jJ PACA) 423

I "5.CA( 4

P t.ACA( 1)

I FnCA( *1
rlACA( 9:

I tMCA(11
I ISACA(12

Tractions of anrular are*s within ARr£%:

Sin g I
Sing 2

Sing 3

Sing 4

Sing 5

king 6

Sang '7

Sinq 9

Sing 9

Ring 10

Sing 11

Sing 12
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Site-specific Pace-tcr 8-eary IcontLnuoel

Pulnu I 'ACs&-0.t
I Uxe I I seed by 92:IAD

I Inpot I Default I (If different freo user
I _ _ -

I toga ste:
input1 I old"

"01s

taL1
R018

3013

mole

3 018

poll3013

3e013

P~oll
3018

pllol

roll
3013

t013

3013

"t01

tOIS

ts19

3019

3019
3019

30O19
poll

Roll
E01S
3019

3019

Trults. aendble d gralra conswwt1on 3kg/j.)

Losfy wcgct ble coo.-pti (kgt"yrI

mtilk coos..ptioo ILIyX)

Frst and poultry cooouption (lq/yf)

lash consunptios ikq/yr)

0th.r seafood contwptlon (kgtyr)

loll. ingestion rate Igtyr)

Drinllng water antle IL/yr1

ContawlnsiUon fractIon of drinking wster

ContesLstrion fraction of bousehold eatc

Contamination Stfacron Of livestock water
ConcasinaUon traction of irrigation water

CentaxioUtor traction ot aquatic food

Contaunatson fractuon cf plant food

ContasanaUon fraction c: reat

Contamimation fraction or milk

l 2ivestOck foxier Intake for Peat (kg/day)

Livestock fodder intake for milk (kgtady)

| Livestock water intake for eat (tl/darl

Livestock water Intake for will (L/dy)
Livestock soil latake okgIelyl

AJss loadcng ror toilhr deposition tqfm-J1

| Depth of roIl mixing layer tad

| Depth of roots (n)

Drilking ater fraction fron ground eater

I bousehold ater traction from grounad ater
Liveatocia watee traction from ground water

IIrIqatlon traction ffam groaw .&ter

I 1.6001.02

1 2.400C101

I 1.200C.01

1 6.3001.01

1 5.4001.00

I 9.0001-01

I 3.60w0to

1 $.100t.02
I 1.0009,00

I 1.000l.00

I 1. oof.00
1 1.0001.00

I 5.0001-01
I-1

1-1

I

I 1.60015oz I
I 1.4006.01 I
I 9.200r01 1

6.3001.01

5.400100oo

I 9.003t-01
3.650101

5 b.100f02i

1 1.0005.00
l D00t -00

1.0006.00 I
1.000g.00 1

1.0001-D1i

I S.OOe-Dl I

3 .100f$01 I

61.00+:oz

S.000z-01 1

1.00X-04 1

* 0.00-01 I

O.5OOEnOl

0.100L.01

6. 00t1roL

1.SOO.01

5.00oor01

1. 600f.02

5.0001-01

1.600oz-os

1. 5001-01

9.S00DC-C

| 6111(I)

I 0117(3 1

DirT t2(4

DtirT0(5
I 11Dtr(6

SO1L

I 0wz

I I t

I rim'
I Frei
I FrOrriorw

I tLAiIr

| tILK

I l i

I LtlS
LrI5

WUIS

I LIIL6
1 L5i
I n~rL
lWs6

I Ff10t

I Dtcor
I rcsl(2,

I rcV(r3

I 111

I R

YV I)

I 1O(2)
t31)

I S(tl

1 1tY(2

I 3t(32

I ltrIl)I
1tDRY(2)

CET1213

I C12C-1I CI2VL

|CSDIL

t19D I Wet eight crop yield for Pon-Lealy (tg/2'Z)
F19 | list weight crop yield for Leafy (tglq/-Z)

RI9b I Wet wegsht crop yield for Fodder Ixg/mZ21

3093 | Groaing Season lot mon-Leafy (years)

3190 I CroLag Season go: Leafy (years)
3193 5 Grouing Season for fodder (years)

R314 9 translocation Factor for won-Leatv

I.198 ' Translocation Factor for Leafy
MISC Translocation Factor for Fodder

R191 I Dry FoLbar Interception Fraction for Pon-Leafy

R195 I Dry Fotier interception Fraction for Leafy

R198 I ry FolIr Interception fraction for Fodder

3193 I kt Foltar Onterception traction for Uon-oasly

3193 I let Follar Interceptlon traction for Leafy

3293 let Follar Interception Fraction for Vodder

R193 |Vathorln0 P-oval Constant for Vegtation

1.00Ct.00 1I 1.000400
1I00C.00 5 1.000E.00

1.000C100 I 1.0001.00

1.000C.00 I 1.00Ok.00

7.C00g-01 7.001E-01

1.5001C00 I 1.00E+00 I
1.1001.00 I 1.1001E00 I
1.70ro-01 1.700E-01

2.500E-01 | 2.500E-01

3.0002-02 S .001-02

1.00QE-01 I 1.000E-01

1.000C-00 1.000.00

2.01.000eo I .D00or-C

2. 001-01 2.5001-01

2.5W01- 1 2.SIOI-02

2.500C.01 I 2.500t-01

2.5001-01 2 .S0E-o1

2.500E-01 I 2.500C-01

2.500C-0! I 2.50Cr-01

2.0021.0o1 2 .000t.02

not used I 2.000E-05

aot .o.d | 3.000E-02

not used 5 2.0041-02

Cla

C14

C01

C-12 concentration in eater gJ/cj--3j

C-12 concentrat)On In contaminated .011 (9/9)

Fraction Of '.utlaloo oarbon from *IlI
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itse-Spsoific Paraetex S.eanry (nontlanod)

| Use: | I Used by LSRAAD I ?o.anetxr
I Input I Def@a1t I 41f dffetent from user antnIC I wafteena I

C1 | rIretioa of veq.Latlon carbon fsou Cit

Cll 1 C-lt evsis layec thickness La *stl t-l
C14 c-14 mosLo. t(Io ret. tron soLl (l/see)

Cit | C-12 eamion flu. rats from oil (eavrl
Cll f Yraction of gr9in in btef cattle teed
Cli | 1csrtion of 9rein L. r tll Ov !-d
C14 D OCT correction fector for qas- a fors of C14

30oa S wsge tiet. of coetaadnated foodstuffs (days):

MTOt I rrlts. non-ltefy vegtables. snd grain

STOI | Lea:y vjgetablea

rt i tUlk

STR 1 eat and poultry

1701a I naN

8T0x | Crustacaa and moilul""

STOR Well water

3703 U Ihtace water

O | Livestock fodder

OZ.1 I Tickneoa or building eovadatlon C.)

Pl021 Walkt density of buidinq foundation tol/en3)

P021 Total porostty of tI. cover material

B021 Total porosity of th. building foundatson

RO21 Volutatrlc water content of the covr atecti!

