Kaiser Aluminum
Corporate Environmental Affairs

VIA OVERNIGHT MAIL

February 27, 2004

ATTIN: Document Control Clerk
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Subject: Dose Assessment for Disposal of Kaiser Waste Containing Less than 0.05 Percent by Weight

Source Material at US Ecology of Idah c. (USE
Tulsa, Oklahoma Facility

" Kaiser Aluminum & Chemical Corporation

Dear Mr. Buckley:

Enclosed is the subject document. The dose assessment shows that dose to USEI workers and members of
the public will be very low.

Please provide a letter indicating NRC accepts the results of the dose assessment and will allow disposal
of the Tulsa waste at USEL Call me at 225/231-5116 if you have any questions.

i

J . W. (Bill) Vinzant
Manager, Corporate Environmental Affairs

JWYV/shh
Enclosures

SA\KDATA\SITES\DISCONT\Tulsa\THORIUM PROJECT\dose assessmenOtddildtarline Avenue, Suile 1A Baton Rouge, LA 70809-1957



U.S. Nuclear Regulatory Commission ' 2 . February 27, 2004

cc: Mr. John Buckley — U.S. Nuclear Regulatory Commission
Mr. Dwight Chamberland — U.S. Nuclear Regulatory Commission, Region IV
Ms. Pamela Bishop — Oklahoma Department of Environmental Quality
Ms. Kelly Hunter Burch — State of Oklahoma
Dr. Max Scott —~ ADA Consultants
Mr. Tre Fischer —~ Houston
Mr. M. David Tourdot — Earth Sciénces
Al Gutterman — Morgan, Lewis & Bockius LLP
Mr. Paul Handa — Tulsa
Ms. Roberta Fowlkes — Ann Green Communications
Mr. Scott Van Loo — City of Tulsa



DOSE ASSESSMENT FOR DISPOSAL OF KAISER WASTE
CONTAINING LESS THAN 0.05 PERCENT BY WEIGHT
SOURCE MATERIAL AT US ECOLOGY OF IDAHO, INC.
TULSA, OKLAHOMA FACILITY

Prepared for:
KAISER ALUMINUM
CORPORATE ENVIRONMENTAL AFFAIRS

CEC Project 040-341

February 27, 2004



Table of Contents

1.0 Introduction

2.0 Description of the US Ecology Idaho Facility
2.1 Physical Description
2.2 Facility Design and Operation

3.0 Safety Analysis and Dose Assessment for Disposal of Kaiser Waste at the US
Ecology ldaho Facility
3.1 Source Term
3.2 Dose to USEIl Workers
3.3 Dose to Members of The Public
3.3.1 Rail Transportation
3.3.2 Off-Site Resident During USEI Operations
3.3.3 Dose to Future On-Site Resident After Site Closure
3.3.3.1 Land Use and Exposure Pathways
3.3.3.2 Parameters
3.3.3.3 Radioactive Source Term
3.3.3.4 Results
3.3.3.5 Waste from Kaiser
3.4 Collective Dose

4.0 Conclusions of Analyses
5.0 References

Attachments

Attachment 1 — MicroShield Dose Analysis for USEI RP Tech Survey at 3 Feet

Attachment 2 — MicroShield Dose Analysis of USEI Truck Driver

Attachment 3 — MicroShield Dose Analysis of Railroad Crew at 152 Meters

Attachment 4 — MicroShield Dose Analysis of Railroad Employee at 15 Meters

Attachment 5 — RESRAD Dose Analysis for Disposal of Unimportant
Quantities of Source Material at the US Ecology Idaho Facility

AN

P G T QT QI Y
ABADBOLONOOOOONNNN

15
16



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 USEl. 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 (mrem/yr) 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 ldaho 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 ¥4 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 deélined, 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.

R-040-341 -4- February 20, 2004



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:

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

e Secondary Soil Liner: Minimum 36-inches of recompacted clay with a permeability of
less than 1E-7 cm/sec.

e Secondary Flexible Membrane Liner: 60-mil high-density polyethylene.
e Leak Detection Zone: Composite layers consisting of a synthetic drainage net,
geotextile fabric, 12-inches of stone, and a secondary geotextile fabric.

e Primary Soil Liner: Minimum of 18-inches recompacted clay with a permeability of
less than 1E-7 cm/sec (on the bottom of the cell).

» Primary Flexible Membrane Liner: 80-mil high-density polyethylene.
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e Primary Leachate Collection Zone: Composite layer consisting of a synthetic
drainage net, geotextile fabric, 12-inches of sand, and a second geotextile fabric.

o 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 ¥z -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 ldaho 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 mrem/yr) 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 USEI 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 § 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:

Doseysel re Technician = (1.483E-05 mrem per RP Tech per railcar)(37,040 cy 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 USEl are 25 ft L x 6 ft W x 3 ft H, they
would hold a volume of 450 ft* (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:

Doseyse: priveroperator = (1.029E-05 mrem/load)(37,040 cy waste) = 6.147E-03 mrem
(4 drivers/operators)(15.5 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:

Dosecew = {1,173 mi/shipment)(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-10 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)

Dosexi empioyee = (1.162E-06 mrem/hr)(0.25 hr/shipment)(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 During USE| 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 mrem/yr 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 A
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
land(fill site to residual radioactive material in fill materials on the landfill site could hypothetically
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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)

4

(5)

(6)

(7)

(8)

(©)

(10)
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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

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
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

Soil

— Ingestion of soil

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

Radon (water dependent)

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

Piant (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

Meat or Milk (water dependent)

— Release of materials in soil to infiltrating water—-groundwater--transport to
surface water—ingestion by animal--ingestion of animal product



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

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).

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

» Length paralle! 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)

e Contaminated zone hydraulic conductivity (31.6 m/yr)

e Evapotranspiration coefficient (0.75) precipitation (0.184 m)

e 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)

e Cover volumetric water content (0.0265, weighted average of volumetric water content of all
cover layers.)

 Cover radon diffusion coefficient (7.233E-07 m?*/sec—diffusion coefficient for first layer of
cover.)

» Contaminated zone radon diffusion coefficient (5.471E-07 m*sec—calculated by RESRAD
based on other inputs.)

e 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
Kaiser Waste Kaiser Waste * Dilution (0.5)
Radionuclide Concentration (pCi/g) Disposal Concentration
(pCilg)
Pb" 2.365 1.18
Ra?%® 4.510 2.26
Ra*® 55 28
Th*® 55 28
Th*° 192.5 96.25
Th 55 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
mrem/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 pCi/g 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 USE! 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°
1rem/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 1Trem/1000mrem = 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 USEl workers were made to evaluate the consequence of
disposing the Kaiser waste at the USElI 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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DOS File
Run Date
Run Time
Duration
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Ra-226
Ra-228
Th-228
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Th-232

: 00:00:05

Attachment 1

MicroShield v6.02 (6.02-00204)

11

CEC,_Inc.
:KUSEIR1.ms6 [F;::ekef
: February 18, 2004 By
$12:35:29 PM Checked

Case Title: Kaiser Rail Car
Description: RP Survey at 3 Feet
Geometry: 13 - Rectangular Volume

Source Dimensions:

Length 289.56 cm (9 ft6.0in)
Width 1.6e+3 cm (52 ft 5.9 in)
Height 152.4 cm (5 ft 0.0 in)
Dose Points
A X Y rd
#1 381 cm 76.2 cm 800.1 cm
12t 6.0in 2f£6.0in 26 ft3.0in
Shields
Shield N Dimension Material Density
Source 7.06e+07 cm3 FGR12 Soil 1.36
Shield 1 .635 cm Iron 7.86
Air Gap Air 0.00122
Source Input : Grouping Method - Actual Photon Energies
curies becquerels uCi/cms3 Bg/cm?
2.2710e-004 8.4027e+006 3.2164e-006 1.1901e-001
4.3307e-004 1.6024e+007 6.1336e-006 2.2694e-001
5.2814e-003 1.9541e+008 7.4801e-005 2.7676e+000
5.2814e-003 1.9541e+008 7.4801e-005 2.7676e+000
1.8485e-002 6.8395e+008 2.6180e-004 9.6867e+000
5.2814e-003 1.8541e+008 7.4801e-005 2.7676e+000

Buildup : The material reference is - Source

X Direction
Y Direction
Z Direction

Attachment 1

Integration Parameters

10
20
20
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Attachment 1

Results
- Fluence Rate Fluence Rate Exposure Rate Exposure Rate
E:‘eer‘g,;y Phﬁg:’sl;ysec MeV/cm2/sec MeV/cm2/sec me/hr me/hr
No Buildup With Buildup No Buildup With Buildup

0.0067 1.214e+402 1.028e-146 4.703e-33 4.,723e-147 2.161e-33
0.0108 2.044e+06 2.804e-142 1.282e-28 6.748e-143 3.087e-29
0.0117 1.285e+05 1.910e-143 8.738e-30 3.577e-144 1.636e-30
0.0123 1.868e+07 2.918e-141 1.335e-27 4.671e-142 2.137e-28
0.0123 5.766e+07 9.007e-141 4.120e-27 1.442¢e-141 6.595e-28
0.0123 1.640e+07 2.561e-141 1.172e-27 4.100e-142 1.875e-28
0.0465 3.403e+05 1.569¢e-10 9.762e-10 4.850e-13 3.018e-12
0.059 3.713e+405 1.397e-07 1.258e-06 2.836e-10 2.554e-09
0.0677 2.551e+06 9.832e-06 9.677e-05 1.720e-08 1.693e-07
0.0811 2.888e+04 8.672e-07 8.616e-06 1.366e-09 1.357e-08
0.0838 4.797e+04 1.916e-06 1.889e-05 2.987e-09 2.945e-08
0.0844 2.364e+06 1.001e-04 9.849e-04 1.557e-07 1.533e-06
0.0949 2.175e+04 2.140e-06 2.010e-05 3.275e-09 3.076e-08
0.125 8.207e+04 3.008e-05 2.368e-04 4.740e-08 3.732e-07
0.1316 2.423e+05 1.064e-04 8.080e-04 1.695e-07 1.288e-06
0.1681 4,714e+05 4.145e-04 2.677e-03 7.024e-07 4.536e-06
0.1725 2.244e+05 2.101e-04 1.335e-03 3.584e-07 2.277e-06
0.1862 5.256e+05 5.862e-04 3.555e-03 1.018e-06 6.173e-06
0.216 4.670e+05 7.117e-04 3.954e-03 1.277e-06 7.095e-06
0.3097 1.069e+03 3.189e-06 1.450e-0S 6.073e-09 2.761e-08
Totals 1.026e+08 2.177e-03 1.371e-02 3.759e-06 2.355e-05

Attachment 1
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MicroShield v6.02 (6.02-00204)

Attachment 1

MicroShield v6.02 (6.02-00204)
CEC,_Inc.
Custom Materisl : FGR12 Soil
FGR 12 Soll
Density : 1.36 g/cm?

Average Atomic Number : 10.53 (based on average elements Z)
Effective Atomic Number : 12.17 {for Buildup Factor Interpotation)

Hydrogen
Carbon
Oxygen
Aluminum
Silicon
Potassium
Calclum
Iron

MicroShield v6.02 (6.02-00204)

gffective Atomic Weight : 21.2

MicroShield v6.02 (6.02-002048)
CEC,_Inc.

1

100.000%

0.021
0.016
0.577
0.05
0.271
0.013
0.041
0.011

Conversion of calculated exposure in &ir to dose

FILE: C:\Program Files\MicroShicld\Examples\CaseFlles\KUSEIR1.ms6

Casa Titie: Kaiser Rall Car

This case was run on Wednesday, February 18, 2004 at 12:42:21 PM

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

Results (Summed over energles) Units Yithout
Bulldup

Photon Fluence Rate (flux) Photons/cm2/sec 1.258e-002
Photon Energy Fluence Rate Mev/cm3/sec 2.1772-003
Exposure and Dose Rates:

Exposure Rate In Air mR/hr 3.759e-006
Absorbed Dose Rate in Alr mGy/hr 3.282e-008
" mrad/hr 3.282e-006
Deep Dose Equivalent Rate (ICRP 51 - 1987)

o Parallel Geometry mSv/hr 4.692e-008
© Opposed . 2.952e-008
o Rotational . 2.948e-008
© Isotropic . 2.724¢-008
Shatlow Dose Equivalent Rate (ICRP 51 - 1987)

o Paraliel Geometry mSv/hr 4.690e-008
o Opposed * 4,123e-008
© Rotationa! b 4,123e-008
© Isotropic * 2.927¢-008
Effective Dose Equivalent Rate (ICRP 51 - 1987)

© Anterior/Posterior Geometry mSv/hr 4,062e-008
o Posterior/Anterlor M 3.299e-008
o Lateral ® 2.150e-008
o Rotatlonal b 2.847e-008
© 1satroplc M 2.338e-008

Attachment 1

Page 3 of 3

02/18/04

02718704

With
Buildup

8.281e-002
1.371e-002

2.355e-005
2.056e-007
2.056e-005

2.965e-007
1.851e-007
1.847e-007
1.711e-007

2.962e-007
2.585e-007
2.585e-007
1.837e-007

2.565e-007
2.078e-007
1.350¢-007
1.792¢-007
1.46%e-007
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Attachment 2

MicroShield v6.02 (6.02-00204)

11

CEC,_Inc.
:KUSEIT1.ms6 ;i;:eRef
: February 18, 2004 By
: 1:00:00 PM b ecked

Case Title: Truck at USEI
Description: Truck Driver at USEI
Geometry: 13 - Rectangular Volume

Source Dimensions:

