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ENGLISH/METRIC AND METRIC/ENGLISH EQUIVALENTS

In this document, units of measure are presented with the English unit first, followed in most
cases by the metric equivalent in parentheses; if the measurement was originally made in metric units,
the values were not converted back to English units. In tables, the data are expressed in one unit only.
The following table lists the appropriate equivalents for English and metric units.

Multiply By To Obtain

English/Metric Equivalents

acres 0.4047 hectares (ha)
cubic feet (ft3) 0.02832 cubic meters (m3)
cubic yards (yd3) 0.7646 cubic meters (m3)
degrees Fahrenheit ((F) -32 0.5555 degrees Celsius ((C)
feet (ft) 0.3048 meters (m)
gallons (gal) 3.785 liters (L)
gallons (gal) 0.003785 cubic meters (m3)
inches (in.) 2.540 centimeters (cm)
miles (mi) 1.609 kilometers (km)
pounds (lb) 0.4536 kilograms (kg)
short tons (tons) 907.2 kilograms (kg)
short tons (tons) 0.9072 metric tons (t)
square feet (ft2) 0.09290 square meters (m2)
square yards (yd2) 0.8361 square meters (m2)
square miles (mi2) 2.590 square kilometers (km2)
yards (yd) 0.9144 meters (m)

Metric/English Equivalents

centimeters (cm) 0.3937 inches (in.)
cubic meters (m3) 35.31 cubic feet (ft3)
cubic meters (m3) 1.308 cubic yards (yd3)
cubic meters (m3) 264.2 gallons (gal)
degrees Celsius ((C) +17.78 1.8 degrees Fahrenheit ((F)
hectares (ha) 2.471 acres
kilograms (kg) 2.205 pounds (lb)
kilograms (kg) 0.001102 short tons (tons)
kilometers (km) 0.6214 miles (mi)
liters (L) 0.2642 gallons (gal)
meters (m) 3.281 feet (ft)
meters (m) 1.094 yards (yd)
metric tons (t) 1.102 short tons (tons)
square kilometers (km2) 0.3861 square miles (mi2)
square meters (m2) 10.76 square feet (ft2)
square meters (m2) 1.196 square yards (yd2)



Equivalents Depleted UF6 PEIS

V2-x



Chemical Forms of Uranium Depleted UF6 PEIS

A-i

APPENDIX A:

CHEMICAL FORMS AND PROPERTIES OF URANIUM |



Chemical Forms of Uranium Depleted UF6 PEIS

A-ii



Chemical Forms of Uranium Depleted UF6 PEIS

A-iii

CONTENTS  (APPENDIX A)

NOTATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    A-iv

A.1 PHYSICAL PROPERTIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1

A.1.1 Uranium Hexafluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1
A.1.2 Uranyl Fluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-2
A.1.3 Uranium Tetrafluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-3
A.1.4 Triuranium Octaoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-4
A.1.5 Uranium Dioxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-4
A.1.6 Uranium Metal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-4

A.2 Chemical Properties . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-4
A.2.1 Uranium Hexafluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-4
A.2.2 Uranyl Fluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-5
A.2.3 Uranium Tetrafluoride . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-5
A.2.4 Triuranium Octaoxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-5
A.2.5 Uranium Dioxide . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-5
A.2.6 Uranium Metal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-6

TABLE

A.1 Physical Properties of Pertinent Uranium Compounds . . . . . . . . . . . . . . . . . . . . . . . . A-2

FIGURE

A.1 Uranium Hexafluoride Phase Diagram . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .      A-3



Chemical Forms of Uranium Depleted UF6 PEIS

A-iv

NOTATION  (APPENDIX A)

The following is a list of acronyms and abbreviations, including units of measure, used in
this appendix. 

ACRONYMS AND ABBREVIATIONS

General

DOE U.S. Department of Energy
PEIS programmatic environmental impact statement

Chemicals

BrF3 bromine fluoride
Cl2 chlorine
F2 fluorine
HF hydrogen fluoride; hydrofluoric acid
HNO3 nitric acid
H2O water
NH3 ammonia
O2 oxygen
S sulfur
Se selenium
TCE trichloroethylene
UF4 uranium tetrafluoride
UF6 uranium hexafluoride
UH3 uranium hydride
UO2 uranium dioxide
UO2F2 uranyl fluoride
UO3 uranium trioxide
U3O8 triuranium octaoxide (uranyl uranate)

UNITS OF MEASURE

atm atmosphere(s)
C degrees Celsius
F degrees Fahrenheit

cm3 cubic centimeter(s)

g gram(s)
mPa millipascal(s)
psia pounds per square inch absolute |
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APPENDIX A: 

CHEMICAL FORMS AND PROPERTIES OF URANIUM |

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites near Paducah, Kentucky; Portsmouth, Ohio; and Oak Ridge, Tennessee. This programmatic
environmental impact statement (PEIS) describes alternative strategies that could be used for the
long-term management of this material and analyzes the potential environmental consequences of
implementing each strategy for the period 1999 through 2039. This appendix describes the properties
of the chemical forms of uranium that are relevant to the analysis in the PEIS.

Most depleted uranium in the United States is currently stored as solid UF6 in steel cylinders |
that have a wall thickness of at least 5/16 in. and are located outdoors. Although UF6 can be handled |
and stored safely in a well-managed industrial environment, other uranium compounds or uranium
metal may be more appropriate for long-term storage, use, or permanent disposal. Potential
compounds other than UF6 include triuranium octaoxide (U3O8) and uranium dioxide (UO2).

A.1  PHYSICAL PROPERTIES

The physical properties of the pertinent chemical forms of uranium are shown in Table A.1.

A.1.1  Uranium Hexafluoride

Uranium hexafluoride (UF6) at ambient conditions is a volatile, white, crystalline solid.
Solid UF6 is readily transformed into the gaseous or liquid states by the application of heat. All three
phases — solid, liquid, and gas — coexist at 147 F (64 C) (the triple point). Only the gaseous phase
exists above 446 F (230 C), the critical temperature, at which the critical pressure is 45.5 atm
(4.61 mPa). The vapor pressure above the solid reaches 1 atm (0.1 mPa) at 133 F (56 C), the
sublimation temperature.

Figure A.1 is the phase diagram covering the range of conditions usually encountered in |
working with UF6. It shows the correlation of pressure and temperature with the physical state of |
UF6. The triple point occurs at 22 pounds per square inch, absolute (psia) and 147 F (64 C). These |
are the only conditions at which all three states — liquid, solid, and gas — can exist in equilibrium. |
If the temperature or pressure is greater than at the triple point, there will only be gas or liquid. |

A large decrease in UF6 density occurs when UF6 changes from the solid to the liquid state,
which results in a large increase in volume. The thermal expansion of the liquid with increasing
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TABLE A.1  Physical Properties of Pertinent Uranium Compounds

Density (g/cm
3
)

Compound
Melting Point

( C)
Crystal/
Particle Bulk

a
Solubility in Water

at Ambient Temperature

UF6 64.1 5.1 5.1 Decomposes to UO2F2 |
UF4 960 ± 5 6.7 2.0 – 4.5 Very slightly soluble

U3O8 Decomposes to UO2 at 1,300 8.30 1.5 – 4.0 Insoluble

UO2 2,878 ± 20 10.96 2.0 – 5.0 Insoluble

Uranium metal 1,132 19.05 19 Insoluble

a
Bulk densities of UF4, U3O8, and UO2 are highly variable, depending on the production process
and the properties of the starting uranium compounds.

Notation: UF4 = uranium tetrafluoride; UF6 = uranium hexafluoride; UO2 = uranium dioxide;
UO2F2 = uranyl fluoride; U3O8 = triuranium octaoxide.

temperature is also high. Therefore, it is important to maintain control of the total mass and physical
state of UF6 throughout an operational cycle. To avoid hydraulic rupture, when items with restricted
volumes, such as traps and containers, are filled with UF6, full allowance must be made for the
volume changes that will arise over the working temperature range to which the vessels will be
subjected.

For UF6 to be handled as a liquid, the pressure must be in excess of 0.15 mPa (1.5 atm) and
the temperature above 147 F (64 C) because the sublimation temperature lies below the triple point.
Thus, any process using liquid UF6 is above atmospheric pressure and is subject to a potential
leakage of UF6 to the environment, with vapor loss and cooling occurring simultaneously. Solidifi-
cation occurs exothermically when the pressure falls below 1.5 atm (0.15 mPa). Thus, if a cylinder
heated above the triple point is breached, a rapid outflow of the UF6 occurs until the pressure drops
sufficiently to start the solidification process. The rate of outflow then decreases but continues until
the contents cool to about 133 F (56 C), which is the atmospheric sublimation temperature. Some
release of material may continue, depending on the type and location of the breach.

UF6 is hygroscopic (i.e., moisture-retaining) and, in contact with water (H2O), will
decompose immediately to uranyl fluoride (UO2F2). When heated to decomposition, UF6 emits toxic
fluoride fumes.

A.1.2  Uranyl Fluoride (Uranium Oxyfluoride)

Uranyl fluoride (UO2F2) is an intermediate in the conversion of UF6 to an uranium oxide
or metal form and is a direct product of the reaction of UF6 with moisture in the air. It is very soluble
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in water. Uranyl fluoride also is hygroscopic and changes in color from brilliant orange to yellow |
after reacting with water. Uranyl fluoride is reported to be stable in air to 570 F (300 C), above |
which slow decomposition to U3O8 occurs. When heated to decomposition, UO2F2 emits toxic
fluoride fumes.

A.1.3  Uranium Tetrafluoride

Uranium tetrafluoride (UF4) is a green crystalline solid that melts at about 1,760 F (960 C)
and has an insignificant vapor pressure. It is very slightly soluble in water. It is generally an
intermediate in the conversion of UF6 to either uranium oxide (U3O8 or UO2) or uranium metal. It
is formed by the reaction of UF6 with hydrogen gas in a vertical tube-type reactor or by the action
of hydrogen fluoride (HF) on uranium dioxide. UF4 can be readily converted to either uranium metal
or uranium oxide. UF4 is less stable than the uranium oxides and produces hydrofluoric acid in
reaction with water; it is thus a less favorable form for long-term disposal.
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A.1.4  Triuranium Octaoxide

Triuranium octaoxide (U3O8) occurs naturally as the olive-green-colored mineral
pitchblende. U3O8 is readily produced from UF6 and has potential long-term stability in a geologic
environment. In the presence of oxygen (O2), uranium dioxide (UO2) and uranium trioxide (UO3)
are oxidized to U3O8. U3O8 can be made by three primary chemical conversion processes, involving
either UF4 or UO2F2 as intermediates. It is generally considered to be the more attractive form for
disposal purposes because, under normal environmental conditions, U3O8 is one of the most
kinetically and thermodynamically stable forms of uranium and also because it is the form of
uranium found in nature.

A.1.5  Uranium Dioxide

Uranium dioxide (UO2) is the form in which uranium is most commonly used as a nuclear
reactor fuel. It is a stable ceramic that can be heated almost to its melting point, 5,212 F (2,878 C),
without serious mechanical deterioration. It does not react with water to any significant level. At
ambient temperatures, UO2 will gradually convert to U3O8.

A.1.6  Uranium Metal

Uranium metal appears as a heavy, silvery white, malleable, ductile, softer-than-steel,
metallic element. It is one of the densest materials known, being 1.6 times more dense than lead.
Uranium metal is not as stable as U3O8 or UF4 because it is subject to surface oxidation. It tarnishes
in air, with the oxide film preventing further oxidation of massive metal at room temperature. Water
attacks uranium metal slowly at room temperature and rapidly at higher temperatures. UO2 and
uranium hydride (UH3) are formed while heat is evolved, and the metal swells and disintegrates.

A.2  CHEMICAL PROPERTIES

A.2.1  Uranium Hexafluoride

Uranium hexafluoride (UF6) combines with water to form the soluble reaction products
UO2F2 and HF. UF6 is essentially inert to clean aluminum, steel, Monel, nickel, aluminum, bronze, |
copper, and Teflon™. Teflon is commonly used in the packing and cap gasket for cylinders storing |
depleted UF6. |

When released to the atmosphere, gaseous UF6 combines with humidity to form a cloud of
particulate UO2F2 and HF fumes. The reaction is very fast and is dependent on the availability of
water vapor. Following a large-scale release of UF6 in an open area, the dispersion is governed by
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meteorological conditions, and the plume could still contain unhydrolyzed material even after
traveling a distance of several hundred meters. After hydrolysis, UO2F2 can be deposited as a finely
divided solid, while HF remains as part of the gas plume.

In enclosed situations, the reaction products form a dense fog, reducing visibility for
occupants of the area and hindering evacuation and emergency response. Fog can occur in
unconfined areas if the humidity is high.

In a fire, the reaction of UF6 with water is accelerated because of the increased UF6 vapor
pressure and the large quantities of water formed in combustion of organic materials or
hydrocarbons. Reaction of liquid UF6 with hydrocarbon vapors is extremely vigorous in flames, with
formation of UF4 and low-molecular-weight fluorinated compounds. More heat is generally released
in these hydrocarbon interactions with UF6 than in the corresponding reactions of hydrocarbons with
oxygen.

A.2.2  Uranyl Fluoride

Uranyl fluoride (UO2F2) is a yellow hygroscopic solid that is very soluble in water. In
accidental releases of UF6, UO2F2 as a solid particulate compound may deposit on the ground over
a large area.

A.2.3  Uranium Tetrafluoride

Uranium tetrafluoride (UF4) reacts slowly with moisture at ambient temperature, forming
UO2 and HF, which are very corrosive.

A.2.4  Triuranium Octaoxide

Triuranium octaoxide (U3O8) has no hazardous chemical properties that are significant.

A.2.5  Uranium Dioxide

Uranium dioxide (UO2) will ignite spontaneously in heated air and burn brilliantly. It will
slowly convert to U3O8 in air at ambient temperature. Its stability in air can be improved by sintering
the powder in hydrogen.
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A.2.6  Uranium Metal

Uranium powder or chips will ignite spontaneously in air at ambient temperature. During
storage, uranium ingots can form a pyrophoric surface because of reaction with air and moisture.
Uranium metal will also react with water at ambient temperature, forming UO2 and UH3. The metal
swells and disintegrates. Hydrogen gas can be released.

Solid uranium, either as chips or dust, is a very dangerous fire hazard when exposed to heat
or flame. In addition, uranium metal can react violently with chlorine (Cl2), fluorine (F2), nitric acid
(HNO3), selenium (Se), sulfur (S), ammonia (NH3), bromine fluoride (BrF3), trichlorethylene (TCE),
or nitryl fluoride and similar compounds.
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NOTATION (APPENDIX B)

The following is a list of acronyms and abbreviations, including units of measure, used in
this appendix.

ACRONYMS AND ABBREVIATIONS

General

DOE U.S. Department of Energy
PEIS programmatic environmental impact statement
USEC United States Enrichment Corporation |

Chemicals

HF hydrogen fluoride
UF4 uranium tetrafluoride
UF6 uranium hexafluoride
UO2F2 uranyl fluoride

UNITS OF MEASURE

cm centimeter(s)
in. inch(es)
kg kilogram(s)
lb pound(s)
mil mil(s)
psi pound(s) per square inch
ton(s) short ton(s)
yr year(s)
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1
The wall thickness criteria were obtained from Hanrahan (1996). The transportation requirement is from the
American National Standards Institute (ANSI 14.1, “American National Standards for Nuclear Materials —
Packaging of Uranium Hexafluoride for Transport”); the pressurization standard is based on a requirement of the
American Society of Mechanical Engineers (“Boiler and Pressure Vessel Code, Section VIII, Unfired Pressure
Vessel”) that pressure vessels pass a 100 psi rating; no source for the lift limit was cited. 

APPENDIX B:

CYLINDER CORROSION AND MATERIAL LOSS
FROM BREACHED CYLINDERS

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites near Paducah, Kentucky; Portsmouth, Ohio; and Oak Ridge, Tennessee. This programmatic
environmental impact statement (PEIS) describes alternative strategies that could be used for the
long-term management of this material and analyzes the potential environmental consequences of
implementing each strategy for the period 1999 through 2039. This appendix provides detailed infor-
mation describing cylinder corrosion and material loss from breached cylinders.

Depleted UF6 has been stored in steel cylinders in outdoor yards at three DOE storage sites
since the 1950s. Most cylinders have either a 10- or 14-ton (9- or 12-metric ton) capacity and a
nominal wall thickness of 5/16 in. (0.79 cm, or 312.5 mil). The DOE-generated inventory consists |
of 46,422 cylinders, the oldest of which will have been in storage for about 45 years at the time of
the PEIS record of decision and the youngest of which will have been in storage for about 5 years. |
United States Enrichment Corporation (USEC)-generated cylinders are considerably newer than the |
majority of DOE-generated cylinders. |

An important criterion for the selection of a preferred management strategy for the depleted
UF6 cylinders is the expected condition of the cylinders throughout the time frames considered for
various actions in the PEIS (i.e., 1999 through 2039). The condition of the cylinders is generally
expressed in terms of remaining wall thickness (Nichols 1995), which determines whether the
cylinders can be transported (thickness must be greater than 250 mil), pressurized in an autoclave
(thickness must be greater than 200 mil), or lifted (thickness must be greater than 100 mil).

1

Cylinders that are breached (i.e., wall thickness at some part of the cylinder is 0) can produce
environmental impacts by release of material. 

All metals corrode to some extent when their surfaces are unprotected. In the past, depleted
UF6 cylinders have been stored in outdoor yards, and some groups of cylinders have been in contact
with wet ground surfaces. An extensive cylinder maintenance program that began in the earlier 1990s
has substantially improved storage conditions (e.g., paving of cylinder yards, restacking of cylinders
onto concrete saddles, regular inspection of cylinders, and cylinder painting). However, accelerated
corrosion has occurred on some cylinder surfaces, and eight breached cylinders have been identified |
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in the inventory. The properties of depleted UF6 in the solid form are such that release of material
from breached cylinders occurs at a slow rate because the UF6 degrades to a solid form of uranium
that serves to “plug” the hole. To provide estimated impacts of continued storage for all or part of
the cylinder inventory for an extended time period, it was necessary to estimate both the numbers
of cylinders that might be breached and the amount of uranium compounds and hydrogen fluoride
(HF) that would be expected to be released from any cylinder breaches that might occur in the future. |

B.1  CYLINDER CORROSION MODELS

Efforts began in the mid 1970s and are ongoing to estimate the extent of corrosion of the
depleted UF6 cylinders and the numbers of breaches that might occur in the future. These studies are
summarized in Nichols (1995). Generally, ultrasonic test measurements are used to estimate the
current wall thickness at many locations on a single cylinder (current methods obtain
100,000 measurements for 0.1-in. [0.25-cm] squares on a single cylinder [Lyon 1996a]). In the
simplest method for predicting breaches, the minimum wall thickness measurement is subtracted
from a value assumed to be the initial wall thickness; this value is divided by the age of the cylinder
to estimate an annual corrosion rate; the corrosion rate is then extrapolated forward from the cylinder
age to arrive at an estimated year of breach. Because the ultrasonic tests are time-consuming and
costly, only a small portion of the entire inventory has been measured. To estimate the numbers of
breaches expected during various time intervals, several recent attempts have been made to
extrapolate the results from the sample of cylinders measured to the entire inventory (Lyon 1995,
1996a-b, 1997; Nichols 1995; Rosen and Glaser 1996a-b). 

Uncertainties associated with accurately estimating the expected number of breaches
include the following:

• The sample of cylinders with ultrasonic test data available is not a random
sample from the entire inventory of cylinders. Generally, cylinders showing
signs of accelerated corrosion were chosen for ultrasonic testing. Therefore,
basing the corrosion rate for the entire cylinder inventory on the ultrasonic test
data may result in overestimation of potential breaching.

• The initial thickness of the cylinders is not known. Although the
manufacturer-specified thickness for the most prevalent cylinder type is
312.5 mil, many of the cylinders actually had greater initial wall thicknesses.
One estimate of the maximum initial wall thickness for the 5/16-in. (0.79-cm)
cylinders is 345.5 mil, based on the nominal 312.5-mil thickness plus an
American Society for Testing and Materials mill tolerance of 33 mil; however,
estimates of up to 400-mil initial thickness have been made for some 5/16-in.
(0.79-cm) cylinders at the Portsmouth site (Nichols 1995). 
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• Currently, it is not possible to reliably address the effects of past storage
history on different cylinder inventories. Previously, some cylinders were
stored under substandard conditions in which they were in prolonged contact
with moisture. Improved storage conditions have undoubtedly reduced the
corrosion rates. However, these changes have not been accounted for in the
modeling studies because not enough data are available on corrosion rates
under the improved storage conditions to support the predictive models. 

In a more recent method used to predict numbers of breached cylinders over time (Lyon |
1996b, 1997), the available ultrasonic test data were modeled using one to three functional forms
(i.e., statistical equations) for predicting corrosion. (Corrosion is also referred to as penetration depth
in Lyon 1996b.) Each statistical form of corrosion was assumed to be either normally or lognormally
distributed. The three forms represent statistical methods that assume (1) the distribution of corrosion
rates is constant with time or (2) the corrosion rates level off with time. For the modeling, the initial
thickness of the cylinders was assumed to have a triangular distribution between 302.5 and
345.5 mil, with a most likely value of 330 mil. 

B.2  BREACHED CYLINDERS AND MATERIAL LOSS 

Before 1998, seven breached cylinders had been identified at the three storage locations: |
four at the K-25 site, two at the Portsmouth site, and one at the Paducah site. The first breached
cylinders to be identified were those at the Portsmouth site. Investigation of these breached cylinders
indicated that the initial damage occurred during stacking because of impact with an adjacent
cylinder at the weld joint of the stiffening ring and the cylinder wall (Barber et al. 1991). The hole
sizes increased over time due to moist air migrating into the cylinder and reacting with the UF6 and
iron. This reaction resulted in a dense plug of uranium tetrafluoride (UF4) hydrates and various iron
fluoride hydrates that prevented rapid loss of material from the cylinders. One breached cylinder that
had been in storage for 13 years had an approximate hole size of 9 in. × 18 in. (23 cm × 46 cm); the
mass of UF6 lost from this cylinder was estimated to be between 17 and 109 lb (7.7 and 49 kg). The
other breached cylinder had a hole 2 in. (5.1 cm) in diameter and had been in storage only 4 years;
the mass of uranium lost from this cylinder was estimated to be less than 4 lb (1.8 kg). 

Of the four breached cylinders identified at the K-25 site, two were concluded to have been
damaged during handling in a manner similar to the breached cylinders at the Portsmouth site.
However, external corrosion due to prolonged ground contact was concluded to be the cause of the
other two breaches (Barber et al. 1994). The hole sizes in the four breached cylinders were 2 in.
(5.1 cm) in diameter (cylinder stored for about 16 years), 6 in. (15 cm) in diameter (cylinder stored
for about 28 years), 10 in. (25 cm) in diameter (cylinder stored for about 33 years), and 17 in. ×
12 in. (43 cm × 30 cm) (cylinder stored for about 17 years). Because equipment to weigh the |
cylinders was not available at the K-25 site, the extent of material loss from the cylinders could not |
be determined. |
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The hole size of the breached cylinder identified at the Paducah site in 1992 was
approximately 1/16 in. × 2 in. (0.16 cm × 5.1 cm); the cause of the breach was concluded to be
damage during handling. The contents of the cylinder have been transferred to another cylinder. 