P021 I Voluierrlc w.ter content of thle foundation

P021 Diffusono cotficlent for radon gas (a/secl:
I021 L La corer naterlal

0021 ia ovndatCon l Watertl
O021 is ConatInmced zone SoIl

1021 Radon vertical 0ioension of WiLinq Pml

A021 I AV2:vge buWIed*a air exchasge rate (Il/r)

r021 heIght 0f the ouilding 4rood) IM

It021 | Suilino interior area Iactor
1021 | uatudtng depth belo. ground surface In)

1021 twanatind Wower of Rn-222 C&&
8021 Lwanatang poor of Pn-220 Can

tiTr I Yrw of graphical tiro points

ssn K axlmmsx nwurr of Integratlon Points fcr dose
ITL. I Ka 1 lrser of Integration points for rist

not "ad

| iot used
| not used |

I not used I
|nrot used

not .. d

| not aod

I IoeoI l.400C#01
1.00o1*00

I1.000C400
I 2.0001401

I 7 eoorfoo
I 7.0002.00

l 1.OOOteO

I .COOtsOOI .500ot0i II.300a.01 I

I 2.400t+00 1

I 4.13C0-01

I 1.000C-01 I
2.4501-02

I3.0e0c-02

7.233f-07

3.OMZ-07

l-1.000M#00

9.1Ot-toI I
3.000Z-01 1

7. oor-07 I
1.000Z-10 I
6.00OZ-01 1

2.0001-01 1

8.9s4101 1

1.400c01 I

1.000e.00 I

1.00OZs00

2.00 0g1e
7.0022*00 I
7.002o0 I

t.002+00

l.000i+01 I
4.5021+01

1.0.5 -01
2.4022.00 I
4.0002-O I

1.00O-01I

5.0002-02 I
3.Q001-02 1

2.000t-06

3.000E-07

2.000C-06

CAI l

IEcS

I AVrG3

I AVI'0
Ic0

I3T00P7I1I
| 37VPT 121

| 3TOP 13)

STC~R-T4)

1 S70j t44)

I o~vtt:rt'i

I 8700240z)I 5708 49)

I rtJA
| DtZ42tY

TFJCV

I raCev

I flt20V

| DetV
I 0011

I rrxc
I Dm3.

| DO~hAIL

I "ri

1 1.7001

Imom~
DIMe

DIMra

2.000°'°00 2 2.0a0t0oI
1.o00-e00 I 5.0m-01 I

I 2.5000200 I 2z.000c00 I
I O. 0Z0OOa 0.000t 00
1-1.000t0oo 1-1.0005-00I

| 2.SOO?-01 | 2.0SO1-01

I 1 500-0 I 1 t.500-01 I

a 32 a __ I

2SI- -

__.
__.

S. 71C-0?

Code CO-Put"d (tSI- oeP0*detl

cooe coeputed (ttm dependentl
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Summary of Pathway Soleotiona

Pa thway I User Selicfion

I -- oxtorual gamm active

2 -- inhelation (w/o redon) | active

3 -- plant ingeatton active

4 -- mat Ingeation active

5 -- milk ingeztion active

6 -- aquatic food* active

7 -- dxinking wartr | activC

S -- soil ingestion *ctive

9 radon active

tind peak pathway dozes active



£P.11AD, Vor~ion 6.21 T% limit - 0.5 year 02/20/2004 10:01 hPgc 10

Suwawary: Rt5sD Rae ?raor - Kaiser vast* at US£I

File C.C_ Cer_UREI_10±_£axm.DAD

Contamirnated tons Dimonajon,* 1mitisl Soil CoA**ntxtietna, pCi/9

Area:

Thickn-55:

Cover Depth:

58221.00 zquare mcters

33,60 notes*

3.60 ucttxe

Pb-210

Ita-226

Ra-228

Th-228

Th-230

Th-232

1.1800+00

2.2600+00

2. ODOl+OX

2 .GOOI+O1

9.625Z+01

2. 0oo+oL

Total DO*. TQse(t)., mrqm/yr

Basic Radiation Dost Limlt - 2.5000+01 nt/yr

Total Mixture sum l1(ti - rractlon of BASic Doee L2OLt Received at Tfle Et?

t years):
nToss ( t I

M(t):

O.OOOfOO 1,OOOE*00 5.000Z+00 1..DOE*01 3.000C-01 3.000*02 1.OOO1;+03

2,3571-01 2.3StE-01 2.569E-01 2.7BOE-D1 3.626C-01 1.445C*00 4.250t+00

S.422Z-03 9.593E-03 1.02-E-02 1.1122-D2 1.451C-02 5.938C-02 1.7005-01

Max1mun TDOSE(t) : 4.250X+00 Nreafyr at t - 1.OOOE+03 years



Vr*TRA. V.rslon 6.21 0h L011t - 0.S Y1ar

Sr rv: V10AD P.s farmtr - Laiser laft, at 2t1t

rime Cs Ctalstr0011Iaafa..

02nfnl0 000 Plag ii

Total D.o Contributlon.. ?0CC1.p.t1 fU o rndeLdaal RadlonuelLd.. II) and lathr? IpI
s m-l/yet and reaction of Total Do.. At t - 0.00 0 ye..

WAQr Indtpvnt Path-y (Inh~ltlen 0=4d. r d..)

CroUnd Inhalation Il-den 114.1 Soll

p.dl1-

Nuclld. --rye ftoct. pryr fract. P- o.yr tract. PrC*.yr tract. srt.lyC tract. s g .. /yc Uoc.. Jr.p.yr tract.

tb-O210 Q.CCOr00 0.0000 O.OOCOC 0.0000 .0000*00Q 0.0000 O0OOOz0O0 0.0000
Re-226 1.1230Z-22 0.0000 C.0OCz.40 0.0000 2.Z311-01 0.100 .0001.Oc00 0.0000

PA-222 3.301Z-20 0.0000 O.OOCC-00 0.0000 0.0000.00 0.0000 0.000'-00 0. 000

Th-224 1.192t-19 0.0000 O.OOC00 0.0000 0.000D+O0 0.0000 0.000.00 .0G00

Th-230 1.0361-24 0.00o0 O.OOtZQ00 0.0000 2.IS.I-03 0.0091 ,000OCtOO O .COO

Th-232 1.830S-21 0.0060 0.0Q1Z.O0 0.0000 *.000Zo00 0.0000 0.00OZ+100 0.COO

Total 2.1370-19 0.0000 O.0003.Z0 0.0000 2.35?X-01 1.0000 0.000.+00 0.0000

0.00000 0.0000

0.0001.00 0.0000

0.0001.00 0.0000

0.000t.00 0.0000

0.0001,00 0.0000

0.000C.00 0.0000

0.0001+00 0.0000

0.000-00 D.000

0.000.00 D.0000

0.00c.00 0.0000

0.00O0-00 0.00M0

0.000C.00 0.0000

0.0001.00 0.0000

0.000E*00 0.000

0.0000+00 0.0000

0.0000Z00 0.0000

0.0001.00 0.0000

OD.000000 0.0000

0.000.00 0.0000

0.0001000 0.0000

0.000.+00 0.0000

total Dose Contrltntlo.. T0S011.p.t1 got InlOlMve raelo*uClte.f tl And 2600waS 'PV
A. .toyi and rgaction 7of 0otal Do" At t - 0.000.00 years

Water Depndeo.t lethidys

water

pa0o.e-

hO.c10, .nyo tast.

r0-210 0.000;00 0.0000

15-226 0.0000+00 0.0000

Pa-220 0.0000+00 0.0000

7n-220 0.000000 0.0000

In-230 O.OO0C+00 0.0000

Tn-2312 0.00000 e0.0000

Total 0.00O0t00 0.0000

rnsh

w10/YEr Czoct.