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

Length 762.0cm (25 ft)
Width 182.88 cm (6 ft)
Height 91.44cm (3 ft)
Dose Points
A X Y Zz
#1 914.4 cm 45.72 cm 91.44cm
30 ft 1ft6.0in 3ft
Shields
Shield N Dimension Material Density
Source 1.27e¢+07 cm3 FGR12 Soil 1.36
Shield 1 318 cm Iron 7.86
Air Gap Air 0.00122
Source Input : Grouping Method - Actual Photon Energies
curies becquerels uCi/cms3 8g/cm3
4.0985e-005 1.5164e+006 3.2164e-006 1.1901e-001
7.8158e-005 2.8918e+006 6.1336e-006 2.2694e-001
9.5315e-004 3.5267e+007 7.4800e-005 2.7676e+000
9.5315e-004 3.5267e+007 7.4800e-005 2.7676e+000
3.3360e-003 1.2343e+008 2.6180e-004 9.6866e+000
9.5315e-004 3.5267e+007 7.4800e-005 2.7676e+000

Buildup : The material reference is - Source

Integration Parameters

X Direction 10

Y Direction 20

Z Direction 20
Attachment 2 Page 1 of 3



Attachment 2

Results
- Fluence Rate Fluence Rate Exposure Rate Exposure Rate
E:de;‘s;y Phgtc;:g'/:ysec MeV/cmi/sec MeV/cm?/sec mR/hr mR/hr
No Buildup With Buildup No Buildup With Buildup
0.0067 2.190e+01 3.124e-107 7.358e-34 1.435e-107 3.380e-34
0.0108 3.689e+05 8.519e-103 2.006e-29 2.050e-103 4.829¢e-30
0.0117 2.320e+04 5.804e-104 1.367e-30 1.087e-104 2.560e-31
0.0123 3.371e+06 8.867e-102 2.088e-28 1.419e-102 3.342e-29
0.0123 1.041e+07 2.737e-101 6.445e-28 4.380e-102 1.032e-28
0.0123 2.959e406 7.783e-102 1.833e-28 1.246e-102 2.934e-29
0.0465 6.142e+04 5.387e-09 2.874e-08 1.666e-11 8.887e-11
0.059 6.701e+04 4.951e-07 3.795e-06 1.005e-09 7.704e-09
0.0677 4.604e+05 1.553e-05 1.333e-04 2.718e-08 2.333e-07
0.0811 5.212e+03 6.751e-07 6.143e-06 1.063e-09 9.675e-09
0.0838 8.657e+03 1.355e-06 1.236e-05 2.112e-09 1.927e-08
0.0844 4.267e+05 6.941e-05 6.334e-04 1.080e-07 9.858e-07
0.0949 3.925e+03 1.127e-06 1,018e-05 1.725e-09 1.558e-08
0.125 1.481e+04 1.090e-05 8.776e-05 1.717e-08 1.383e-07
0.1316 4.373e+04 3.693e-05 2.888e-04 5.887e-08 4.604e-07
0.1681 8.507e+04 1.267e-04 8.486e-04 2.147e-07 1.438e-06
0.1725 4.050e+04 6.369e-05 4.193e-04 1.086e-07 7.150e-07
0.1862 9.485e+04 1.741e-04 1.089e-03 3.023e-07 1.890e-06
0.216 8.429e+04 2.059¢-04 1.163e-03 3.694e-07 2.086e-06
0.3097 1.929e+02 8.981e-07 3.969e-06 1.710e-09 7.559%e-09
Totals 1.852e+07 7.077e-04 4.699e-03 1.214e-06 8.007e-06
Attachment 2 Page 2 of 3



Attachment 2

Attachment 2

Page 3 of 3

MicroShield v6.02 (6.02-00204) 02/18/04
MicroShleid v6.02 (6.02-00204)
CEC,_Inc.
Conversion of calculated exposure In air to dose
FILE: C:\Program Flles\HIcoshlcId\Examplu\CauFilo:\KUSEITl.mcG
Case Title: Truck at USEL
This case was run on Wednesday, February 18, 2004 at 1:00:00 M
Dose Point # 1 - (914.4,45,72,91.44) cm
Besults (Summed over energles) Unlts Without With
Buildyp Buidup

Photon Fluence Rate (flux) Photons/cm3/sec 4.479e-003 3.149e-002
Photon Energy Fluence Rate MeV/emi/sec 7.077e-004 4.699¢-003
Exposure and Dose Rates:

Expasure Rate In Alr mR/hr 1.214e-006 8.007e-006
Absorbed Dose Rate in Alr mGy/hr 1.060e-008 6.990e-008
. mrad/hr 1.050¢-006 6.990e-006
Deep Dose Equivalent Rate (ICRP 51 - 1987)

o Parallel Geometry mSv/hr 1.541e-008 1.029e-007
o Opposed - 9.554e-009 6.312e-008
o Rotational * 9.524¢-009 6.286e-008
o 1sotrepic . 8.847e-C09 5.861e-008
Shallow Dose Equivalent Rate (ICRP 51 - 1987)

© Paralie! Geometry mSv/hr 1.53%e-008 1.027e-007
© Opposed ° 1.333e-008 8.800e-008
o Rotational - 1.333e-008 8.800¢-008
o 1sotropic o 9.484¢-009 6.274¢-008
Effective Dose Equivalent Rate (ICRP 51 - 1987)

© Anterior/Posterior Geometry mSv/hr 1.330e-C08 8.868e-008
o Posterior/Anterior . 1.074e-C08 7.137¢-008
O Lateral - 6.964e-C09 4.607e-008
o Rotational * 9.259¢-009 6.144e-008
o Isotropic - 7.591e-009 5.031e-008



Attachment 3

MicroShield v6.02 (6.02-00204)

CEC,_1Inc.
Page 1 .
DOS File :KUSEIR1C.ms6 ;'a":eRef
Run Date : February 18, 2004 By
Run Time : 1:04:30 PM Checked
Duration : 00:00:04
Case Title: Kaiser Rail Car
Description: Rail Car Crew at 152 Meters
Geometry: 13 - Rectangular Volume
Source Dimensions:
Length 1.6e+3 cm (52 ft5.9in)
Width 289.56 cm (9 ft6.0in)
Height 1524 cm (5ft0.0in)
Dose Points
A X Y z
#1 16800.2 cm 76.2cm 144,78 cm
551 ft 2.3 in 2t 6.0in 4ft9.0in
Y
Shields
Shield N Dimension Material Density
Source 7.06e+07 cm? FGR12 Soil 1.36
Shield 1 .635 cm Iron 7.86
Air Gap Air 0.00122
Source Input : Grouping Method - Actual Photon Energies
Nuclide curies . becquerels uCi/cm3 Bg/cm3
Pb-210 2.2710e-004 8.4027e+006 3.2164e-006 1.1901e-001
Ra-226 4.3307e-004 1.6024e+007 6.1336e-006 2.2694e-001
Ra-228 5.2814e-003 1.9541e+008 7.4801e-005 2.7676e+000
Th-228 5.2814e-003 1.9541e+008 7.4801e-005 2.7676e+000
Th-230 1.8485e-002 6.8395e+008 2.6180e-004 9.6867e+000
Th-232 5.2814e-003 1.9541e+008 7.4801e-005 2.7676e+000

Buildup : The material reference is - Source
Integration Parameters

X Direction 10
Y Direction 20
Z Direction 20
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Attachment 3

Results
- Fluence Rate Fluence Rate Exposure Rate Exposure Rate
E:le;‘?y Phgtc;:s"/:ysec MeV/cm2/sec MeV/cm2/sec mR/hr mR/hr
No Buildup With Buildup No Buildup With Buildup
0.0067 1.214e+02 7.965e-222 2.349¢-36 3.659e-222 1.079e-36
0.0108 2.044e+06 2.172e-217 6.404e-32 5.227e-218 1.541e-32
0.0117 1.285e+05 1.480e-218 4.363e-33 2.771e-219 8.170e-34
0.0123 1.868e+07 2.260e-216 6.665¢e-31 3.618e-217 1.067e-31
0.0123 5.766e+07 6.977e-216 2.057e-30 1.117e-216 3.293e-31
0.0123 1.640e+07 1.984e-216 5.850e-31 3.176e-217 9.364e-32
0.0465 3.403e+05 3.485e-18 3.041e-17 1.077e-20 9.402e-20
0.059 3.713e+05 2.633e-14 4.321e-13 5.347e-17 8.772e-16
0.0677 2.551e406 3.585e-12 7.625¢e-11 6.273e-15 1.334e-13
0.0811 2.888e+04 5.534e-13 1.510e-11 8.715e-16 2.378e-14
0.0838 4,797e+04 1.323e-12 3.749e-11 2.063e-15 5.845e-14
0.0844 2.364e+06 7.026e-11 2.006e-09 1.093e-13 3.122e-12
0.0949 2.175e+04 1.920e-12 6.108e-11 2.938e-15 9.349e-14
0.125 8.207e+04 4.280e-11 1.476e-09 6.743e-14 2.326e-12
0.1316 2.423e+05 1.634e-10 5.604e-09 2.605e-13 8.932e-12
0.1681 4.714e+405 9.093e-10 2.850e-08 1.541e-12 4.828e-11
0.1725 2.244e+05 4.787e-10 1.479¢-08 8.164e-13 2.522e-11
0.1862 5.256e+05 1.491e-09 4.391e-08 2.588e-12 7.625e-11
0.216 4.670e+05 2.240e-09 5.898e-08 4.018e-12 1.058e-10
0.3097 1.069e+03 1.662e-11 3.099e-10 3.165e-14 5.902e-13
Totals 1.026e408 5.419e-09 1.558e-07 9.445e-12 2.709e-10
Attachment 3 Page 2 of 3
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MicroShield v6.02 (6.02-00204) 02/18/04
MicroShield v6.02 (6.02-00204)
CEC,_Inc.
Conversion of calculated exposure In air to dose
FILE: C:\Program Files\chmshleld\Examples\CascFiles\KUSElRic.msG
Case Title: Kalger Rail Car
This case was run on Wednesday, February 18, 2004 at 3:04:30 PM
Dose Point # 1 - (16800.2,76.2,144.78) an
| m Ver i Units Yiithout ith
Bulidup Buildup

Photon Fluence Rate (fux) Photons/em3/sec 2,.913e-008 8.457e-007
Photon Energy Fluence Rate MeV/ami/sec 5.419e-009 1.558e-007
Exposure and Dose Rates:
Exposute Rate In Alr mR/hr $.445e-012 2.709e-010
Absorbed Dose Rate In Air mGy/hr 8.245e-014 2.365e-012
. mrad/hr 8.245¢-012 2.365e-010
Deep Dose Equivalent Rate (ICRP 51 - 1987)
o Parallel Geometry mSv/hr 1.163e-013 3.342e-012
© Opposed * 7.406e-014 2.124e-012
© Rotationa! . 7.403e-014 2.123e-012

. © Isotropic d 6.611e-014 1.954¢-012
Shallow Dose Equivalent Rate {ICRP 51 - 1887)
0 Parzgllel Geometry mSv/hr 1.163¢-013 3.343e-012
© Opposed . 1.034e-013 2.967e-012
© Rotatlona! . 1.034e-013 2.967e-012
© Isotropic . 7.328e-014 2,103e-012
Eftective Dose Equivalent Rate (ICRP 51 - 1987)
O Anterior/Posterior Geometry mSv/hr 1.007e-013 2.896e-012
© Posterior/Anterior . 8.216¢-014 2.360e-012
© Lateral . 5.382¢-014 1.544¢-012
© Rotational . 7.101e-014 2.03%e-012
0 Isotropic * 5.839¢-014 1.676€-012
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Attachment 4

MicroShield v6.02 (6.02-00204)

Buildup : The material reference is - Source

X Direction
Y Direction
Z Direction

Attachment 4

Integration Parameters

10
20
20
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CEC,_Inc.
11
‘KUSEIR1E.ms6 FDi::eRef
: February 18, 2004 By
: 1:09:14 PM Checked
: 00:00:03
Case Title: Kaiser Rail Car
Description: Rail Employee at 15 Meters
Geometry: 13 - Rectangular Volume
Source Dimensions:
Length 289.56 cm (9 ft 6.0 in)
Width 1.6e+3 cm (52 ft 5.9 in)
Height 152.4 cm (5 ft 0.0in)
Dose Points
A X Y z
#1 1789.56 cm 76.2 cm 800.1 cm
58t 8.6in 2ft6.0in 26 ft 3.0in
. X
Shields
Shield N Dimension Material Density
Source 7.06e+07 cm3 FGR12 Soil 1.36
Shield 1 635 cm Iron 7.86
Air Gap Air 0.00122
Source Input : Grouping Method - Actual Photon Energies
curies becquerels pCi/cm? Bq/cm3
2.2710e-004 8.4027e+006 3.2164e-006 1.1901e-001
4.3307e-004 1.6024e+007 6.1336e-006 2.2694e-001
5.2814e-003 1.9541e+008 7.4801e-005 2.7676e+000
5.2814e-003 1,9541e+008 7.4801e-005 2.7676e+000
1.8485e-002 6.8395e+008 2.6180e-004 9.6867e+000
5.2814e-003 1.9541e+008 7.4801e-005 2.7676e+000



Attachment 4

Results
. Fluence Rate Fluence Rate Exposure Rate Exposure Rate
E:ﬂe;gy Phﬁtccts:,si;ysec MeV/cm?2/sec MeV/cm2/sec P mR/hr me/hr
No Buildup With Buildup No Buildup With Buildup
0.0465 3.403e+405 1.591e-11 9.820e-11 4.921e-14 3.036e-13
0.059 3.713e405 1.031e-08 9.038e-08 2.092e-11 1.835e-10
0.0677 2.551e+06 6.171e-07 5.870e-06 1.080e-09 1.027e-08
0.0811 2.888e+04 4,583e-08 4.369e-07 7.219e-11 6.880e-10
0.0838 4.797e+04 9.864e-08 9.325e-07 1,538e-10 1.454e-09
0.0844 2.364e+06 5.125e-06 4.836e-05 7.976e-09 7.526e-08
0.0949 2.175e+04 1.011e-07 9.103e-07 1.547e-10 1.393e-09
0.125 8.207e¢+04 1.253e-06 9.542e-06 1.974e-09 1.503e-08
0.1316 2.423e+05 4.358e-06 3.213e-05 6.947e-09 5.121e-08
0.1681 4.714e+05 1.611e-05 1.024e-04 2.729e-08 1.734e-07
0.1725 2.244e+05 8.134e-06 5.093e-05 1.387e-08 8.684e-08
0.1862 5.256e+05 2.247e-05 1.348e-04 3.901e-08 2.340e-07
0.216 4.670e+05 2.690e-05 1.488e-04 4.826e-08 2.670e-07
0.3097 1.069e+03 1.185e-07 5.416e-07 2.257e-10 1.032e-09
Totals 7.740e+06 8.533e-05 5.357e-04 1.470e-07 9.178e-07
Attachment 4 Page 20of 3



Attachment 4

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

MicroShield v6.02 (6.02-00204)

CEC,_Inc.