In 1998, one additional breached cylinder occurred at the K-25 site during the course of |
cylinder maintenance operations (i.e., cylinder painting). Previous corrosion modeling had predicted |
that some additional cylinder breaches would be detected during such activities; see Table B.1. The |
breach occurred during steel grit blasting of the cylinder surface in preparation for painting. An as- |
fabricated weld defect was opened by the blast process. The cylinder management program includes |
provisions for patching newly identified breached cylinders to eliminate releases of material. |

B.3 ESTIMATED NUMBER OF CYLINDER BREACHES AND MATERIAL 
LOSS USED FOR ANALYSIS

One of the strategies being used to maintain the cylinders is a painting program to mitigate
external corrosion. It is estimated that the paint system currently in use will be effective for 12 years
before significant maintenance or repainting would be needed (Pawel 1997). The painting program
is therefore designed to eliminate further reduction in wall thickness on painted cylinders during the
effective life of the paint. Furthermore, once painted, no additional wall thinning would occur as long
as the paint was maintained.

For the no action alternative, the impacts of indefinite continued storage at the three sites
were analyzed by estimating the number of expected cylinder breaches through 2039, assuming that
the maintenance and painting program would be effective in controlling corrosion of cylinder
surfaces. This is considered to be representative of the actual conditions that will occur at the three
sites. To address the uncertainty associated with the effectiveness of painting and with future
painting schedules, an analysis was also conducted that assumed that cylinder corrosion continued
at historical rates (i.e., that improved storage conditions and cylinder painting had no effect on |
corrosion).

For the no action alternative analyses, corrosion of the cylinders was assumed to continue
until cylinders were painted (painting estimated to be complete by 2009). Corrosion estimates
through 2009 were based on modeling of corrosion that has occurred to date (Lyon 1996b, 1997). |
The possibility of initiating breaches during handling of the cylinders was incorporated into the
breach estimates by using historical data regarding the approximate rates of such handling-initiated
breaches that have occurred to date. (The rate assumed was 0.00014 breach per cylinder move; this |
value was based on five breaches that were initiated by handling damage and the estimated number |
of 50,000-cylinder moves during storage to date, plus an additional factor of 0.00004 to account for |
the possibility of a cylinder breaching during handling because it had been weakened from previous |
corrosion.) The number of cylinder breaches in the inventory at each site through 2039 was estimated |
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as the number of cylinder moves times the handling breach rate, added to the estimated number of
corrosion breaches for unpainted cylinders through 2008. The number of cylinder moves through
2039 was estimated from the painting and relocation schedule given in Parks (1997), assuming two
moves per painted cylinder. The annual numbers of breaches in DOE-generated cylinders estimated |
for the three sites on the basis of these assumptions are given in Table B.1.

The potential impacts that would occur using more conservative (i.e., higher) breach
assumptions were estimated by assuming that the historical corrosion rates would continue through
the year 2039. This assumption could be applicable if it was found that the effectiveness of the paint
was significantly less than 12 years. For this analysis, the method of Lyon (1996b, 1997) for |
predicting numbers of cylinder breaches due to external corrosion was used to estimate the number |
of breaches expected through the year 2039 for the three sites, assuming that the entire inventory |
would remain in storage at the current sites. The values used were the maximums of the predicted
ranges for each year, as summarized by Parks (1997). Separate breach rates were estimated for the
Paducah site C-745-G-yard and the K-25 site K-1006-K-yard because the worst historical storage
conditions have occurred in these yards. This method is subject to the uncertainties discussed in
Section B.1. By using the maximum result of the range for a number of assumptions regarding the
form of distribution of the penetration depth, this method probably overestimates the actual number
of cylinder breaches that would occur at each site through the year 2039.

The estimated number of cylinder breaches among DOE-generated cylinders from 1999 |
through 2039, based on the method of Lyon (1996b, 1997), is listed in Tables B.2 through B.4 for
the three sites. No adjustment was made to the breach estimates given in these tables to account for
handling-initiated breaches. Handling-initiated breaches were considered less likely for these
cylinders because no credit was taken for corrosion protection from painting (i.e., it is likely that
much less painting and maintenance would be taking place). In any case, the number of handling-
initiated breaches would be minor in comparison with the predicted corrosion-initiated breaches. 

The potential impacts of continued DOE-generated cylinder storage through 2028 for the |
action alternatives considered in this PEIS were estimated on the basis of the conservative corrosion-
initiated breaches predicted with Lyon’s method (Lyon 1996b, 1997). However, for the period 2009
through 2028, the estimated number of breaches was reduced by the proportion of inventory
reduction occurring in each year. 

The estimated “active” breaches in specific years at the three sites are also shown in
Tables B.1 through B.4. These values take into account that under the given assumptions for the
continued storage period, the minimum required inspection frequency is once every 4 years, although
some cylinders are inspected more frequently (i.e., suspect cylinders with signs of extensive exterior
corrosion are inspected annually). Therefore, to calculate active breaches, it was assumed that all
breaches would go undetected for 4 years. The number of active breaches is the sum of the current-
year breaches and the previous-3-year breaches. 



Cylinder Corrosion B-8 Depleted UF6 PEIS

TABLE B.2  Estimated Number of Breaches and Releases from DOE-Generated Cylinders 
at the Paducah Site from 1999 through 2039, Assuming Historical Corrosion Rates |

Breaches and Releases at G-Yard Breaches and Releases at All Other Yards

Number Number HF Number Number HF
Year of Cylinder of of Active Emissions

c
Cylinder of of Active Emissions

c

 Breach Inventory Breaches
a

Breaches
b

(kg/yr) Inventory Breaches
a

Breaches
b

(kg/yr)

1999 5,733 1 1 2 22,618 0 0 0

2000 5,733 0 1 2 22,618 0 0 0

2001 5,733 1 2 4 22,618 0 0 0

2002 5,733 0 2 4 22,618 0 0 0

2003 5,733 1 2 4 22,618 1 1 2

2004 5,733 1 3 6 22,618 0 1 2

2005 5,733 1 3 6 22,618 0 1 2

2006 5,733 1 4 8 22,618 1 2 4

2007 5,733 2 5 10 22,618 1 2 4

2008 5,733 2 6 12 22,618 1 3 6

2009 5,733 2 7 14 22,618 1 4 8

2010 5,733 2 8 16 22,618 1 4 8

2011 5,733 3 9 18 22,618 1 4 8

2012 5,733 3 10 20 22,618 1 4 8

2013 5,733 3 11 22 22,618 1 4 8

2014 5,733 4 13 26 22,618 1 4 8

2015 5,733 4 14 28 22,618 1 4 8

2016 5,733 5 16 32 22,618 1 4 8

2017 5,733 5 18 36 22,618 2 5 10

2018 5,733 5 19 38 22,618 1 5 10

2019 5,733 6 21 42 22,618 2 6 12

2020 5,733 7 23 46 22,618 1 6 12

2021 5,733 7 25 50 22,618 2 6 12

2022 5,733 8 28 56 22,618 2 7 14

2023 5,733 8 30 60 22,618 3 8 16

2024 5,733 9 32 64 22,618 2 9 18

2025 5,733 10 35 70 22,618 3 10 20

2026 5,733 10 37 74 22,618 2 10 20

2027 5,733 11 40 80 22,618 3 10 20

2028 5,733 13 44 88 22,618 4 12 24

2029 5,733 13 47 94 22,618 3 12 24

2030 5,733 15 52 104 22,618 4 14 28

2031 5,733 17 58 116 22,618 4 15 30

2032 5,733 17 62 124 22,618 5 16 32

2033 5,733 19 68 137 22,618 4 17 34

2034 5,733 20 73 147 22,618 5 18 36
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TABLE B.2  (Cont.)

Breaches and Releases at G-Yard Breaches and Releases at All Other Yards

Number Number HF Number Number HF
Year of Cylinder of of Active Emissions

c
Cylinder of of Active Emissions

c

 Breach Inventory Breaches
a

Breaches
b

(kg/yr) Inventory Breaches
a

Breaches
b

(kg/yr)

2035 5,733 21 77 155 22,618 5 19 38

2036 5,733 22 82 165 22,618 6 20 40

2037 5,733 23 86 173 22,618 6 22 44

2038 5,733 24 90 181 22,618 6 23 46

2039 5,733 25 94 189 22,618 6 24 48

Total (1999-2039) 351 93

Total Breaches at Site 444

a
These estimates are conservative estimates used for assessing potential impacts based on an external corrosion statistical
model (Lyon 1996b, 1997). The estimates were based on the assumption that historical corrosion rates would continue
through 2039 (i.e., that corrosion would not have been eliminated by painting and maintenance). In practice, painting of |
cylinders, improved storage conditions, and maintenance and inspection procedures should prevent any breaches from
occurring or from going undetected for long periods. 

b
Number of active breaches = sum of current-year breaches and previous-3-year breaches, based on 4-year inspection
intervals.  Annual uranium emissions (lb/yr) = number of active breaches in that year (1 lb per active breach per year).

c
Annual HF emissions (kg/yr) = number of active breaches × 0.0055 kg per breached cylinder per day × 365 days per year.

TABLE B.3  Estimated Number of Breaches 
and Releases from DOE-Generated Cylinders |
at the Portsmouth Site from 1999 through 2039, |
Assuming Historical Corrosion Rates

Number Number HF
Year of Cylinder of of Active Emissions

c

 Breach Inventory Breaches
a

Breaches
b

(kg/yr)

1999 13,388 0 0 0

2000 13,388 1 1 2

2001 13,388 1 2 4

2002 13,388 0 2 4

2003 13,388 0 2 4

2004 13,388 1 2 4

2005 13,388 1 2 4

2006 13,388 1 3 6

2007 13,388 1 4 8

2008 13,388 1 4 8

2009 13,388 0 3 6

2010 13,388 1 3 6

2011 13,388 1 3 6

2012 13,388 0 2 4
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TABLE B.3  (Cont.)

Number Number HF
Year of Cylinder of of Active Emissions

c

 Breach Inventory Breaches
a

Breaches
b

(kg/yr)

2013 13,388 1 3 6

2014 13,388 1 3 6

2015 13,388 1 3 6

2016 13,388 1 4 8

2017 13,388 2 5 10

2018 13,388 1 5 10

2019 13,388 1 5 10

2020 13,388 2 6 12

2021 13,388 1 5 10

2022 13,388 2 6 12

2023 13,388 2 7 14

2024 13,388 2 7 14

2025 13,388 2 8 16

2026 13,388 2 8 16

2027 13,388 2 8 16

2028 13,388 3 9 18

2029 13,388 3 10 20

2030 13,388 2 10 20

2031 13,388 3 11 22

2032 13,388 4 12 24

2033 13,388 3 12 24

2034 13,388 3 13 26

2035 13,388 4 14 28

2036 13,388 4 14 28

2037 13,388 4 15 30

2038 13,388 4 16 32

2039 13,388 5 17 34

Total (1999-2039) 74

Total Breaches at Site 74

a
These estimates are conservative estimates used for assessing potential impacts
based on an external corrosion statistical model (Lyon 1996b, 1997). The
estimates were based on the assumption that historical corrosion rates would
continue through 2039 (i.e., that corrosion would not have been eliminated by
painting and maintenance). In practice, painting of cylinders, improved storage |
conditions, and maintenance and inspection procedures should prevent any
breaches from occurring or from going undetected for long periods. 

b
Number of active breaches = sum of current-year breaches and previous-3-year
breaches, based on 4-year inspection intervals.  Annual uranium emissions (lb/yr)
= number of active breaches in that year (1 lb per active breach per year).

c
Annual HF emissions (kg/yr) = number of active breaches × 0.0055 kg per
breached cylinder per day × 365 days per year.
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TABLE B.4  Estimated Number of Breaches and Releases from DOE-Generated Cylinders |
at the K-25 Site from 1999 through 2039, Assuming Historical Corrosion Rates |

Breaches and Releases at K-Yard Breaches and Releases at E-Yard and L-Yard

Number Number HF Number Number HF
Year of Cylinder of of Active Emissions

c
Cylinder of of Active Emissions

c

 Breach Inventory Breaches
a

Breaches
b

(kg/yr) Inventory Breaches
a

Breaches
b

(kg/yr)

1999 2,945 1 1 2 1,738 0 0 0

2000 2,945 0 1 2 1,738 0 0 0

2001 2,945 0 1 2 1,738 0 0 0

2002 2,945 0 1 2 1,738 0 0 0

2003 2,945 0 0 0 1,738 0 0 0

2004 2,945 0 0 0 1,738 0 0 0

2005 2,945 2 2 4 1,738 1 1 2

2006 2,945 1 3 6 1,738 1 2 4

2007 2,945 0 3 6 1,738 0 2 4

2008 2,945 2 5 10 1,738 0 2 4

2009 2,945 0 3 6 1,738 0 1 2

2010 2,945 1 3 6 1,738 0 0 0

2011 2,945 2 5 10 1,738 0 0 0

2012 2,945 2 5 10 1,738 0 0 0

2013 2,945 2 7 14 1,738 0 0 0

2014 2,945 2 8 16 1,738 1 1 2

2015 2,945 2 8 16 1,738 0 1 2

2016 2,945 2 8 16 1,738 1 2 4

2017 2,945 2 8 16 1,738 0 2 4

2018 2,945 3 9 18 1,738 0 1 2

2019 2,945 3 10 20 1,738 1 2 4

2020 2,945 4 12 24 1,738 1 2 4

2021 2,945 4 14 28 1,738 1 3 6

2022 2,945 4 15 30 1,738 1 4 8

2023 2,945 5 17 34 1,738 0 3 6

2024 2,945 6 19 38 1,738 1 3 6

2025 2,945 6 21 42 1,738 0 2 4

2026 2,945 7 24 48 1,738 0 1 2

2027 2,945 6 25 50 1,738 1 2 4

2028 2,945 7 26 52 1,738 1 2 4

2029 2,945 8 28 56 1,738 0 2 4

2030 2,945 9 30 60 1,738 1 3 6

2031 2,945 10 34 68 1,738 1 3 6

2032 2,945 8 35 70 1,738 1 3 6

2033 2,945 11 38 76 1,738 1 4 8

2034 2,945 11 40 80 1,738 1 4 8
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TABLE B.4  (Cont.)

Breaches and Releases at K-Yard Breaches and Releases at E-Yard and L-Yard

Number Number HF Number Number HF
Year of Cylinder of of Active Emissions

c
Cylinder of of Active Emissions

c

 Breach Inventory Breaches
a

Breaches
b

(kg/yr) Inventory Breaches
a

Breaches
b

(kg/yr)

2035 2,945 11 41 82 1,738 1 4 8

2036 2,945 12 45 90 1,738 1 4 8

2037 2,945 12 46 92 1,738 1 4 8

2038 2,945 12 47 94 1,738 1 4 8

2039 2,945 12 48 96 1,738 1 4 8

Total (1999-2039) 192 21

Total Breaches at Site 213

a
These estimates are conservative estimates used for assessing potential impacts based on an external corrosion statistical
model (Lyon 1996b, 1997). The estimates were based on the assumption that historical corrosion rates would continue
through 2039 (i.e., that corrosion would not have been eliminated by painting and maintenance). In practice, painting of |
cylinders, improved storage conditions, and maintenance and inspection procedures should prevent any breaches from
occurring or from going undetected for long periods. 

b
Number of active breaches = sum of current-year breaches and previous-3-year breaches, based on 4-year inspection
intervals.  Annual uranium emissions (lb/yr) = number of active breaches in that year (1 lb per active breach per year).

c
Annual HF emissions (kg/yr) = number of active breaches × 0.0055 kg per breached cylinder per day × 365 days per year.

A reasonable estimate of material loss from breached cylinders was required to analyze the
impacts of breached cylinders for the continued cylinder storage component of each alternative |
considered in this PEIS. For uranium, it was assumed that the amount lost would be similar to the
amount lost from the cylinder at Portsmouth that had been in storage for 4 years at the time of breach
identification. Therefore, the amount of uranium lost was assumed to be 4 lb (1.8 kg) per breached
cylinder: 1 lb/yr (0.45 kg/yr) uranium per breached cylinder. It was assumed that uranium would be
released as solid uranyl fluoride (UO2F2), which would be deposited on the ground, from where it |
could be transported as runoff to soil or surface water or infiltrate to groundwater. |

The rate of HF loss from breached cylinders increases over time as the hole size increases.
The time-dependent rate provided in Barber et al. (1994) was used to estimate the average daily HF
emission rate that would be applicable over the assumed 4-year period that a breach could go
undiscovered. An exponential equation for HF loss was used to estimate a value of 0.0055 kg per |
day HF emission per breached cylinder (Folga 1996a-b). Potential uranium and HF emissions from
breached cylinders are summarized in Tables B.1 through B.4 for the Paducah, Portsmouth, and
K-25 sites. 
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For analysis of continued storage (Appendix D), it was assumed that welded patches would
be applied within about 1 week of any breach discovery and that no further uranium or HF leakage
would occur after patch application.
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DOE U.S. Department of Energy |
EIS environmental impact statement
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APPENDIX C:

ASSESSMENT METHODOLOGIES

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites near Paducah, Kentucky; Portsmouth, Ohio; and on the Oak Ridge Reservation in Oak Ridge,
Tennessee. This programmatic environmental impact statement (PEIS) describes alternative strategies
that could be used for the long-term management of this material and analyzes the potential
environmental consequences of implementing each strategy for the period 1999 through 2039. This
appendix provides detailed information describing the methodology used to assess the potential
environmental impacts for continued cylinder storage, cylinder preparation, conversion options, long-
term storage, manufacture and use, and disposal. The general methodology is explained, and special
applications for specific options or alternatives are summarized. For several technical areas — such
as air resources, human health, water resources, socioeconomics, and transportation — separate
technical reports provide additional details regarding these methods. 

C.1  AIR RESOURCES

The assessment of air quality impacts in the depleted UF6 PEIS considered pollutant
emissions under normal operating conditions. Atmospheric dispersion of pollutant emissions from
construction, operation, and maintenance activities were estimated with conventional modeling
techniques, i.e., U.S. Environmental Protection Agency (EPA) Industrial Source Complex Short
Term (ISCST) model (EPA 1995b) and SCREEN3 model (EPA 1995a).

For the evaluation of continued storage, internal combustion emissions and fugitive dust
emissions from the planned construction of new storage areas were assessed. Additionally, material
loss from hypothetical cylinder breaches was assessed. Loss of any depleted UF6 through corrosion
of cylinders in the storage yards would occur slowly enough that the depleted UF6 would react with
atmospheric moisture while still in the cylinder. The pollutant of concern from atmospheric releases
due to cylinder breaches is hydrogen fluoride (HF). Emissions from postulated breaches were
modeled using the ISCST model. 

Estimated emissions were taken from the engineering analysis report (Lawrence Livermore
National Laboratory [LLNL] 1997). Emissions data were provided for construction of facilities and
for normal operations of the conversion, cylinder preparation, long-term storage, manufacture and
use, and disposal options. 

Air concentrations of radionuclides due to the emission of radioactive materials were
estimated with the GENII code (Napier et al. 1988). Emissions of hazardous chemicals and other
pollutants were estimated with the ISCST code (EPA 1995b). Results from the ISCST and GENII
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codes for given conditions are in good agreement with each other. The hour-by-hour meteorological
data from the three current storage sites show the range of air quality impacts that could be
anticipated at the facility boundaries from the estimated emissions. For the Paducah and Portsmouth
site-specific and representative analyses, the plant boundaries rather than the site perimeters were
used (see Chapter 3). The SCREEN3 model (EPA 1995a) was used to determine the maximum
impacts possible under worst-case meteorological conditions. 

For impact analyses of representative environmental settings (i.e., analyses for the
conversion and long-term storage options), the representative facility was assumed to be centered
within a larger site (i.e., the plant boundaries of the three representative sites), and pollutant
concentrations were estimated for the boundaries of that site. Screening modeling of construction
emissions was used to estimate hourly pollutant concentrations under very conservative
meteorological conditions at the boundary point that would be the shortest distance from the center
of the facility. For impact analyses of generic environmental settings (i.e., analyses for the
manufacture and use and disposal options), the pollutant concentrations at several distances from the
center of the facility were estimated because of uncertainty regarding the size and location of the
generic sites. Estimates at 2,460 ft (750 m) from the center of the generic facilities are comparable
to the estimates for options based on representative environmental settings (i.e., conversion and long-
term storage options using the three current storage sites as representative). The shortest distances
from the centers of the representative sites to their boundaries range from 2,300 to 2,600 ft (700 to
800 m). 

The radiological impacts under normal operational conditions would be long-term,
cumulative impacts. Site-specific data (for facilities located at the existing cylinder storage sites) or
representative long-term meteorological data (joint frequency data) were used to estimate air
concentrations of the released radionuclides. For hazardous chemicals and other pollutants, short-
term meteorological data were used because of the required regulatory compliance with short-term
standards and different human health impact endpoints. 

Additional meteorological data sets were used in the analyses of the disposal and manu-
facture and use options. The data sets were grouped into dry and wet environmental settings. The
historical meteorological conditions for five actual “dry” locations in the southwestern United States
and five actual “wet” locations in the central and southeastern United states were averaged to develop
estimates for these generic environmental settings.

The type of data used for the air quality analysis included the following:

• On-site meteorological data — such as temperature, wind speed, and wind
direction — and a description of the recording tower;

• Air quality data from the plant environs (state data); and 

• State and federal ambient air quality standards.
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Impacts relative to the ambient air quality standards for particulate matter with a particle |
diameter equal to or less than 2.5 µm (PM2.5), announced by the EPA on July 17, 1997, were not |
estimated because the worst-case particulate emissions are likely to be coarse particulates (dust) |
emitted during construction, for which the PM10 (particulate matter with a particle diameter equal |
to or less than 10 µm) standards are more appropriate. |

Complex terrain analysis was not required for SCREEN3 modeling. Also, to estimate air
quality impacts at the facility perimeter and off the site, downwash calculations to determine the
influence of on-site buildings were not needed.

Additional details on the analysis of air quality impacts are presented in Tschanz (1997).

C.2  WATER RESOURCES

For the depleted UF6 PEIS, hydrological assessments were performed for all options for |
both surface water and groundwater. The assessment of water resources included evaluation of
(1) existing hydrological environment for continued storage at the three current storage sites;
(2) potential impacts of construction, operation, and accident scenarios for the cylinder preparation
and conversion facility/storage options; and (3) potential impacts to the hydrological environment for
hypothetical generic sites with respect to disposal and manufacture and use. For these generic
options, two environmental settings were evaluated, a dry environment and a wet environment. 

C.2.1  Continued Cylinder Storage

For the continued cylinder storage option, storage of depleted UF6 cylinders would continue
at each of the existing sites. A large number of cylinders containing depleted UF6 are currently stored
at the Paducah, Portsmouth, and K-25 sites. Because of their age, potential direct contact with the
ground, and skirted ends (an extension of the cylinder walls to protect the cylinder valve from |
potential impact damage, which was used in a limited number of cylinder designs), many of these |
cylinders show signs of corrosion. Some instances of cylinder wall breach through corrosion have
occurred, with subsequent exposure of depleted UF6 to the environment (see Appendix B). |

Unknown quantities (estimated to be small) of solid depleted UF6, uranium tetrafluoride
(UF4), uranyl fluoride (UO2F2), and HF dissolved in water might come in contact with the material
beneath a breached cylinder. For cylinders stored on concrete pads, the released material could be
transported laterally by precipitation and surface runoff. If not collected or if the collection system
failed, the transported material could gather in surface depressions or be swept into nearby surface
drainages, potentially contaminating streams or other surface water bodies. Soluble forms could
infiltrate the ground surface in areas of groundwater recharge and potentially contaminate underlying
aquifers. The released material could also dissolve and infiltrate the surface and contaminate shallow
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groundwater adjacent to the storage area. The released material would act as a source of potential
contamination until it was fully dissolved or remediated. 