O.00Ce-0 0.0000

0.0000.00 0.0000

0.0001.c0 0.0000

O.000.-00 0.0000

0.0oc0tO0 0.0000

0.0001o00 0.0000

MOO.

6101/Yr tact.

0.0000OEO 0.0000

0.000Z000 0.0000

0.000100 0.0000
0.000t-00 .0000

0.000-00 0.0000

0.0003.00 0.0000

Iluont

oron/yr tract.

0.030t.00 0.0000

0.0001.00 0.0000

0.0000.00 0.0000

0.000+00 0.00OO

0.0000400 0.0000

0.000OOC 0.0000

0.0001+00 0.0000

1~%,& 01.1.

Prtntyr trac0.

O.CD0t100 0.0000

0.OC.03 0.0000

0.000O03 0.0000
0.000Z000 0.o000

0.0001.00 0. 000

O.0000- 0.0000

0C.C0000 0. 0000

aIsyt tract.

0.CO-C0 0.00o00

0.0co0-co 0.0000

O.0C0E-CO 0.0000

0.0coz-00 0.0000

o.oco0.00 0.0000

0.0Co0-Co o.0o00

.O0COS.O 0.0000

All Fath.aYa

s..yt Otract.

0.05C1.00 0.0000

2.31DZ-01 0.D 09

3.3071-20 0.0000

1.012E-19 0.0000

2.0I3Z-03 0.00D1
1.3000-21 0.0000

2.3SI0-01 1.03000.00Oz 00 0.0000 O.030or00 0.0000

5. of a11 wt.r ±doponednt and o.0.0.nt pathosys.



30E210. Version C.21 TS Limit - O.S year

6uary: ItSPLAD eas ar~rr - Raiser Waste at MCI

tile CCC oA sersr-StlOhe0frar,.MAD

02/20/2004 10:01 Ftao. 2

Total %..s Conrtt1bWtxos# tOoscI.p. tol orIndvidaal P-&d.taelide III and Path..ys tpl

As mrss/yr and ttactlin of Total Doe. At * - 1.000I.00 :,-r.

v'atet Indpqpndtnt ratsys Itnhalatlon CoclId sedon)

Crownd tShalatlon Plant Itat loil

bhc0id. bom/yr fOcct.

Ib-2I0 0.000E000 0.0000

3-226 1.124E-22 0.0000

l-220 0.0030-20 0.0000

Th-220 1.2451-19 0.000O

Th-230 3.002C-24 0.0000

Oh-203 6.49OC-21 0.0000

20t4l 2.141C-19 0.0000

scnn/yr tract.

0.000.00 60COO

0.0001.0c 0.00C0
0.0000.00 0.0000

0.0001.00 0.0000

0.000C.00 o.0oo0

0.0001.00 0.0000

0.0ooore0 0.0000

monryr oagct. .enyg lrct.

0.0002000 0.00C00 0.CO4OO C.000

2.3261-01 0.0131 0.600.00 c.w000

0.000100 o.eo0w 0.000o-00 C.00oo

0.0003000 0.0000 0.0000.00 0.0000

6.4611-03 0.02C9 OC000000 C.0000
0.0001+00 0.0000 0.000C.00 0.0coO

2.31S0-01 1.0000 0.0004OQ 0.0000

mreftr tract.

0.0002e0 0.0000

0.000t.CO 0.00o0

0.000c.00 0.0000

C.oCo.-oo 0.0000

0.000.-00 0.0000

0.000o.00 0.0000

0.ecoT-00 0.0000

'../Yr tract.

0.000M.00 0.0000

0.00C-.00 0.c000

0.000t.00 0.0000

0.0001.00 0.0000

0.ooCE.00 0.0000

0.0001*00 0.0000

0.ooertoo 0.0000

Wunn-yr czact.

0.00oo.00 0.0000

O.00800.0 0.0000

0.000co0. 0.0000

0.cooc000 0.0000

0.000o 00 o.0o0o

0.000-.00 0.0000

0.000.00 0.000

Total 0oe Contgtlotione 
T

VOOOtf p tI tot Individual f -*dion.ctid.& 1) and Tath..ys tp)
A. relyr and ftrcton of Total DLo* At t - 1.000I00 Yearn

Water tspandoet P.thnays

vatle nbh tadon l0.a.t 1leat milk

Wcdic-t. o f 1. b a .t

Nsuclide rsWtr Is ct. _t-yr tract. prlr fttct. m-/yr tract. X./rt frct. ftra/yr tract.

All ratr-aye

*res/yr tr.ct.

lb-210 0.00Oc-00 0.00C0
Ws-226 0.OCOC.00 0.0000

Se-221 0.0Ct-C00 0.0000

Th-22 O.oCOrCo00 0.0000

Th-210 0.OCOC.00 0.0000

toh-232 O.OCC-00 0.0000

Stotl 0.000o100 0.0000

0.0"Z-100 0.0000

o.oxc.oo 0.0000

0.0oo0.0o o.oo00

0.000.cOo 0.00o0

0.000c00o 0.0000

0.000Z.00 0.0000

0.000o,00 0.0000

0.00010E00 0.0o0

0.000c.00 0.000e

0.0001.00 0.0000

C.coo00oo 0.0000

0.0001*00 0.0000

0.00oz.00 0.0000

0.000E.00 0.0000

0.0001.00 0.0000

0.0001.00 0.0000

0.0001*00 0.0000

.0000.00 0.0000

O.00Z000 0.0000

0.00O0400 0.0000

0 00O1100 0.0000

0.000.-00 0.00co

0.000c.00 0.00co

0.0COt-00 0.0000

0.000C000 0.0000

o.00oz0oo 0.0000

0.000Z*00 0.0000

0.000et00 0.0C00

0.00o0.00 0.0000

0.000t000 0.0000

0.040000 0.0000

0.0001400 0.0000

0.000.+00 0.0000
O.OOO100 0.0000

0.0001.00 0.0001

O.0OCt000 0.0000

Z.334C-01 0.9731

*.051l-20 0.0000

1.Z490-L1 0.0000

*.4010-03 0.0269

*.4910-20 O.000

2.39I1-01 1.0000

of ot.1 altnr ndcp-dnt and dependent pthaya.
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lotal Co.* toottkibtlies SOSZIlP.tl for 0nd.lidoal .ad&oQwclldes til) .d *athYea tp0

aa woe,/yr and fraCliOa of total o lea.t t o S.000u.00 yoe..