Conversion of calculated exposure in alr to dose

FILE: C:\Program Flles\MicroShieid\Examples\CaseFiles\KUSEIR1E.ms6

Case Titie: Kaiser Rail Car

This case was run on Wednesday, February 18, 2004 at 1:09:14 PM

Dose Point # 1 - (1789.56,76.2,800.1) cm

I mm r rQi

Photon Fluence Rate (flux)
Phaton Energy Flueace Rate

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

Deep Dose Equivalent Rate
o Paralle! Geometry

© Opposed

© Rotational

© Isotropic

Shallow Dose Equlvalent Rate
© Parallel Geometry

© Opposed

© Rotational

© Isatropic

Cffective Dose Equivalent Rate
© Anterlor/Posterior Geometry
0 Posterior/Anterior

O Lateral

© Rotatlonal

© Isotropic

Attachment 4

Units

Photons/cm?/sec
MeV/em3fsee

miRMhe
mGy/hr
mrad/hr

(ICRP 51 - 1987)
mSv/hr

{ICRP 51 - 1987)
mSv/hr

{ICRP 51 - 1987)
mSv/hr

Page 30f3

Without
Buildyo

5.045e-004
8.533e-005

1.470e-007
1.284e-009
1,284e-007

1.843e-003
1.155e-009
1.153e-009
1.067e-009

1.842e-005
1.613¢-00%
1.613e-009
1.146e-009

1.595¢-009
1.294e-009
8.417e-010
1.116e-009
9.157e-010

With
Bulidup

3.327¢-003
5.357e-004

9.178e-007
8.013e-009
8.013e-007

1.162e-008
7.219e-009
7.202¢-009
6.684¢-009

1.161e-008
1.008e-008
1.008¢-008
7.170e-009

1.004e-008
8.121e-009
5.267e-009
7.000e-009
5.73%e-009
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Vorsion 6.21

T™Y Limit = 0.5 year

Suemary : RESRAD Res Farmar - Xalser Wacte at USII

0272072004 10:01 Page

2

File : CRC_Kaiser_USEI_Res_farm.RAD
Dose Conversion Factoxr (end Relsted) Porumcter Swymary
Piler TGR 1) Morbidity

| | Curzent | | raraneter

u ] Psrsmetas ] valve | Default | Nane

t t t }
b-1 [ DPose conversion factors for inhelation, mrem/pCL: | [ |
B-l | ?H-210+D | 2.320£-02 | 2.3202-02 | DCr2{ 1)
3-1 | Ra-226*D | 8.600z-03 | 8.€00Z-03 | DXr2( 21
-1 | Ra-228¢D | $.0805-03 | 5.C80Z-03 | OCr2¢ 3)
B-1 | Th-228+D | 3.450z-01 | 3.450E-01 | DCP2( 4)
B-1 | Th-230 | 3.260z-01 | 3.260£-01 | ©DCr2( S5)
8-1 | Th-232 | 1.640z:00 | 1.640L+00 | DCF2( €)

] | | 1
D-1 | Cose conversion factors for ingestion, swem/pCl: | i ]
D1 | 21040 { 7.2708-03 | 7.270£-03 | ncr3t 1)
D~1 | Ra=226+D | 2.330z-03 | 1.330E-03 | DCR3( 2)
D~1 | ka-228+D | 2.440E-03 | 1.440Z-03 | BCF3( 3)
D~1 | Th-228+D | 8.080E-04 | 8.080E-0¢ | DIEI( ©)
-t [ Th~230 | 5.480z-04 | 5.4802-04 | DCTI{ )
o= | Th-232 | 2.7302-03 | 2,7302-0) } oCr3( 6)

1 | i 1
D-34 | Food transfer factozs: | | ]
D~34 | FD-210¢D , plant/soll concentration ratio, dimensionless | 1.000£-02 | 1.0002-02 | RYP( 1,1)
D=34 | PD-210+D , beef/livestock-intake ratio, {pCl/kg)/ipCl/q) | 8.000£-04 | 8.CODE-0¢ | RTIF( 1,2}
D~34 | Pb-210+¢D , milk/livestock-antake ratio, (pCi/L)/(pCi/a) | 3.0008-04 | 3.000E-04 | nIF( 1,3)
D-34 | | I |
D-34 | Ra=226¢D , plant/soil concentration ratio, dimensionless | 4.0008-02 | 4.000C-02 | RIP{ 2,1)
D~34 | Ra=226+D , beef/livestock-intake ratio, (pci/kg)/(pCi/a) | 1.0002-03 | 1.000E-03 | RIF( 2,2)
D~34 | Ra-2264¢D , nilk/livestock-intake ratio, (pCLi/L}/{(pCi/a) | 1.0002-03 } 1.000E-03 | RIF( 2,3)
0-34 | ] l 1
D~34 | Ra-228+D , plant/soil concentsation ratio, dimensicnless | 4.0008-02 ] 4.000£-02 | RTF{ 2,1)
D-34 | Ra-228+D , beel/livestock-intake ratio, [pCi/kg)/(pCi/a) | 1.0008-03 | 1.000E-03 | RTF{ 3,2)
D-34 | Ra-228+D , milk/livestock=-intake ratio, [(pCl/L)/(pCi/d) | 1.000£-03 | 1.000E-D3 | RTF{ 3,3)
D-34 § | | l
D~34 | Th-228+D , plant/soil concentration ratio, dimensionless ] 1.000E-03 | 1.000E-03 ] RTF{ 4,1)
D-34 )} Th-228+D , Lecf/livestock-intake ratio, {(pCiskg)/(pCl/d) § 31.000€-04 | 1.000E-04 | RTE( 4,2)
D~-34 | Th-228+D , milk/lavestock-intake ratio, (pCi/L)/(pCi/a) | 5.000E-06 | 5.000£-06 | RIF( 4,3)
D-34 | | 1 l
D-34 | Th-230 , plant/soil concentration ratio, cdinensionless | 1.000E-03 | 1.000E-03 | RTF( S5,1)
D=)4 | Th=230 ., beef/livestockeintake ratio, (pCi/xg}/(pCir/d) | 1.000E-0¢ | 1.000E-04 | RIF( S,2)
D-34 | Th-230 , milk/livestock-intake ratio, (pCi/L)/(pCi/d) | 5.000E-D06 | 5.000E-06 § RTF({ 5,3)
D-34 | | I 1
D-34 | Th=-232 , plant/soil concentratior ratio, dimonsionless | 1.0002-03 | 1.0005-03 | RTF( €.1)
D-34 | ™-232 . beef/livestock-intake ratio, (pCi/kg)/(pCi/d) ] 1.000C-04 | 1.0002~04 ] RTF{ €.2)
D-34 | T™h-232 , milX/livestock-intake ratie, (pCi/L)/{pCisd) | 5.000L-06 | 5.000E-056 | RTF¢ 6,3)

| | { |
D~% | Blosccumulation factors, fresh water, L/kg: | | 1
D=5 | Pb-210+D , fish { 3.000r+02 | 3.000E402 § 2I0F2C( 1,11
D-% | Pb=210¢D , crustacea and mollusks | 1.000£402 | 1.000R+02 ] rrO?XC( 1,20
p-s | ! | |
D=5 | Ra-226+D , fish | 5.000Z+01 | 5.0002+01 ] RIOFAC{ 2,1)
D-% | Pa-226+D , crustacea and mollusks | 2.500L¢02 | 2.500£402 | BIOfRC{ 2,2l
O l ! !
D-S | Ra-228+D , fich | 5.000€+01 | 5.000E+01 | BIOPAC{ 3,1}
D-5 | Ra-2284D , crustacea and mollusks | 2.500E402 | 2.500C+02 | BIOPAC( 3,2)



RESRAD, Version 6,21
Sumnary : RESRAD Res Farmer - Kaiser Weste at USED

Ty Linit = 0.5 yeir

0272072004 10:01 Page

3

Eile t CEC_Xaiser_USEI_Res_farm.RAD
Dose Conversioa Fsctor (and Related! Pacamotor Susmary [coatinued)
File: FCR 13 Morbidity

| [ Curreat | | Parameter
Meau | Paxameter | value | Default | Nane

1 —]- 1 1

1 14 ) '
D-5 | Th=220+D , fish | 1.000C+02 | 1.000£¢02 | BIOFAC{ ¢, 1)
D=5 | Th-228¢D , crustecea and mollusks | $.0002+02 | 5.0002¢02 | BIOFPAC( 4,2)
-5 | | t |
-5 | T™h=230 , tish | 2.000e+02 | 1.000E402 | BIOFAC{( 5,1}
D~-5 | Th=230 , crusteces and mollusks | 5.000£+02 | 5.000E+02 | BIOTAC( 5,2)
=5 | | | 1
0~5 | Th~232 , fish | 1.0002+02 | 1.000z+02 | BIOZAC( 5,1}
0-5 | Th-232 , crustacea and mollusks | $.000£402 | 5.000E+02 | BIOrAC( 6,2)

I L 'l

i




RESRAD, Version €.21 T Lintt @ 0.5 year 0212022004

Sumaazy ¢ AESRAD Ret Yacmar - Xaiser Weste at USEI

10:01

Page (]

Tile : CTC_Kagser USEI Res_fazm.RAD
Sice-Specific Parametec Surmacy

] | User 1 1 Used by RESRAD | Pecemere:r
Menu | Fetemcter | Input | Default | (1f diffexent Czom wser Anpst) | Mame

t } t } +
20t1 | Azee Of contaminated zove [m**2) ] 9.022£40¢ | 2.000E¢04 | -— | ARzA
R011 | Thickness of coataminated sonc {a} | d.360£401 | 2.000C+00 | .- | THICKD
RO11 | Length parallel to aquifer flov (m) | $.430£402 | 1.000L402 | .- | nczeal
RO11 | Basic radiation dose limit (mres/yr) | 2.3002+01 | 2.800z+01 | ~—- | sasL
RO11 | Time since placement Of material (yz} | 0.cooe+00 | 0.000z+00 | — ] 11
o1l | Times for celculations lycl | 1.0002402 | 1.000z+00 | —— 11
NOLL | Times fox celculstions {yrl | $.€00c+03 | 3.000e+00 | - (ARl
®O11 | Tumes for calculations (yr) | 1.c00E¢01 | 1.0002+01 | [2ad (IR {3 H]
K011 | Times for calculations tyr) § 3.000E+01 | 3.000ze01 | —_ 1Tt
RO1T | Times foz calculations (yc} { 3.c002¢02 | 1.0002e02 } — I T 6
ROI1 | Times for calculations (yr) | 1.0002+03 | 3.0002+02 | _— [ {8/
RO11 | Tames for cialculations \yz) ] mot used | 1.000z+03 ) —— 1Tt ®)
RO31 | Tames for calculations (yr) | Mot used | 0.0005+00 | L] 11t 9
ROI1 | Times for calculations (yr) | not used | 0,0002400 | — | 00

| I I | I
012 | Jnitlal principal radionuclide {pCs/gl: P~210 | 1.1802+400 | 0.0002+00 | _— | st1¢ 1)
RO12 | Initial priacipal radicnuclide {pC3/gl: Ba=226 | 2.260£+00 | 0.000Ee00 | -— | s1¢ 2)
R012 | Initial principal redionuclide (pCi/gli: Ra-218 | 2.8002+01 | 0.000z+00 | -— ] s1¢
R032 | Inlcial principsl cedionuclide (pSi/31: Th=228 | 2.000L¢01 | 0.0002+00 | - | stt @)
R012 | Initisl principsl radionmuclide (pC3/gl: Th=230 | 9.€252¢01 | 0.000800 | —— 181t %
RO12 | Initlal primcipal radienuclide {pCs/31: Tn=232 | 2.000e+01 | 0.000z+00 | — | 811 6)
RO12 | Concentration ia groundwater  (pCi/L): PO-210 | not used | 0.0008+00 | — | Wt 1y
%012 | Concentraticn tn groundwvater  (pCi/L): Ra-226 | not used | 0.000z+00 | ~e Wit 2y
R012 | Concentzation in groundwater [FC3/L1: Ra<228 | oot used | 0.0008+00 | -—— 1 w1 3}
RO1Z | Concentration fin groundwater  {pCi/Ll: Th=-228 | not used | 0.000L+00 | -~ | w1
ROL2 | Concentration in groundwater  {pCi/li: Tn-23C | not used | 0.000E+00 | -— 1 Wit st
RO12 | Concentration in groundwater  (pCi/Ll: Th=232 | mot used | 0.0002+00 | - | w1¢ 6}