For impact analysis, each active breached cylinder was assumed to release 4 lb (1.8 kg) of
uranium over a 4-year period. For each of the three sites, the yard with the most predicted breaches
was used in the calculations (C-745-G yard [G-yard] at Paducah, K-1066-K yard [K-yard] at Oak
Ridge, and a combination of the X-745-E yard [E-yard] and X-745-C [C-yard] at Portsmouth).
Because more than one breach could be active at any one time, the maximum number of active
breaches was estimated by using a moving 4-year sum of breaches (see Appendix B).

For continued storage of cylinders, existing conditions were evaluated for surface water and
groundwater. Surface water conditions were derived from field measurements of water quality in
appropriate drainages where data were available. If data were not available, the existing conditions
were estimated using the solubility of the potential contaminants and dilution estimates for the surface
water features. 

The concentrations of uranium leaving the yards at the three current storage sites were
estimated with a simple mass balance based on the area of the yard, the average annual precipitation,
and the maximum number of active breached cylinders (Tomasko 1997b). This contaminated water
was then assumed to flow over land to the nearest stream, where it would mix with initially clean
water and become more dilute. Maximum concentrations in the receiving water were evaluated at the
point of discharge from the yards; additional downstream mixing and dispersion were not considered.

To estimate groundwater quality downgradient of the storage yards, the maximum
concentration at the water table was estimated by using a one-dimensional analytical solution to a
governing partial differential equation that incorporates advection, dispersion, adsorption, and decay
for a time-dependent, step-function source (Tomasko 1997a-b). For groundwater quality calculations,
the contaminant source was assumed to have a maximum concentration equal to the maximum value
in water leaving the storage yard with the most breached cylinders. All water leaving the yard was
then assumed to infiltrate the surface and move vertically downward to the underlying groundwater
aquifer. To provide conservative yet realistic estimates of groundwater concentrations, the source
was modeled as a step-function having a duration equal to the full width of the half-maximum
concentration value (approximately 20 years for each of the three sites). Additional details on the
groundwater modeling are discussed in Tomasko (1997a-b).

C.2.2  Other Options

For the cylinder preparation, conversion, and storage options, physical impacts to surface
water (i.e., changes in runoff and floodplain encroachment) and groundwater (i.e., changes in
recharge, depth to groundwater, and direction of flow) were evaluated for construction, operations,
and accident scenarios identified in the engineering analysis report (LLNL 1997).
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Impacts to runoff were evaluated with a two-step procedure. First, the amount of land area
was estimated that would be changed by installing paved lots and other low-permeability features,
which would modify surface permeability (ease with which water infiltrates the ground surface).
Decreases in surface permeability would lead to increases in runoff, and increases in permeability
would produce less runoff but more infiltration. Second, impacts to runoff were then evaluated by
comparing the altered area to the total land area available at the actual or representative site that was
contributing runoff to surface water. This method was used because of the direct relationship between
impermeable area and runoff (Tomasko 1997b). On the basis of this procedure, large sites would be
preferable to small ones because more land would be available at the larger site to mitigate the
presence of the proposed construction and operation.

Potential impacts to floodplains during construction and normal operations were evaluated
for two aspects: addition or subtraction (withdrawal) of water from a nearby river. In either case, the
impacts were assessed by comparing the volume of water either added or withdrawn to average flow
conditions in the actual or representative river. This method was implemented because of the direct
relationship between volumetric flow and channel depth (Tomasko 1997b) and floodplain prediction.
As with runoff, a site located near a large river would have smaller impacts than a site located near
a small river or stream because the larger river would have a larger flow volume that could mitigate
withdrawals or discharges easier than would a small stream. 

Groundwater physical parameters could be impacted during construction by direct extraction
from a well or a series of wells. Groundwater levels would decrease during pumping, and the
direction of groundwater flow in the vicinity of the well would be changed. Similarly, groundwater
extraction for normal operations could also impact the physical parameters. Potential impacts were
evaluated by comparing the pumping rate with the current groundwater usage at the actual or
representative sites and by using a simple drawdown model (Tomasko 1997b). This method was used
because of the direct correlation between pumping rates and water table elevations. 

Surface water quality was estimated by using simple mixing models to estimate contaminant
concentrations based on the quantity and solubility of the constituents in the effluent stream and the
average flow conditions in the actual or representative receiving water bodies (Tomasko 1997b). For
groundwater quality, the maximum concentration at the water table (point of compliance) was
estimated by using the one-dimensional analytical solution discussed in Section C.2.1. 

Two generic environmental settings were evaluated for the disposal and manufacture and
use options, a dry environment and a wet environment. For the dry environmental setting, the depth
to groundwater was assumed to be large (100 to 500 ft [30 to 150 m]), consistent with the depth to
groundwater at such locations as the mixed waste landfill at Sandia National Laboratories [Johnson
et al. 1994]). For the wet setting, the depth to groundwater was assumed to be small (30 ft [9 m]).
Because site-specific parameters are needed to quantify impacts, the PEIS provided only a qualitative
discussion of impacts for activities assumed to occur in generic environmental settings (i.e., discussion
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of non-site-specific parameters such as water use, effluent volumes, paved areas, and excavation
volumes).

C.2.3  Data Requirements

Input data for the analyses performed for the PEIS were obtained from various site and
contractor reports, when possible. Engineering judgment and professional experience were used to
define input parameters if site-specific data were not available or calculations were for a
representative or generic setting. 

C.3  BIOTIC RESOURCES

Impacts to ecological resources were evaluated for continued cylinder storage, and for the
cylinder preparation, conversion, storage, manufacture and use, and disposal options. Potential
impacts were evaluated for terrestrial and aquatic biota, including vegetation and wildlife, wetlands,
and federal- and state-listed threatened and endangered species. The impact analysis focused on the
radiological and chemical toxicity effects to biota resulting from exposure to depleted UF6 and related
compounds and from physical disturbance to biota and habitats. 

C.3.1  Continued Cylinder Storage and Cylinder Preparation

The impact analysis for continued cylinder storage and cylinder preparation included site-
specific evaluation of impacts to biota in the vicinity of the Portsmouth, Paducah, and K-25 sites.
Exposure to the contaminants of concern (depleted UF6, UO2F2, and HF) under current management
practices was analyzed in the context of storage cylinder integrity and potential release of contents,
including effects of groundwater contamination, surface water contamination, contamination of soils,
and airborne transport of contaminants. Also assessed were other effects of the operation of the three
facilities associated with continued storage of depleted UF6 that might impact biota (e.g., air quality)
and potential impacts from cylinder preparation with respect to habitat loss and changes in biotic
communities. |

C.3.2  Other Options 

The other options for management of depleted UF6 were evaluated in generic terms, based
on the following potential components: technologies for converting depleted UF6 to other forms or
products (including potential exposure to those forms or products and residual products and waste);
technologies for using depleted UF6, long-term storage of depleted UF6 or uranium oxides; and
disposal of depleted UF6 or uranium oxides (including potential exposure to those compounds). The
analysis considered potential impacts of these options to biota in the vicinity of the three
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representative sites (i.e., Paducah, Portsmouth, and K-25 sites) for all options but disposal and
manufacture and use, for which generic environmental settings were assumed. 

C.3.3  Impact Analysis |

The analysis of impacts to wildlife addressed the effects of facility construction and |
operations — such as air quality, radiological, and chemical toxicity effects — through the exposure
pathways of inhalation, dermal contact, and ingestion. Exposures were based on predicted air, surface
water, groundwater, and soil concentrations of contaminants. Predictive modeling is discussed in
Sections C.1 and C.2 of this appendix. Radiological dose rate estimates (in rad/day) were calculated |
for aquatic biota (fish and shellfish) on the basis of undiluted effluent concentrations (in pCi/L), |
energy released per decay (MeV) for depleted uranium, and a bioconcentration factor (factors of 2 |
and 60 were applied for fish and shellfish, respectively). These dose rate estimates were compared |
with the dose limit of 1 rad/d specified in DOE Order 5400.5. Additionally, concentrations of |
uranium, uranium compounds, and HF in air, water, and/or soil were compared with published |
benchmark values (levels with no, or lowest observed, effects) for determination of potential toxicity |
effects. Benchmark values for air concentration lowest observable effects due to inhalation were |
7 mg/m3 for HF, 17 mg/m3 for triuranium octaoxide (uranyl uranate, U3O8), 1 mg/m3 for uranium |
dioxide (UO2), and 0.5 mg/m3 for UF4 (Voegtlin and Hodge 1949). The benchmark value for aquatic |
toxicity was a lowest observable effect level of 150 µg/L for total uranium (Hyne et al. 1992). |
Potential impacts analyzed included impacts to individuals (such as mortality, physical disturbance,
injury, or reduction of reproductive capacity) and potential changes in biotic community structure or
function (such as changes in species dominance, trophic relationships, or ecological processes).

The analysis of ecological impacts to plant species addressed facility construction and
operations effects (such as removal of vegetation during construction) and chemical toxicity effects.
Estimated uranium soil concentrations were compared with a benchmark value of 5 µg/g, which is
the lowest observed effects concentration (Will and Suter 1994). Potential impacts analyzed included |
impacts to individuals (such as mortality, reduction of productivity) and potential changes in biotic
community structure or function (such as changes in species dominance, species diversity, or
ecological processes).

Physical disturbances to biota and habitats were also evaluated. The general guidelines used
to assess impacts of habitat loss and wildlife disturbance were as follows: (1) negligible impacts,
corresponding to less than 10 acres of required land; (2) moderate impacts, corresponding to between
10 and 100 acres of required land; and (3) potential large impacts, corresponding to greater than
100 acres of required land. The potential for impacts to wetlands and federal- and state-listed
threatened or endangered species is a site-specific consideration, and it would be determined in
Phase II analyses and National Environmental Policy Act (NEPA) reviews. |
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C.3.4  Data Requirements |

Data input for the impact analysis included plant and animal species known to occur or
potentially occurring at each storage site and in ecosystems (such as wetland, forest, grassland) in the
vicinity of each site. Also required was information regarding potential releases due to cylinder
failure, transportation, processing of depleted UF6 and related compounds, handling (such as during
repackaging), and disposal. Chemical and physical properties of depleted UF6 and related compounds
were required, including fate in soil, air, and water (such as adsorption or transformation).

C.4  ENVIRONMENTAL RADIATION SOURCES AND EXPOSURES

C.4.1  Normal Operations

Radiological impacts to human health from normal operations at different facilities were
assessed for the continued storage option and for different categories of options. The option
categories corresponded to the different technologies developed in the engineering analysis report
(LLNL 1997). Additional details on the analysis of radiological impacts under normal operations are
presented in Cheng et al. (1997).

C.4.1.1  Receptors

For the PEIS, radiation effects during normal (or routine) operations were estimated by first |
calculating the radiation dose to workers and members of the general public from the anticipated
activities required under each alternative. The analysis considered three groups of people:
(1) involved workers, (2) noninvolved workers, and (3) members of the general public, defined as
follows:

• Involved Workers — Persons working at a site who are directly involved with
the handling of radioactive or hazardous materials:

- Might be exposed to direct gamma radiation emitted from radioactive
materials, such as depleted UF6 or other uranium compounds.

- Would receive very small radiation doses from inhaling uranium compared
with the direct radiation doses resulting from enclosed processes;
ventilation controls would be used to inhibit airborne emissions in
facilities.
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- Would be protected by a dosimetry program to control doses below the
maximum regulatory limit of 5 rem/yr for workers (10 Code of Federal
Regulations [CFR] Part 835).

• Noninvolved Workers — Persons working at a site but not directly involved
with the handling of radioactive or hazardous materials: 

- Might be exposed to direct radiation from radioactive materials (although
at a great distance) and to trace amounts of uranium released to the
environment through site exhaust stacks.

- Would receive radiation exposure primarily through inhalation of radio-
active material in the air, external radiation from radioactive material
deposited on the ground, and incidental ingestion of soil.

• Members of the General Public — Persons living within 50 miles (80 km) of
the site: 

- Might be exposed to trace amounts of uranium released to the environ-
ment through exhaust stacks or wastewater discharges.

- Would receive radiation exposures primarily through inhalation of radio-
active material in the air, external radiation from deposited radioactive
material, and ingestion of contaminated water, food, or soil.

For each of these groups, doses were estimated for the group as a whole (population or
collective dose), as well as for a maximally exposed individual (MEI). The MEI was defined as a
hypothetical person who — because of proximity, activities, or living habits — could receive the
highest possible dose. The MEI for noninvolved workers and members of the general public usually
was assumed to be at the location of the highest on-site or off-site air concentrations of contaminants,
respectively — even if no individual actually worked or lived there. The average individual dose for
involved workers was estimated, rather than the MEI dose, because of uncertainties about involved
worker activities and locations. Under actual conditions, all radiation exposures and releases of
radioactive material to the environment are required to be as low as reasonably achievable (ALARA),
a practice that has as its objective the attainment of dose levels as far below applicable limits as
possible.

C.4.1.2  Radiation Doses and Health Effects 

All radiological impacts were assessed in terms of committed dose and associated health
effects. The calculated dose was the total effective dose equivalent (10 CFR Part 20), which is the
sum of the effective dose equivalent from exposure to external radiation and the 50-year committed
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effective dose equivalent from exposures to internal radiation. Radiation doses were calculated in
units of milliroentgen-equivalent man (mrem) for individuals and in units of person-rem for collective
populations.

The potential radiation doses resulting from normal operations would be so low that the
primary adverse health effects would be the potential induction of latent cancer fatalities (LCFs).
Health risk conversion factors (expected LCFs per absorbed dose) from Publication 60 of the
International Commission on Radiological Protection (ICRP 1991) were used to convert radiation
doses to LCFs, i.e., 0.0005 per person-rem for members of the general public and 0.0004 per person- |
rem for workers. Adverse health effects for individuals were assessed in terms of the probability of |
developing an excess LCF, whereas adverse health effects for collective populations were assessed
as the number of excess LCFs expected in the population. 

C.4.1.3  Exposure Pathways

External radiation would be the primary exposure pathway for involved workers due to the
direct handling of radioactive materials and/or the close working distances to radiation sources.
Radiation exposures through inhalation and incidental ingestion of contaminated particulates would
be possible but would be expected to be very small compared with exposures from external radiation.
Operations that could result in potential airborne emissions would be conducted under a fume hood
or in glove boxes. Even if airborne emissions did occur, the use of high-efficiency particulate air
(HEPA) filters and various air circulation systems would reduce the airborne
pollutants in the working place to a minimal level. Exposures from inhalation could also be prevented
by implementation, as required, of as low as reasonably achievable (ALARA) practices, such as |
workers wearing respirators while performing activities with potential airborne emissions. Potential
exposure from incidental ingestion of particulates could be reduced by workers wearing gloves and
exercising good working practices. On the basis of the small stack emission rates of radioactive
materials estimated in the engineering analysis report (LLNL 1997) and the implementation of various
mitigative measures, radiological impacts to involved workers were analyzed only for external
radiation exposures. 

Inhalation of contaminated particulates and incidental ingestion of deposited particulates
were considered for noninvolved workers who, because of being located farther away from the
radiation sources handled in the facilities, would not be exposed to direct external radiation from
those sources. However, secondary external radiation would be possible from the deposited
radionuclides on ground surfaces and from airborne radionuclides when the emission plume from the
stacks of the processing buildings passed the locations of the noninvolved workers. To obtain
conservative estimates with the calculation, the noninvolved workers were assumed to be exposed
to radiation caused by airborne emissions without any shielding from buildings or other structures.

Radiation exposures of members of the off-site general public were assessed for both
airborne and waterborne pathways. The airborne pathways included inhalation of contaminated
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particulates, external radiation from deposited radionuclides and from airborne radionuclides,
incidental ingestion of deposited radionuclides, and ingestion of contaminated food products (plants,
meat, and dairy products). Plants grown in the area where the emission plume passed could become
contaminated by deposition of radionuclides on the leaves or ground surfaces. Radionuclides
deposited on leaves could subsequently translocate to the edible portions of the plants, and those
deposited on ground surfaces could subsequently be absorbed by plant roots. Livestock and their
products could become contaminated if the livestock ate the contaminated surface soil and plants. 

The waterborne pathways included ingestion of surface water and groundwater; ingestion
of contaminated plant foods, meat, and dairy products; and potential radon exposure from using
contaminated water. Plant foods and fodder could be contaminated from irrigation with contaminated
water, and the livestock and their products could become contaminated if the livestock were fed with
contaminated water and ate contaminated fodder. Potential indoor radon exposures would be possible
if contaminated water was used indoors and radon gas emanated from the water. Because of the large
dilution capability of surface water at the representative sites, the estimated radionuclide
concentrations in surface water were always very low, and potential radiation exposures from the
food chain pathways associated with these low water concentrations would be negligible. Therefore,
radiation exposures resulting from contaminated surface water were assessed only for the drinking
water pathway. The dilution capability would be smaller for groundwater, resulting in higher ground-
water concentrations. Therefore, if the groundwater would be contaminated, radiation exposures
from the food chain pathways, radon pathway, and drinking water pathway were all estimated.

C.4.1.4  Sources of Data and Application of Software

The external exposures incurred by the involved workers were estimated on the basis of
information on worker activities, radiation sources, and exposure distances provided in the radiation
exposure and manpower distribution estimating data in the engineering analysis report (LLNL 1997),
with the use of the MicroShield (Negin and Worku 1992) computer code. MicroShield is a
commercial software program designed to estimate external radiation doses from a variety of sources;
it is widely used for such applications. It was used to calculate the external radiation dose rate
associated with each worker activity, which was then used to calculate collective worker exposures.
After collective worker exposures were determined, the average worker dose was calculated by
dividing the collective dose by the number of involved workers. At this preliminary stage of
engineering design, the information on radiation sources, worker activities, and number of required
workers is subject to a large degree of uncertainty, as are the calculated collective and average
worker doses. Therefore, the calculation results presented should be used only for comparative
purposes among different technologies and options. In reality, the radiation dose to the individual
worker would be monitored and maintained below the DOE administrative control limit of
2,000 mrem/yr (DOE 1992b), which is below the regulatory dose limit of 5,000 mrem/yr
(10 CFR Part 835). 
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Radiological impacts from airborne pathways were estimated with the emission data
provided in the engineering analysis report (LLNL 1997), with the use of the GENII (Napier et al.
1988) computer code, which was also used in several previous environmental impact statement
projects, such as the Final Waste Management Programmatic Environmental Impact Statement for
Managing Treatment, Storage, and Disposal of Radioactive and Hazardous Waste (WM PEIS; DOE
1997), for the same application. The GENII computer code uses the site-specific or representative
meteorological data (joint frequency data) selected for each option to estimate the air concentrations
at downwind locations. It then calculates the biota concentrations by using biotransfer models and
estimates the radiation doses with a built-in dosimetry model. 

The MEI for the noninvolved workers was assumed to be within the site boundary at a
location that would have the maximum air concentration and would yield the largest radiation dose.
For the general public, the location of the MEI was assumed to be either at the site boundary or at
an off-site location that would have the largest air concentration. The site boundary was determined
with actual site information (for the three current storage sites) or with the information on facility
dimensions provided in the engineering analysis report (LLNL 1997). If the facility was assumed to
be at one of the three representative sites, the collective dose for the noninvolved workers was
estimated with information on sitewide worker distribution. If no exact location was determined for
the facility, the noninvolved workers in the facility were assumed to be evenly distributed between
100 to 200 m from the emission point. Population distributions within 50 miles (80 km) around the
three representative sites were obtained from census data and were used to estimate the collective
dose to the off-site public. For facilities without specific locations, a representative population density
of 6 persons/km2 was used for a rural environment and 275 persons/km2 was used for an urban
environment. These would result in a total population of approximately 120,000 and 5,600,000 within
a radius of 50 miles (80 km) for a rural and urban environment, respectively. 

Surface water and groundwater concentrations were obtained through water quality
analyses. Biota concentrations (plant foods, meat, and milk) and indoor radon concentrations from
using contaminated groundwater were estimated with the RESRAD code (Yu et al. 1993). The
RESRAD code contains biotransfer models comparable with those in GENII to estimate biota
concentrations but also has the capability to predict indoor radon concentrations and the associated
radiation doses.

C.4.1.5  Exposure Parameters and Dose Conversion Factors

Inhalation rates for workers were assumed to be 1.2 m3/h (ICRP 1994), with an exposure
duration of 8 hours per day for 250 days per year. Incidental ingestion of particulates was assumed
to be 50 mg/d for the workers. The inhalation rate for the general public was assumed to be 20 m3/d,
with an exposure duration of 24 hours per day for 365 days per year. The ingestion rates for drinking
water and soil for the general public were assumed to be 2 L/d for water, 100 mg/d of soil for adults,
and 200 mg/d of soil for children. No building shielding effect was considered for inhalation and
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external radiation exposures. Therefore, radiation doses estimated in this way would be greater than
the actual doses, which would always be associated with some shielding from buildings. 

Site-specific agriculture data (yield per unit area) for food crops and fodder were used for
the three cylinder storage sites (Oak Ridge National Laboratory 1995). When the location of the
facility was not specified, the default agriculture data in the GENII and RESRAD computer codes
were used. Default food consumption data from the two codes were also used, which were close to
each other and would both result in conservative estimates of the ingestion doses. Nevertheless, in
all the options examined, radiation doses from the food ingestion pathways constituted just a small
fraction of the total dose, which is dominated (>95%) by doses from inhalation (for airborne
pathways) or ingestion of drinking water (for waterborne pathways). 

The GENII computer code incorporates an internal dosimetry model to estimate the
committed effective doses from internal radiation, whereas the RESRAD code uses the EPA internal
dose conversion factors (EPA 1988) to estimate internal doses. Previous benchmarking studies
(Faillace et al. 1994) showed that the two methods resulted in approximately the same radiation doses
under the same exposure conditions. The inhalation doses depend strongly on the solubilities of the
inhaled chemicals. With high solubility, a chemical would be excreted from the human body within
a shorter period of time and would result in less internal exposure. Except for UO2F2 and UF4, which
were assumed to be excreted from the human body within a few days and a few weeks, respectively
(due to the high and moderate solubilities in water), all other uranium chemicals considered in this
PEIS were assumed to remain in the human body for years, thus resulting in greater radiation
exposures. The ingestion doses were estimated by assuming that the uranium compounds would be
absorbed by the gastrointestinal tract to the largest extent possible for uranium compounds; this
would result in the maximum internal exposure.

C.4.2  Accident Conditions

For the assessment of radiological impacts under accident conditions, an accident was
defined as a series of unexpected or undesirable events leading to a release of radioactive or
hazardous material within a facility or the general environment. Accident source terms were defined
as the amounts of radioactive or hazardous materials released to the atmosphere from the primary
container or confinement in dispersible forms. Accident scenarios, source terms, and frequencies for |
most component activities of the alternative management strategies are provided in the engineering
analysis report (LLNL 1997). For continued cylinder storage at the current sites and long-term
storage as UF6 in yards, the accident information was obtained from the safety analysis reports for
the three storage yards (Lockheed Martin Energy Systems, Inc. [LMES] 1997 a-c). The health |
impacts from depleted uranium compounds would be expected to be dominated by their chemical
toxicity and not by their radiological effects. A lethal exposure from the chemical toxicity of uranium
would occur with an internal radiation dose of about 1 rem, which is a dose not considered to have
any significant radiation health effects. 
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C.4.2.1  Receptors

Radiation doses and health risk effects were calculated for noninvolved workers and the
general public. Population doses were calculated up to a distance of 50 miles (80 km) from the release
point. Except under the continued cylinder storage and cylinder preparation options, where actual
locations of storage yards were used, all accidental releases were assumed to be at the centers of the
representative or generic sites. Ten downwind distances and 16 wind directions were applied.
Radiation doses were calculated for the following receptors for accident conditions:

• Noninvolved MEI Worker:  A worker located on-site at the point of
maximum air concentration for uranium compounds (but more than 330 ft
[100 m] from the accident location).