Wate 2r-dbd.. IP. rt>. tUnhalatn v.^clad< .~n)

Skodlo-

uellte er.O/yr tract.

ru-2l0 C.0000400 0.0000

PA-226 0.120S-2 0.0000

I.-22i 1.2200-12 0.0000

ih-22I 2.947E-20 6.0001

Tn-230 1.14fZ-23 6.0040

in-232 6.38F7-20 .0o0c

Total 2.1030-19 0.0200

lOhalatlon

"ro.yr treC.

0.0000C00 0.00o0

0.000E*00 0.0000

o.DDCS-00 0.000t

0.030t.00 0.0000

0.0o0c00 0.0000

0.00C.00 0.0000

0.0200.00 0.0000

orO.JYr fract.

0.0100.00 0.000o

.3322-01 0.9070

0.000oc00 M.0CC

0.00occ00 0.0000

2.3699-02 0.0022

0.000.0o0 0.0000

2.56SC-D1 1.0000

IFlst

..- /yr tract.

0.OOZ,00 0.0000

0.c000*00 0.0000

0.0000*00 0.0000

0.000cw00 0.0000

0.0eo0040 0.00Co

0.000Cc0 0.0000

0.000oc00 0.0000

r./yr freCt.

0.DOt-00 0.0000

0.O00C.00 *.0000

0.000C.00 0*0000

0.000C.00 6.0000

0.0000.00 e.oCoz

0.0000.00 6.0oco

0.0000,00 O.eoCo

MI-Sk

-$./Y. feact.

0.0000.00 0.00*0

0.0000.00 0.0000

0.0000.00 0.0000

0.000:0400 0.0000

0.0000.00 0.0000

10.0000.00 0.0000

0.000C.00 0.0000

S0Ll

e--/y. tract.

0.0000.00 o.eooo

0.0000.00 0.000C

0.00o0c00 o.ooo0

0.000-00 0.0000

0.0000.00 0.0000

0.000o0oo 0.e000

0.00oz.00 0.6000

ToCtal 0o Coatrgb.tl.. OtM (i.pt) for Individual ladiso..l~d 211 and rath-ys Ip4

a. e-oyr sad frcloa. of Total bo3. At t . 5..000003 Yeats

wJCtI Daperdeat tchasya

later fish udo- Pleat bkseL. PU lk
Ra010- ~ ~~ ~ ~
lIalde wrwlyt fiaco. V./1Y: IracC. ax./yt FiCt. sue-aye fleet.

t0-210 50.00CC-Co 0.0000 C.0O000o 0.0000 0.000Z.00 0.000o 0.c00-000 0.0000

"-22b 0.00CC-00 0.0000 0.000&+00 0.0000 0.000-*00 0.o0000 O.C0o.03 0.0000

a-.22 o 0.e00c-00 0.00o0 0.000c000 0.0000 0.000oo00 0.0000 O.COD0.00 0.0000

Th-220 0.00o.CO 0.0000 0.000e0OO 0.000C 0.0000100 0.0000 0.COO.o00 e.0000

Th-230 0.00c.0CO 0.0000 O.0O00000 0.000C 0.0OOo,00 0.0000 O.c000000 0.0000

Th-232 0.00.CO0 0.0000 0.000oo 00 0.000C 0.00000E+00 0.0000 0.000E.00 0.0000

lotal 0.000c-00 O.0000 0.0000.00 0.000C C.0000+00 0.000 o.e000.00 0.0000

m105/yr gorct.

0.00000 0.00co

0.0001.00 0.00co

0.900.00, D0.000
0.000C.00 0.00CO

0.000C.00 C.00

0.000o-00 C.00c

0.000c.00 o.oCco

n'rm/yr f0110.

0.00000oo 0.0000

0.000o.00 D.0000

0.0000400 0.0000

0.CO0*O0 0.0000

0.0000.00 0.0000

0.0000co 0.0000

0.o000.0 0.0000

All th:ayOs-

wee/ycr grect.

0.000.00 0.000o

2.3301:-02 O.O07

1.2200-00 0.0000

Z.S4lC-20 0.0000

2.3690-02 0.092Z

6.350Z-20 0.0000

2.3690-01 1.0000

*5. Of all .tor And*pfnd.nt *d dO" d.nt pth..hys.
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7otal Do.. ContoLbetio" TDOStti.p.t) for Indi-idual v*diontclId.* (I) aed Pathoays (PI

A. mr-/rr -d rr ctl.n of Total Cose At t . 1.000td4l years

lot.r Independent Vathbvys 41halatl, *..cld*. sadeI

khdon Meet Soit

Vueljd. mr*./yr trct

Pb-210 0.00CC00 0.0000

PA-224 1.134C-22 0.0000

Ia-220 0.42Ct-20 0.0000

Th-224 4.147C-21 0.0000

Th-230 2.202C-23 0.0000

Oh-222 1.2720-19 0.0000

Total 2.100-19, 0.0000

m.ta/yC tract.

0.0000.00 0.0000

0.0200C400 0.0000

0.0000.00 0.000O

O.000.OC 0.0000

0.0000.00 0.0000

0.0000.00 0.0000

0.O000.00 0.0000Q

RC*'JyC TrcOt.

D.O9t0O0 0.4000

2.3221-00 0.0374

0.0200000 0.0000

0.0000.00 0.4000

4.5200-02 0. 24

0.0000400 0.0000

2.70OZ-o0 1.0000

.e./r tract.

0.000.-00 0.0000

0.000C.00 0.0000

0.000C.00 0.0000

0.007-.00 0.00CC
0.0001.00 C.000O

0.0000.00 C.0000

0.0000400 0.0000

pr./Yr tract.

0.000.-00 0.0000

c.0oo00oo o.oooc

0.000c.00 0.00Cc

C.000C0,0 00000

0.000c.00 0.0000

0.000r0,0 0.0000

0.0000.00 0.0200

oy-/yc tf.ct.

O.CO000OO 0.0000

0.0001400 0.0000

0.0000400 0.0000

O.COCE.0C 0.0CWO

0.00CE000 0.0020

o.ooec.00 0.0000

0.000C+00 0.0000

Am.Iy. froat.

0.000.-00 0.0000

o.COc-00. 0.0000

O.COO.-00 0.0000

0.00d.00 0.0000

0.000.00 0.OOOO

J0.000000 0.0000

0.0004+00 0.0000

Total Doo. Contolbtioa. ?TOSC .p.t0 for lndItid-l sAdso.ulido (lI end Path-ys a 0)

A. wcwyr and Fr-cton of Total Do" At t - 1.000SCdl y-ca

water D*pqmdftt ath..ay.