I | | l |
ROLY | Cover depth im) § 3.600C+00 | 0.000z+00 | - ] covero
RO13 | Censity of cover watecial (g/en**3) ] 1.7805¢00 | 1,5002+00 | o= | oeuscv
RO13 | Cover depth #2o3ioa rate (n/yr) | 1.000£~04 { 1.000E-03 | .- | vev
RO13 | Lenaity of contininated tone (g/em*3) ] 1.380c400 | 1.500E+00 | -— | pensse
RO13 | Contaminated zone erosion rate (m/yr) | 1.000e-03 | 1.000:x-01 | -—— | vz
RO13 | Contamunated :one total porosity } 4.C00£-01 | 4.000E-01 | -—— | 12
R013 | Contaminated zone field capazity } 2.c00z-01 | 2.000E-01 | -—— | recz
RO13 | Contaminated zone hydraulic conducravity im/yel | 3.160£+401 | 1.000E+Q1 | -a- | Heer
013 | Contaminated zone b parameter ] 5.300E+400 } $.3002+00 | oan | scz
RO13 | Average annual wind speed Ia/secl | 2.000£400 | 2.000€+00 | -e- | wiNn
RO13 | Mumidity in sir (g/e**l) | not used | B.000E+00 | --- [ D
RO13 | Evepotranspiration coefficient | 7.500z-01 | 5.090€-0L | e | gvarme
RO13 | Precipitation {(w/y:) ] 1.9492-01 | 1.000€+00 | - | ereciy
RO13 | Irrigation in/yr) | 2.c00z-01 § 2.0008-01 | - | a1
012 | Yerigation wode { overhead | ovarhead | .e- R 3 2344
RO13 | Runoff coefficient I 2.cooz-01 | 2.000£-01 | e | auwore
ROI2 | Warershad avea for nearby stream or pond (m**2) | 1,0002+06 | 1.000%+06 | aen | waara
RO13 | Accuracy for waterlsoil cosputations 1 1.00D2-023 | 1.000£-03 } ae- { ers

1 [ | | |
RO:4 | Tensity of saturated one (g/cne*3) ] 1.9007400 | 1.500T+00 | - | pENsAQ
ROL4 | Satuzated tone total porosity | 4.000c-01 | 4.000T-01 | -— { trs2
RO4 | Satuseted zone effective poroefty | 2.000e-01 ) 2,000£-01 | - { zest



RISAAD, Version 6.2]
Sumnary t RISRAD Res Farser - Xajser Waste at USIY

T™ Linit = 0.5 year

02/20/2004 10:01

Page S

Tile ¢ CIC_Kaiser USKT Res_farm.RAD
Site-Specific Paraseter Summary (continued)
| | Osec | I Us0d by RLSRAD | ?azameter
Menw | Paramecer | 3eput | Default | (1f Siffexent fcom wier input) | Hoow
: + —+ : ;
RO1¢ | Sstorated zoae field capacity | 2.000z-01 | 2.003%-01 | — | res:
R0L¢ | Saturated gone hydravlic conductivity (m/yr) | 6.100x400 | 1.0008402 | -— | nesz
ROt4 | Setursted xzone hydreullc geadiant [ 7.000e-03 | 2.000c-02 | - | sewr
2014 | Setursted zone b parameter | $.300e+00 | $.3003000 | - | B3z
ROL4 | water table drop xete (w/yx} | 1.0002-03 | 1.000C-0) | - | wr
ROL4 | Well pusp Antske depth [m belov weter tadle) | 1.0008¢01 | 1.000z+01 | - | owipes
ROL4 | Model: Wandispetrsion (WD) or Kass-alance (v81 | ¥0 | o | - { wooEL
ROLS | Well pumping zete (m**3/yz) | 2.5002+02 | 2.500r+02 | - [
| | ] I |
ROL1S | Wunbes of uasatuzated sone strata |32 112 | - I ns
RO1$ | Unsat, sone 1, thickoess (a) | 6.2002+02 | 4.000E+00 | — | Wy
®01Y | Unset. zone 1, soll density lg/om**d) | 1.3002+00 | 1.3002+00 § ——— | peasuz (1)
ROIS | Cnsat. zone 1, tote) porosity | 4.000c-01 | 4.0002-~01 | - | Truz()
RO1S | Unsat. zone 3§, effective porosity { 2.000£-01 | 2.000z-01 | - { gruz (1)
RO1S | Tnsat. zone 1, field cepacity { 2.0002-01 | 2.0008-03 | -—- | revsity
ROLS | Unsat, sone ), soil-specific b pazaneter | 5.3008100 | 5.3002+00 | — | szl
RO1S | Unsat. zone 1, hydraulic conductivity i(m/yr) ] 1.000z+01 | 1.0008401 } — | ®cuz(1)
| 1 1 1 |
2016 | Dastribution coefficlents for #u-210 i f ] i
noLé | Contaminatexd zone (cn**3/q} | 1.c00z+02 | 1.0008402 | — 1 pawcct 1)
R016 | Uasaturated zone 1 {cm**3/g} | 1.000C402 | 1.0002002 | — | boexcv( 2,1)
ROLE |  Saturated 200e {cme*3/q0 | 1.000t+02 | 1.009x+02 | -—- | pascst 1)
nOL6 | Lesch reze (/yr) { 0.000T+00 | 0.0002+00 | 1,0968-03 | ALzacH( )
A016 | Solubility constant ] 0.0002+00 | 0,0002+00 | aot used | sowusxt 1)
| ! } | 1
N016 | Distribution coeZficiests for Ra=226 ! ] | {
RO | Contamlnated zons (cme*3/g) [ 7.000z+01 | 7.030Ee01 | -— 1 porucct 2)
ROLE |  Uanatuseted aone ) (cn=*d/g) | 7.0002+01 | 7.030z+01 | - | powucut 2,11
MO16 |  Satucated zone (cme*3/qi | 7.0008+01 | 7.0002401 | - | ocwuest 2y
RO16 | Lesch rate (/yr) | 6.co0ze03 | 0.000x+00 | 2.7062-05 | ArEACH{ 2)
2OLE | Solubility constant | 0.€002+03 § 0.0002400 | not used } sowser{ 2y
I 1 1 ] I
RO16 | Cistridbution coefficieats foc Ra-228 1 | { }
RO16 | Contaninated zone (cn**l/g) | 7.0002+01 | T,000£40} | -—— | pevocct 3
ROI6 |  Unsaturated zone } (cm**)/g) | 7.0002+01 | 7,000re02 | —— | powCU{ 3, 1)
K036 |  Satuzated roae {cm**3/g) | 7.0002+01 | 7.000E002 | ——- | pawest 3
ROt6 |  tesch rate (/yT) | 0.000z+00 | 0.000z¢00 | 2.706E-05 | ALeacut 0
ROi6 | Soludility constant { 0.0008+00 | 0.090T40¢C | not used | scLosxt 3
1 1 1 | !
ROL6 | Distrivution coefficients for Th-228 { { ] ]
ROLS | Contaminated zone (cn°*)/g) | 6.000E+04 | 6.000Z+04 | — ] pawucct ¢y
ROL6 | Unsatuseted zone 1 Icm**3/gi 1 6.0002+403 | 6.000L+04 | ane | vowucu( 4,1
ROLS | Satursted xone (on**d/g} } 6.C00L404 { 6.000%404 | -—— § powucsy 4
ROLE |  leach zate [/yr) | 0.0002+400 | 0.00024D0 | 3.1668-08 | ALzacH( 4)
RO16 | Soludility constant | ©0.0002+400 | 0.000T+0¢ | not used | scrusx( ¢)
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Tile t CIC_Xaiser UIEI_Bes_famm.RAD
3ite-Specific Pareneter Susmary (continued)

i 1 vser | 1 Used by BLIRAD | Pazameter
Monu | Pormneter | 3put | Defsult | (IC diffecent from user input) } Rowe

4 t $ —t t
RO1¢ | Distridution coefzlicients for Th-23C | | 1 |
016 | Contaninated 20ne {(cme*)/g) | €.000ce04 | 6.000E+04 | -— ] ooxuce( 81
016 | Uasaturated rone 1 {cr**3/g} ] 6.0002+04 | 6.0005¢04 | - | povucs( 8,13)
RO16 |  Satucated zome (am**3/g) | 6.003Z+04 | 6.000z40¢ | - } bavucs ¢ s
RO16 |  Leach rate (/yr) | 0.0008+00 | 0.0002+00 | 3.166C-08 | Avzacn( )
RO16 |  Soludility corstant { 0.0002e00 | ©.0002+00 | not used | savext &1

] i 1 1 |
ROL6 ] Dastribwtion coefficients for Th-232 | I 1 ]
ROL6 | Concaninated zone {cm**3/g) ] 6.€00£+04 | 6.000Z¢04 | - | bosucet 6)
RO1E |  Unsaturatea zene 1 (cm**3/g) 1 6.000r+04 | $.0002+04 | - | borxcut 6,1)
RO16 |  Saturated zone (ame*3/gl { 6.000x+04 | 6.0008+04 | --- | oawcst §)
ROYE |  Leach rate (/yr) | 0.000z+00 | 0.0202+00 | 3.1662-03 | ALEACHY §)
RO16 | Soludbility constant ] 0.0002+00 | ©0.0305%00 | not used ] sorusxt §)

{ i | | !
ROL7 | Inhslation zate (m**3/yr) | €.4002+03 | 9.4002+03 | -—- I ImeaLr
RO17 | Mass )oading for inhalation (g/m*+)) [ 3.0002-04 | 2.000E~04 | - | "I
RO1? | Exposuce duration | 3.000z+01 | 3.000E+0L | ——- | 0
RO17 | Shieldisq factor, inhalstion | e.000L-01 | 4.0005-01 | —_— | suEd
RO17 | Snhielding factor, external gomma § 7.c00e~01 | 7.000E-01 | -— ] sun2
N017 | Fraction of time 3peat indoors 1 8.000z-01 | 3.0002-01 | .— | rixp
RO1? | Fractfon of time spent outdoors (on site) | 2.500z-01 | 2.590£-01 | - | rot0
RO17 | $Shape facter f1ag, external gamms ] 1.0008400 | 1.020£+00 | 30 shows circulay AREA. ) rs
RO17 | Radiy of snape factor array (used if IS = =1): | { I [}
RO17 |  Outer annulas radaus (3), ring 1t ] mot usec | 3.000E¢01 | - } ®an_smaez¢ 11
RO17 |  Outer annular gadivs {m), ring 2: | not usea | 7.071E401 | - 1 RAD_SMAPE( 2)
RO17 | Outer annular radius (m), ring 3: [ not usea | 0.000E409 | -—- | RAD_SmAPZ| 3y
ROY7 |  OQuter anaular radius (m), Ting 4: | not used | 0.000z¢00 | - | RAD_sSnAPL{ 4)
RO17 | Outer annulaz radivs (m), ring S: | not uses | 0.000L+00 | e | RAD_SAAPL{ $)
R017 |  Outer anaular radaus (m;, ring €: | not uset | ©.0002400 | - 1 RAD_SHAPL( 6)
RO1? |  Outer amaylaz radius [m), ring 1: | not used | 0.0002+00 | — ] RAD_SHAPZE T)
RO17 |  Outer annular rsdius [=), ring 8: | mot used | 0.020E400 | .- | AAD_SHAPT( 8)
RO17 | Outer snanular radius (m), riag 89: | not uses | 0.020&400 | ~—e | RAD_SHAPL( 9)
RO17 |  Outer annular radius (a), ring 10: I not used | 0.020£400 | -—- | RAD_SRAPE (10}
RO1? | Outer annular radius (a1, ring )1 | not used | D.0D0E+00 | - | RAD_SHAPE{1L}
RO1T |  Outer annulir radaus (a), ring 12: | not used | 0.000E+00 | --- | RAD_SHAPE(12)

| I | l !
ROY7 | Fractions of anrular arces within AREA: i | | |
ROIZ | ming 1 [ not vaed | 1.020E400 | - ] Al
RO1T | Ming 2 | not used | 2.932E-01 | - ] PRACAL 2)
R017 | fang 3 | mot usea | 0.03024080 | — | Fraca¢ 3)
2017 | Ring 4 | mot used | 0.03CE+00 | ——- | Pracat 4
RO17 | Ring S { mot used | 0.0902400 | — | FRACAL S
ROYT | Ring € | not usea | 0.090E400 | -— | Praca¢ 6
01T | mang 7 | not usea | 0.000ts00 | - ) macag )
ROIT | Mipg 8 | not used | 0.000E400 | -— | At o
RO? | wming 9 | not used | 0.000E400 | -—- | rRACAr 93
RO17 |  aang 10 | not used | 0.000z+00 | -—- | tRACA{10)
RO1? |  Ring 12 | not usod | 0.0302400 | e | raaca1y)
RO1Y | Ning 12 | not usea | 0.0302400 }§ e ] rRazA12)

| } | 1



BESARD, Version §.21 ™ Linit = 0.8 yer 0272072004 10:01 Psgo 7
Summary t RESRAD Res Yarmor - Kaisor Wasto ar US2J)
tile t CEC_Kaimer_USRI Res_(facm.BAD

Site-Specitic Pacamcter Sommery {contimued)