• Noninvolved Worker Population: All workers on the site located more than
330 ft (100 m) from the accident location (including those workers in the
facility where the accident occurred).

• Off-Site MEI:  A hypothetical member of the general public living off-site and
receiving the maximum exposure from accidental releases.

• General Population:  General population within a 50-mile (80-km) radius of
the site where the accident might occur.

During an accident, involved workers might be subject to severe physical and thermal (fire)
forces and could be exposed to releases of chemicals and radiation. The risk to the involved workers
is very sensitive to the specific circumstances of each accident and would depend on how rapidly the
accident developed, the exact location and response of the workers, the direction and amount of the
release, the physical and thermal forces causing or caused by the accident, meteorological conditions,
and characteristics of the room or building if the accident occurred indoors. However, it is recognized
that worker injuries and fatalities are possible from chemical, radiological, and physical forces if an
accident did occur.

C.4.2.2  Radiological Doses and Health Risks

Radiological consequences were calculated in terms of total effective dose equivalent
(TEDE) and LCF. The TEDE is the sum of the effective dose equivalent from external radiation and |
the 50-year committed effective dose equivalent from internal radiation. Radiation doses were
expressed in units of rem for individuals and in units of person-rem for populations. The health risk
conversion factors provided in ICRP Publication 60 (ICRP 1991) were used to calculate LCFs. These
factors are 0.0004/rem for workers and 0.0005/rem for members of the general public. The
conversion factor for the public is slightly higher than that for workers because some individuals in
the public, such as infants, are more sensitive to radiation than the average worker. If these
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conversion factors are applied to the individual dose, the result is the individual increased lifetime
probability of developing an LCF. If these factors are applied to collective (population) dose, the
result is the number of excess LCFs.

C.4.2.3  Methodology

Radiation doses from atmospheric releases were evaluated by using the GENII computer
code (Napier et al. 1988) developed at Pacific Northwest Laboratory. The code implements the
internal dosimetry models recommended by the ICRP in Publication 26 (ICRP 1977) and
Publication 30 (ICRP 1979). The GENII code considers the transport of radioactive material in air,
soil, water, and food sources to the human body. To achieve consistency in the impact analysis among
chemical and radiological releases, air concentrations per unit release were derived by using the
HGSYSTEM (Post 1994a-b; Hanna et al. 1994) and FIREPLUME (Brown et al. 1997) models and
used as input to GENII. The GENII code was used to develop baseline radiation doses from unit
releases (release-to-dose conversion factors) to the various receptors. Accident consequences were
then calculated by multiplying the dose conversion factors with the actual source terms for each
accident.

Accident frequencies are categorized into four groups:

• I — Likely (L): Accidents estimated to occur one or more times in 100 years
of facility operations (frequency •  1 × 10-2/yr).

• II — Unlikely (U): Accidents estimated to occur between once in 100 years
and once in 10,000 years of facility operations (frequency = from 1 × 10-2/yr
to 1 × 10-4/yr).

• III — Extremely Unlikely (EU): Accidents estimated to occur between once
in 10,000 years and once in 1 million years of facility operations (frequency =
from 1 × 10-4/yr to 1 × 10-6/yr).

• IV — Incredible (I): Accidents estimated to occur less than one time in
1 million years of facility operations (frequency < 1 × 10-6/yr).

The results of the accident impacts were summarized on the basis of these frequency categories. One
accident was selected in each category. The chosen accident was the one that would result in the
highest dose to the general public MEI; that accident was then the bounding accident (most
conservative) in that frequency category. The probability of occurrence for an accident is indicated
by its frequency category. For example, an accident that belongs to the extremely unlikely category
has a probability of occurrence between 1 in 10,000 and 1 in 1 million in any 1 year. Therefore, the
overall risk of an LCF to the receptors can be estimated by multiplying the LCF result by the
probability of occurrence of the accident and by the number of years of operations. 
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C.4.2.4  Exposure Pathways

Atmospheric releases from accidents would result in radiation exposure to various receptors
through the following pathways: (1)  external exposure from immersion in the plume containing the
airborne radioactive material (air submersion), a pathway considered in the dose calculations for all
receptors; (2) external exposure from radioactive material deposited on the ground (ground irradi-
ation or groundshine), a pathway included in the dose calculations for the off-site MEI and general
population; (3) internal exposure from inhalation of radioactive airborne material in the plume
(inhalation), a pathway considered in the dose calculations for all receptors; (4) internal exposure
from inhalation of radioactive airborne material suspended in air due to wind action (inhalation), a
pathway included in the dose calculations for the off-site MEI and general population; and (5) internal
exposure from the ingestion of food crops and animal products (ingestion), a pathway included in the
dose calculations for the off-site MEI and general population. The plume inhalation pathway was
found to dominate other pathways, accounting for more than 99% of the dose. 

C.4.2.5  Data Requirements

A variety of data were used in GENII for dose calculations. Unless different values were
provided, the values used in the PEIS are listed in Table C.1.

C.5  CHEMICAL SOURCES AND EXPOSURES

The approach taken for addressing nonradiological human health and safety impacts is
outlined below. The assessment included risk during normal facility operations, risk from accidental
chemical releases, and risk of physical injury (industrial risk).

C.5.1  Normal Operations

This section describes the methodologies used for assessing chemical impacts on human
health from normal operations of different facilities. Chemical impacts were assessed for different
categories of options, which correspond to the different technologies developed in the engineering
analysis report (LLNL 1997), as well as to continued cylinder storage.

C.5.1.1  Receptors

The assessment of health risks associated with chemical sources and exposures was
consistent with the assessment of radiological risks, insofar as possible. The receptors evaluated
included MEIs for noninvolved workers (i.e., those not involved in handling hazardous chemicals)
and the general public. Because the standard methodologies for chemical health risk assessment do
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TABLE C.1  Parameters and Values Used for Dose Calculations with the GENII Code

Parameter Values Used in GENII Code

Inhalation Chronic breathing rate = 1.2 m
3
/h

Acute breathing rate = 1.5 m
3
/h

Plume exposure time = 100% of plume duration

Internal exposure period for dose calculation = 50 years

Air submersion Immersion duration = 100% of plume duration

Ground irradiation Exposure to contaminated soil = 1 year

Building shielding factor = 0.3, which represents exposure of an individual to contaminated soil
8 hours per day or 2,920 hours per year

Ingestion Ingestion takes place over a period of 1 year

Internal exposure period for dose calculation = 50 years

Ingestion of contaminated food = 100% of total consumption rates for the MEI and 10% of total
consumption rates (30% for milk) for the general population

Annual dietary consumption rates (kg/yr):

Leafy vegetables = 18.3 Beef = 84.7

Root vegetables = 73.4 Poultry = 9.5

Fruits = 68.3 Milk = 111.7

Grain = 35.4 Egg = 15.0

Meteorology For 95% meteorological conditions, Pasquill Class F, with a wind speed of 1 m/s in all
directions

For 50% meteorological conditions, Pasquill Class D, with a wind speed of 4 m/s in all
directions

Other default data Plume mixing layer height = 1,000 m

Infinite plume and far-field release conditions

Wet deposition = 0

Deposition velocity = 0.001 m/s for particulates, 0.01 m/s for iodines, and 0 for noble gases

Soil density = 1.5 g/cm
3

Depth of surface soil available for resuspension = 10 cm

Soil resuspension calculated in the code using the Anspaugh model

Leaf resuspension factor = 1.0 × 10
-9

/m

Site-specific data Population distribution at each site

Location of MEI at each site

Meteorological data at each site

Description of accident scenarios

Release elevation (m) (ground release vs. stack release) for each accident

Frequency of each accident
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not usually involve assessment of collective (population) dose or risk, population risk was not
generally evaluated for chemical exposures. However, if a health risk was shown to exist for the MEI
in any of the receptor groups assessed, additional assessment of the likely number of individuals
affected was evaluated.

Because of the conceptual nature of the facility designs, individual worker activities were
highly uncertain, and process-specific chemical concentrations could not be accurately estimated. As
a result, potential impacts to the involved worker MEI were not quantified for normal operations at
the different facilities. However, potential exposures of involved workers to chemicals generated
during the various processes would be addressed by proposed U.S. Occupational Safety and Health
Administration (OSHA) permissible exposure limits (PELs) for soluble uranium compounds and for
HF (29 CFR Part 1910, Subpart Z, as of March 1998). To maintain compliance with OSHA |
standards, it is likely that chemical exposures would be minimized by various engineering mitigative
controls (e.g., fume hoods and glove boxes and heating, ventilating, and air conditioning [HVAC]
designs for high hazard areas) and extensive indoor air monitoring.

C.5.1.2  Chemical Doses and Associated Health Effects

For normal operations, risks were expressed by using the hazard quotient concept for |
exposures to noncarcinogens (i.e., comparison of estimated receptor doses with reference levels or |
doses below which adverse effects would be very unlikely to occur). In general, the chemicals of |
concern for this PEIS were uranium and fluoride compounds, especially HF gas. These substances
would not be chemical carcinogens, so cancer risk calculations were not applicable. The toxicity of
the exposures for relevant receptors was estimated through comparison with oral and inhalation
reference levels (levels below which adverse effects would be very unlikely to occur). The oral |
reference dose of 0.003 mg/kg-d was used for evaluating risks from ingestion of soluble uranium
compounds; EPA derived this value based on a lowest-observed-adverse-effect level in rabbits of
3 mg/kg-d of uranyl nitrate hexahydrate combined with an uncertainty factor of 1,000 (Maynard and
Hodge 1949; EPA 1998a). Because of conflicting results concerning absorption of insoluble uranium |
compounds such as U3O8 and UO2 from the gastrointestinal tract, the oral reference dose of |
0.003 mg/kg-d was also used in this analysis for calculating hazard quotients for these compounds. |
This assumption is conservative because the gastrointestinal tract would absorb a smaller amount of
insoluble than soluble uranium compounds. 

Inhalation reference concentrations for uranium compounds and hydrogen fluoride are not
currently available from standard EPA sources. To assess potential risks from inhalation of these
compounds, interim reference levels were developed from proposed OSHA PELs (29 CFR Part 1910, |
Subpart Z, as of March 1998). The 8-hour time-weighted-average PEL for soluble and insoluble |
uranium compounds is 0.05 mg/m3; for HF it is 2.5 mg/m3. These values were converted to assumed
inhalation reference level values for noninvolved workers in mg/kg-d by assuming an inhalation rate |
of 20 m3/day and a body weight of 70 kg, resulting in interim worker inhalation reference level values |
of 0.014 and 0.71 mg/kg-d for uranium compounds and hydrogen fluoride, respectively. To generate
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interim inhalation reference levels values for the general public, these worker values were adjusted |
to account for increased exposure duration of the general public (assumed 168 hours per week
instead of 40 hours per week); an additional uncertainty factor of 10 was used to account for sensitive
subpopulations in the general public. This results in interim inhalation reference levels for the general |
public of 0.0003 and 0.02 mg/kg-d for uranium compounds and hydrogen fluoride, respectively.

The reference levels used for preliminary evaluation of general public hazard quotients and |
carcinogenic risks from the existing environment at the three current storage sites (see |
Sections 3.1.7.2, 3.2.7.2 and 3.3.7.2) were obtained from the EPA’s Integrated Risk Information |
System (IRIS) when available (EPA 1998a). The slope factor value used for trichloroethylene was |
obtained from the EPA’s National Center for Environmental Assessment (Choudhury 1996). The |
derived reference concentration levels for uranium compounds and HF discussed above were used |
as reference levels for evaluating inhalation of these substances. |

C.5.1.3  Exposure Pathways and Parameters

For the noninvolved worker MEI, chemical intakes and health risks from inhalation of
uranium compounds and HF were assessed, provided that there were airborne emissions from the
facility being evaluated. Incidental ingestion of uranium compounds deposited on soil was also |
assessed. For the general population MEI, intake of uranium compounds and HF was summed over |
all appropriate potential air-associated pathways (i.e., inhalation and incidental ingestion of
contaminants deposited on soil). Soil-related pathways other than incidental ingestion would have |
been evaluated only if the predicted soil concentrations were high enough to indicate that intakes via |
the food chain would be significant. Data for uranium compounds generated for the radiological
impact analyses by the GENII computer code were used to derive appropriate uranium concentration
levels for the various environmental media. Air dispersion modeling for HF, as discussed in
Section C.1, was used to obtain the air concentration of HF at the MEI location. Additional
exposures for the MEI would include ingestion of contaminated water, for which uranium
concentrations were provided through modeling of contaminant transport from effluent sources into
surface waters and/or groundwater. Pathways involving the ingestion of plant foods, meat, and dairy
products contaminated through the use of groundwater for irrigation were included when failure of
engineering barriers and containers could result in the eventual leaching of uranium to groundwater.

Appropriate exposure factors for the various pathways evaluated can generally be obtained
from EPA guidance documents. Generally, the worker MEI was assumed to be exposed for 8 hours
per day, 250 days per year, for a period of 25 years. The MEI for the general public was assumed to |
be exposed for 24 hours per day, 365 days per year, for a period of 30 years. These exposure factors
were modified as appropriate for various options and predicted exposure circumstances. 
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C.5.1.4  Exposure Modeling and Risk Evaluation

Media-specific concentrations of contaminants associated with the normal operation of
facilities for the various options were modeled on the basis of effluent data provided in the engi-
neering analysis report (LLNL 1997). For airborne pathways, these effluent amounts were modeled
by using either the GENII computer code (see Section C.4.1.4) or the ISCST computer code (see
Section C.1). Surface water and groundwater concentrations were obtained through water quality
analyses (see Section C.2).

Modeled concentrations of contaminants in the various environmental media were used to
estimate average daily intakes for the various receptors examined. The ratios of the daily intakes to
appropriate reference dose levels were calculated to generate hazard quotients. Hazard quotients
were summed for individual contaminants and across all appropriate exposure routes (e.g., inhalation,
soil ingestion) to generate hazard indices for the noninvolved worker and general public MEIs for the
various options. These hazard indices were compared with the reference hazard index of 1. A hazard
index of less than 1 is interpreted to indicate that adverse noncancer effects are very unlikely; a hazard
index of greater than 1 would indicate that adverse effects are possible for the MEI, and that further
investigation of potential exposures and additivity of individual contaminant toxicity would be
warranted.

When no adverse effects would be expected for the MEI of a given population (i.e., the
hazard index is less than 1), then by definition no adverse effects would be expected in that
population. Therefore, calculation of population risks is not applicable when MEI hazard indexes are
less than 1.

C.5.2  Accident Conditions

C.5.2.1  Health Criteria

For the assessment of the impact of source terms from accidental releases in this PEIS, two
primary potential health effects endpoints were evaluated: adverse effects and irreversible adverse
effects. Evaluation of these two health endpoints was consistent with the accident evaluations
typically conducted to assess industrial risks (American Industrial Hygiene Association [AIHA] 1996) |
and with the approach taken in the safety analysis reports (LMES 1997a-c) for the three sites. The
selection of appropriate health criteria (e.g., intake levels or air concentrations) to represent these
health effect endpoints for uranium compounds and for other chemicals of potential concern is
discussed in the following subsections. It should be noted that human responses do not occur at
precise exposure levels but can extend over a wide range of concentrations. The values used as
guidelines for potential adverse effects and potential irreversible adverse effects in this PEIS should
not be expected to protect everyone but should be applicable to most individuals in the general
population. In all populations, there are hypersensitive individuals who will show adverse responses
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at exposure concentrations far below levels at which most individuals would normally respond (AIHA |
1996). Alternatively, some individuals will show no adverse response even at exposure concentrations
somewhat higher than the guideline levels. 

On the basis of health criteria levels discussed below, the models described in
Section C.5.2.2 were used to generate contours for the appropriate air concentration levels. The
number of workers or the number of people from the general population projected to be inside each
contour were the number of individuals tabulated as at risk for the health effect endpoint (e.g.,
potential irreversible adverse effects). 

In addition to potential adverse effects and irreversible adverse effects, the number of
fatalities from accidental chemical exposures was estimated to facilitate comparisons with radiological
impacts. For exposures to uranium and HF, it was estimated that the number of fatalities occurring
would be about 1% of the number of irreversible adverse effects (EPA 1993a; Policastro et al. 1997).
Similarly, for exposure to ammonia, the number of fatalities was estimated to be about 2% of the
number of irreversible adverse effects (Policastro et al. 1997). 

C.5.2.1.1  Potential Irreversible Adverse Effects

Uranium. An intake of 30 mg of uranium was used as the health criterion for potential
irreversible adverse effects for exposure to all forms of uranium evaluated in the PEIS. The
background document for the U.S. Nuclear Regulatory Commission (NRC) regulations for the |
Certification of Gaseous Diffusion Plants (10 CFR 76) states that “in assessing the adequacy of |
protection of the public health and safety from potential accidents, the NRC will consider whether
the potential consequences of a reasonable spectrum of postulated accident scenarios exceed 0.25 Sv
(25 rem), or uranium intakes of 30 mg, taking into account the uncertainties associated with modeling
and estimating such consequences” (NRC 1994). According to these regulations, the selection of the |
30 mg uranium intake level as an evaluation guideline level for irreversible injury was based on
information provided in Fisher et al. (1994). This intake level was also used as the evaluation
guideline for the off-site public and for noninvolved workers in accident analysis for evaluation basis
events (annual frequency between 0.01 and 10-6) conducted for the safety analysis reports for the
three sites (LMES 1997a-c). 

In applying the 30 mg uranium intake to accident analysis for the many uranium compounds
considered in this PEIS (i.e., UO2F2, UF4, uranium metal, U3O8, and UO2), the following parameters
were accounted for: molecular weight, solubility, inhalation rate, and duration of predicted exposure.
On the basis of an inhalation rate of 1.5 m3/h as the ventilation rate during light exercise (ICRP 1994),
and on appropriate adjustments to account for the percent uranium in each compound, air
concentrations corresponding to an intake level of 30 mg were calculated for modeled
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exposure durations. For example, the air concentration of 26 mg/m3 UO2F2 corresponding to a 30 mg
uranium intake for a 60-minute exposure to UO2F2 would be calculated as follows: 

30 mg uranium × 308/238 (molecular weight UO2F2/molecular weight uranium)
________________________________________________________________

1.5 m3/h × modeled exposure duration (h)

Additionally, for the insoluble uranium compounds, an uptake factor was incorporated into
the calculated air concentrations, based on ICRP guidance that 0.2% absorption be assumed for
inhalation of less soluble uranium compounds that have biological half-lives of years (i.e., U3O8 and
UO2), as compared with 5% absorption for soluble and slightly soluble compounds such as UO2F2
and UF4 (ICRP 1979).

Other Chemicals. Potential irreversible adverse effects were also assessed for exposure to
other chemicals of concern with respect to accidental releases; these chemicals were HF, hydrochloric
acid, ammonia, sulfuric acid, and nitric acid. Several of these substances would be used and/or
transported only in dilute forms that would not result in potential for irreversible adverse effects if
accidentally released (i.e., hydrochloric acid, sulfuric acid, and nitric acid). For HF and ammonia,
levels corresponding to irreversible adverse effects for exposures of 1-hour duration were set at
corresponding Emergency Response Planning Guideline 2 (ERPG-2) levels. The ERPG levels are |
developed for a variety of chemicals by the AIHA; ERPG-2 levels are defined as “the maximum |
airborne concentration below which it is believed nearly all individuals could be exposed for up to 1
hour without experiencing or developing irreversible or other serious health effects or symptoms that
could impair their abilities to take protective action” (AIHA 1996). The ERPG-2 values are 20 parts |
per million (ppm) for HF and 200 ppm for ammonia; these values were used in the PEIS as evaluation |
guideline levels for potential for irreversible adverse effects for modeled exposure durations of
60 minutes.

The guideline exposure level of 20 ppm used to estimate irreversible adverse effects from |
HF exposure is likely to result in overestimates. This is because no deaths have been known to occur |
as a result of acute exposures (i.e., 1 hour or less) of animals or humans at concentrations of less than |
50 ppm (AIHA 1988), and generally, if death does not occur quickly after HF exposure, recovery is |
complete (McGuire 1991). |

The chemicals evaluated exhibit irritant characteristics; the toxicity of these substances is
generally not linearly proportional to the intake amount. For example, the toxic effect of exposure
to 32 mg/m3 HF for 30 minutes would actually be greater than the toxic effect of exposure to
16 mg/m3 HF for 60 minutes, because the irritant action of the HF is greater at higher air concen-
trations. Data on the appropriate adjustments of HF concentrations for evaluation of shorter exposure
times are presented and discussed in various documents dealing with the toxicity of uranium
hexafluoride (Fisher et al. 1994; McGuire 1991). On the basis of these data, for modeled exposure
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durations of between 5 and 60 minutes, the air concentrations of HF and ammonia corresponding to
the ERPG-2 value were calculated from:

C = CERPG-2(60/t)0.5

where:

C = adjusted exposure guideline value and 

t = modeled exposure duration (min).

It was conservatively assumed that the 5-minute adjusted exposure guideline value would
be applied even for modeled exposure durations of less than 5 minutes.

C.5.2.1.2  Potential Adverse Effects

Uranium. An intake of 10 mg of uranium was used as the health criterion for potential
adverse effects for exposure to all forms of uranium evaluated in the PEIS. This value was based on
conclusions stated in NUREG-1391 (McGuire 1991) that “an intake level of soluble uranium with
no significant detectable health effects, transient or permanent, appears to be about 10 mg in round
numbers.” This level was also used as the evaluation guideline for the off-site public and noninvolved
workers for accident analysis of anticipated events (annual frequency between 0.1 and 0.01)
conducted for the safety analysis reports for the three sites (LMES 1997a-c). 

Adjustment of the 10-mg intake level for the various uranium compounds and modeled
exposure durations was conducted in the same manner as for evaluation of irreversible adverse effects
(see Section C.5.2.1.1).

Other Chemicals. Potential adverse effects were assessed for exposure to HF and ammonia
by using ERPG-1 levels. ERPG-1 levels are defined as “the maximum airborne concentration below
which it is believed nearly all individuals could be exposed for up to 1 hour without experiencing or
developing any but mild transient adverse health effects or perceiving a clearly defined objectionable
odor” (AIHA 1996). The ERPG-1 value is 1.6 mg/m3 for HF and 25 ppm for ammonia; these values |
were used in the PEIS as evaluation guideline levels for potential adverse effects for modeled
exposure durations of 60 minutes. Scaling of these values for modeled exposure durations of less than
60 minutes was conducted in the same manner as for evaluation of irreversible adverse effects (see
Section C.5.2.1.1). As for irreversible adverse effects, it was conservatively assumed that the
5-minute adjusted exposure guideline value would be applied even for modeled exposure durations
of less than 5 minutes. 
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C.5.2.2  Methods and Models

Accident scenarios, source terms, and frequencies for most component activities of the
alternative management strategies were provided in the engineering analysis report (LLNL 1997). For
continued cylinder storage at the current sites and long-term storage as UF6 in yards, this accident
information was obtained from the safety analysis reports for the three storage yards (LMES 1997a-
c). For options considered under each activity, the reference document(s) provided the hypothetical
accident, as well as the release amount as a function of time and duration of release and any special
characteristics of the accidents. Accidents may be due to natural phenomena (earthquakes, tornadoes,
etc.) or due to process accidents or temporary storage facility accidents at the various facilities. The
chemical accidents often include fires and involve such chemicals as depleted UF6 (liquid or solid
form), and its degradation products UO2F2 and HF, uranium oxides, or the metallic form of uranium.
The chemicals identified for accident scenarios depend upon the specific options chosen
(e.g., conversion, disposal). 