Wdon T1las 204vt Kilk All Path-ays'

tuClid, wre*'t tract. weem/yf t.rct. =Wytr tract. -.. /Y. fCoct. .rW/Y Igatt.

Pb-.210 0.0000.C0 0.0000 0.000040 0.0000 0.0000.00 0.0002 0.C000-0.0 0.0000 0.4000.00 0.0000

P.-226 0.0000.C0 0.02000 0.0001.00 0.0000 0.0000.00 0.0000 0.Oogs00 0.0000 0.0000.00 0.0000

'4-220 0.0000.00 0.0000 0.000C400 0.0000 0.0001.00 0.0000 0.0000400 0.0000 0.0000.00 0.0000
Th-220 0.0006to0 0.0000 0.0000400 0.0000 0.000C.00 0.AM0 0.0000.00 0.0000 0.0000.00 0.0200

01.220 0.0000.100 0.0000 0.0000.00 0.0000 0.0300000 0.0002 0.0000.00 0.0000 0.000P.00 0.0000
7h-232 0.0OOCC00 0.0000 0.000*00 0.0000 0.0000OO 0.0000 O.000000 0.0ooo 0.0000.00 0.OOCO

SoD.: 0.000o.OO 0.0000 000 O-OO 0.0000 0.0000zo 0.000oo 0.000C.00 0.0000 0.000o.00 0.0000

*cIytz tract.

0.000C.00 0.0200

0.0000.00 0.0200

0.000L.00O 0.02300

0.0000.00 0.02000

0.0000.00 0.02000

0.0000.00 0.0000

*roo/yt Aract.

0.0000.00 0.0000

2.3200-01 0.8334

0.4040-00 0.000o

4.*S7z-ZI 0.0000

4.5201-02 0.1026

1.2730-1 0.0000

0.000e.00 0.000 2.7000-01 1.0000

0. of all -teo IrdeV.nd.^t and tkep..d.t p~th..y.
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total Does Contritbtiome T000(lfpt0 (or tdatid.al ltadloawcldes C11 *nd Path.sys (pl

As toelyr &%d rrctiln ot Total Do.. At t * 3.000C*01 Veao

Meter I entp.dent Path.yo (Inhalation xdcl gdodo

Otounmd

Radso-

V.olie -c-/Y. tract.

rb-210 0.0000.0 0.0000

Fo5226 1.1510-22 0.0000

Sa-220 *.425C-21 0.0000

Th-220 3.5490-24 0.0000

Th-230 C.SSOC-23 0.00 0

Sh-232 2.139C-19 0.0000

Total 2.225r-19 0.0000

lhkalation

m-..yr tract.

0.0000.00 0.e0oo

O.C0C1.40 0.0030

0.0*00.00 0.0000

0.0009*00 0.00)0

0.03000.0 0.0000

0.0oooz0c 0.0000

0.0200.00 0.0000

Paden

ae/yrr treact.

0.000V+00 0.0000

2.3150-01 0.0300

0.0001400 0.0000

0.0000E00 0.0000

1.31IC-0: 0.3617

0.0000.00 0.0000

3.62tt-01 1.0000

pleat

.a0,yx Irect.

0.000400 O.O000

0.0000*00 0.0000

0.000.100 0.0000

0.0oo0.00 OD00

O.COO400 0.0000

o.e001.+0 0.oc00

o.coc0.,0 0.0000

Aet

Rea~ct.

0.000*00 *.0300

0.o00C.00 O.C00O

0.0006.00 0.0300

0.000o-Oo 0.0 00

0.000o.00 0.0000

0.0000.o0 O.ooco

0.000%-00 0.0000

milk

.. /YC fact.

0.000-.00 O.CCOO

0.00at*00 O.OOCO

0.0000400 0.0000

0.000Z+00 0.0000

0.0000.00 0.0000

0.0000400 0.0000

0.0000.00 0.0000

011

,nc.r/yr tract.

0.0001.00 0.0000

0.C031.00 0.0000

0.0000.00 0.0000

0.000Y.00o 0.0000

0.00or0oo 0.0000

0.000t.00 0.0000

0.0000*00 0.OCOO

Total Dose CnteioUboae 7CO0(lptI to. l.,doLaael Padi..Clid.8 (1 And Vadh-ys (pI

A.. ..t.Jrx asd reaction or total Do. At t - 3.0001tC1 years

Watlr D-pendcnt PaUw yS

Wtets

RCio-

*eid artyc ftrCt.

rt 210 0.0oo000 0.00co

P-226 0.000.00 0.0000

00.022 0.0000*00 0.0000

Th-221 0.0001,0 0.OOC0

Th-230 0.000cw, 0.0000

Th-232 0.00C0000 C.0000

Total 0.000C00 0.0000

fish

m /Yr tr ct.

0.000.00 0.0000

0.000C000 0.000:

0.0000.00 0.0000

O.OOOQ00 0.0000

0.00O0000 0.000D

0.0a0t000 0.000o

O.0C00100 0.0000

IIdr o

srm/yC tract.

0.000C.00 0.0000

0.000C00 0.0000

0.00o-o00 O.t000
0.00OZO 0.0000

0.000C.00 O.COCO

0.01.tE00 0.O000

0.0001,00 0.0000

flast

area/ye rOatt.

0.0008.00 0.0000

0.0000.00 O.oc0o
0.000E.00 0.0000

0.0000400 O.C0o0
0D.0010t00 0.0003

0.000t.00 0.80000

Xet

mineeyr Iract.

0.000t.00 0.0000

0.000MOD0 0.0000

o.oooc.00 0.0000

0.00010O0 0.0000

0.0000400 0.0000

0.CO0.00 0.0w000

0.00er400 0.0000

pt11k All PaChtwra

Wre./yr tRact. sua/yr tract.

0.000".00 0.0000 0.000+*0 0. 0000

0.000E100 0.0000 2.315g-01 0.63tl

000000 0.0000 8.4251-21 0.0000

o.ooo0c00 0.0000 3.S40c-24 0.0000

0.000C000 0.0000 1.3123-01 0.3617

o.oo0o0*o o.0o0 , 2.31C-lS O. 0000

0.000ttv0 0 0060 3 626t-01 l.CO0O

'5 0 o*11 -t.cr ind.p.nd nt *nd porwndlnt pats.*ys.
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Total Dowe Coniributi.es forU~~I 8 Zed11rijeel lkadlwwclide t~i aid Path-eye (PI
As area/yz and tesetion, of Total 0,40 At E. - 3.000s*02 yea..

Waert Ocdlepce-afe Patt-a 1, (Inhalation. eadud.. radon.)

*.c..de arw/Yg treet.

10-210 0.000c-00 4.0000

PA-224 I.S23C-22 0.0000

IA-22d 0.0003.00 0.0000

ih-2Oh O.00040 o.0000

Ib-230 9.044C-22 0.0000

Th-232 3.1J6-19 0.00o0

Total 3.1943-19 0.0000

R.1,0.e4tioe

ptea/Y (sect.