1 | Wser ] ! Used by RESMD 1 Pecamete:
vene | Pacematac | Inpat | Defeult | (If different feom user input) | Kame

t ; t t +
2018 | Truits, vegclables and gzain consumption {ig/ys) | 2.6002+02 | 1.6002+02 | eee R 23243}
2018 | Loafy vegetable coaswmption (kg/yr) | 2.400z+01 | 3.¢00E+01 | -—- | prerta;
R013 | Mi1X consumptioa (L/yr) | 9.200e001 | 9.2002¢01 | -—- | ozT(ys
ROLY | Meat ana poultry consueption (XG/yr) | 6.3008+01 | 6.300c002 | - | ptr(4)
RO | Pish consumptioa {kg/yr) § 5.4002¢00 | 3.400£+00 | -_— | pigT(s)
2018 | Other seafood consuxption (kg/yr) { 2.000z-01 | 9.003t-01 | _— | picris)
RO1t | Soil ingestion rate (g/yr) ] 3.6508¢0t | 3.6302401 | — 1 so1L
RO18 ) Drainking water intake {L/y1) | $.1008¢02 | 3.1002+02 | .- 1 v
RO10 [ Contsminstion frection of deinking water | 1.0002¢00 | 1.0003¢00 | -~ | rox
ROL8 | Contemimstion frection of Bousehold wetec ] 1.0002+00 | 1.0038+00 | —— | Fdrw
POLS | Conteminstion fracticn ¢f livestock water 1 1.0002+03 | 1.0008+00 | ve- | rLv
ROLE | Concasunation fraction ¢f irrigation water { 1.0008+00 § 1.000800 | -— | rIow
2018 | contarinatior fraction ¢f aquatic food | 5.000z-01 (| $.000e-01 | -— | s
2018 | Contsmination fraction of plant food |-t I-t ] D.500E¢D0 | reLar
218 | Contaminstion Lraction 62 neat i-1 12 1 0.100T402 | PEAT
2010 ) contemination frection of milk I-2 1-1 ] ©.100E001 | Mk

| ! ! | |
2019 | Livestock fooder intake for meat (kg/day) | 6.200z+01 | 6.8d0r+02 | -— ] Lr1s
R019 | Livestock foodsr intake for milk (kg/day) | $.500z¢01 | 5.500z+02 | —_— | Lris
RO19 | Livestock water intake for west (L/day) | 3.000z+01 | $.000z+01 | -— | Lurs
ROLS | Livestock water intake for milx (L/day) | 1.6002¢02 | 1.6005402 | —— | Lw1s
%019 | Livestock »oil antaxe (xg/cayt | $.0002-01 | 5.000E-01 | .- 1 11
3019 | Mass loacing Ior £oliar ceposicion {g/mn**3) | 1.000z-0¢ | 1.000E-0¢ | -— | warp
R0L9 | Dwpth of soil mixang laysc (m} | 1.500¢-01 | 1.300z-01 | ——— ] o
ROL9 | Depth of roots (m) | 9.000c-01 | 9.000E-01 } .- | orcoT
ROL® | Drimking water fraction from ground watez | 2.000C+00 § 1,000L400 } .- | rewow
ROLY | Eousenold watec fraccion from ground water | 1.0002402 } 1.000€+00 | .o 1 Fowt
ROL® | Livestocx wates fraction from ground vater | 1.0092+00 | 1.000E¢00 | — | ¥owLw
%019 | 1zrigation £raction £IoR QIOUNG Water | 1.000E+00 | 1.000L400 § — | FGWIR

| i I I I
R19D | bet waight crOp yield for Won-leafy (xg/3”°2) | 7.c00z-01 | 7.000£-01 | - | vy
R192 | Wet weight crop yleld for Leafy (xg/av*2) 1 1.3008+00 | 1.300E+00 | - ) ™
R196 | Wet welght crop yleld for Podder {xg/m**2) § 1.1002+00 | 1.100E400 | m—- | vin
R98 | Growing Scason for Non-Leafy (yeara) [ 1.709z-01 | 1.700L-01 | -— [ 11tY)
R198 | Groving Season for Lleaty (years) | 2.500z-01 | 2.500C-01 | - | e
R198 | Growing Season for Fodder fyeass) { 8.0002-02 | s.000L-02 { — { Tty
R1%B | Translocation Facter for Non-Leafy { 1.009£-01 | 1.000E-01 | -—- 1 TIven)
R19B | Translocation Factor for Llealy } 1.0002:00 | 3.000ze0C | — 1 TIvi)
A198 | Translocation Factor for Todder | 1.0002¢00 | 31.000E¢08C | .- | riv(sy
R198 | Dry Foliar Interception Fraction for WNon-lesafy [ 2.500£-01 | 2.500£-D1 | -—- | romy{1)
R198 | Dry Foliar Interception Fracticn for Leafy | 2.500-03 | 2.500z-01 | —— | aoRY(2)
R1%2 | Dry Foliac Interception Fraction for Podder ] 2.300¢-01 | 2.500z-01 | -—— | momy{3d)y
RISA | Ger Foliar Interception Fraction for Mon-leafy | 2.5008-Q% | 2.5002-0% | - | »vezily
RLIB | ®et Poliar Interception Praction for leafy | 2.s00e-01 | 2.s00r-01 | -—- | »vET(2)
RIS | ket Foliar Incerception Fraction for Podder | 2.8006-0) { 2.500e-01 | - | avzT(n
R198 | Beathering Reswoval Constant for Veqgetation | 2.0032+0t | 2.000E+01 | - | wax

| | I 1 !
Cle | €-12 concentration in vater {g/cme*d) | not used | 2.000£-05 | .—- | cr2wma
€14 | C-12 concentration in conteminated soll (9/9) f not veed | 3.000-02 | .-- | crace
€4 | Praction of vogetstion carbon from soil | not used | 3.000E-02 | oo ] ¢s01L



RESAAD, Version .21

Tw Linit = 0.5 yesr

Buarary : AISRAD Res Tarmer = Kaisear Waste at USKI

02/20/2004 10:01 Page B

Tile : CEC_Xaleor USKI_Res_farm.BAD
Slte-Specific Pareneter Summary (contimued)

] |  User i I Voed by RCSAAD ] Peremeter
nenu | Parameter | Zaput | pefault | (1f diffexent fzonm vsec input) | ¥ane

} t t } }
€14 | rrection of vegetatlon cardon fiom efr | not used | 9.8002-01 | —-—- | camn
€14 | C-11 evaslion layer thickness in sof) (m} | not used | 3.000z-01 | = { o
€14 | €-14 evaslon flux rets from soll (1/sec) | not vaed | 7.000z-07 | —— | £vsn
€14 | €-12 evesion flux rste from soll (1/sec) | mot wsed | 1.000£-10 | e | mevsx
€14 | rraction of grain in beel cottlie Ceed | not used | 8.0002-01 | - | Avece
€14 | Prection of grain in Allk cov Zeed | not used | 2.000z-01 | ——- | Avrey
€34 | BCP cocrection factor for qasecua fosms ©f €14 | not used | 8.8948401 | - | cozr

1 I I 1 |
STOM | Storage times 0f contamlnated foodstuffs (Gays): | I | |
STOR | Fruits, non-lealy vegetadles, and grain | 1.400£+01 | 1.400ze0: | — | sror_T(1)
STOA | Ledly vegetadles | 1.0002400 | 1.0002+00 } e | sTor_T(2)
sTor | mulx ] 1.000¢00 | 1.000z+00 | — | sToR_t (3
STOR | Mest and poultry | 2.0002401 | 2.000z¢01 | -—- ] sToR_TIO)
STOX | rish | 7.000z+00 | 7.0002+00 | - | sror_vis)
8ToR | Crustacea and mollusis { 7.000£+00 | 7.0028+00 | -—- | stor T(6)
STOR | Well water { 1.€002400 | 1.0092+00 | —- 1 sTom_T(M
sTom | Suzface witer | 1.000z+00 | 1,000E400 | —— | sTeR_Tis
stom | Livestock fodder | 4.3005+01 | 4.%005+0! I - [ STCR_T(9)

I | ] I |
2021 | tnicknass of building foundation (=) ] 1.3002-01 | 1.5022-0! | -— | riooz
7021 | sulX cenaity of builcing foundation tg/cmesd} | 2.400E+00 | 2.4002400 § — |} vexsa
RO2L | Total porosity of the cover paterial | 4.130e~01 | 4,000z-01 | ——- | Ty
R021 | Yotel porosity of the building foundation | 1.000e-01 | 1.000z-01 | - | T
RO21 | Volumctric weter content of the cover matecial | 2.650£-02 | $.0002-02 § ——- | su2ecv
RO21 | Volumerzic water content of the foundation | 3.0002-02 | 3.000E-02 | -— | en2oen
R021 | piffusion coefficient for radon gas (a/seci: 1 [} | [}
R0O21 | 1a cover materisl 1 7.2332-07 | 2.0008-06 | oee | otrev
®021 | 4ia foundation material | 3.000z-07 | 3.0002-07 | e | pIETL
Q21 | ia costaminated zone soil 1-1.0008400 | 2.0002-06 | 5.471£-07 | precz
2021 | Redon vertical Gimension of wmixing {mi { 2.000£¢00 | 2.003L+00 | -—- | wIx
2021 | Avezage building air exchange rate (1/nr) | 1.%002+00 | 5.0002-0} | -— | rexG
RO21 | helght o the Builaing (zoss) im) | 2.3002¢00 | 2.500z¢00 | —-—— { 1o
R021 | suilaing interior area factor | 0.0002400 | 0.0092¢00 | code computed (time dependent) | PAI
k021 | Building depth below ground surfice {m) |=1.0002¢00 }-1.0002+00 | cooe ¢ (time dap ae) | DL
2021 | tnanating power Of Rn-~222 g3 { 2.500z-0% | 2.500r-01 | - } DOwAIL
2021 | swanatang powor of Rn-220 gas | 1.503¢-0% | 1.500t~-01 | -—- | DANAIZI

| | ) I |
TITL | Mumber of graphical ting points | 2 ] -— | -e | wrts
TITL | Haximmm punber Of integrstion polats for dose | 11 | —— i .- | Lo
TITL | Maximus nunber ©f integration poiats for risk ] 37 | -— | —— | Ko

N A 2 L i
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Summary :

File

r CEC_Kaiser USEI_Res_farm.RAD

TH Linit = 0.5 year
AESRAD Res Farmer - Kaiser ¥Waste at USEIX

02/20/2004

Summary of Pathway Seclections

Pathway

User Seleation

[CI- TR O B G R S
1
t

find

oxtarnal gamna
inhalation (w/0 redon)
plant ingestion

milk ingeation
aguatic foods
drinking water
soil ingestion
radon

|

1

|

|

|
meat ingestion i
!

|

|

|

!
peak pathway doses |
1

active
active
active
active
active
active
agkive
active
active

active

10:01

Page




RESRAD, Version 6.21 T4 Limit » 0.5 yeaxr 02/20/2004 10:01 Page 10
Sumeary ; RESRAD Res Farmor — Kaiser Waste at USEX
File : CEC_Xaiser_USEX_Res_farm.RAD

Contamirated Zone Dimenaions Initial Seil Coancentxations, pCi/y
Area: 88221.00 square mcters PB-210 1.1608+00
Thickness: 31,60 metors Ra=-226 2.260C+00
Cover Depth: 3.60 motess Ra-228 2.600R+02
Th-228 2.600K+01
Th-230 9.6252401
Th-232 2.600E+01

Total Dose TDOSE(L), mrem/yr
Basic Radistion Dose Limit = 2.500B+0]1 mrem/yr
Total Mixture Sum M(t} = rraction of Basic Dose Limit Received at Time (t)

t (years): 0,000E+0¢ 1,000E¢00 5.000E+00 1.D00E+01 3.000E+01 3,0006+02 1.000E+403
TDOSE(L): 2,357E-01 2.39%E~01 2.569E~01 2.78B0E-DI 3.626£-01 1.485E+00 4.2508+00
M(t): 9.427E-03 9.583E~03 1.027E-02 1.112£-02 1.4S1E~02 5.938£-02 1.700E~01

Maximum TDOSE(t)}: 4.250E+00 mrew/yr at t = ).00Q0E+03 years




RFSRAD,

Version 6.21

T Linit = 0.5 year

Suswaty : RESRAD Res Parmer ~ Xaiser Waste ot Uil
s CEC_¥Xafser USTI Res_farw.hAD

rile

Radio-

Muclide mrow/yc

0272072064 10:01

rage 11

Total Doeo Contributions TDOSE(f,p,th for Individual Redionuclides (L) and Rathways (p}
As mson/yr and Fraction of Total Dose At t = 0.000240) yoars

Cround

Water Independent Pathways (Inhalation excludes rsdon)

Inhalataon

Radon

rlanc

Meat

Milk

So11

fract.

mrem/yt frace,

mren/yc  frect.

mrem/yr frect.

sren/ys

fract.

meem/yr {zect.

area/yr fract.

Po-210
Re=226
Ra-228
Th-228
Th-2X
Th=232

0.0C0r+00 ©.0000
1.123z-22 0.0000
3.3072-20 0.0000
1.7921-19 0.0000
1.636x-24 0.0000
1.303:-21 0.0000

0.00CE«~0C 0.0000
0.000x+0C 0.0000
0.00CC+00 0.0000
0.00CC+00 0.0000
0.00CE+00 0.000¢
0.00C2z+00 ©0.0000

0.000C+90 0.0000
2.3352-01 0.990%
0.004L+00 0.0000
0.000E+00 0.000%
2.1352-03 0.0091
9.0002+00 0.0000

0.0002+00 0.0000
D.0008+00 0.0000
0.000£+00 0.,00C0
0.000£+00 0.0000
©.,000L+00 0.0C00
0.0002+00 0.0C00

0.000E+00
©.0C0C+00
0.000T+03
0.000L+00
0.000R¢00
0.000Z+00

¢.0000
0.0000
C.0000
0.0000
0.0000
0.0000

0.0002+00 0.0020
0.000€+00 0.0200
0.0002200 0.0000
0.000E+00 0.000¢C
0.000£+00 0.000¢
0.0008+00 0.000¢

0.000£+400 0.0000
0.000Z+00 0.0000
0.000E+00 0.0000
0.000L+00 0,0000
0.000L+00 0,0000
0.000L+00 0.0000

TOtSY

radio—

2.137x-19 £.0000

Total Dose Contributions TOOSI(i,p,t) for Indiviowdl Mudlenuclides (L) and

water

0.00CE+00 0.0000

2.3572-01 1.0000

0.0002+00 0.0000

0.0002+00

©.0000

Az mcea/yr and Frection of Total Dose At t = D.000C+00 yescs

rish

Nater Dependent Pathways

Radon

Plane

Meat

©.000E+00 0.0000

Pathways {p)

nile

0.000£+00 0.0000

All Pathways*®

Muclide mcen/yr fract.

mrex/yr  Crsct.

nren/ys  fLzact.

neem/ye  fract.

wrensyc

fracs.