Although all accident scenarios presented in the engineering analysis report for the various
options were evaluated and consequences and impacts predicted, only those scenarios necessary to
fully represent the range of potential consequences were quantitatively assessed in the PEIS. The
following models were used to estimate downwind dispersion through air of releases of chemicals:

• HGSYSTEM (Post 1994a-b) for HF releases and releases of uranium
compounds,

• HGSYSTEM/UF6 model (Hanna et al. 1994) for UF6 vapor releases, and

• FIREPLUME model (Brown et al. 1997) for releases from toxic fires of UF6
and other chemicals.

Detailed descriptions of these models are provided in Policastro et al. (1997). Except for the tornado
accident scenario, two meteorological conditions were assumed: D stability with 4 m/s wind speed
and F stability with 1 m/s wind speed. Both sets of assumptions were evaluated, and the results are
presented in this PEIS.

C.5.2.3  Receptors

For each accident, the impacts on noninvolved workers and the general population were
estimated. No quantitative predictions of impacts were made for involved workers (see
Section C.4.2.1). 

Noninvolved workers were considered to be at risk for a given health endpoint if they were
located within the plume contour (based on ERPG level or uranium intake level) for the wind
direction that would lead to the largest worker count. Workers were assumed to be in the locations
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where they work and for conservatism, the protection provided by the building structure was not
included. This computation involved the overlay of the plume contour from the source point and the
rotation of the plume 30 to 100 times to identify the direction with the highest worker count. That
count was reported in the impact evaluation.

Individuals in the general population were also considered to be at risk if they were located
within the plume contour. For the wind direction that would lead to the largest general population
count, a separate overlay was done for the predicted plume to determine maximum population
affected for the human health endpoint for that accident. As usually was the case, the direction leading
to the maximum worker count did not necessarily match the direction for the maximum general
population count. The adverse effects and irreversible adverse effects contours were predicted for
each accident, with the adverse effects contour the larger of the two. For UF6 releases, both the
UO2F2 contour and the HF contour were predicted for both adverse effects and irreversible adverse
effects levels; in general, the HF contours were larger than the uranium contours and led to larger
population risks. 

The MEI worker was assumed to be located 100 m from the accident location. The MEI for
the general population was assumed to be located at the nearest fence line position, although there
are currently no residences at these locations at the three current storage sites. Impacts for MEIs are
presented as “yes” or “no,” depending upon whether the air concentrations of chemicals greater than
or equal to corresponding adverse effects and irreversible adverse effects were modeled at the MEI
locations.

C.5.2.4  Data Requirements

General data used in the accident predictions included the following:

• Estimate of the frequency of the accident per year,

• Release amounts (time history) and quantities for each chemical released,

• Number of workers on site and population off-site by direction, and

• Relative locations of source and receptors for both workers and members of
the general public. 

In the fire accident scenarios, the release quantities were presented as a function of time for the three
phases of the release: puff, fire release, and cooldown. Fire and vapor temperatures were available
as well for predictions. 
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C.5.3  Physical Hazards

The expected number of worker fatalities and injuries associated with each option was
calculated based on statistics available from the Bureau of Labor Statistics, as reported by the
National Safety Council (1995), and on estimates of total worker hours required for construction and
operational activities for each option, as given in the engineering analysis report (LLNL 1997).

Construction and manufacturing annual fatality and injury rates were used for the
construction and operational phases of each option. For injuries, rates for 1993 were used because
1994 rates were not yet available; for fatalities, estimated rates for 1994 were used. The use of data
from two years should not result in incompatible data, since fatality rates in the applicable industry
divisions were identical for 1993 and 1994. Injury incidence rates used were for injuries involving lost
workdays (not including the day of injury).

The specific rates used in calculations for each option were as follows: fatalities during
construction, 15 per 100,000 workers; fatalities during operations, 4 per 100,000 workers; injuries
during construction, 5.5 per 100 full-time workers; injuries during operations, 5.3 per 100 full-time
workers.

Fatality and injury risks were calculated as the product of the appropriate incidence rate
(given above), the number of years for construction and operations, and the number of full-time
equivalent employees for construction and operations for each option. The employment data reported
in the engineering analysis report (LLNL 1997) were used to calculate option-specific risks. For
construction, the data were generally reported in the engineering analysis report as peak and average
employment for each year of construction (construction periods ranged from 4 to 20 years); the
average number of employees for the peak construction year was used in risk calculations. For the
operations phase, the fatality and injury rates were computed for all facility employees for each option
(no distinction was made between involved and noninvolved workers). The available fatality and
injury statistics by industry are not refined enough to warrant analysis of involved and noninvolved
workers as separate classes. 

The calculation of risks of fatality and injury from industrial accidents was based solely on
historical industrywide statistics and therefore did not consider a threshold (i.e., any activity would
result in some estimated risk of fatality and injury). Whatever alternative was implemented would be
accompanied by best management practices, thereby reducing fatality and injury incidence rates. |
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C.6  SOCIOECONOMICS

C.6.1  Scope of the Analysis

Analysis of the socioeconomic impacts of the depleted UF6 management options included
assessment of the construction and operations impacts of continued storage, cylinder preparation,
conversion, manufacture and use, long-term storage, and disposal. For continued storage and cylinder
preparation, site-specific impacts were estimated by using the regions of influence (ROIs) surrounding
the Paducah, Portsmouth, and K-25 sites. For conversion and long-term storage options (except long-
term storage in mines), the ROIs surrounding the three current storage sites were also used as
representative of locations where these types of facilities might be located in the future. For site-
specific and representative site impacts, the analysis estimated the impacts of each option on
(1) regional economic activity, including direct (on-site) and indirect (off-site) employment and
income, (2) population in-migration, (3) local housing markets, and (4) local jurisdictional revenues
and expenditures. The analyses for the manufacture and use, long-term storage in mines, and disposal
options assumed generic, nonspecific sites for the required activities, although it was assumed that
disposal would occur in a rural environment, whereas manufacture and use could occur in a range of
population densities, from rural to urban. For the generic sites, the analysis was limited to estimating
the impacts of each option on direct (on-site) employment and income. Additional details on the
analysis of socioeconomic impacts is provided in Allison and Folga (1997).

Assessment of the socioeconomic impacts for transportation of depleted UF6 was not
included in the PEIS analysis. The transportation of depleted UF6 would not be likely to lead to
significant en route socioeconomic impacts because total expenditures for transportation related to
depleted UF6 would probably be small compared with expenditures related to total shipments of all
other goods for any of the routes that might be used. The analysis might also have considered the
socioeconomic impacts of potential accidents, particularly for depleted UF6-related transportation
activities. However, because it is unlikely that any potential accident would release large quantities
of hazardous or radioactive material into the environment, accidents would be expected to create only
minor local economic disruption, and substantial commitment of fiscal resources for accident
remediation is unlikely to be necessary at any of the current storage sites or along transportation
routes.

C.6.2 Technical Approach for the Analysis of Site-Specific 
and Representative Site Impacts

C.6.2.1  Regional Economic Impacts

The analysis of regional economic impacts used engineering cost data for facilities that
would be constructed and operated for each option and input-output economic data for the ROI
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surrounding each storage site. The ROI at each site was defined as the counties in which 90% of site
employees currently reside (see Chapter 3, Sections 3.1.8, 3.2.8, and 3.3.8). Additional data taken
from data files of the U.S. Bureau of the Census (1994) and from regional economic information
system data files of the U.S. Bureau of Economic Analysis (BEA) (1996a-c) were also used to
forecast economic data at each site to provide the basis for the presentation of relative impacts.

To perform the analysis, engineering cost data for the construction and operation of each
facility were taken from the cost data obtained from LLNL (1996). This report specifies cost and
schedule data for the appropriate work breakdown structure elements, including the cost of materials,
direct labor (installation) costs, and indirect labor (contractor field costs, contractor overhead and
profit, architecture and engineering, construction management, and program management) costs.

Direct (on-site) employment and income impacts were then calculated on the basis of
average total labor costs (i.e., fully loaded labor costs, including site overhead, contractor profit, and
employee benefits) in each category. Estimates of direct income impacts were calculated by adjusting |
average fully loaded labor costs to exclude the various components of site overhead, state and federal
income taxes, and other payroll deductions. This process produces a measure of disposable wage and
salary income that would likely be spent in the regional economy at each of the sites.

Indirect (off-site) impacts were based on detailed item-specific procurement data for material
and adjusted direct and indirect labor costs. Cost information was associated with the relevant
Standard Industrial Classification (SIC) codes and construction and operation schedule information
to provide estimates of procurement and wage and salary expenditures for each sector in the local
economy for the year in which expenditures would be made. Information on the expected pattern of
local and nonlocal procurement for the various materials and labor expenditures by SIC code were
then calculated on the basis of local shares of national employment in each material and labor
procurement category and information provided for each site. Expenditures by SIC code by year
occurring in the ROI at each site were then mapped into the BEA sectors used in an IMPLAN input-
output model (Minnesota IMPLAN Group, Inc. 1994) specified for the ROI at each site (see
Section C.6.2.2). Each model was used to produce employment and income multipliers for each
sector where procurement and labor expenditures occur. Indirect impacts were then calculated by
multiplying expenditures in each sector by the input-output multipliers produced by the model for the
ROI at each site.

Site-specific and representative site impacts are presented in terms of (1) the direct, indirect,
and total employment impacts of each option; (2) the direct and total income impacts of each option;
and (3) the relative employment impact of each option, or the magnitude of the absolute impact
compared to the growth in the local economic employment baseline. Construction impacts for each
option are presented for the peak construction year. Operations impacts are generally presented as
annual averages, except for continued cylinder storage, for which peak operation year values are
presented.
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C.6.2.2  Description of the Regional Economic Impact Assessment Model

The analysis used county-level IMPLAN input-output economic data (Minnesota IMPLAN
Group, Inc. 1994) to measure the regional economic impacts for the three representative sites for
applicable options. The IMPLAN input-output model is a microcomputer-based program that allows
construction of input-output models for counties or combinations of counties for any location in the
United States. Input-output data are the economic accounts of any given region and show the flow
of commodities to industries from producers and institutional consumers. The accounts also show
consumption activities by workers, owners of capital, and imports from outside the region. The
model contains 528 sectors, representing industries in agriculture, mining, construction, manu-
facturing, wholesale and retail trade, utilities, finance, insurance and real estate, and consumer and
business services. The model also includes information for each sector on employee compensation;
proprietary and property income; personal consumption expenditure; federal, state, and local
expenditure; inventory and capital formation; and imports and exports. The model can be used to
produce accurate estimates of the impact of changes in expenditures in specific local activities on
employment and income in any given year. The analysis of regional economic impacts uses the model
to calculate multipliers for each sector in the ROI at each site for which procurement and wage and
salary expenditures would be likely to occur. These multipliers were calculated for the year 1993, the
latest year available at the time the analysis was undertaken.

C.6.2.3  Impacts on Population

Construction and operation of continued storage, cylinder preparation, and long-term
storage options would likely lead to population in-migration into the ROI surrounding each of the
representative sites. In-migration would be both direct, related to new employment created on site,
and indirect, related to changes in employment opportunities in the ROI as a whole. The number of
direct employees in-migrating to each site was based on information on employment in existing DOE
programs and on the level of contractor support at each site. Indirect in-migration that would occur
for each ROI was calculated by using assumed in-migration rates at each site associated with changes
in employment in the local industries most significantly affected indirectly by construction and
operation expenditures for each option, with residual in-migration rates assumed for the remaining
industries in the economy indirectly affected. Population impacts are presented in terms of (1) the
absolute total (direct and indirect) in-migration impact of each option and (2) the relative population
impact of each option, or the magnitude of the absolute impact compared to the growth in the local
economic population baseline. 

C.6.2.4  Impacts on Local Housing Markets

In-migration occurring with construction and operation at each facility has the potential to
affect the local housing market in the ROI at the representative sites for each option. The analysis
considered these impacts by estimating the increase in demand for housing units in each year of
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construction and operation based on the number of in-migrating workers to the area surrounding each
of the representative sites and average household size. The results were compared to forecasts for
housing supply and demand and owner-occupied and rental vacancy rates, for each year during
construction and operation, based on information provided by the U.S. Bureau of the Census (1994)
and in regional economic forecasts (BEA 1996a-c).

C.6.2.5  Impacts on Local Jurisdictions

Construction and operation of each facility would likely lead to some in-migration into the
area surrounding each site, which would translate into changes in demand for educational services
provided by school districts and for public services (police, fire protection, health services, etc.)
provided by cities and counties. To assess the impacts on local jurisdictions, in-migration estimates
(see Section C.6.2.3) were used as the basis for estimating impacts of revenues and expenditures for
the various counties, cities, and school districts in each ROI. Revenue and expenditure data were
based on the annual comprehensive financial reports produced by individual jurisdictions surrounding
each site and on information provided by the U.S. Bureau of the Census (1994). Impacts are
presented in terms of percentage change in forecasted revenues and expenditures for counties, cities,
and school districts in the peak year of construction and in the first year of operations for each facility.

C.6.3  Technical Approach for the Analysis of Generic Site Impacts

The analysis of the socioeconomic impacts of the long-term storage in mines, manufacture
and use, and disposal options was limited to the calculation of direct (on-site) employment and
income impacts. No indirect impacts were calculated because the sites for these facilities have not
been determined. The calculation of direct impacts was based on similar engineering cost information
provided by LLNL (1996, 1997) for each facility and used the same methods as described in
Section 6.2.2. The impacts of long-term storage in mines, manufacture and use, and disposal are
presented in terms of the absolute direct impacts of each option at the generic site. No relative
impacts were calculated because the site for these options has not been determined. For the same
reason, estimates of population in-migration, local housing market impacts, and impacts on local
jurisdiction revenues and expenditures are not provided.

C.7  LAND USE

The assessment of potential land-use impacts for the continued storage, cylinder preparation,
conversion, manufacturing and use, long-term storage, and disposal options was based on a
determination of areal requirements and incompatibility. Where appropriate, the amount of land that
would be required under each option was calculated as a percentage of existing or available land at
the three representative sites. The potential for program options to result in land conversion, land-use
conflicts, or incompatibility with existing site planning documents or controls was explored.
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Conversion refers to the potential of an action to convert land from one type of use to another (e.g.,
from agricultural to commercial). The potential for program options to result in impacts to
surrounding land use is discussed qualitatively and includes an examination of potential level-of-
service traffic impacts. Levels of service are defined by the Transportation Research Board (1994)
and describe service characteristics and thresholds of congestion for highways. 

For purposes of analysis in this PEIS, general criteria for estimation of impacts were as
follows: land-use requirement of less than 50 acres corresponds to negligible impacts, land-use
requirement of between 50 and 200 acres corresponds to potential moderate impacts, and land-use
requirement of greater than 200 acres corresponds to potential large impacts. The actual potential for
land conversion in conflict with existing land-use plans and controls and/or traffic flow problems will
be determined during the Phase II analyses and NEPA reviews. Potential impacts to prime farmland
will also be assessed in the site-specific tier of NEPA documentation that will accompany facility site
selection.

No land-use impacts beyond respective site boundaries would be expected from the off-site
transport aspect of the various management options under consideration. Any commitment of land
at existing facilities that would be necessary for the off-site transport of UF6, oxide, or uranium
by-products is expected to be so small that no impacts would result.

C.8  ENVIRONMENTAL JUSTICE

C.8.1  Background

Executive Order 12898, “Federal Actions to Address Environmental Justice in Minority
Populations and Low-Income Populations,” was issued by President Clinton in February of 1994 and
directs federal agencies to incorporate environmental justice into all agency missions (U.S. President
1994). Under Executive Order 12898, federal agencies are directed to identify and address, as
appropriate, high and adverse human health or environmental effects caused by agency programs,
policies, or actions that disproportionately impact minority or low-income populations. Environmental
justice refers to the equal and fair application of all environmental laws, regulations, and policies to
all races, cultures, and income levels. The goal of the Executive Order is to ensure that no federal
agency program, policy, or action results in impacts that affect minority or low-income populations
to a greater degree than would be expected for the general population.

Executive Order 12898 directed the Administrator of the U.S. Environmental Protection
Agency to establish an interagency working group (called the Federal Working Group on Environ-
mental Justice) to develop criteria for identifying disproportionately high and adverse human health
or environmental effects and to assist every federal agency in developing an environmental justice
strategy. The Working Group, in coordination with the Council on Environmental Quality, has issued |
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definitions to describe disproportionately high and adverse human health effects and |
disproportionately high and adverse environmental impacts as they apply to NEPA (Council on |
Environmental Quality 1997). DOE has also issued interim guidance for implementation of the |
Executive Order (DOE 1995e), and EPA has issued guidance for incorporating environmental justice |
concerns in EPA’s NEPA activities (EPA 1998b). |

C.8.2  Methodology

A determination of the potential for a given project or action to result in environmental
justice impacts requires (1) an examination of the composition of the population residing within a
defined zone of impact and (2) the existence of high and adverse human health effects or impacts
resulting from the project or action under analysis. The potential for a given project or action to
unfairly or “disproportionately” affect a particular segment of the affected population can only be
determined after the minority and low-income populations that make up all or a portion of the
affected population have been defined and identified. Once these populations have been defined and
identified, high and adverse human health effects, if any, can be examined in the context of their
likelihood to disproportionately affect minority or low-income populations.

The analysis of potential environmental justice impacts was limited to site-specific options
because such an analysis requires an examination of the composition of a specific local population.
Surrogate populations cannot be substituted for facilities that have not been specifically sited or
located.

C.8.2.1  Definitions

The following definitions were used in the analysis of potential environmental justice impacts
and were derived from the U.S. Census Bureau and the Working Group’s definitions:

• Census Tract — An area usually containing between 2,500 and 8,000 persons
that is used for organizing and monitoring census data. The spatial dimensions
of census tracts vary widely, depending on population settlement density.
Census tracts do not cross county borders. 

• Disproportionately High and Adverse Environmental Impact — A
deleterious environmental impact determined to be unacceptable or above
generally accepted norms. A disproportionately high impact refers to an
environmental hazard with a risk or rate of exposure for a low-income or
minority population that exceeds the risk or rate of exposure for the general
population.
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• Disproportionately High and Adverse Human Health Effects — Any human
health effect from exposure to environmental hazards that exceeds generally
accepted levels of risk and affects low-income and minority populations at a
rate that appreciably exceeds the rate for the general population. Adverse
health effects were measured in risks and rates that could result in LCFs as
well as nonfatal adverse impacts to human health.

• Low-Income Population — Persons of low-income status. Low-income status
was based on U.S. Census Bureau data definitions of individuals living below
the poverty line. The poverty line is defined by a statistical threshold that
considers family size and income. For 1990, the poverty line threshold for a
family unit consisting of four individuals was $12,674 (based on 1989 income).
For purposes of this analysis, low-income population consists of any census
tract located within a 50-mile (80-km) radius of a storage site that has a low-
income population proportion greater than the respective state average.

• Minority Population — Persons classified by the U.S. Bureau of the Census
as Negro/Black/African-American, Hispanic, Asian and Pacific Islander,
American Indian, Eskimo, Aleut, or other nonwhite, based on self-classification
by individuals according to the race with which they most closely identify. To
avoid double-counting minority Hispanic persons (Hispanics can be of any
race), only white Hispanics were included in the tabulation of minorities.
Nonwhite Hispanics had already been counted under their respective minority
classification (Black, American Indian, etc.). For purposes of this analysis, a
minority population consists of any census tract located within a 50-mile
(80-km) radius of a storage site that has a minority population proportion
greater than the respective state average.

C.8.2.2  Identification and Illustration of Minority and Low-Income Populations

Demographic information obtained from the U.S. Bureau of the Census was used to profile
the population residing within a 50-mile (80-km) radius of each current storage site. A 50-mile
(80-km) radius was selected because it would capture virtually all of the human health risks and
environmental impacts that could potentially occur. For each current storage site, a geographic
information system based on 1990 Census Bureau Tiger Line Files and Summary Tape Files 1 and
3A was utilized to generate maps illustrating minority and low-income populations residing within
the 50-mile (80-km) zone of impact surrounding each site (U.S. Bureau of the Census 1992a-c). 

The unit of analysis was the census tract. For those census tracts only partially located inside
a 50-mile (80-km) radius of a given site, an even population distribution was assumed, and the
population was calculated as a proportion of the tract area physically located within the 50-mile
(80-km) radius (i.e., if 50% of the census area was inside of the 50-mile (80-km) radius, then 50%
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of its population was counted). The maps are presented as Figures C.1 through C.3 and depict the
distribution of minority and low-income census tracts within a 50-mile (80-km) radius of each site.
Information regarding the proportion of the total population residing within 50 miles (80 km) of each
site that is minority or low-income accompanies each figure.

For each current storage site, the proportion thresholds for determining the low-income
and/or minority status of a census tract were based on the proportion of low-income and minority
populations residing within the state where the storage site was located. If the 50-mile (80-km) radius
around a particular current storage site included a portion of another state or states, a weighted
average based on all the affected state low-income and minority population proportions was assigned.
Other reference threshold proportions were considered (i.e., national, multistate regional), but state
population proportions were chosen because they tend to present a more accurate portrayal of the |
affected population. 

C.8.2.3  Impact Approach

The analysis of potential environmental justice impacts resulting from continued storage and
cylinder preparation was based on the conclusions drawn in the risk assessment of human health
effects (radiological and chemical) and a review of environmental impacts presented in discussions
of other technical areas such as air quality, water quality and soils, socioeconomics, and ecological
resources. The analysis of health effects included an examination of risks to the off-site population
associated with normal facility operations and accidents. On-site worker populations were not
included in the analysis because minority population proportion information for each site was not
available and low-income status for workers, regardless of site, could not be determined. If
conclusions drawn in the health risk assessment indicated negligible or low risks to the general
population residing within a 50-mile (80-km) radius of any of the three storage sites, then no
particular subset of the general population, including minorities and low-income persons, was
assumed to experience high and adverse health effects. Consequently, no disproportionate impacts
(i.e., environmental justice impacts) would occur. Likewise, if the review of environmental impacts
across the other technical areas indicated that impacts were negligible or low within a 50-mile
(80-km) radius of a particular site, then no environmental justice impacts would result because the
potential for high and adverse impacts to disproportionately affect minority or low-income
populations would be essentially removed.

An assessment of human health risks for persons or population groups residing within
50 miles (80 km) of a storage site who rely on local plants or animals for a portion of their food
supply was not included in this analysis. A comprehensive analysis that includes an evaluation of an
affected population’s dietary and consumption habits would be considered in the site-specific tier of
NEPA documentation that would follow a Depleted Uranium Hexafluoride Management Program
decision.
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An assessment of potential environmental justice impacts resulting from transportation
accidents was not conducted for this analysis. Although environmental justice impacts could occur
within a given transportation corridor following an accident, a site-specific (i.e., corridor-specific)
demographic analysis cannot be conducted because the transportation analysis did not predict the |
location of accidents, and because it is impossible to predict reliably who will be involved in |
transportation accidents. There is no reason to believe that impacts of transportation accidents will |
affect minority or low-income populations disproportionately. |

C.8.2.3.1  Screening Criteria

To evaluate the potential for continued storage to result in disproportionate impacts to
minority and low-income populations, screening criteria based on the assessment of radiological and
chemical risks were used to determine what sites, if any, would require further analysis. These criteria
included:

• A dose to the general public MEI exceeding 100 mrem/yr under normal
operations.

• An expected LCF equal to or greater than 1 from radioactive sources under
accident conditions.

• A hazard index for the MEI equal to or greater than 1 from chemical sources
under normal operations.

• An expected incidence of irreversible adverse effects equal to or greater than 1
from accidental chemical releases, when accident frequency categories and
duration of operations were considered. 