0.00C09*0 0.0000

0.000oooz 0.0000

0.0000+00 0.0000

0.0003+00 0.0000

0.0000.00 0.0000

0.0001:040 0.0000

0.0005t00 0.0000

1144o

Area/r tract.

0.004C509 0.0000

2.140z-0l 0.1441

0.0003.00 0.0000

0.0005.00 0.0000

1.1711t+4 0.0550

e.0005+0o 0.0000

1.48Sz+00 .0000

Plant

art./ye tract.

0.0005COO 0.0000

0.000S.00 0.0000

0.0001C00 0.0000

0.00z+0d 0.0000

0.000OZ00 0.0000

O.OOO500 0.ooo0

0.00o+00 0.0000

Heat

at/jr ftact.

0.0001.00 0.0000

0.0005.00 0.0000

0.0005.00 0.0000

0.0003.00 0.0000
0.00OOO50 0.0000

0.0001.00 0.0000

0.000100 0.000

K1il

are/yr tract.

0.0003.00 0.0000

0.000C.00 0.0000

0.0003.00 0.0000

0.OOcr+100 0.0000

0.0005*00 0.0000

0.00000oo 0.0000

0.000vo,0 0.0000

Soil

area/yr (sect.

0.000&+00 0.0000

0.0003*00 0.4000

0.0001+00 0.0000

0.0035.00 0.0000

0.0005+00 0.0000

0.000g+00 0.0000

0.0900+00 0.0000

Total Do.. contrlbatie.' 10003(L.P.tl tog 1ndie0&s. 34dia...ClO 3es Ill and vothays (PI
A. arm/yt sod rgaCtlI, or 10t.1 Cow At t - 3.000t*0? .3451

UEsCC Dopenclent ltatwayt

WdtaL

lAdlo-

1ru 1f11 h re/yc tract.

Pb2-20 0.0001-00 0.0000

14-M20 0.0003A00 0.0000

V-229 0.000t+00 0.0000

TM-229 0.0001-00 0.0000

Th-2Z0 0.4000500 0.0000

Th-232 0.000C00 0.0000

tot.l O.OOOZ-00 0.0000

roeh

rew/yE tract.

0.0600+0O 0.0000

0.0401:00 0.0000

C.OMO.00 0.0000

0.0005.00 0.0000
0.000*t00 0.0000

0.000c.00 0.0000

0.0005*00 0.0000

U34,4

areo/yr (sact.

0.0043.00 0.000

0.0003.00 0.000

0.0003.00 0.000

0.0003.00 MO000
0.000C.00 0.000

0.0305.00 0.0000

0.0005O0 0.0000

Plant

arseayr IrctL.

0.0001+00 0.0000

0.0005+00 0.0000

10.0003+00 0.0000

0.0003.00 0.0OD
0.00050oo 0.0000

0.000o+00 0.0000

0.00010O 0.0000

v~st ?A±1k KUI tettwiys

mew/yr tract.

0.0005.02 0.0000

0.0001.003 0.0000

0.0005.02 0. 0000

0.0005*00 0.0000
0.0001.00 0.0000

0.0005.00 0.0000

0.0005,0 0.0000

nrea/yt Icact. Prsaw tract.

0.000.-O0 0.0000 0.0003400 0.0000

0.000C.00 0.0000 2.140C-01 0.1041
0.000.0o0 0.00o0 0.00OC400 0.0000

0.00050O0 0.00o0 0.000t*00 0.OW O
0.000c0oo 0.0000 1.271L+00 0.8559

0.000C*00 0.0000 3.318E-19 0.0000

0.0005400 0.0000 1.411SOO* 1.0000

-Sum of all eater Andepenadeat and dependent patheaYc.
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Tocul Doe. Costuibutle** 7rOSegl.p.tl lot Z1iidmal 4d&o-clidam II) and fatjmeo tp)

A. acm/yr snd teaction at Total Doe At t - 1.0001403 yeats

Watcr In6.pe.dnt 7tnw-re (tlhslauan *clAWs ladent

Ct und StA&I~tLen p40n Ploat K1±1 So-l
Padie- /r a y t y r y . et y .
SwSelide Kremy tract. twyv tract. orsmye Sract. ttmyr tract. aredrr * e tt e-lrt tract wv-r' "^"c

b-210 O.00-300 e.0c0o 0.000C.00 0.0000 4.0001400 0.0000 0.00Z01*0 0.0000 0.0 .00 0.0000

$a-226 3.104C-22 0.0000 0.000 00 0.0000 1.7478-01 0.0411 0.COZ.02 O.OC00 O.0003O00 0.0000

P4-220 0.0OOZ.O 0.0200 0.00300 0.0000 0.000.00 0.00oo 0.0003.01 0.Od00 0.0001e0c 0.0000
Sh-2:0 0.0001.00 C.0000 0.000oO1O 0.0000 0.0003+00 0.0000 O.OOO.00 0.0000 0.eoOosoo 0.0000

Th-230 7.2422e21 0.0000 0.000,c00 0.0000 4.07Cr.00 O.SSs9 0.000c0o0 0.0000 0.000oo00 0.0000

Th-232 8.1150-19 0.0000 . .0000c0.0103*00 0.0000 O.0 0 0 0.0000 0.000.0 0 00.ooo

Total 9.19IC-11 0.0100 0.04u.t00 0.0000 4.230C.00 1.0000 0.000+00 0.0000 0.000tt.0 0.0000

0.000COO 0.0000

0.000C0O0 0.0700

0.00oo0oo 0.0000

0.00C0.00 0.0000
0.000.-00 0.0000

0.000c.oo 0.0000

0.0003*00 0.OO2

0.00010 0.0000

0.0003*00 0.0000

0.0003.00 0.0000

0.0041.00 0. 0000

0.0041*00 0.0000
0.0043.00 0.0000

0.01010+0 0.0000

Total D0, CS otZ1 ttleftS ?0S03Litp tl for tadividual PA4dO.l..ie s. ILI an S rIth"ry ips

As eres/ys &ad rractoio t Tota. Stome t t - 1.0ooo010 yV.s

oter Dp-Aot Pothsys

MtSres

padlow

Nuclid. mrem/rt tract.

r0-210 0.00C000 0.0000

M.a22d 0.000C00 e.0000

IU-22S 0.000.00 0.00co

20-220 0.0ooc000 0.0000

20-230 O. OO030 0.0000

7h-2S2 0.000C00 0.00C0

Total 0.0009.00 0.0000

lTih

sees/Yr tract.

0.0003.00 0.0000

0.0001*00 0.0000

0.0003*00 0.0000

0.000E*00 0.0000

0.0001*000&.0000

0.0001*00 0.0000

0.0001.00 4.0000

Ron

ageteys. ftecc.

0.0005.00 0.0000

0.000E.000.0000

0.0003*00 0.0000

0.0003.00 0.0000

0.0001.00 0.0000

0.090t-oo O.OO0O

O.OC000OO 0.0000

flaat

nes/yr tract.