Aren/yr fcact.

mres/yr fract.

m™-210
R -226
Ra-220
Th=228
™-230
™-232

0.C0CE+Q0 €.0000
©0.0002+00 0.0000
0.000s+00 0.0000
0.000%+00 0.0000
0.000C+00 £.0000
0.0002¢00 0.0000

0.00CE+00 00,0008
0.000E«00 3.0000
0.000E+00 0.0000
0.0008+00 0.0000
0.00Cr+00 0.0000
©.00C2+00 0.0000

0.000%+0C 0.0000
©.000Z+00 0.0000
0.0002+00 0.0000
0.000£+00 0.0000
0.000E+80 0.0000
0.0002¢30 0.0000

©.0301+0¢ ©.0000
0.0902+00 0.0000
0.000z+00 0.0002
0.0308+0¢ ©.000%
0.0302+00 0.0000
0.0002+00 0.0000

0.003C+00
0.009E+0)
0.000L+Q)
©.000Z+00
0.0002+00
9.000C+09

4. 0000
g.000Q
9. 9000
0. 0000
0. 0000
9.90600

0.000L+C0 0.0000
0.0C0E+00 0.0000
0.0COE«C0 ©0,0000
0.0C0L+00 ©.0000
0.0C0£¢00 0.0000
0,0C0E¢CO 9.0000

0.00CE+CO 0,0000
2.3392-01 0.9909
3.3072-20 0.0000
1.792E-19 0.000C
2.155E-03 5.0091
1.3938-21 0.0000

Ot

0.000£400 0.0000

0.000Z+00 0.0000

0.000E+900 0.0000

*Sun of all water independent and Owpendent pathways.

0.000£+09 0.QD00

0.C00%¢0Q

0. 000C

0.0CoE+00 0.0000

2.357T-01 1.0030



RESRAD, Version €.21 ™ Limit = 0.3 ywar
Surwary : RESRAD Mes Tarmer - Naiser Maste at USEY
tile : CZC_Xaiser_USED _Res_farm.DAD

02/20/2034 10:01 Page 12

Total Dose Contridbutions TDOSEIL,p.t) for Individual Radionuclides (3} and Pathveys (p)
Ao mren/yr and Fraction of Total Dose At t = 1,.000£:00 years

Water Independent Pathusys (Inhalation excludes zadon)

Cround Iahalation Madon Plant

Maat

mi

Soil

Radio-
Muclide mrea/yr fract. mrem/yr fract. mwecen/yr fract. nren/yr fLract.

mren/ye  fract.

ween/yr  fract.

nrem/yr  (xact.

>-210 0.00CE40C 0.0000 0.000Z+00 0.C000 0.0002000 0.0¢0C ©.0LORI0D €.DOCO
Ra-226 1.124£-22 0.0000 6.000£+0¢ 0.0030 2.3712-01 0.9731 ©.0002+00 C€.0000
Ra-229 ¥.053C-20 0.0000 ©0.0C00E+00 0.0000 0.0002400 0.0000 0.000£+00 C.0000
Th-228 3.245T-19 0.0000 0.00GE+00 0.0000 0.0002409 D.0000 ©0.000£¢00 €.0000
Th-230 3.111E£-24 0.003C 0.000E+00 0.0000 €.4612-03 0.0269 0.€008+00 C.0000
Th-232 9.4902-21 0.000C 0,.000E+00 0.0000 0.000%+00 0.0000 0©.0002+00 0.00C0

©.0002¢00 0.0000
©.0002+C0 0.0000
€.0002+00 0.0000
€.000e+00 ©.0000
0.0002¢00 0.0000
©.000£+00 0.0000

0.000Z+00 0.0000
0.00CE+00 0.0000
0.000L+00 0.0000
0.000z+2¢ 0.0000
0.00CZ+00 0,0000
0.000K+00 0.0000

0.0032+00 0.0000
0.0008+00 ©0.0000
0.009e+02 0.9000
0.000E+02 0.0000
0.000C+00 0.0000
0.003E+00 0.0000

Total  2.140T-19 0.000C ©.000Z+00 0.0000 2.39642-01 1,0000 0.000%+03 90,0000

Total Dose Contridutions TUOSE(L,p,t) for Individual Radioneclides 14) end

0.0C0T«00 0.0000

As mrem/yr and Fraction of Total Dose At t ~ 1.0002¢00 ywars

Water Dependont Pethways

Vatar riah Radon T Plast

Meat

©.0002+00 ©.€000

Pathuways (p)

MLLX

0.000T+00 0.0000

Al Pathways*

Radio=-
RNuclide mren/yr fiact. mcww/yr fract., mcen/yr fract. mrem/yr fract.

sen/yt fract.

nrem/yr Lrect,

mren/yr frace.

TH-210 G.000C+00 ©.0000 0©.000K+00 0.0000 0.000E+00 0.0C0J 0.000£+00 0.0000
Ra-226 0.000C+C0 0.0090 0.000C+00 0.0000 0.C00L+00 0.€003 0.0002¢00 0.0000
Ne+228 0©.000C+00 0.0000 0.000EZ+00 0.000C 0.000Z+00 0.6C00 ©.000E+00 0.0000
Th-228 0.0€0C+00 0.0000 ©0.020L+00 0.0020 ©0.000T+00 0.0002 (©.0005+00 0.0000
Th-230 0.0C0Cs+00 ©.0000 ©.00CK+0C 0.000¢ 0.000%+00 0.0002 0.000C+00 0.0000
Th-232 0.0COT+00 0.0000 0.00CE+00 D.000C ©.030Z+00 0.0C03 0©.000L+00 0.0000

0.000z+00 ¢.00C0O
0.0COE+00 0,00C0
0.0C08+00 0.0000
0.0C0E+00 0.0000
0.0002+00 0,0000
0.000Z+00 0.0000

0.000L+00 0.0000
0.000T+00 0.0000
0.090z+00 0,0000
0.000£+00 0.000C
0.0002400 0.000¢
©0.000r+00 0.000C

0.00CE+00 0.0000
2.334C-01 0.973)
8.0332-20 0.0000
1.249£-19 0.00Q0
6.4€612-03 0.0269
8.4%0E-21 0,0000

Total 0.000L+00 0.0000 ©.000E+00 0.0000 0.0002+00 0.0C00 0 ©00L100 0.0000

*Sun 0f all wetex indcpendent and dependent pethways.

0.0002+400 0.0000

0.000Z¢00 0.0003

2.393E-01 1.0000



RESRAD, Version 6.21
Susmary : PISRAD Nes Parmer ~ Kaiser Waste st USEY
t CEC_Kalser USEI_Res_farm.BAD

rile

Radio-

™™ Liait & 0.5 year

82720/2004

Page 1)

Total Dose Contridutioss TDOST(i.p,t? for Individual Dadionuclides {4) ond Pathways (p)
As mrem/yr and Fraction of Total Doss At t = 5.000R¢00 yesrs

Ground

Mater Independent Pathways {Inhalation excludes raden)

fahalation

Radon

flant

L1

Milk

3043

Nuclicde mres/yr fracs.

moem/yr  Lract.

nremlye

fraee,

wmrewm/ysr  fract.

mren/yr frect.

rcen/y: [Lract.

mren/yc  fract.

ro-210
Ra-226
Ra-220
Th-229
Ih-230
™Th-232

©.00CE+00 0.0Q00
1.1282-22 0.0000
1.2202-19 0.0002
2.9472-20 9.0002
1.14€2-23 5.0000
€.330r-20 ¢.0000

0.000%¢QC 0.0000C
0.000Z400 0.000¢
0.D202+0C 0.003¢C
©.0J0L¢00 0.0002
©.030T+00 0.0000
©.0502¢00 0.0000

q.000200
2.332z-01
0.030%+00
0.000€+00
2.3598-02
0.0002+00

Q.000Q
0.907
0.0C00
0.0Q00
0.0922
0.0000

0.0002+0Q 0.00Q0
0.000E+00 0.0000
0,0008+02 0.0000
0.000C+00 0.0000
0.000£400 ©.00CO
0.0002400 0.0000

0.0002+00 0.G300
0.000€+00 ¢.0000
0.000C+00 §.0000
0.000Z+00 0.0000
0.0300t+00 6.00C0
0.000€+00 9.00C0

0.0002¢00 0.0000
£.000C+00 0.0000
0.000L+00 0.0000
£8.000E+00 0.0000
©.000E+00 0.0000
©.0002¢00 0.000¢

0.000%¢00 Q.0C0Q
0.0008+400 0.0000
0.0002+00 0.0000
0.0008+00 0.0000
0.000C+00 0.0000
0.0002+00 0.0000

Total

Radic-

Nuclide wrewlyc

2.331£-19 0.0200

Total Dose Coatzibutions TTOSEZ(i,p.,t} for Individual Radionuclides (1) ana

L2117}

0.0302+00 0.0000

2.9692-01

1,0000

0.C00E+00 €.0000

0.0002+0C 0,00C0

A3 msen/ys and Prection of Total Dose At t = 3.C00E+03 years

rish

Miter Dupendent Pathways

Radon

Plaont

Beat

0.000£+00 0,0000

Pathways (p)

nilk

0.000Z+00 0.0000

All razhways®

f1act.

wren/y: [Lrasct.

area/yt

Zract.

BLem/yr fract,

mren/ys frect.

nrem/yt  frace.

zrea/yc frace,

210
A2-226
Ra-228
Th-220
Th-230
Th=232

£H.0CCESCO 0.0000
0.00CE*C0 0.0000
0.000€+00 0.0000
0.800E+CO 2.0900
0.00CE+CO 0.0200
G.0CCE+00 0.0000

€.00CE400 0.0000
€.000£+00 0.0000
0.090z+00 0,000C
0.090Z+00 0.0C0Q
0.000£+00 0.DOOC
0.0002¢00 0.000C

0.000E+00
0.000e+00
0.000L¢Q0
Q.0002+00
Q.030Z+00
0.020z400

0.8003
0.0002
0.0000
0.0000
0.8000
0.0000

0.C002+09 0.0000
0.€00z+0) 0.0000
0.C00£+00 0.0000
09.000e+00 9.000Q
©.C00E+00 0.0000
0.0002+00 0.0000

0.9002+00 0.00C0
0.0002+00 D.00CO
0.000c+00 D.00CO
0.000C«0Q 0.00C0
0.000£+00 0.00CO
©0.000L+C0 0.00CO

©.000C+00 0.0000
0.000Z+00 D.GQ00
0.000£+00 P.0000
9.0Q0%¢0Q 0.0000
0.0¢0Z+00 0.0000
0.000z+¢0 0.0000

©.000E+00 0.0000
2.332c-01 0.%0T78
1.220E-1% 0.0000
2.9475-2¢ 0.0000
2.369L-02 €.0922
€.3392-20 0.0000

Totald

0.0C0E+CO 0.0000

*Sun O0f all water andep

0.000L+00 0.0000

and dert

©.000z+00

t pethways.

0.€000

0.0008+00 0.0000

0.000Z+00 0.00C0

0.000Z¢00 9.0000

2.569x-01 1.0000



RESRAD, Version €.21

T™ Linit ® 0.9 year

Sumnary ¢ RISRAD Res Farmer ~ Kalser Waste at TSEI
Tile s CIC_Waiser USLI_Res faTw.RWAD

0272072004

10:01 Page 14

Total Dose Contribetions TROSE(L,p.t) for Iadiwidual Badionuclides (1) aed Pathways (p!
Az mrea/yr 82d Praction of Total Dose At t = 1.000£401 years

Ground
Radio-

Water Independent Pathways (Ishalation excludes radom}

Iahalatfon

Radon

Plant

Heat

Hilk

E 2184

Kuclide mcem/yr Lract.

mrenfyr frace.

nrealyr

Lract.

wrenfyr fract.

wrew/yr f{xact.

oren/yr lract.

mren/yr fract.

P>~210
ra-226
22239
Th-22¢
Th-230
Th-232

0.00CZ00 00,0000
1.1342-22 0.000¢
8.426c-20 0.0000
4.847€-21 0.0040
2.202e-23 0.0000
1.273£-19 09.0000

0.000Z¢00 0,0000
0.000£+00 0.€000
0.0008+400 0.C000
0.000€+0C 0.0000
0.000c+00 0.C00C
©0.000£+0C 0.0000

0.000z+00
2.3292-01
0.0202400
0.0002+00
4.5208-02
0.000E+00

0.0000
0.8374
0.0000
0.0000
.1626
0.6000

0.0006400 ©.0000
0.000C*00 0.0000
0.0002+00 0.0000
0.000t+00 0.00C0
0.0002+00 ©0.00C0O
0.0008+00 £.0000

0.0008+00 0.0000
€.0002+00 0.000C
©.0005+00 0.000C
€.000K+00 0.000C
0.000T+00 0,0000
0.000E+00 0.0000

0.000E+400 0.0000
0.000C+90 0.0000
0.000c+00 0.0000
Q.00CTe0C 9.0090
0.03CE+00 0.0030
0.0002+00 0.00030

0.€002¢00 0.0000
0.€00C+00 0.0000
0.€00L+00 0.0000
0.0092«Q8 ¢.000Q
0.000£+00 0.0000
9.000L+00 C.0000

Total 2.M68z-19 0.0000

Totsl Dosc Contributions TDOSE(i,p,t) for Individual Radionuclides {£) ond

Wates
Radio-

©.000E+00 0.00300

2,790z-0L

1.0000

0,0002400 0.0000

0.000%+00 9.0200

Rs mrew/yr and Fraction of Total Dose At £ = 1.000L+01 years

Fieh

Mater Dependent Pathways

Radon

Rlaat

Neat

0.0002400 0.0000

Tathweys {p)

Milk

0.0002+00 0.0000

All Pathways®

Nuclide orem/yr frect.

mzen/yr Lrect.

nren/yc

Lzact.

azen/ys  fcoct,

suen/yr fxect.

mcem/ys CLzact.

wmres/yr 2rsct.