In assessing accident risks, the consequence of an accident must be considered as a function
of the expected frequency of the accident. For example, if a particular accidental chemical release was
projected to result in 100 fatalities but was expected to occur only once in 10,000 years (also
expressed as 1 × 10-4 per year), then expected annual fatalities could be calculated by multiplying the
consequence (100 fatalities) of the accident by the expected accident frequency (1 × 10-4 per year),
which yields 0.01 expected fatalities per year from the particular accident analyzed. The PEIS
assessment of human health risk categorizes accident frequencies according to the likelihood of
occurrence. A discussion of risk conversion factors, accident consequences, and frequency categories
is presented in Chapter 4. 

The hazard index for the MEI (see Appendix D, Table D.5) was used to determine health
effects from chemical sources under normal operations. This methodology is discussed in greater
detail in Section C.5. 
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To determine expected LCFs from radiological source accidents, the LCF risk for the
general public (see Appendix D, Table D.8) was multiplied by the frequency category value of the
worst accident scenarios to determine maximum effects. For purposes of this analysis, the midrange
value of the frequency category under consideration was used (i.e., 10-5 for the frequency category
that is defined by a range of 10-4 to 10-6).

The expected incidence of irreversible adverse effects from accidental chemical releases was
determined by multiplying the number of persons projected to be affected under the worst accidental
release scenario by the midrange value of the appropriate frequency category value, and then
multiplying that total by the number of years under consideration. Although the depleted UF6 PEIS
risk assessment projected possible radiological and chemical human health effects from disposal
beyond the year 2039, such effects could not be included in the analysis of potential environmental
justice impacts because the composition of the population residing within 50 miles (80 km) of a site
cannot be projected with accuracy beyond the year 2040. Current minority and low-income
population proportions for each site were assumed to the year 2039. 

C.8.2.3.2  Demographic Analysis

If projected human health effects exceeded screening criteria limits at any of the three sites,
a demographic analysis would be conducted. For radiological impacts from normal operations, the
50-mile (80-km) radius surrounding each site would be divided into sectors and blocks for a higher
resolution examination. A grid consisting of pie-shaped sectors (see Figures C.1 through C.3)
positioned 360•  around the centroid of the storage yards and six concentric circles (with interval sizes
of 5 and 10 miles [8 and 16 km]) radiating outward would be used to break the 50-mile (80-km) zone
of impact surrounding each site into sectors and blocks. A block consists of the portion of a
preshaped sector bounded by (or located between) two concentric circles. 

If the dose to the general public MEI from radiological sources under normal operations
equaled or exceeded 100 mrem/yr, a block dose value would be assigned to each census tract in the
affected sector block or blocks. A comparative analysis of the tracts receiving the highest doses
(upper 10%) would be conducted to determine the proportion of tracts that were minority or low-
income. If the proportion of minority or low-income tracts in the upper 10% was higher than the
proportion of minority or low-income tracts inside the 50-mile (80-km) zone of impact surrounding
an affected site, then an environmental justice impact would be declared. 

For chemical releases associated with routine operations that resulted in a hazard index equal
to or greater than 1 for the MEI, the block containing the MEI would be examined for population
composition. If the MEI block was composed of minority or low-income census tracts, then a
declaration of potential disproportionate health impacts would be included in the impact discussion
for the appropriate site. In cases where the MEI block would contain more than one census tract, the
tract closest to the site would be used to determine potential disproportionality.
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If screening criteria were exceeded for radiological and chemical accident releases, a
population composition analysis would be conducted for census tracts in all sectors and blocks within
a 5-mile (8-km) radius of the release source. A 5-mile (8-km) limit was chosen because release plume
analysis indicated that at least 95% of the effects from accidental releases would occur within 5 miles
(8 km) of the release point. Although an accidental release would have the greatest potential to affect
persons residing in sectors and blocks located downwind from the release, a 5-mile (8-km) radius
provides a conservative means to estimate potential disproportionate effects, regardless of wind
direction at the time of release. If the proportion of minority or low-income census tracts located
within a 5-mile (8-km) radius of release points was higher than the proportion for the entire 50-mile
(80-km) zone of impact surrounding the site, then a declaration of potential disproportionate health
impacts would be included in the impact discussion for the affected site.

C.9  TRANSPORTATION

The technical approach for conducting the transportation risk assessment was developed
following an extensive review of the literature and existing NEPA documentation for federal actions
involving transportation of radioactive materials. The transportation risk assessment approach for the
PEIS is consistent with the approach developed to support the WM PEIS (DOE 1997). Recently, the |
same approach was also applied in the Department of Energy Programmatic Spent Nuclear Fuel
Management and Idaho National Engineering Laboratory Environmental Restoration and Waste
Management Programs Final Environmental Impact Statement (INEL EIS; DOE 1995a) and in the
Final Environmental Impact Statement on a Proposed Nuclear Weapons Nonproliferation Policy
Concerning Foreign Research Reactor Spent Nuclear Fuel (DOE 1996a). The basic assessment
approach has been previously reviewed by DOE and by representatives of DOE, including a
transportation technical review group whose mission was to evaluate available analytical methods for
the INEL EIS. The review group included technical representatives of Argonne National Laboratory;
Bettis Atomic Power Laboratory (Naval Reactors); and Savannah River Site, Hanford Site, and
Science Applications International Corporation-Idaho (preparers of the INEL EIS). In addition,
comments on the approach were also solicited from the NRC for the WM PEIS. The approach is
described below. 

The approach for the hazardous chemical component of the transportation risk assessment
was similar to the radiological approach. However, no cargo-related impacts were assessed under
routine conditions.

C.9.1  Scope of the Analysis

The transportation risk assessment for management of depleted UF6 involved estimating the
potential human health risks during transportation of depleted uranium in different forms. Risks were
estimated from both “vehicle-related” and “cargo-related” causes. Vehicle-related risks result from
the nature of transportation itself, independent of the radioactive characteristics of the cargo. For



Assessment Methodologies C-41 Depleted UF6 PEIS

example, increased levels of pollution from vehicular exhaust emissions may affect human health.
Similarly, accidents during transportation may cause injuries and fatalities from physical trauma. On
the other hand, cargo-related risk generally refers to risks that would be attributable to the
characteristics of the shipment cargo. The cargo-related risks from the transportation of depleted
uranium would be caused by exposure to ionizing radiation. Exposures to radiation occur under both
routine (i.e., incident-free) transportation and during accident conditions. 

For each of the alternatives considered for managing depleted UF6 that would involve
transportation, cargo-related and vehicle-related risks were calculated for shipments between each
of the origin and destination sites (see Table C.2). Options evaluated included the shipment of
depleted UF6 from its current location(s) to storage or conversion facilities; the shipment of UO2
from conversion facilities to storage, cask manufacture, or disposal facilities; the shipment of U3O8
from conversion facilities to storage or disposal facilities; the shipment of depleted uranium metal
from conversion facilities to cask manufacture facilities; and the shipment of low-level radioactive
waste (LLW) from conversion and manufacturing facilities to LLW disposal sites. The number of
shipments between each pair of origin and destination sites was calculated for truck and rail modes
by using projected site-specific inventories.

Unit risks per kilometer were developed because the locations of the conversion, storage,
manufacturing, end user, and disposal facilities have not been determined. These unit risks were based
on national average data derived from the data discussed below for route-specific data. The
application of these data is discussed in the PEIS.

The technical approach for estimating transportation risks uses several computer models and
databases. Transportation risks were assessed for both routine and accident conditions. For the
routine assessment, risks were calculated for the collective populations of all potentially exposed
individuals, as well as for a small set of MEI receptors. The accident assessment consisted of two
components: (1) an accident risk assessment, which considered the probabilities and consequences
of a range of possible transportation-related accidents, including low-probability accidents that have
high consequences, and high-probability accidents that have low consequences; and (2) an accident
consequence assessment, which considered only the radiological consequences of low-probability
accidents that were postulated to result in the largest releases of radioactive material. The release
fractions used in the accident risk assessment were based on the data in NUREG-0170 (NRC 1977a)
and independent engineering analyses.

C.9.2  Routine Risk Assessment Method

The RADTRAN 4 computer code (Neuhauser and Kanipe 1993) was used for the routine
and accident cargo-related risk assessments to estimate the radiological impacts to collective
populations. RADTRAN 4 was developed by Sandia National Laboratories to calculate population
risks associated with the transportation of radioactive materials by a variety of modes, including
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TABLE C.2  Potential Shipments of Radioactive Material Analyzed in the PEIS 
for Depleted UF6

Material Origin Destination

Depleted UF6 Gaseous diffusion plants site
storage yards

Storage or conversion facilities

UO2 Conversion facilities Storage, manufacturing, or
disposal facilities

Uranium oxide cask Manufacturing facilities End user

U3O8 Conversion facilities Storage or disposal facilities

Depleted uranium metal Conversion facilities Manufacturing facilities

Depleted uranium metal cask Manufacturing facilities End user

Low-level waste (depleted uranium-
contaminated material)

Conversion, manufacturing,
and cylinder transfer and
treatment facilities

Low-level waste disposal sites

Mixed waste Conversion, manufacturing,
and cylinder transfer and
treatment facilities

Mixed waste treatment

truck, rail, air, ship, and barge. The code has been used extensively for transportation risk assessments
since it was issued in the late 1970s and has been reviewed and updated periodically. 

As a complement to the RADTRAN calculations, the RISKIND computer code (Yuan et al.
1995) was used to estimate scenario-specific doses to MEIs for both routine operation and accident
conditions and to estimate population impacts for the accident consequence assessment. The
RISKIND computer code was originally developed for the DOE Office of Civilian Radioactive Waste
Management specifically to analyze radiological consequences to individuals and population
subgroups from the transportation of spent nuclear fuel and is now capable of analyzing the transport
of other radioactive materials.

Routine risks from hazardous chemical shipments would not be expected. The shipping
packages were assumed not to leak during routine transportation operations.
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C.9.2.1  Collective Population Risk

The radiological risk associated with routine transportation results from the potential
exposure of people to low-level external radiation in the vicinity of loaded shipments. Because the
radiological consequences (dose) occur as a direct result of normal operations, the probability of
routine consequences is taken to be unity in the RADTRAN 4 code. Therefore, the dose risk is
equivalent to the estimated dose.

For routine transportation, the RADTRAN 4 computer code considers all major groups of
potentially exposed persons. The RADTRAN 4 calculations of risk for routine highway and rail
transportation include exposures of the following population groups:

• Persons along the Route (Off-Link Population). Collective doses were
calculated for all persons living or working within 0.5 mile (0.8 km) of each
side of a transportation route. The total number of persons within the 1-mile
(1.6-km) corridor was calculated separately for each route considered in the
assessment.

• Persons Sharing the Route (On-Link Population). Collective doses were
calculated for persons in all vehicles sharing the transportation route. This
group includes persons traveling in the same or opposite directions as the
shipment, as well as persons in vehicles passing the shipment.

• Persons at Stops. Collective doses were calculated for people who might be
exposed while a shipment was stopped en route. For truck transportation,
these stops include stops for refueling, food, and rest. For rail transportation,
stops were assumed to occur for purposes of classification.

• Crew Members. Collective doses were calculated for truck and rail
transportation crew members involved in the actual shipment of material.
Workers involved in loading or unloading were not considered.

The doses calculated for the first three population groups were added together to yield the
collective dose to the general public; the dose calculated for the fourth group represents the collective
dose to workers. The RADTRAN 4 models for routine dose are not intended for use in estimating
specific risks to individuals. 

The RADTRAN 4 calculations for routine dose are based on generically expressing the dose
rate as a function of distance from a point source (Neuhauser and Kanipe 1993). Associated with the
calculation of routine doses for each exposed population group are parameters such as the radiation
field strength, the source-receptor distance, the duration of exposure, vehicular speed, stopping time,
traffic density, and route characteristics such as population density. The RADTRAN manual contains
derivations of the equations and descriptions of these parameters (Neuhauser and Kanipe 1993). 
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For the depleted UF6 PEIS, the collective routine risks were calculated for each set of
shipments as follows. Impacts were estimated on a unit risk per kilometer traveled basis because the
origin and destination sites for the alternatives have not yet been determined. As such, RADTRAN 4
was used to calculate the collective risks to workers and the public on the basis of accident rates and
population densities, which are summarized in Biwer et al. (1997), and representative radiological and
physical properties of the transported material. The collective risks presented incorporated the total
number of shipments over the life of the project (20 years in most cases). For a given option, the
number of shipments for each type of material was determined by the annual input or output
capacities for the facility under consideration (conversion, treatment, storage, manufacture, or
disposal). To give the reader a perspective on the routine risks involved, results were presented for
shipment distances of 250, 1,000, and 5,000 km.

C.9.2.2  Maximally Exposed Individual Risk

In addition to the assessment of the routine collective population risk, the risk to MEIs was
estimated for a number of hypothetical exposure scenarios by using RISKIND. The receptors
included transportation crew members, departure inspectors, and members of the public exposed
during traffic delays, while working at a service station, or while living near a facility.

The dose to each MEI considered was calculated with RISKIND for an exposure scenario
defined by a given distance, duration, and frequency of exposure specific to that receptor. The
distances and durations of exposure were similar to those given in previous transportation risk
assessments (DOE 1990, 1995a, 1996a) The scenarios were not meant to be exhaustive but were
selected to provide a range of potential exposure situations. 

The RISKIND external dose model considers direct external exposure and exposure from
radiation scattered from the ground and air. RISKIND was used to calculate the dose as a function
of distance from a shipment on the basis of the dimensions of the shipment (millirem per hour for
stationary exposures and millirem per event for moving shipments). The code approximates the
shipment as a cylindrical volume source, and the calculated dose includes contributions from
secondary radiation scattering from buildup (scattering by the material contents), cloudshine
(scattering by the air), and groundshine (scattering by the ground). The dose rate curve (relative dose
rate as a function of distance) specific to depleted uranium was determined by using the MicroShield
code (Negin and Worku 1992; see Section C.4.1.4) for input into RISKIND. As a conservative
measure, credit for potential shielding between the shipment and the receptor was not considered. 

C.9.2.3  Vehicle-Related Risk

Vehicle-related health risks resulting from routine transportation might be associated with
the generation of air pollutants by transport vehicles during shipment and would be independent of
the radioactive or chemical nature of the shipment. The health endpoint assessed under routine
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transportation conditions was the excess latent mortality due to inhalation of vehicular emissions.
These emissions consist of particulate matter in the form of diesel engine exhaust and fugitive dust
raised from the road/railway by the transport vehicle. 

Risk factors for pollutant inhalation in terms of latent mortality have been generated by
Rao et al. (1982). These risk factors are 1.6 × 10-7/mile (1 × 10-7 mortality/km) and 2.1 × 10-7/mile
(1.3 × 10-7 mortality/km) for truck and rail travel, respectively, in urban areas. The risk factors are
based on regression analyses of the effects of sulfur dioxide and particulate releases from diesel
exhaust on mortality rates. Excess latent mortalities were assumed to be equivalent to LCFs. Vehicle-
related risks from routine transportation were calculated for each shipment by multiplying the total
distance traveled in urban areas by the appropriate risk factor. This method has been used in several
reports to calculate risks from routine transportation of radioactive wastes (DOE 1990, 1995a,
1996a).

The routine vehicle-related health risks were considered to be incremental risks. The risk of
mortality from air pollutants is thought to occur after some threshold air concentration is exceeded
(EPA 1993b). In addition, the air concentration thresholds were derived when considering chronic
exposure over extended periods of time. Such higher air pollutant concentrations exist primarily in
populated urban areas, where the increase in pollutant levels by a single shipment would incrementally
add to the mortality risk. Rural and suburban population areas generally do not have such high air
pollutant levels, and the relatively small amount added as the result of a single shipment would not
be enough to raise air concentrations above threshold levels for injury for even a brief period of time.

C.9.3  Accident Assessment Methodology

As discussed in the previous section, the radiological transportation accident risk assessment
uses the RADTRAN 4 code for estimating collective population risks and the RISKIND code for
MEI and population consequences.

The hazardous chemical transportation accident risk assessment relies on the HGSYSTEM
model (Post 1994a-b) for both the collective population and individuals. The model is a widely
applied code recognized by the EPA for chemical accident consequence predictions. 

The collective accident risk for each type of shipment was determined in a manner similar
to that described for routine collective risks. Unit accident risks on a per kilometer traveled basis were
first calculated for each type of shipment. As discussed in Chapter 4, the accident risk assessment uses
national route average characteristics such as accident rates and population density information. In
addition, the radiological, chemical, and physical properties of the material transported and its
packaging characteristics were incorporated into the calculations. The collective accident risks
presented incorporated the total number of shipments over the life of the project (20 years in most
cases). For a given option, the number of shipments for each type of material was determined by the
annual input or output capacities for the facility under consideration (conversion, treatment, storage,



Assessment Methodologies C-46 Depleted UF6 PEIS

RTotal • D × A × •
i• 1,n

(Pi × Ci) ,

manufacture, or disposal). To give the reader a perspective on the accident risks involved, results
were presented for shipment distances of 250, 1,000, and 5,000 km.

C.9.3.1  Radiological Accident Risk Assessment

The risk analysis for potential accidents differs fundamentally from the risk analysis for
routine transportation because occurrences of accidents are statistical in nature. The accident risk
assessment is treated probabilistically in RADTRAN 4 and in the HGSYSTEM approach used to
estimate the hazardous chemical component of risk. Accident risk is defined as the product of the
accident consequence (dose or exposure) and the probability of the accident occurring. In this
respect, RADTRAN 4 and the HGSYSTEM approach both estimate the collective accident risk to
populations by considering a spectrum of transportation-related accidents. The spectrum of accidents
was designed to encompass a range of possible accidents, including low-probability accidents that
have high consequences, and high-probability accidents that have low consequences (such as “fender
benders”). The total collective radiological accident dose risk was calculated as:

where:

RTotal = total collective dose risk for a single shipment distance D (person-rem),

D = distance traveled (km),

A = accident rate for transport mode under consideration (accidents/km),

Pi = conditional probability that the accident is in severity category I, and

Ci = collective dose received (consequence) should an accident of severity
category I occur (person-rem).

The results for collective accident risk can be directly compared with the results for routine collective
risk because the latter results implicitly incorporate a probability of occurrence of one if the shipment
takes place.

The RADTRAN 4 calculation of collective accident risk employs models that quantify the
range of potential accident severities and the responses of transported packages to accidents. The
spectrum of accident severity is divided into a number of categories. Each category of severity is
assigned a conditional probability of occurrence — that is, the probability that an accident will be of
a particular severity if an accident occurs. The more severe the accident, the more remote the chance
of such an accident. Release fractions, defined as the fraction of the material in a package that could
be released in an accident, are assigned to each accident severity category on the basis of the physical
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and chemical form of the material. The model takes into account the mode of transportation and the
type of packaging being considered. The accident rates, the definition of accident severity categories,
and the release fractions used in this analysis are discussed further in Biwer et al. (1997). The
approach for hazardous chemicals incorporates the same accident severity categories and release
fractions used by RADTRAN 4.

For accidents involving the release of radioactive material, RADTRAN 4 assumes that the
material is dispersed in the environment according to standard Gaussian diffusion models. For the risk
assessment, default data for atmospheric dispersion were used, representing an instantaneous ground-
level release and a small-diameter source cloud (Neuhauser and Kanipe 1993). The calculation of the
collective population dose following the release and dispersal of radioactive material includes the
following exposure pathways:

• External exposure to the passing radioactive cloud,

• External exposure to contaminated ground,

• Internal exposure from inhalation of airborne contaminants, and

• Internal exposure from the ingestion of contaminated food.

For the pathway of ingestion, national-average food transfer factors, which relate the amount
of radioactive material ingested to the amount deposited on the ground, were calculated in
accordance with the methods described by NRC Regulatory Guide 1.109 (NRC 1977b) and were
used as input to the RADTRAN code. Doses of radiation from the ingestion or inhalation of
radionuclides were calculated by using standard dose conversion factors (DOE 1988a-b).

C.9.3.2  Chemical Accident Risk Assessment

The risks from exposure to hazardous chemicals during transportation-related accidents can
be either acute (result in immediate injury or fatality) or latent (result in cancer that would present
itself after a latency period of several years). Both population risks and risks to the MEI were
evaluated for transportation accidents. The acute health endpoint, potential irreversible adverse
effects, was evaluated for the assessment of cargo-related population impacts from transportation
accidents. Accidental releases during transport of various uranium compounds (e.g., UF6, UO2,
U3O8, uranium metal), HF, and ammonia were evaluated quantitatively. 

The acute effects evaluated were assumed to exhibit a threshold nonlinear relationship with
exposure; that is, some low level of exposure can be tolerated without inducing a health effect. To
estimate risks, chemical-specific concentrations were developed for potential irreversible adverse
effects. All individuals exposed at these levels or higher following an accident were included in the
transportation risk estimates. In addition to acute health effects, the cargo-related risk of excess cases
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of latent cancer from accidental chemical exposures could be evaluated. However, none of the
chemicals that might be released in any of the accidents would be carcinogenic. As a result, no
predictions for excess latent cancers are presented in this report for accidental chemical releases.

Additionally, to address MEIs, the locations of maximum hazardous chemical concentration
were identified for shipments with the largest potential releases. Estimates of exposure duration at
those locations were obtained from modeling output and used to assess whether MEI exposure to
uranium and other compounds exceeded the criteria for potential irreversible adverse effects.

The primary exposure route of concern with respect to accidental release of hazardous
chemicals would be inhalation. Although direct exposure to hazardous chemicals via other pathways,
such as ingestion or dermal absorption, would also be possible, these routes would be expected to
result in much lower exposure than the inhalation pathway doses for the chemicals of concern in the
depleted UF6 PEIS. The likelihood of acute effects would be much less for the ingestion and dermal
pathways than for inhalation.

The HGSYSTEM Version 3.0 model (Hanna et al. 1994) has a built-in source-term
algorithm that is used to compute the rate, quantity, and type of atmospheric release of a hazardous
air pollutant, including pool evaporation from a volatile organic liquid spill. The model is able to
handle frequently encountered accidental releases from ruptured tanks, drums, and pipes. The model
incorporates a chemical data library of physical and chemical properties (such as vapor pressure,
boiling point, and molecular weight) for 30 chemical compounds. Physical properties of the chemical
released, along with container content input, such as the container geometry and rupture
characteristics (e.g., hole size), are used by HGSYSTEM to compute chemical release rate and
duration. The risk assessment for hazardous chemicals assumed that organic liquid spills and
particulate releases would be of short duration as liquid and solid (as respirable fraction) aerosols.
The release fractions were estimated with the approach used for radionuclide releases. The risks
associated with the consequences estimated with the HGSYSTEM code were computed separately
with a risk quantification spreadsheet program. 

C.9.3.3  Accident Consequence Assessment

Because predicting the exact location of a severe transportation-related accident is
impossible when estimating population impacts, separate accident consequences were calculated for
accidents occurring in rural, suburban, and urban zones of population density. Moreover, to address
the effects of the atmospheric conditions existing at the time of an accident, two different atmospheric
conditions were considered. The first case assumed neutral (i.e., unstable) atmospheric conditions,
and the second assumed stable conditions.

The MEI for severe transportation accidents was considered to be located at the point of
highest hazardous material concentration that would be accessible to the general public. This location
was assumed to be 100 ft (30 m) or farther from the release point at the location of highest air
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concentration as determined by the HGSYTSTEM and FIREPLUME models. Only the shipment
accident resulting in the highest contaminant concentration was evaluated for the MEI.

C.9.3.3.1  Radiological Accident Consequence Assessment

The RISKIND code was used to provide a scenario-specific assessment of radiological
consequences of severe transportation-related accidents. Whereas the RADTRAN 4 accident risk
assessment considers the entire range of accident severities and their related probabilities, the
RISKIND accident consequence assessment focuses on accidents that result in the largest releases
of radioactive material to the environment. Accident consequences were presented for each type of
shipment that might occur under any given option for each alternative. The accident consequence
assessment was intended to provide an estimate of the potential impacts posed by a severe
transportation-related accident.