0.000oo00 0.0000

0.0003+00 0.0000

0.0003100 0.0000

0.0001.00 0.0000

0.00o0to0 0.0000

O.O0z+OO* 0.0000

0.0000t00 0.0000

"eat Kilt All Pothwmyse

orm/yt tract.

0.000t01 0.0000

0.0023.00 0.0000

0.0003.00 0. 0000

0.0OO3OO 0.0000

0.0003o0o 0.0000

0.0001+00 0. 0002

O.0O0t0OO 0.0000

oxs/Y tract.

0.60040 0.0000

0.OcO0+O 0.0000

0.000K.00 0.0000

0.000*0O0 0.0000

O.Oco0-00 0.0000

0.000C.00 0.000C

0.0003.00 0.0000

tes/yr tract.

0.0003*O0 0. 0000

1.S470-9t 0.0411

0.0001.00 0.0000

0.0*01.00 0.0000

4.0163*00 0.95e9

8.1039-19 0.0000

4.2$00Y00 0.0000

5w oof all ater Imiespndet and dapednt patkhays.



IMLOSI. Verslon 6.21 T% Limit - 0.5 year

3usari . USR1D Ron 14r.. - saisar sta aSt U5Ct
ril. : I 2 Ie U fsm.MD

02/21/2004 10 ot Page It

DOO/Souro Ratisa, Sumd Over All Pthays

Ptuent and reotny Writelspl WOadiewicidM Coaattiblone, ladicated

?w.ent troeuct Sganch 0)3.0) res/yrl/ICi/01

(LI j) rFaetl*n t- 0.0003.00 1.0003400 S.0003.00 1.00kt.t 3.000.401 5.0101C02 1.0001403

Ptb-210 Pb-210 1.000oooz

pa-22S RA-226 1.000Z400

Rs-226 r -210 s.OooZ+oo

U-226 c DS >'l I

PA-220 tw-220 1.000r400

fA-220 ED51IJ)

Sh-22Z Th-220 1.6000OO0

Th-230 Th-23O 1.0001.00

Th-230 SA-226 2.000C.00

Sb-200 Pb-210 I.eoz oo

Th-230 1l $PJ l

Th.232 S -=2 s1. O00 OO

Sh-U32 JU-228 1.0009400

Th-232 Th-22l 1.0001.00

Th-a2f E D0RIJI

e.00*E*N 0.0003400 0.0003.00 o .oooc 0.o c e0ooe-oe.oo 000C00 0o.ooeoo

1.011-01 1.033C-01 1.0322-C1 1.0304-01 1.024Z-01 5.469C-62 7.73n -02
5.0001,00 0.000o.00 e .00v05e0 0.00O3.e0 0.0001*00 0.00to. 0.000ttOO

1.0133-01 1.013C-01 1.03221.l 1.0301-01 1.0241-01 9.460c-02 7.73oe-02

1.01eS-24 5.0001-23 5.596r-25 5.086z-2S 2.436Z-26 2.14ft-40 0.004E.0
1.11OC-21 2.175S-21 4.31S6-21 3.0051-21 2.0091-22 3.2331-36 0.0001t.0

1.1113-21 2.876U-21 4.3561-21 3.0003-21 3.0011-22 3.13se-36 0.005Z100

0.3963-22 4.460t-21 1.052C-21 1.7321-22 1.2010-2S 0.0oo-.00 0.000Z.00

0.0001,6 0.0000400 0.00OZ4.0 0.0001.00 0.000t.00 0.040c.-C0 0.0001.00

2.23SE-OS 6.1139-OS 2.4613-04 4.60C-04 1.3633-03 1.3201-02 4.23Sc-02
0.0003." 0.00011.00 0.0000.00 5.0002400 0.0003.00 0.0001.00 0.0*03.00

2.231t-03 6.713-405 2.441Z-04 4.494£-04 1.2631-03 1.3201-02 4.2311-02

0.0001.60 0.0001400 0.9000.00 9.0001,00 0.0001g.00 0.0000.00 0.0001*00

6.2600-26 1.77f3-2S 1.2303-2$ 7.0e2z-2s 1.JO0-24 1.723c-24 3.1573-24

4.9333-22 3.030%-22 2.2703-21 4.547Z-21 7.9371-21 1.1363-20 2.949-20

4.940z-23 3.032%-22 2.2313-21 4.5489-21 7.0 -21 1.13OL-20 2.EISZ-20

OSocMh fr.ctto. tLi Cus .t ve . 1.Cto. for the S't priacipal c"dLasaclide dauuqht'ct c"rrtU - IlttIPsar(21 ... Srftli.
Tbe D34 Includes contrIbuitioS from associated (halt-liae t 0.5 ys) daghters.

Single Xad..nucld. Ooil Ciollnd e0s 0(ltl In PCill
ladc Raduotlen o.se Limit - 2.500C#01 uro/yv

Xuc.Lae

C1) C. 0.0001400 1.00OZe00

10-210 *7.6315413 7.6315+13

-1224 2.415 42 2.421t+02

la-22l 2.726E+14 2.721*+14

Th-228 *I.19Z0+.1 6.1P2t14

211-2t3 1.117L+40 3.724300

n-23u2 *1.094.05 *1.0901305

-At speciflc activity ILat

5.0000400

*7.63 1z103

2.4231.02

Z2.7264914

*8.2902141

1.0101055

1.O001.01

*7.6313413

2.4213402

*2.720CP34

*8. 12Z114

5.324t#04

*I. 0061405

3.0003.0l 3. O0002 1.000g403

'7.6311+13 *7.631E+13 17.3tt1L3

2.4411-02 2.440C*02 5.2349*.0

'2.726r+14 *2.72b6*14 *2.72634L4

*S.1920.14 *.1921t14 *6.192S*14

1.1358+04 1.1941403 5.904S402

*2.090e05 *1.@9305 *1.094U0nS
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Su-ary: RXAD Rax rarmar - Xaier Watt. St USEI

rile CEC Kaiser USEIRe farP.RAD

02120/2004 10s01 Pago 19

SuaEl d Doze/Sourvc Ratio DGX(i,tl in (mrcm/yr)/(pCi/g)

end Siagle Padionuclide Soil Guidelinwe Gfi,t) in pCi/g

at tmin - time of mininum aingle radionuclide seil guideline

and at taax * tiav of caxinun total dose - l.GOo0o3 years

Huclide Initial

Mi) (pCi/g)

tyan

(Yvars)

stfitadn) G~l~tapi#) P Gitax)