Po-210
Ra-22¢
Ra-220
T™-22¢
Th-230
Th-232

0.000E+C0 0.0000
D.0C0Z+C0 0.0000
0.040C+80 0.0300
0.0008+00 0.0000
0.000e+00 0.0000
0.000£+00 0.0000

0.000Z400 0.0000
6.000T+00 0.0008
0.000E400 0.0000
0.00CE+00 0.0000
0.0002+00 0,.0000
0.000E:00 0.000C

0.000E+00
0.000E¢00
0.030%+00
0.00CE+00
0.030Ce00
0.000r+00

0.0002
0.0000
0.0000
0.0002
0.0002
0.0003

0.0002+0) 0.0000
0.0005+00 0.0000
0.0002400 0.00¢
0.0002¢00 0.0000
0.000£+00 0.0000
0.000C+00 0.0000

0.0002+00 00,0000
0.0002+00 0.0000
0.000£+00 00,0000
©.0002+00 0.0300
0.0002¢00 0.0000
0.0002¢00 0.00C0

0.000E+00 0.030¢
0.000E+00 ©.0700
0.000Z+00 ©.0300C
0.0002+00 0.0200
0.0002+00 0.0200
0.0002900 0.0200

0.000z+00 0.0000
2.3242-01 0.937¢
2.4242-20 ©.0000
4.9472-21 0.0000
4.5202-02 0.1628
1.273e£-1% 0.0000

Toiel 0.000C+00 0.0000

*3uv of 211 water indep

d.

0.008z+00 D.0OOC

and & 1,

0.000K+00

pathways.,

0.0000

0.000E2+00 0.0000

0.0002+00 0.0000

©0.0002+00 0.0900

2.790E-01 1.0000



RESMAD,

Vecsion 6.21

T™ Linit = 0.3 yar

Sumracy 2 RESRAD Re: Farmer - Kaiser Naste at USEY
: CEC_Ksisar_USEI_fes_fars.MAD

Tile

Radio-
Nuelide

02/2072004

10:01 Page 1%

Total Dose Contridutions TOCSK(f,p.t)} for Individual Radionuclides [4) end Pathways (p)
As mrea/yr and Traction of Total Dose At t = 3.00CC+01 yeaze

Ground

Hater Independent Pathways {Inhalation excludes radon)

Inhalation

Radon

Plant

Neat

Milk

Soll

mrem/vr fract.

nrem/yr fract.

nron/yr

feoct.

mrem/yr fzact.

mrewm/yr {ract.

mrem/yc  fzect.

nren/yr fract.

Po-210
Ra-316
Ra-229
Th-228
T™-230
Th-232

0.0002+C0 0.0000
1.1%87C-22 ©,0000
8.423£-21 0.,0000
J.549T-24 0.0000
$.550c-23 0.0000
2.139c-19 0.0000

0,0002+400 ©.C000
0.,000840¢ ©.00X0
0.000£+00 0.00%0
©.0002+0¢ ©0.0020
©.030L+0C 0.0000
0.00E¢00 0.0000

0.0008+00
2.3188-01
0.000K400
0.0002%00
1.3122-02
0.000z+00

0.0000
C.€333
0.0000
0.0000
0.3617
0.0000

©.000£400 0.0000
©.000£+80 0.0000
0.000£+00 0.0000
0.8005+00 0.0000
0.0008+00 0.0000
0.0008+03 €.0000

©.0002+00
€. 0002400
0.000E*00
0.0008+00
0.0002+00
0.000z+00

4.03%00
9.0000
0.0200
0.0200
0.0000
0.00¢0

0.0002+00 0.0000
0.0022430 0.0000
0.000E+8C 00,0000
©.000£+00 0.0000
0.0002+00 0.0000
©0.000r+00 0.0000

0.0008400 0.0000
0.0002+00 0.0000
0.0002+00 ©.0000
0.000E+00 0.0009
0.000£+00 0.0000
0.0002+00 0.09000

Total

Redio-
Muclide

2.225£-19 0.0000

Total Dose Contridbutiocas TLOSE{L,p,t} for Individusl Radionuciides (1) and

Vater

©.000K+00 0.0000

J.€2¢x-01

1.0000

0.€00Z+02 0.0000

0.000%+00 0.0000

As meen/yr and Praction oI Tctal Dose At b = J.000T«Cl yedzs

rish

Watar Depondent Pathways

Redon

rlant

Heat

0.000£+03 0.0000

Pathways (p)

Hilx

0.0002+00 0.0C00

ALl Pethways*®

mrem/yc  fract.

mren/yr frect.

aren/ys

frace.

nres/yr Zcact.

mren/yc 2ract.

wnrem/yr fract.

wren/yc fract.

m™-219
Ra-226
Ra+228
Th-22%
™-230
Th-232

0.€002+00
0.0002+00
0.0002400
0.0008400
0.0002400
0.0002400

0.00c0
©0.0000
0.0000
0.0300
0.0000
€.0000

0.0002+80 0.0000
0.0002+00 0.000C
0.000E+0C 0.000¢
0.000Z+00 0.0000
©.000Z100 0.0000
.0002+00 0.000C

0.000E+00
0.000C+0¢
0.000E000
0.000E400
0.000£+00
0.0042+00

0.0000
0.0000
©.¢000
0.0000
0.co00
0.0000

0.0008+00 0.0C0)
0.0098400 0.0009
0.0008+00 0.0C00
0.000C+00 0.0C02
0.000£+400 0.0C0
0.0002+00 0.0000

0.0002400 0.0000
0.0002400 0.0000
0.600e+00 0.0000
0.0002+00 0, 0000
0.000C+00 0. 0000
0.000E+00 O, D000

©.0007.200 2.000¢
©.000E200 0.0090
0.000£¢00 0.0000
0.000€¢00 0.0000
0.000K400 0.0000
0.0002+00 0.0000

L 2.199T-19

0.000£+00
2.3152-01
9.4252-21
3.54%¢-24
1.3128-01

0.0000
0.6383
0.0000
0.0000
0.361?
0.0000

Total

“Sum of

9.000L+0D £.0000

a1l watec indep

0.00QE¥00 0.000C

and pend.

0.0002+00

pPatavays.

0.0000

0.000e+00 0.8002

0.000Z400 0, 0000

0.0c0E*CO 0.0000

3.626£-01 1.CO00
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RESAAD,

Version €.2)

™ Linie = 0.5 year

Summary : RESRAD Res Farmer ~ Kaisar Vaste at USET
¢ CIC Waiser USEI Das_farm BRAD

File

Radio-

Puclide wmres/yr

0272072004 10:0% Page 1§

Totsl Dose Contributiess TDOSL(L,p,t) for Individual Radionuclides u). and Pathwaye (p}
As wmcem/yr oad Fraction of Total Doso At ¢ = J,000c402 yoars

Ground

Weter Indcpondent Pethways (Inhslation excludes cadon)

Inhalation

Radon

Plent

Keat

Hily

So1l

fract.

mren/ye f(sact.

nren/yr fract,

aren/ye frace.

mgem/yr fxact,

oren/yr frect.

nrom/yr froct.

-210
Ra-22¢
Ra-220
Th-228
Th-230
Th=232

0.000€+00 0.0000
1.5232-22 0.0000
0.0008+C0 0.0000
0.000£+C0 0.0000
9.0442-22 0.0000
3.1008-19 0,0000

0.000Z+00 0.000C
0,0608+00 0.0000
0.0008+00 0.0000
©.000x+00 0.0000
©0.0008¢00 0.0000
0.000£430 0.0000

0.0002+0¢ 0.0000
2.1402-01 0.2442
9.000T+0¢ 0.0000
0,0002+00 0.000¢
1.2712+00 0.83539
0.0002+00 0.0000

0.000+00 0.0000
0.000K+03 0.0000
0.0008¢00 0.0000
0.0008+00 0.0000
0.0002+00 0.0000
0.0002+400 0.0000

0.0008+00 0.0000
0.000C+00 0.0000
0.0002+00 0.0000
0.0002+00 0.00c0
0.0002+00 0.00C0
0.0002+400 0.0000

©.0008+00 0.0000
©0.0002+00 0.0000
©.000x+00 0.0000
8.000z+DC 0.0000
0.000z+00 0.0000
6.000K+00 0.0000

0.000£+00 0.9000
©.0002+00 0.0000
0.0002+00 0.0000
9.0002409 0.0000
©0.0002+00 0.0000
©.0002+00 0.0000

Total

radto-
Muclide

3.19¢&-19 0.0000

Total Dose Contributiens TCOSX{i,p,t} for Individusl Redionuclices (1) and

Yatac

0.000E+00 0.0000

1.4932+00 1.0000

0.000E+00 6.0000

0.000Z+00 0.0000

As mrem/ys sod Fraction of Totsl Dove At t = J3.000T+02 ywirs

Pish

Matec Dependent Pathvays

Redon

Plant

Neat

0.00CE+00 0.0000

Pothways (p})

nilk

0.0006+00 0.0000

All Pathuays®

srec/ye  fréce,

meem/yt  fract.

nrem/yr fLract.

arem/yc frect.

acem/yr fract.

wmres/yt fract.

nrem/yr  fract.

n-210
Ra-226
Ra-228
Th-228
Th=230
Th=232

0.000%+00 0.00C0
0.0008+00 0.0000
0.0002+00 0.0000
0.0002¢00 0.00C0
0.0002+00 ©0.0000
0.000T+00 0,0000

0.000K+00 0.0000
0.000C+00 0.0000
0.000%+00 0.0000
0.0002¢00 0.0000
0.0002+00 0.0000
0.,000T«00 0.0000

£0.0008+00 0.0000
0,0008+00 0.000¢
0,0002+00 0.0004
0.0002+00 0.0000
0.000€¢00 0.0000
0.,0302+00 D.0000

0.0002+00 0.0000
0.0002+00 0.0000
0.0008+00 0.0000
0.0008°00 0.0002
0.0002+00 0.0000
©.000e+00 0.0000

0.0002+00 0.0000
0.000T+07 0.0000
0.000€+02 0. 0000
0.000c+00 €, 0000
0.000K+00 €. 0000
0.003L+00 €. 0000

©0.000T+00 0.0000
0.000€+00 0.0000
€.000E+00 00,0000
0.000E+00 €.0000
0.000€+00 6.0000
0.0002+00 0.0000

$.000K+0¢ 0.C000
2.1402-01 0.1441
0.000£400 0.0000
0.000E+00 0.0000
1.27)6400 0.45%9
3.104E-19 0.0000

Totsl

*Sum 0f 411 water fwd

0.,0002+00 0,0000

0.0002+00 0.0000

0.0002¢00 0.0000

patinays,

0.0008+00 0.9000

0.0002+00 0.0000

0.000E+00 0.0000

1.4032¢0C 1.0000
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RESRAD,

version €.21

Tw Lisit = 0.5 year

Sumsary @ AZSRAD Res Farper = Falser Waste at USER
t CZC_Katser USET_Res_farm.RAD

Tile

Redio-
Ruclide

02/2072004 10:01 Page 17

Total Dose Coatributiens TTOSE(1.p.t) for Jedividusl Radioneclidas {1) and Patdways {p)

Gzound

As mcem/ys asd Froction of Total Dose At t = 2,0009%40) yeats

Hater Independent Pathways {Inhalatlon exclwdes sadon}

Inhalation

Ridon

Plant

Moat

nilk

331

mrewm/ys  fract.

ares/yx fract.

mren/yr fract.

mrealyr fract.

srem/yr fract.

mrem/yr  fract.

mrem/yc  frect.

ro-210
23-226
Ra-220
Th-220
T™he230
Th=232

0.0008+00 0.0000
3.104E-22 0.0000
0.0008+00 0.0300
0.000E+00 0.0300
7.2422-21 6.0099
9.1158-19 0.0000

0.00CZ+00 ©.0000
©.000C+00 0.0000
0.00CC+00 0.0000
©.0002+(0 0.0000
©.000C+¢0 0.0000
0.000z100 €.0000

9.0005400 0.000%
1.7472-01 0.041)
€.00084+00 0.4000
4.0008+00 0.6000
4,076C+00 0.9599
0.030T¢00 0.0000

0.000T403 0.0000
0.0002+03 0,0000
0.0008409 0.0000
0.0002400 0.0000
0.000C+00 0.0000
0.0002¢008 0.0000

0.000C400 0.0000
0.0002+00 0.0000
0.000z2+00 0.0000
0.6002+00 0.0000
©.0002¢00 ¢.0000
0.0002+00 0.0000

0.000z¢00 0.0000
0.000L+00 0.090¢
0.0002¢00 0.000¢
6.000z+00 0.0000
0.000z+00 0.0000
0.000e+00 0.0000

0.000£400 ©0,0000
0.000T¢00 0.0000
0.000L¢00 0.0000
0.0002000 0.0000
0.000K+00 0.0000
0.000E«00 0.0000

Total

nuclide

0.1912-19 0,000

0.000x+00 0,0000

4.230C000 1.0000

0.000£+00 0.0000

0.000L+00 8.0000

0.0002+00 0.0000

Totsd Dase Contributions TDOIE(L,p,t! for Imdividual Redionuclides (L) end Pathways {p)
As nrew/ys s3d Prection of Zotal Dose At ¢t = 1.0002+0) yeass

Vetes

Tish

Wetar Dependant Pethvays

Racon

Plant

[, 113

e

$.030£+00 0.0000

All Pathways®

mzeoc/yr fxact.

wrem/ys  fract.

xreal/ys frect.

neeal/yr Lrect.

srem/yr fract.

nrem/yc  fract.

wcea/yr fract.