The severe accidents considered in the consequence assessment are characterized by extreme
mechanical and thermal forces. In all cases, these accidents result in a release of radioactive material
to the environment. The accidents correspond to those within the highest accident severity category,
as described previously. These accidents represent low-probability, high-consequence events. The
probability of accidents of this magnitude would be dependent on the number of shipments and the
total shipping distance for the options considered; however, accidents of this severity would be
expected to be extremely rare.

Severe accidents involving solid radioactive material that result in the highest impacts
generally are related to fire. The fire acts to break down and distribute the material of concern. Air
concentrations of radioactive contaminants at receptor locations following a hypothetical accident
were determined by using the FIREPLUME model. On the basis of these air concentrations,
RISKIND was used to calculate the radiological impacts for the accident consequence assessment.

The accident consequences were calculated for both local populations and MEIs. The
population dose includes the population within 50 miles (80 km) of the site of the accident. The
exposure pathways considered would be similar to those discussed previously for the accident risk
assessment. Although remedial activities after the accident (e.g., evacuation or ground cleanup)
would reduce the consequences of an accident, these activities were not given credit in the
consequence assessment. 

C.9.3.3.2  Chemical Accident Consequence Assessment

The HGSYSTEM model version 3.0 was used to estimate the potential consequences from
severe hazardous chemical accidents. The FIREPLUME model was used to predict the consequences
of transportation accidents involving fires. The HGSYSTEM model is described in Section C.9.3.2.
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C.9.3.4  Vehicle-Related Accident Risk Assessment

The vehicle-related accident risk refers to the potential for transportation-related accidents
that could directly result in fatalities not related to the cargo in the shipment. This risk represents
fatalities from mechanical causes. National-average rates for transportation-related fatalities were
used in the assessment. Vehicle-related accident risks were calculated by multiplying the total distance
traveled by the rate for transportation-related fatalities. In all cases, the vehicle-related accident risks
were calculated by using distances for round-trip shipment.

C.10  WASTE MANAGEMENT

C.10.1  General Methods

Impacts to the waste management resources at each of the sites were evaluated for the
continued storage, cylinder preparation, conversion, manufacture and use, long-term storage, and
disposal options. For the continued storage and cylinder preparation options, site-specific impacts
were estimated on the basis of actual cylinder populations in the storage yards of the Paducah,
Portsmouth, and K-25 sites. For the conversion and long-term storage options (except long-term
storage in mines), the three current storage sites were used as representative locations. The analysis |
of site-specific and representative site impacts compared the volume throughputs resulting from
normal activities at the waste management facilities at each site with the waste throughputs expected
from the different options. Wastes were considered according to the standard categories of LLW,
low-level mixed waste (LLMW), hazardous waste, and nonhazardous waste. In addition, waste
streams were identified as to media type (e.g., solid or liquid) and the likely treatment (e.g.,
incineration, compaction, or sanitary discharge). Where new waste management facilities would be
needed at a particular site, the impacts for waste management from construction of these facilities
were also evaluated. The analysis for manufacturing and use, long-term storage in mines, and disposal
options assumed generic, nonspecific environmental settings for the required activities.

For purposes of analysis for the generic options, the wastes generated at each site were |
compared with the total amount of waste generated nationwide in all DOE waste management
activities. The comparison of waste generation rates with available capacity for depleted UF6 waste |
(especially LLW) was limited primarily to the DOE waste management system. Currently three |
commercial facilities (Barnwell, South Carolina; Richland, Washington; and Envirocare in Utah) are |
accepting about 37,000 m3/yr of commercial LLW, and DOE is disposing of about 65,000 m3/yr of |
LLW at DOE facilities. DOE LLW generation is expected to increase to about 100,000 to 200,000 |
m3/yr once environmental restoration operations begin. Commercial facilities that manage LLW have |
the capability to expand rapidly and may accept DOE LLW in the future if it can be managed |
profitably.  Also, some of the depleted UF6 wastes might not be considered DOE wastes (e.g., |
calcium fluoride [CaF2] or magnesium fluoride [MgF2] possibly generated during conversion |
processes, if the conversion were conducted by a private commercial enterprise).
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The analysis also included the secondary waste streams associated with storage of treated
or untreated waste and any secondary waste streams associated with the packaging or handling of
treated wastes in preparation for disposal.

C.10.2  Data Requirements

For each option considered, projected annual generation volumes for the various waste types
were compared with waste treatment volumes/disposal capacities projected from existing programs
at the representative sites or projected to be available at the national level (especially for the disposal,
manufacturing and use, and long-term storage in mines). The projected waste generation volumes and
contaminant levels for each option were obtained from the engineering analysis report (LLNL 1997)
and other programmatic sources for continued storage and long-term yard storage (Parks 1997; Folga
1996). The waste generation volumes projected for each site (or nationwide) are shown in Table C.3.
To estimate waste, these projected site-dependent LLW and LLMW data were obtained from analysis
of site-generated data listed in the Integrated Data Base Report — 1994 (DOE 1995b) for LLW and
from the Mixed Waste Inventory Summary Report (DOE 1995c) for LLMW. The estimated wastes
generated from each depleted UF6 management option are compared with the estimated waste
treatment volumes listed in Table C.3. The treatment volumes in Table C.3 are associated with
operations and do not include waste from environmental restoration activities. 

Estimates of projected wastes for the next 20 years were used in this comparison rather than
current waste volumes because the comparison should represent waste management conditions some
10 to 30 years from now. Waste management programs at particular sites could change over time.

Estimates of the LLW to be disposed of at DOE waste management disposal facilities
depend critically upon the time frame under consideration and the types of waste to be included. The
WM PEIS estimates that approximately 1,060,000 m3 of LLW will be disposed of during the time
frame 1995-2014 (DOE 1997). This estimate does not include any LLW from environmental
restoration activities or facility stabilization activities. A more appropriate estimate that includes
environmental restoration waste (perhaps more uncertain) comes from The 1996 Baseline
Environmental Management Report (BEMR) (DOE 1996b), which estimates the total amount of
LLW for treatment at waste management facilities to be 3,400,000 m3. This estimate is for the next
75 years and includes contributions from environmental restoration and facility stabilization programs.
The majority of environmental restoration wastes are expected to be generated between 2003 and
2033, approximately the correct time frame to compare with the depleted UF6 program. For this
reason, the BEMR estimate was used for comparison with the estimated depleted UF6 waste.
Adjustments must be made to the BEMR estimate to convert treatment volumes into disposal
volumes. Both volume reductions and expansions would occur during waste treatment and grouting,
depending on the relative amounts of the different types of waste. On the basis of the WM PEIS
analysis (DOE 1997), the BEMR estimate was adjusted to 4,250,000 m3 for the estimated disposal
volume. The total disposal volumes for LLW generated from various depleted UF6 alternatives were
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TABLE C.3  Projected Site and National DOE Waste Treatment Volumes

Waste Treatment Volume
a
 (m

3
/yr)

Waste Category Paducah Portsmouth K-25 (ORR)
b

Nationwide

Low-level waste
c

2,200 4,800 8,100 68,000
d

Low-level mixed waste
e

100 1,600 (5,000) 19,000
d

Hazardous waste
f

76 120 1,000 –

Nonhazardous waste
f

    Solids 2,100 – (27,500) –

    Wastewater – – – –

    Sanitary waste 560,000 500,000 880,000 –

a
A hyphen (–) indicates no data reported.

b
Waste treatment volumes for the K-25 site are listed where available. Much of the
waste generated at K-25 is included in the combined treatment volumes listed under
the Oak Ridge Reservation (ORR) treatment, storage, and disposal facilities. These |
combined volumes (enclosed in parentheses) include waste generated at ORNL, K-25,
and Y-12. 

c
Source: DOE (1995b).

d
Estimated operational waste for 1995 for all DOE sources combined (DOE 1997).

e
Source: DOE (1995c).

f
Source: DOE (1995d).

compared to the total estimated disposal volume for LLW for all DOE waste management activities
(including environmental restoration waste). 

A distinction is made between treatment volumes and disposal volume. Treatment volumes
were compared as cubic meters per year (m3/yr) because the limitations to the treatment facility are
likely related to the throughput volume (m3/yr) of the treatment facility. Disposal volumes were
compared as total cubic meters (m3) because disposal facilities generally have no throughput
limitations but rather are limited by the total volume of waste (m3) they can accept. 

Although the current LLW disposal capacity is inadequate to dispose of the projected
4 million m3 of LLW, such land is available at DOE and commercial LLW disposal facilities to
accommodate disposal of this waste (DOE 1992a). These lands will be developed for LLW disposal,
as needed. 
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C.11  CULTURAL RESOURCES

Cultural resources were generally evaluated with respect to the potential for impact to
archaeological sites and historic structures listed on or eligible for the National Register of Historic
Places, the environmental setting of a listed or eligible property, and traditional use areas (e.g.,
cemetery, Native American resource). Because specific sites have not been chosen for the options
(with the exception of continued storage and cylinder preparation activities), only limited impact
evaluation was possible. A site-specific evaluation as a part of the second tier of NEPA
documentation will assess the location of proposed ground disturbance with respect to locations of
significant cultural resources to determine impacts.

For the continued storage and cylinder preparation options, information regarding cultural
resources was collected from each of the three current storage sites (Paducah, Portsmouth, and
K-25). The potential for impacts resulting from these options was determined on the basis of ground
disturbance caused by the construction of the new storage yards (if any), or a new transfer facility.
Although each of the sites will prepare its own NEPA documentation for these projects, this PEIS
provides a general discussion of what potential impacts might occur.

C.12  RESOURCE REQUIREMENTS

The evaluation of resource requirements identified the major irreversible and irretrievable
commitments of resources that could be determined at this programmatic level of analysis. The
commitment of material and energy resources during the entire life cycle of the various options in this
PEIS includes construction materials that could not be recovered or recycled, materials rendered
radioactive that could not be decontaminated, and materials consumed or reduced to unrecoverable
forms or waste. Where construction would be necessary, materials required could include wood,
concrete, sand, gravel, steel, and other metals. Materials consumed during operations could include
operating supplies, miscellaneous chemicals, and gases. Strategic and critical materials, or resources
with small reserves, were also identified and considered. 

Energy resources irretrievably committed during construction and operations would include
the consumption of fossil fuels used to generate heat and electricity. Energy would also be expended
in the form of diesel fuel, gasoline, and oil for construction equipment and transportation vehicles.

The assessment of potential resource requirements for the continued storage, cylinder
preparation, conversion, and long-term storage options was based on comparing the resource
requirements of building and operating proposed facilities to existing capacities of on-site
infrastructure systems and to current off-site demands at the three current storage sites. A variation
of the methodology applied in the WM PEIS (DOE 1997) was utilized in this study. The effects of
the various options on on-site infrastructure systems such as electrical demand were assessed
qualitatively by comparing the new demand to the existing maximum capacity. The demand on off-site
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infrastructure resulting from new resource requirements for each option was compared to estimated
current demand.
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NOTATION  (APPENDIX D)

The following is a list of acronyms and abbreviations, including units of measure, used in this
document.  Some acronyms used only in tables are defined in those tables.

ACRONYMS AND ABBREVIATIONS

General

CFR Code of Federal Regulations
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
Kd distribution coefficient
LCF latent cancer fatality
LLMW low-level mixed waste
LLNL Lawrence Livermore National Laboratory
LLW low-level radioactive waste
LMES Lockheed Martin Energy Systems, Inc.
MCL maximum contaminant level
MEI maximally exposed individual
NRC U.S. Nuclear Regulatory Commission
PEIS programmatic environmental impact statement
PM10 particulate matter with a mean diameter of 10 µm or less
ROI region of influence
VOC volatile organic compound

Chemicals

CO carbon monoxide
HC hydrocarbon
HF hydrogen fluoride
NOx nitrogen oxides
SOx sulfur oxides
UF4 uranium tetrafluoride
UF6 uranium hexafluoride
UO2F2 uranyl fluoride
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UNITS OF MEASURE

ft foot (feet)
ft2 square foot (feet)
g gram(s)
gal gallon(s)
ha hectare(s)
in. inch(es)
kg kilogram(s)
km kilometer(s)
L liter(s)
lb pound(s)
µg microgram(s)
µm micrometer(s)
m meter(s)

m3 cubic meter(s)
mg milligram(s)
min minute(s)
mrem millirem(s) 
pCi picocurie(s)
ppb part(s) per billion
ppm part(s) per million
rem roentgen equivalent man
s second(s)
yd2 square yard(s)
yd3 cubic yard(s)
yr year(s)
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Continued Storage of Cylinders

The continued storage of depleted UF6 cylinders at the
Paducah, Portsmouth, and K-25 sites would be required
for some period of time for all alternative management
strategies. Continued storage would involve maintenance
of the cylinders — including inspections, painting, and
cylinder yard upgrades — as well as valve replacement
and cylinder repair, as needed. The impacts of continued
storage were assessed separately for the following:

No Action Alternative:  Potential impacts were assessed
for continued storage of the entire cylinder inventory at
the three current storage sites through the year 2039,
including potential long-term impacts to groundwater and
human health and safety.

Action Alternatives:  Potential impacts were assessed for
continued storage at the three current storage sites based
on the assumption that the number of cylinders at these
sites would begin to decrease in the year 2009 and that all
of the cylinders would be removed from the three sites by
the end of the year 2028 (corresponding to the period
during which conversion or long-term storage would be
implemented). Potential long-term impacts were also
assessed. 

APPENDIX D: 

ENVIRONMENTAL IMPACTS OF CONTINUED CYLINDER STORAGE 
AT CURRENT STORAGE SITES

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites near Paducah, Kentucky; Portsmouth, Ohio; and Oak Ridge, Tennessee. This programmatic
environmental impact statement (PEIS) describes alternative strategies that could be used for the
long-term management of this material and analyzes the potential environmental consequences of
implementing each strategy for the
period 1999 through 2039. This
appendix provides detailed information
describing continued storage of DOE-
generated cylinders at the three current
storage sites. The discussion provides
background information, as well as a
s u mmary o f  t he  es t i m a t ed
environmental impacts associated with
this option.

Continued cylinder storage at
the Paducah, Portsmouth, and K-25 sites
would be required for some period of
time for all alternative management
strategies. It was assumed that the entire
depleted UF6 cylinder inventory would
continue to be stored at the three sites
through 2008 for all alternatives. Under
the no action alternative, the entire
cylinder inventory would continue to be
stored at the three sites indefinitely. For
purposes of analysis and for comparison
with action alternatives, the assessment
period considered in this PEIS was
through the year 2039. Under action
alternatives, the number of cylinders
stored at the three sites would decrease as the cylinders were transported to another location for
conversion or long-term storage. This decrease at the sites was assumed to occur from 2009 through
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1 These estimates were meant to provide a consistent analytical timeframe for the evaluation of all of the PEIS
alternatives and do not represent a definitive schedule.

2028.1 The assessment of impacts from continued cylinder storage at the three sites considers all
anticipated activities required to safely manage the cylinder inventory from 1999 through 2039 for
the no action alternative and from 1999 through 2028 for the action alternatives.  Potential long-term
impacts from cylinder breaches potentially occurring at the sites through the year 2039 (No Action
Alternative) or through 2028 (action alternatives) were estimated by calculating the maximum
groundwater contamination levels possible in the future from those breaches.

The cylinder surveillance and maintenance activities that are to be undertaken from now
through September 30, 2002, are described in detail in the UF6 Cylinder Project Management Plan
(Lockheed Martin Energy Systems [LMES] 1997d). However, because the assessment period for this
PEIS extends through the year 2039, a set of assumptions was needed to define the activities for
estimating the impacts of continued storage through 2039. The assumptions used are documented
in a memo by J.W. Parks, Assistant Manager for Enrichment Facilities, DOE Oak Ridge Operations
Office (Parks 1997). In developing these assumptions, it was recognized that the activities actually
undertaken might differ from those described in the cylinder project management plan. Therefore,
assumptions were chosen such that anticipated impacts of continued cylinder storage made in the
PEIS would result in conservative estimates (that is, the assumptions used would overestimate
impacts rather than underestimate them).  

Impacts associated with the following activities were analyzed: (1) storage yard recon-
struction and cylinder relocations; (2) routine and ultrasonic testing inspections of cylinders and
valve monitoring and maintenance; (3) cylinder painting; and (4) repair and removal of the contents
of any cylinders that might be breached during the storage period. Although actual activities
occurring at the three storage sites during the time period considered might vary from those
described in the cylinder project management plan, the estimated impacts of continued storage
activities assessed in this PEIS are likely to encompass and bound the impacts at these sites. The
assumptions for each activity are discussed further in the following paragraphs.

The total inventory of 46,422 depleted UF6 cylinders generated by DOE before 1993 is
currently stored as follows: 28,351 cylinders (about 60%) in 13 yards at the Paducah site;
13,388 cylinders (about 30%) in two yards at the Portsmouth site; and 4,683 cylinders (about 10%)
in three yards at the K-25 site. An intensive effort is ongoing to improve yard storage conditions.
This effort includes (1) relocation of some cylinders, which are currently either in contact with the
ground or are too close to one another to allow for adequate inspections, and (2) construction of new
storage yards or reconstruction of existing storage yards to provide a stabilized concrete base and
monitored drainage for the cylinder storage areas. The impacts from planned relocation and
construction activities that will not be complete by 1999 are included in the PEIS for consideration
as part of continued cylinder storage; these activities include reconstruction of four Paducah yards,
construction of a new yard for the K-25 site cylinders, relocation of about 19,000 cylinders at
Paducah, and relocation of all cylinders at  K-25. 
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The stored cylinders are regularly inspected for evidence of damage or accelerated
corrosion; about 75% are inspected every 4 years, and 25% are inspected annually. Annual
inspections are required for those cylinders that have been stored previously in substandard
conditions and/or those that show areas of heavy pitting or corrosion. In addition to these routine
inspections, ultrasonic inspections are currently conducted on some of the relocated cylinders. The
ultrasonic testing is a nondestructive method to measure the wall thickness of cylinders. Valve
monitoring and maintenance are also conducted for cylinders that exhibit discoloration of the valve
or surrounding area during routine inspections. Leaking valves are replaced in the field. Impacts from
routine inspections, ultrasonic inspections, and valve maintenance are evaluated as components of
continued cylinder storage. For assessment of the no action alternative, the frequency of routine
inspections and valve monitoring was assumed to remain constant through 2039, and ultrasonic
testing was assumed to be conducted annually for 10% of the relocated cylinders. Relocation
activities would be completed in about 2003, after which 10% of the cylinders painted each year
were assumed to be inspected by ultrasonic testing. For the action alternatives, the frequency of
inspections was assumed to decrease with decreasing cylinder inventory (about a 5% decrease in
inspections per year) from 2009 through 2028. 

Current plans call for cylinder painting at the three sites to control cylinder corrosion. On
the basis of information from the cylinder painting program (Pawel 1997), the analysis assumed that
the paint would protect the cylinders for at least 10 years and that, once painted, the cylinders would
not undergo further corrosion during that time. Although repainting might not actually be required
every 10 years, the analysis assumed that every cylinder would be repainted every 10 years (except
for the period 2019 through 2028 for the action alternatives, during which time no painting was
assumed because of decreasing inventory size — i.e., cylinders being removed within 10 years for
conversion or long-term storage elsewhere would not be repainted). The painting activity includes
cylinder surface preparation (e.g., scraping and removal of rust deposits). Because some radioactive
contaminants may exist on the surface of cylinders and because the metal content of the paints used
previously are unknown, for purposes of the PEIS analysis the waste generated during surface
preparation was considered to be low-level-mixed waste. Cylinder painting activities would be the
primary source of potential radiological exposures for involved workers under the continued cylinder
storage option. 

Before 1998, seven breached cylinders had been identified at the three storage sites.
Breached cylinders are cylinders that have a hole of any size at some location on the wall.
Investigation of these breaches indicated that five of the seven were initiated by mechanical damage
during stacking; the damage was not noticed immediately, and subsequent corrosion occurred at the
damaged point. The other two cylinder breaches were concluded to have been caused by external
corrosion due to prolonged ground contact. In 1998, one additional breached cylinder occurred
during the course of cylinder maintenance operations. When cylinders are breached, moist air reacts
with the exposed UF6 and iron, resulting in the formation of a dense plug of uranium tetrafluoride
(UF4) and iron fluoride hydrates that prevents rapid loss of material from the cylinders. Further
details on cylinder corrosion and releases due to breaches are given in Appendix B. 
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Considering the improved storage conditions in the yards, intensive inspection schedule,
and the planned cylinder painting, the impact analysis for the no action alternative was based on the
assumption that breaches resulting from corrosion would cease. Therefore, the primary potential
cause of breaches considered for continued storage was mechanical damage occurring during
cylinder handling (e.g., for painting or relocations). Although stringent inspection procedures are
now in place to immediately identify and repair any cylinder breaches that might occur during
handling, for purposes of analysis it was nonetheless assumed that breaches caused by mechanical
damage would continue to occur at the same rate as in the past and that the breaches would go
unidentified for a long enough time for releases to occur (see Appendix B). Using these assumptions,
the total numbers of breaches assumed to occur from 1999 through 2039 for the no action alternative
analyses (base case) were 36 for the Paducah site, 16 for the Portsmouth site, and 7 for the K-25 site.

The above breach numbers were used to estimate potential impacts from repairing breached
cylinders and from releases that might occur during continued storage through 2039 under the
no action alternative. Potential radiological exposures of involved workers could result from
patching breached cylinders and subsequently emptying the cylinder contents into new cylinders. The
impacts to groundwater and human health and safety from uranium releases were assessed by
estimating the amount of uranium that could be transported from the yards in surface runoff,
followed by estimating migration through the soil to the groundwater. 

The uncertainty in both the effectiveness of painting in controlling further corrosion and
in the future painting schedule was addressed by also conducting a conservative assessment based
on the assumption that external corrosion was not halted by improved storage conditions and
painting, resulting in more breaches (see Section D.3). Using these assumptions, the total numbers
of breaches estimated from 1999 through 2039 were 444 for the Paducah site, 74 for the Portsmouth
site, and 213 for the K-25 site. The results of this assessment were used to provide an estimate of the
earliest time when continued cylinder storage could begin to raise regulatory concerns under these
worst-case conditions. 

For the action alternatives, continued storage at the three sites would occur through 2028,
with the inventory decreasing by about 5% per year starting in 2009 until no cylinders would remain
at the current sites in 2028. Because the status of a cylinder painting program is less certain for the
action alternatives, the estimated number of breached cylinders for these alternatives was based on
the assumption that external corrosion was not controlled by painting (see Appendix B for the
specific number of breaches assumed and Section D.4 for discussion of potential impacts for the
action alternatives). 

For all hypothetical cylinder breaches, it was assumed that the breach would go undetected
for a period of 4 years, which is the duration between planned inspections for most of the cylinders.
In practice, cylinders that show evidence of damage or heavy external corrosion are inspected
annually, so it is unlikely that a breach would go undetected for a 4-year period. On the basis of
estimates from investigation of cylinder breaches that have occurred to date, 1 lb (0.45 kg) of
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uranium (in the form of uranyl fluoride [UO2F2]) and 4.4 lb (2 kg) of hydrogen fluoride (HF) were
assumed to be released from each breached cylinder annually for a period of 4 years. 
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D.1  SUMMARY OF CONTINUED CYLINDER STORAGE IMPACTS

This section provides a summary of the potential environmental impacts associated with
continued cylinder storage at the three current storage sites for the no action alternative and for the
other alternatives. Additional discussion and details related to the assessment methodologies and
results for each area of impact are provided in Sections D.2 and D.4. The potential environmental
impacts of continued cylinder storage are summarized in Table D.1 and as follows: 

• Through the year 2039 for the no action alternative and the year 2028 for the
action alternatives, all health and safety impacts to workers and the general
public in the vicinity of the sites as a result of cylinder storage and
maintenance activities are estimated to be well within the applicable health
and safety standards. 