(pCltg) (pei/q)

tb-210 1.ieOcZOO

PJ-226 2.260C+00

Ra-228 2.800E+01

Th-228 2.600Et01

m -230 9.62M+01

Th-232 2.g00C+01

Q.OOOE+00

0.000 +00

4.098 I 0.008

0.OOOC+00

I .000Z+03

2.OOOZ+03

O.OOOE+00 -7.631Et13

1.033E-Oi 2.419E+02

4.423E-21 *2.726s+14

4.39IS-21 48.192E+14

4.235E-02 5.904E+02

2.9oz-20 *1.096Z+05

O.OE00 -7.631ZE13

7.730E-02 3.234E+02

C.OOE.00 '2.726E+14

o.OOoeCoO '.192C+14

4.2355-02 5.904E+02

2.09OZ-20 *1.096+05

'At Speclfic actlvity limit



SESRAD. Version 6.21 Th Limit - 0.5 year

Summary: RESRAD Res Farner - Xaiser waste at uStI

file : CrCKaiserUSET!Ites farr.."AD

02120/2004 10:01 Paqe 20

Individual Raclide Do.e Summed Over All Pathoays
Parent Purclida and Dranch Feaction Zadicated

Puclide Parent BRF(L1

(i, ,i)

fb-210

Pb-210

Tb-22D

fb-210

Pa-226

Pa-226

Itr-226

R.a-229

Ra-228

Ra-220

Th-22Z

Sh-220

Th-228

Th-22e

Pb-210 1.000r1.00

s.-226 1.0001t00

Th-230 1. 000r+00

EDOSElj)

lla-226 1.000C+00

Th-230 1.000o.00

EDOSE(J)

Ra-228 2.000Z+00

Th-232 1.000t00

EDOSrC j

R*-228 1.0001+00

Th-229 1.0001+00

Th-232 1.0001+00

EDOZSEI)

DOSE(i, t), rren/yr

t-0.00000 1.000z.00 5.000E.00 I.0003,l0 3.0001001 3.0DOK02 1.000C403

0.0001.00 0.0003.00 0.0001E00 0.0001400 O.001400 0.0001.00 0.000C.OD

0.000&400 O.OOCoo01 0.000C400 o.0ooog0o C.0OC40 0.000E.00 0.000140D

O.0001.00 0.00o0o00 0.00OC400 D.OOO00 0.000C00 w0.000.OO 0.0OO,00

0.0001+00 0.000oe0o O.OOOEOO O.OOOE+00 O.OOOE00 O.OO0Z+00 0.000oe00

2.335z-01 2.3341-01 2.332E-01 2.328E-01 2.31SV-O1 2.140z-01 1.1474-01

2.155e-03 6.4611-03 2.369s-02 4.520E-02 1.312C-01 1.271e+00 4.076E*O0

2.3S7U-01 2.39B8-01 2.S69E-01 2.7800-01 3.626E-01 1.485C400 4.2504+00

2.8412-23 2.S221-23 1.S67L-23 t.642E-24 7.997£1-25 O.oo0c000 O.0001O0

1.7471-24 4.9811-24 2.472E-23 2.199E-23 3.06O0-23 4.824E-23 1.444Z-22

3.0163-23 3.020Z-23 3.0391-23 3.063C-23 3.160z-23 4.824U-23 1.4441-22

3.304v-20 9.050Z-20 1.220E-19 4.4250-20 8.4241-21 O.OOZ100 O.OO0+000

1.7921-11 1.249r-19 2.947Z-20 4.847E-21 3.549E-24 0.0001.00 O.OOt+D0
1.30ir-21 6.4855-21 6.3561-20 1.273r-19 2.133S-19 3.1M7M-19 8.1141-19

2.136r-19 2.139r-19 2.150e-19 2.1641-19 2.223E-19 3.1671-19 8.114E-19

0.0001.00 0.000Z+00 0.000E+00 0.000Z*00 0.000t400 0.0001+00 0.0008.00

0.000V+00 0.0006.00 0.000E+00 0.000r000 0.0001.00 0.0001.oo D.0005+00
- C -

Th-230 Th-230 1.000Z*00

Th-232 Th-232 1.0001400

bRF(iJ is the branch traction of the parenL nuclde.



RESM.D. Version 6.21 TS Limit - 0.5 yuar

SwpAry: RSRAD tes Farmer - Kaiser Waste at USU

il : CtUaiserUSElResefr.RAr

02/2012004 10:01 Paoe 21

2ndividual lluclide Soil Concentxation

Parent Nuclide and tranch Ftaction Indicated

Yuclide Parent Bkr ci
(j) Mil

Pb-220 Vb-210

Pb-220 tA-226

Pb-210 Th-230

Pb-210 ESC51t

1. 0002+00

1.000%+00

1.000£+00

1.OCOE400

1.000400

S t, t) . $i/q
t- 0.0003.00 1.000+00 5.000D400 1.000C+01 3.000C401 3.000C+02 1.0003403

1.190E+00 1.1448+00 1.01O0400 9.646E-01 4.642£-01 1.04fA-04 3.469E-14
o.ooor+00 6.915C-02 3.249t-01 6.023C-01 1.359r.00 1.99?E+00 1.4471.00

0.000E+00 6.413E-04 1.531 "02 5.148t-02 4.35I.-01 1.041E+01 3.2393401

1.1901+00 1.214t+WO 2.3$0t+00 1.525£+00 2.2593.00 1.24E4.01 3.383C+01

2.2603.00 2.269C+00 2.25SE400 2.250M+O0 2.229t+00 1.969E#00 1.4263400

0.00OC4-00 4.169C-02 2.002C-01 4.160C-01 1.2423+00 1.167+01 3.326Z+01

2.260E.00 2.301Z:00 2.463E+00 2.S666*00 3.471Z+00 1.364C01 3.4683+01

Re-226

Ra-226

34-226

R-226

mh-230

BsUI,

ha-228

Ra-220

Ra-22S

Th-229

Th-228

Th-220

Th-22S

1A-226

Th-232

ES (i)

ka-229

Tb-22S

Th-232

ES (5) g

1.000oo00

1.e0oeo00

1.000c.O0

1 *0000400

1.0003.00

2.OOC+001 2.4129+01 1.532t+01 9.3*53.00 7.S20E-01

0.000Z*00 3.100C400 1.201.401 1.9610+01 2.724E+01

2.t000301 2.1003401 2.000E401 2.9000+01 2.799E+01

5.467E-1S 0.00O400

2.7993.01 2.799E.01

2.1993.01 2.199E901

o.0oo0000 7.)sB0:00 1.611C#01 1.1453+01 1.126E+00 E.193E-IS 0.000or00

2.00.+01 1.9493+01 4.S7S5400 7.4758-01 S.320E-04 0.ODO100 0.000E400

0.000+00 5.2202-01 7.31SC000 I.S01+01 2.6873401 2.7993+01 2.7999#01

2.000r+01 2.100Z+01 2.BOOE01 2.0003+01 2.799E+01 2.799M201 2.7999401

9.625E+01 9.425s401 9.6251;01 9.624E+01 9.622:401 9.599E+01 9.S30E*01

2.900E+01 2.5003401 2.900t.O~1 2.S000+01 2.8003S01 2.9000+01 2.OO+01

Th-230 Th-230 1.0003E00

Th-232 Th-232 1.0003+00

BDANA) la the branch fraction of the parent nuclide.

RSC=C.= execution time - 4.00 seconda