Po-210
Ra-226¢
Ra-228
™-228
TH-230
Th-232

0.6002+00 0.0000
0.0002+00 9.0000
©0.900£°00 €.0000
0.6002+00 €.0000
0.0002+00 0.00C0
0.000E400 0.0000

0.000£¢00 0,0000
0.000£+00 0.0000
0.000T+00 0.0000
0.000Z+00 £.0000
0.0002+00 $.0000
0.000T+00 9.0000

0.0302+0¢ 0,0000
0.0002+00 0,0000
0.000E+00 0,000
0.000£+00 0.0000
0.0008+00 0,0000
©.030£+00 0.0000

0.0008¢00 0.0000
0.0008+00 0.0000
0.0008+00 0,0000
0.0008+00 0.0000
0.0008+00 0.0000
0.000L+00 0.0000

0.0008+00 0.0000
0.0006+00 ©,0200
0.0002+Q0 0. 0600
0.000E+00 ©.0000
0.000L+00 ©. 0000
0.6008+400 0. 0000

0.0C0E+00 0.0000
0.0002+00 9.0000
0.000c+00 0.0000
0.0002+¢00 0.0300
0.0C0E+00 0.0000
0.0002¢00 0.000C

0.0008+00 ©0.0000
£.7472-01 0,0411
0.000E+00 0.0000
0.000E+00 0.0000
4.076£+00 0,989
8.1152-19 0.0000

Total

0.000e+00 8.0000

©0.0002+00 9.0000

*Sum Of all water independent #nd dependent

0.000Z+00 0.0000

pathways.

0.000t+00 0.0000

0.000L+00 0. 0000

0. 0002400 90,0000

4.2302400 1.0000
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RESRAD, Veraion 6.21 T4 Limft = 0.5 year 0272072004 10:01 Page 1t
Susnary : RESRAD Res Tarwmer - Xalser Waste st USEL
File t C2C_Kaiser USEY_PRes farm.RAD

Dose/source Ratics Sunmed Over Al] Pathways
Pazent and Pregeny Francipal Radloauclide Costributions ladicated

Parent Product Srench DSR{3, 8} Imcen/yrl/(pCi/eg)
() 13) Fractien® t= 0.0008¢00 3.0005400 $.0008«00 1.0002+0L 3.000C401 3,.000C+02 1.000C+03

Pb-210 Po-210 1.000C400 9.000E+00 0.000400 0,000E400 0.000C+00 D.000E+00 0.000L+00 0.0002400

Ra-226 Ra-22¢ 1.0002400 1.0332-02 1.033-01 1.0328-01 1.0300~01 1.0242-01 9.468C-62 7.7302-02
Ra-226 Pp-210 1.000Z400 0.0002+00 0.0008+00 0.0008»C0 0.000T+CH 0.000B+00 0.000L+¢0 ©.0002+00
Ra-22€ IDSR(J) 1.033£-01 2,0338-08 1.0322-01 1.030K-01 3.0242-01 9.4602-02 2,7)0€-02

Re-228 2Re-229 1.0008400 1.013£-24 9.000C-23 5,.596C-29 3.006%-23 2.8568-26 3.169C-40 0.000E+00
Re-22¢ Tn-228 1.000£400 1.1002-21 2.875C-21 4.3368-21 3.0092-21 3.009L-22 J,138E-36 0.000E+090
Ra=228 ID3R(S) 1.1818-21 2.876Z-21 4.3$€E-21 3.0095-21 3.0092-22 3.139C-36 0.000Z+00

Th-228 Th-223 1.0800£+0Q €.3908-21 4.460T-21 1,0322-21 1.7318-22 1.26472-23 0.000€+00 0.000L+00

Th-230 Th=230 1.000Z¢00 0.0002¢00 0.0008¢00 0.4002+00 4.000E+00 0,0002+00 0.000r+00 0,000C+00
Th-230 Ra-226 1.000C«00 2.236Z-05 €.713C-08 2.4€1C-04 4.6962-04 1.3632-03 1.3202-02 4.235c-02
Th-230 20-210 1.000Z+00 0.6002¢00 0.0002+00 0.0000+00 9.0002400 0.000E«0D 0.DOYT+00 0.,000B+00
Th-230 IDIR()} 2.2302-03 6.7136-03 2,4612-0¢ 4.6962~04 1.3632-03 1.320£-02 4.2332-02

Th=232 Th-232 1.0008400 0.000K+80 0.000£+400 0.000C+00 9.0002+00 0.0028+00 0.000€+00 0,000L+00
Th=232 Ra=2268 1.0002+00 6.240E-26 2.7792-23 5,.2998-2% 7,052£-25 1,.1008-2¢ 3.7232-24 5.137E-24
Th-232 Th=228 1.0006+00 4.9332-2) 3.0302-22 2.2702~21 4.347C-21 7.6378-21 1.1302~30 2.890C-20
Th-132 posagl) 4.9402-20 3.0325-22 2.2735-21 4.5435-21 7.€392-21 1.1)62-20 2.8902-20

*Bzanch Fraction is the cunulative factoc for the 't principal zadionuclide daugntect CRERT(3) = BRr(L1*3Ar(ll® .., Bar(4).
The DSR incliudes coatributions Lrom sssoclated (half-1ife £ 0.5 yr) deughters.

3ingle Radionuclide S0il Guidelines O(i,t) in pCifg
Besic Radiation Dose Lialt « 2.300€+401 mrem/yT

fuclioe
{1} te 0.000E400 1.000C+00 5.000Z+00 1.00CE+01 J.0002¢01 3.0002+02 1.000z+03

o-210 *7,6318+13 *7.6315+41) *7.6J1r¢13 *1.631E033 *T.631C+13 *7.631E¢13 *7,631Lel3
ra-226 2.4190+¢02  2.421%402 2.423xe02  2.427me02  2.441Ee02  2,4408¢02  3,233L¢00
Ra-229 *2,726C+10  *2.7268424  *2.T2€B¢14  *2.726L034  "2.726E+14  42.726C¢14 *2.726K414
Th-228 S8, 192424 *B.1520¢24  *F.192Z414  *D.132E+14  *B.1920¢14 40,.19284l4  °B.192K424
Th-230 TLIITL406 J.724TH0Y  LL01GE4DY  D.I2MEP04 2.BIB04 1 UNMEID03  5.9042402
Th=232 *1.096L+03 *1.0968003 *1.0968e0% ©*).09€E003 <*).09¢E+03 °*1.0965405 °*1.096£40%

At specific activity lisit
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RESAAD, Version €.21 Th Linit » 8,5 year 02/20/2004 10101 Pago
Summazy : RESRAD Ros Farmar ~ Xaiser Waste at USElX
Filc  : CEC_Kaiter USEI_Res_farm.RAD

Summed Dose/Source Ratios DSK(i,t) in {mrem/yr)/ (pCi/g)
and Single Radionuclide Soid Guidelines G(i,t) in pCi/y
at tmin = time of minimum single radionuclide seil guideline
and st tmax = time of maxismunm total dose = 1.0002+403 years

19

Nuclide Initial trin DSR{i,tmin) G(i,tmin) DSR{i,tmax) G{i,tmax)
(Y] {(pCi/q) (ycars) (pCilg} (ptisg)

Fb-210 1.1808+00 0.0002400 0.000E+00 *7.631E+13 0.000E+00 *7.632E+13
Ra=226 2.260E+00 0.000E+00 1.033e-01 2.419E402 7.730E-02 3.234E+02
Ra=-220 2.800E+01 4.0980 2 0.000 4.42)E-21 *2.726E+14 O0.000E+00 42.726E+414
The228 2.800E+01 0.0002+00 6.398£-21 *9.192E+14 0.000E+00 ~8.192E+14
Th-230 9.625E+01 1.000E+03 4.2356-02 5.904E+02 4.2358-02 3.904E+402
Th-232 2.800C+01 1.000Z+02 2.098E-20 *1,036E+05 2.0898E-20 *1.096E+05

*At specific activity limit
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RESRAD, Version 6.21 T™ Linit = 0.5 year 02/207200¢ 10:01 Page 20

Summary : RESRAD Res Farmer -~ Xaiser Waste at USEX
File : CEC_Kaiser USEI_Res_farm.RAD

Individual Ruclide Dose Sumaed Over All Pathways
Parent Nuclide and Branch Fraction Indicated

Fuclide Parent  BRP(il DOSE(3,t), wmren/ys

(1) (d) t= 0.000C+00 1,.0002¢00 5.0008400 1.D00E+01 3,000E401 3.000%+02 1.000E40)
H-210 Pb-210 12.000E+00 0.000£+00 0.0008400 0.000E+0C0 0.000E+00 0.000E400 C.000E+400 0.0O00E+0D
-210 Ra-226 1.000£+00 0.0002400 0,0008400 0.000E400 0.000E+00 0,000E+00 0.000E+00 0.000L+0D
2-210 T™h-230 1.000E+00 0.000E+03 ©.000E+400 0.D00E4DO D,000E400 0.000E400 0.00CE+00 0.0002¢00
#b-210 JIDOSE(j) 0.0008+00 0.0002+00 O.000E+00 0.000E+00 0,.000E+00 0.000E+00 0.000E+00
Ra-226 TRa-226 1.000C+00 2.335E-01 2,3342-01 2.332E-01 2.328E-0} 2.315E-01 2.1402-03 1.747E-01
Ra=226 Th-230 1.000B+00 2.255E~03 6.4612-03 2.3692-02 ¢.S20E-02 1.312E-01 1,.271E+00 4.0762+00
Ra-226 TPOSE(]) 2.357E-01 2.3908-01 2.569E~-01 2.760E-01 3.626E-01 1.485E€+400 4,.250c+00
Ro-220 Ra-228 1.0002+00 2.841E-23 2.%228-23 1.567E-23 B.642E-24 7.997£-25 0.000C+00 0.000L+00
R2-228 Th-232 1.000E400 1747220 4.981E-24 1.472E-23 2.199E-23 3.080Z-23 4.824E-23 1.4442~22
Ra=228 ZTDPOSE(3) 3.0162-23 J3.020L-23 3.039E-2] 3.063E~-23 3.360E-23 4.824£~23 1.444L-22
Th-226 Ra-228 1.000Z+400 3.304E~20 8,0502-20 1.220E-19 8.42568-20 B.424CL-2]1 0.000E+00 0.0002+00
Th-228 Th-228 1.000E2+00 1.792E-19 2,249Z-19 2,9472-20 4.847E-21 3,549C-24 C.0002+00 0.000E+00
Th=228 Th-232 1.000£+00 1.301E-21 8.403Z-21 6.356x-20 1.273£-19 2,.138C-19 3.187E2-19 B.114L~19
Th=228 TOOSE(3) 2.136C-1% 2.139E-19 2,150£-19 2.364L-19 2,223z-19 3.187E-19 8.214E-1%
Th=230 Th=230 1.000E+00 0.000E400 0.0002+00 0.000E+C0 0.0002+400 0.000T400 C.000E+00 0.0008+00
Th-232 Th-232 1.000£+400 0.000E+00 0.000E+00 0.000E+00 0.000E+0C 0,000E+00 0.000E+00 D.000E+00

BRF{i} is the branch fraction of the parent nuclide.
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RESRAD, Version €.21 .
Surmary © RESRAD Res Farmer — Kaiser Waste at USEI
s CEC_Kaiser_USEI_Res_farm.RAD

Pile

Th Limit = 0.5 year

0272072004 10:01 Page

Individual Nuclide Soil Concentraticn

Parent Nuclide and Rranch Fraction Indicated

21

Wuclide Parent BRF{1) $i3,%), pCi/g

(53] (i) t= 0.0008400 1,000E+00 S.000E400 1.000£+401 3.000E401 3.000E+02 1.000E+03
Pb~210 Pb-210 1.0008+00 1.180E400 1.1448+00 1.010E+00 B.646B-01 4.642E-01 1.046E-04 3.669E-14
Pb~210 Ra-226 1.0005+00 0.000F+00 €.915E£-02 3.2492-01 6.023E-01 1.359L¢00 1.997E+00 1.4472400
Pb~210 Th-230 1.000€+00 0.00024+00 €.413E-04 )1.5392~02 5.8343E~02 4.3%1E-01 1.040E401 3.239R401
Pb-220 TS(5)¢ 1.180E+400 1.214T+00 1.3505+00 1.S2SC+0D0 2.2895+00 1.248E401 3.383E+01
R2=226 Ta+-226 1.000E+00 2.260E400 2,2598400 2,25SE+00 2.250E400 2.229R+00 1.965E+400 1.426L+00
Ra-=226 7Th-230 1.000r400 D.000E4+0D 4.1692-02 2,082E-01 4,.160E-01 1.242€+00 1.167E+01 3.326C+401
Ra-226 TS(3): 2.260C¢00 2,.3012400 2,463E40C 2.666E¢00 3.471E400 1.364E10) 3.4685+01
Ra-228 Ra-228 1,000£8400 2.800E4+01 2,4822+01 1.532E+0] 8.383£+400 7,520E-01 5.467Z-15 0.000E8400
Ra-228 Th-232 1,0002+00 0.000Z4D0 3.380E400 1.267E301 1.9GlE+01 2,.724E+01 2.799B4+01 2,77992¢01
Ra-226 TS(3): 2.800E+01 2.8002+01 2.800E2401 2.B00Z+01 2,.799E+01 2,.799E+01 2.7795E+01
Th-228 Ra-228 1.000E+00 0,0002+00 7,99062400 1.611E40) 2.145E+01 1.126E+400 £.153E-15 0.000L+00
Th-228 Th-228 1.0002+00 2.800E+401 1,.9492+01 4.575£400 7.475E-01 5,320E-04 C.000E+00 0.000E+00
Th-2286 Th-232 1.0002+00 0,0008+00 5,2208-01 7.315C¢00 1.5808+01 2.607E401 2.7992¢01 2.7992401
Th-228 §S{5): 2.800E401 2.0002+01 2,B00E401 2.900E+01 2.799E+01 2.739L+01 2.7992401
Th«230 Th-230 1,000E+00 9.625E401 9.625C+01 9,625E¢01 9,624E+01 9.622£40) 9,.599E+01 9.5398E+01
Th-232 Th-232 1,000E+00 2.800E+01 2.8002401 2.6800E+01 2,800E+01 2.8008+¢01 2.8002+01 2.800E+01

BRP(4) 1o the branch fractsioa of the parent nuclide.

RESCALC.EXE execution time =

4.00 seconds