• All postulated accidents, including the highest consequence accidents, were
estimated to result in zero latent cancer fatalities (LCFs) due to radiological
causes among both workers and members of the general public. Some
accidents, if they occurred, could result in up to 300 irreversible adverse
effects among workers and 1 irreversible adverse effect among the general
public due to chemical effects of released materials. However, such accidents
have a very low probability and would not be expected to occur through the
year 2039 for the no action alternative and the year 2028 for the action
alternatives. 

• During the assessment period (through 2039 under the no action alternative
and 2028 under the action alternatives), all environmental impacts resulting
from continued storage activities, including impacts to air resources, water
resources, socioeconomics, ecological resources, waste management, land and
other resources, cultural resources, and the environmental justice impacts
would be negligibly small or well within the applicable standards. 

• Long-term impacts from cylinder breaches estimated to occur through 2039
under the no action alternative would be well within the applicable standards
assuming that cylinder painting would be effective in controlling corrosion.
If no credit were taken for corrosion reduction through painting and continued
maintenance, and on the basis of conservative estimates of numbers of
breaches and material loss from breached cylinders, it is estimated that the
uranium concentrations in the groundwater around the three sites would
exceed the guideline of 20 µg/L used for comparison at some time in the |
future (around the year 2100 or later). Similarly, if the larger number of
cylinder breaches occurred because of uncontrolled cylinder corrosion, air
concentrations of HF at the K-25 site could exceed the State of Tennessee
standard around the year 2020. For the action alternatives, all long-term
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impacts are estimated to remain within the guideline values with or without |
taking credit for reduced corrosion through painting.
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TABLE D.1  Summary of Continued Cylinder Storage Impacts
a

No Action Alternative Action Alternatives

Impacts during Storage (1999-2039) Long-Term Impacts Impacts during Storage (1999-2028) Long-Term Impacts

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose (3 sites):  

1,500 person-rem

Total number of LCFs (3 sites):
0.6 LCF

Noninvolved Workers:
Maximum annual dose to MEI :  

0.043 – 0.11 mrem/yr

Maximum annual cancer risk to MEI: 
2 × 10

-8
 – 4 × 10

-8
 per year

Total collective dose (3 sites):  
0.12 person-rem

Total number of LCFs (3 sites):  
5 × 10

-5
 LCF

General Public:
Maximum annual dose to MEI:  

0.02 – 0.16 mrem/yr

Maximum annual cancer risk to MEI: 
1 × 10

-8
 – 8 × 10

-8
 per year

Total collective dose to population 
within 50 miles (3 sites):  

0.38 person-rem

Total number of LCFs in population
within 50 miles (3 sites): 

 2 ×10
-4

 LCF

Involved Workers:  
No impacts

Noninvolved Workers:
No impacts

General Public:
Maximum annual dose to MEI:  

0.026 – 0.49 mrem/yr

Maximum annual cancer risk to MEI: 
1 × 10

-8
 – 2 × 10

-7
 per year

Total collective dose to population 
within 50 miles (3 sites):  

not determined

Total number of LCFs in population 
within 50 miles (3 sites):  

not determined

Involved Workers:  
Total collective dose (3 sites):  

720 person-rem

Total number of LCFs (3 sites):
0.3 LCF

Noninvolved Workers:
Maximum annual dose to MEI :  

0.057 – 0.26 mrem/yr

Maximum annual cancer risk to MEI: 
2 × 10

-8
 – 1 × 10

-7
 per year

Total collective dose (3 sites):  
0.47 person-rem

Total number of LCFs (3 sites):  
0.0002 LCF

General Public:
Maximum annual dose to MEI:  

0.022 – 0.46 mrem/yr

Maximum annual cancer risk to MEI: 
1 × 10

-8
 – 2 × 10

-7
 per year

Total collective dose to population 
within 50 miles (3 sites):  

1.07 person-rem

Total number of LCFs in population 
within 50 miles (3 sites): 

 0.0005 LCF

Involved Workers:  
No impacts

Noninvolved Workers:
No impacts

General Public:
Maximum annual dose to MEI:  

0.021 – 1.3 mrem/yr

Maximum annual cancer risk to MEI: 
1 × 10

-8
 – 7 × 10

-7
 per year

Total collective dose to population 
within 50 miles (3 sites):  

not determined

Total number of LCFs in population 
within 50 miles (3 sites):  

not determined
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TABLE D.1  (Cont.)

No Action Alternative Action Alternatives

Impacts during Storage (1999-2039) Long-Term Impacts Impacts during Storage (1999-2028) Long-Term Impacts

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Human Health – Accidents: Radiological

Bounding accident: vehicle-induced fire,
3 full 48G cylinders;

b
 bounding accident

frequency:  1 in 10,000 years to 1 in
1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence): 

Dose to MEI:  0.02 rem

Risk of LCF to MEI: 8 × 10
-6

 per year

Collective dose:  16 person-rem

Number of LCFs:  6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  
1 × 10

-5
 per year

Collective dose to population 
within 50 miles:  63 person-rem

Number of LCFs in population 
within 50 miles:  3 × 10

-2

No accidents Bounding accident: vehicle-induced fire,
3 full 48G cylinders;

b
 bounding accident

frequency:  1 in 10,000 years to 1 in
1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence): 

Dose to MEI:  0.02 rem

Risk of LCF to MEI: 8 × 10
-6

 per year

Collective dose:  16 person-rem

Number of LCFs:  6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  
1 × 10

-5
 per year

Collective dose to population 
within 50 miles:  63 person-rem

Number of LCFs in population 
within 50 miles:  3 × 10

-2

No accidents
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TABLE D.1  (Cont.)

No Action Alternative Action Alternatives

Impacts during Storage (1999-2039) Long-Term Impacts Impacts during Storage (1999-2028) Long-Term Impacts

Human Health – Accidents: Chemical

Bounding accident: vehicle-induced fire,
3 full 48G cylinders;

b
 bounding accident

frequency:  1 in 10,000 years to 1 in
1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1,000 persons

Number of persons with potential 
for irreversible adverse effects:

300 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1,900 persons

Number of persons with potential 
for irreversible adverse effects:

1 person

No accidents Bounding accident: vehicle-induced fire,
3 full 48G cylinders;

b
 bounding accident

frequency:  1 in 10,000 years to 1 in
1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1,000 persons

Number of persons with potential 
for irreversible adverse effects:

300 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1,900 persons

Number of persons with potential 
for irreversible adverse effects:

1 person

No accidents

Human Health — Accidents: Physical Hazards

Construction and Operations: 
All Workers:
Less than 1 (0.11) fatality, approximately
143 injuries

No activities in the long term Construction and Operations: 
All Workers:
Less than 1 (0.07) fatality, approximately
90 injuries

No activities in the long term
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TABLE D.1  (Cont.)

No Action Alternative Action Alternatives

Impacts during Storage (1999-2039) Long-Term Impacts Impacts during Storage (1999-2028) Long-Term Impacts

Air Quality

Construction:
24-hour PM10 potentially as large as 82%
of standard and 96% of standard at the
Paducah and K-25 sites, respectively.
Concentrations of other pollutants all
below 3% of respective standards. No
construction at the Portsmouth site.

Operations:
24-hour HF impact potentially as large as
23% of standard at the K-25 site. Criteria
pollutant impacts all below 0.3% of
respective standards.

No activities in the long term Construction:
24-hour PM10 potentially as large as 82%
of standard and 96% of standard at the
Paducah and K-25 sites, respectively.
Concentrations of other pollutants all
below 3% of respective standards. No
construction at the Portsmouth site.

Operations:
24-hour HF impact potentially as large as
92% of standard at the K-25 site. Criteria
pollutant impacts all below 0.1% of
respective standards.

No activities in the long term

Water

Construction:
Negligible impacts

Operations:
Negligible impacts to surface water and
groundwater

Negligible impacts to surface water and
groundwater in the long term

Construction:
No impacts

Operations:
Negligible impacts to surface water;
negligible to minor impacts to
groundwater

Negligible impacts to surface water and
groundwater in the long term

Soil

Construction:
Minor, but temporary, impacts

Operations:
Negligible impacts

No activities in the long term Construction:
No impacts

Operations:
Negligible impacts

No activities in the long term
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TABLE D.1  (Cont.)

No Action Alternative Action Alternatives

Impacts during Storage (1999-2039) Long-Term Impacts Impacts during Storage (1999-2028) Long-Term Impacts

Socioeconomics

Construction and Operations:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public housing

No activities in the long term Construction and Operations:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public housing

No activities in the long term

Ecology

Construction:
Negligible impacts

Operations:
Negligible impacts to vegetation and
wildlife

Negligible impacts to vegetation and
wildlife in the long term

Construction:
Negligible impacts

Operations:
Negligible impacts to vegetation and
wildlife

Negligible to low impacts to vegetation |
and wildlife in the long term

Waste Management

Negligible impacts for the Portsmouth and
K-25 sites; moderate impacts for the
Paducah site waste management opera-
tions; negligible impacts to regional or
national waste management operations for
all three sites

No activities in the long term Negligible impacts for the Portsmouth and
K-25 sites; moderate impacts for the
Paducah site waste management oper-
ations; negligible impacts to regional or
national waste management operations for
all three sites

No activities in the long term

Resource Requirements

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

No activities in the long term No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

No activities in the long term

Land Use

Negligible impacts No activities in the long term Negligible impacts No activities in the long term
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TABLE D.1  (Cont.)

No Action Alternative Action Alternatives

Impacts during Storage (1999-2039) Long-Term Impacts Impacts during Storage (1999-2028) Long-Term Impacts

Cultural Resources

No impacts at the Paducah and
Portsmouth sites. Impacts cannot be
determined at K-25 for construction

No activities in the long term No impacts at the Paducah and
Portsmouth sites. Impacts cannot be
determined at K-25 for construction

No activities in the long term

Environmental Justice

No disproportionate impacts No activities in the long term No disproportionate impacts No activities in the long term

a
Under the no action alternative, continued storage of the entire cylinder inventory would take place at the three sites; under the action alternatives, the number of cylinders
stored at the three sites would decrease by 5% annually from 2009 through 2028.

Under all alternatives, potential long-term impacts were evaluated for uranium contamination of soil and groundwater from cylinder breaches through 2028 or 2039.
b

The bounding radiological accident was defined as the accident that would result in the highest dose and risk to the general public MEI; the bounding chemical accident was
defined as the accident that would result in the highest population risk (number of people affected). 

Notation: HF = hydrogen fluoride; LCF = latent cancer fatality; MEI = maximally exposed individual; PM10 = particulate matter with a mean diameter of 10 µm or less; ROI =
region of influence.



Continued Cylinder Storage D-14 Depleted UF6 PEIS
 

D.2  POTENTIAL IMPACTS OF CONTINUED CYLINDER STORAGE
FOR THE NO ACTION ALTERNATIVE

The potential environmental impacts from continued cylinder storage for the no action
alternative were evaluated on the basis of activities that were assumed to be required to ensure safe
storage of the cylinders (Parks 1997). These activities include routine and ultrasonic inspections of
cylinders, valve maintenance, cylinder painting, storage yard reconstruction, and cylinder relocations.
Although these activities would minimize the occurrence of cylinder breaches and would aid in the
early identification of breached cylinders, the impacts associated with cylinder breaches that might
occur during continued storage were assessed. The assessment methodologies are described in
Appendix C. 

Assumptions for continued storage were generally selected in a manner intended to produce
conservative estimates of impact, that is, the assumptions result in an overestimate of the expected
impact. Therefore, although actual activities occurring at the three storage sites during the time
period considered might vary, the estimated impacts of continued storage activities assessed in this
PEIS are likely to encompass and bound the impacts that could occur at these sites. The following
general assumptions apply to continued cylinder storage for the no action alternative:

• The current inventories of cylinders at the three sites would be maintained at
the sites through the year 2039. 

• The number of breaches assumed to occur under the no action alternative
accounts for continued external corrosion prior to the completion of painting
of the cylinder inventory. After painting, external corrosion was assumed to
cease. Estimated numbers of breaches initiated by mechanical damage caused
during cylinder handling are also included. Although current maintenance
procedures would most likely lead to immediate identification and repair of
any cylinder breaches, some releases of uranium and HF from breached
cylinders were assumed for assessment purposes. Impacts were assessed for
workers handling the breached cylinders, as well as for noninvolved workers
and members of the general public exposed to materials released from
breached cylinders. 

• To assess potential long-term impacts to groundwater and human health and
safety from breached cylinders, potential future groundwater contamination
was assessed by assuming that released uranium would be transported from
the cylinder storage yards in surface runoff and then migrate through the soil
and into groundwater. It was further assumed that public access would be
possible for groundwater at the location of the nearest discharge point (i.e., the
nearest surface water body in the direction of groundwater flow). 
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• To address uncertainty in corrosion and cylinder breach assumptions, an
assessment was also conducted assuming that external corrosion was not
halted by improved maintenance conditions (see Section D.3 for a discussion
of potential impacts). 

D.2.1  Human Health — Normal Operations

D.2.1.1  Radiological Impacts

Radiological impacts from normal operations of the cylinder storage yards were assessed
for the involved workers, noninvolved workers, and off-site general public. Radiation exposures of
involved workers would result primarily from external radiation from inspecting and handling
the cylinders. Exposures of noninvolved workers would result from airborne releases of uranyl
fluoride (UO2F2) from breached cylinders. In addition to exposures from airborne releases of
UO2F2, the analysis also considered potential exposures of the off-site public to waterborne releases
of UO2F2. Such releases would be possible if UO2F2 was deposited on the ground surface and washed
off by rain to a surface water body or infiltrated with rain to the deeper soil, thereby reaching the
groundwater underlying the storage yards. Detailed discussions of the methodologies used in
radiological impact analyses are provided in Appendix C and Cheng et al. (1997).

The estimated radiation doses and latent cancer risks for each of the three storage sites are
provided in Tables D.2 and D.3, respectively. During the storage periods, average radiation
exposures of involved workers would be less than 750 mrem/yr; exposures of noninvolved workers
and members of the general public would be less than 1 mrem/yr. The long-term effects of radiation
exposure on the general public resulting from groundwater contamination would be less than
2 mrem/yr. Potential long-term radiological impacts (based on groundwater contamination) are
provided in Table D.4. 

D.2.1.1.1  Paducah Site

The average annual collective worker dose for continued storage activities at the Paducah
site would be about 22 person-rem/yr for about 30 workers for the period from 1999 through 2039.
The number of workers required for this period was estimated on the basis of the anticipated
activities (Parks 1997) and the assumption that the workers would work 5 hours per day in the
storage yard. The average individual worker dose would vary from year to year and was estimated
to average 740 mrem/yr, which is considerably below the regulatory limit of 5,000 mrem/yr
(10 Code of Federal Regulations [CFR] Part 835) and also below the DOE administrative control
limit of 2,000 mrem/yr (DOE 1992). Compared with the historical data for worker exposure of
16 to 56 mrem/yr (Hodges 1996), the estimated exposures are greater because of the conservative
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TABLE D.2  Radiological Doses from Continued Cylinder Storage under Normal Operations 
for the No Action Alternative

Annual Dose to Receptor

Involved Workers
a

Noninvolved Workers
b

General Public

Average Collective Collective Collective
Individual Dose Dose MEI Dose

c
Dose

d
MEI Dose

e
Dose

f

Site (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr)

Paducah 740 22 0.11 0.0023 0.013
(< 0.017)

0.0053

Portsmouth 600 9.2 0.043 0.00031 0.012
(< 0.0077)

0.0013

K-25 410 4.9 0.048 0.00021 0.11
(< 0.051)

0.0026

a
Involved workers are those workers directly involved with the handling of materials. Impacts are presented as average
individual dose and collective dose for the worker population. The reported values are averages over the time period 1999-
2039. Radiation doses to individual workers would be monitored by a dosimetry program and maintained below applicable
standards, such as the DOE administrative control limit of 2,000 mrem/yr.

b
Noninvolved workers are individuals who work on-site but not within the cylinder storage yards. Exposures of
noninvolved workers would result from airborne emissions of UO2F2 due to hypothetically breached cylinders. The
exposure pathways considered included inhalation, external radiation, and incidental ingestion of soil.

c
The MEI for the noninvolved workers was assumed to be at the on-site (outside storage yards) location that would yield
the largest dose. The reported values are the maximums over the time period considered.

d
The reported collective doses are averages over the time periods considered. Population size of the noninvolved workers
was assumed to be about 2,000 for Paducah, 2,700 for Portsmouth, and 3,500 for K-25.

e
The MEI for the general public was assumed to be located off-site at a point that would yield the largest dose. The reported
values are the maximums over the time period considered and are the results of exposures from inhalation, external
radiation, and ingestion of plant foods, meat, milk, soil (all consequences of airborne emissions of UO2F2) due to
hypothetically breached cylinders and from drinking surface water (consequence of discharge of contaminated runoff water
to a surface water body). Values within parentheses are the potential maximum doses from using contaminated
groundwater for drinking, irrigating plant foods and fodder, and feeding livestock.

f
Collective dose was estimated for the population within a radius of 50 miles (80 km) around the three sites. The reported
values are averages over the time period considered. The off-site populations are 500,000 persons for Paducah, 605,000 for
Portsmouth, and 877,000 for K-25. Exposure pathways considered were inhalation, external radiation, and ingestion of
plant foods, meat, milk, and soil (consequences of airborne emissions of UO2F2) due to hypothetically breached cylinders.
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TABLE D.3  Latent Cancer Risks from Continued Cylinder Storage under Normal
Operations for the No Action Alternative

Annual Risk of Latent Cancer Fatality to Receptor

Involved Worker
a

Noninvolved Worker
b

General Public

Average Collective Collective Collective 
Individual Risk Risk MEI Risk

c
Risk

d
MEI Risk

e
Risk

f

Site (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr)

Paducah 3 × 10
-4

9 × 10
-3

4 × 10
-8

9 × 10
-7

6 × 10
-9

(< 2 × 10
-9

)
3 × 10

-6

Portsmouth 2 × 10
-4

4 × 10
-3

2 × 10
-8

1 × 10
-7

6 × 10
-9

(< 8 × 10
-10

)
6 × 10

-7

K-25 2 × 10
-4

2 × 10
-3

2 × 10
-8

8 × 10
-8

5 × 10
-8

(< 5 × 10
-9

)
1 × 10

-6

a
Involved workers are those workers directly involved with the handling of materials. Impacts are presented as
average individual risk and collective risk for the worker population. The reported values are averages over the
time period 1999-2039.

b
Noninvolved workers are individuals who work on-site but not within the cylinder storage yards. Exposures of
noninvolved workers would result from airborne emissions of UO2F2 due to hypothetically breached cylinders.
The exposure pathways considered included inhalation, external radiation, and incidental ingestion of soil.

c
The MEI for the noninvolved workers was assumed to be at the on-site (outside storage yards) location that
would yield the largest risk. The reported values are the maximums over the time period considered.

d
The reported collective risks are averages over the time period considered. Population size of the noninvolved
workers was assumed to be about 2,000 for Paducah, 2,700 for Portsmouth, and 3,500 for K-25.

e
The MEI for the general public was assumed to be located off-site at a point that would yield the largest risk.
The reported values are the maximums over the time period considered and are the results of exposures from
inhalation, external radiation, and ingestion of plant foods, meat, milk, soil (all consequences of airborne
emissions of UO2F2) due to hypothetically breached cylinders and from drinking surface water (consequence of
discharge of contaminated runoff water to a surface water body). Values within parentheses are the potential
maximum doses from using contaminated groundwater for drinking, irrigating plant foods and fodder, and
feeding livestock. 

f
Collective risk was estimated for the population within a radius of 50 miles (80 km) around the three sites. The
reported values are averages over the time period considered. The off-site populations are 500,000 persons for
Paducah, 605,000 for Portsmouth, and 877,000 for K-25. Exposure pathways considered were inhalation,
external radiation, and ingestion of plant foods, meat, milk, and soil (consequences of airborne emissions of
UO2F2) due to hypothetically breached cylinders.
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TABLE D.4  Long-Term Radiological Impacts to Human
Health from Continued Cylinder Storage under the
No Action Alternative

a,b

Impact to MEI of General Public

Storage Location
Radiation Dose

c

(mrem/yr)
Latent Cancer Risk

c

(risk/yr)

Paducah site 0.051 – 0.41 3 × 10
-8

 – 2 × 10
-7

Portsmouth site 0.026 – 0.33 1 × 10
-8

 – 2 × 10
-7

K-25 site 0.051 - 0.49 3 × 10
-8

 – 2 × 10
-7

a
The long-term impacts correspond to the time after the
year 2039. 

b
Long-term impacts would be caused by the potential use of
contaminated groundwater for drinking, irrigating plant foods
and fodder, and feeding livestock. Contamination of
groundwater would result from releases from hypothetically
breached cylinders and the resulting infiltration of UO2F2 to the
deeper soils, eventually reaching the groundwater (UO2F2 is the
product of UF6 reacting with moisture in air).

c
Radiation doses and latent cancer risks are expressed as ranges,
which would result from different transport speeds of uranium in
soil. The reported values are the maximum values that would
occur after 2039, assuming no mitigation action was taken.

assumptions made regarding future inspection and maintenance activities (Parks 1997) and the
conservatism applied in the analytical methods (see Appendix C, Section C.4.1). 

Radiation doses to noninvolved workers who worked on-site but not within the cylinder
storage yards would be less than 0.11 mrem/yr, primarily from inhalation of UO2F2 released from
breached cylinders. Radiation exposures of members of the off-site general public would result from
both airborne and waterborne releases of UO2F2. The radiation dose to the maximally exposed
individual (MEI) would be less than 0.03 mrem/yr (0.013 mrem/yr from exposure to airborne
releases and 0.017 mrem/yr from using contaminated groundwater). The radiation dose from
drinking contaminated surface water would be less than 2 × 10-7 mrem/yr. The dose of 0.03 mrem/yr
is considerably below the regulatory limit of 10 mrem/yr (40 CFR Part 61) from airborne emissions
and 100 mrem/yr (DOE Order 5400.5) from all exposure pathways. The exposure to the off-site
public from continued storage activities would be very small compared with the existing exposures
(about 3.03 mrem/yr) (LMES 1996a) from operations of the entire Paducah site. 
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Potential exposures to members of the off-site public after the year 2039 were also assessed
for the use of contaminated groundwater resulting from breaches occurring prior to 2039. Depending
on the soil properties that determine the time it takes the uranium to reach the groundwater, the
maximum individual dose could range from 0.051 to 0.41 mrem/yr, which is considerably lower than
the regulatory limit of 100 mrem/yr. 

D.2.1.1.2  Portsmouth Site

In general, the estimated radiation doses from continued storage activities at the Portsmouth
site would be less than those for the Paducah site because a smaller number of cylinders would be
managed at Portsmouth. The average annual collective worker dose would be 9.2 person-rem/yr for
about 16 workers for the period from 1999 through 2039. The average individual worker dose would
be about 600 mrem/yr for this operational period, which is below the regulatory limit of
5,000 mrem/yr and the DOE administrative control limit of 2,000 mrem/yr. The estimated average
worker dose is greater than the historical data of 55 to 196 mrem/yr (Hodges 1996) because of the
more vigorous inspection and maintenance activities planned to be implemented. The radiation dose
to noninvolved workers from airborne release of UO2F2 would be less than 0.043 mrem/yr for all
periods. 

The radiation dose to the maximally exposed member of the public would be less than
0.02 mrem/yr (0.012 mrem/yr from airborne releases plus 0.0077 mrem/yr from using contaminated
groundwater), considerably below the regulatory limit of 10 mrem/yr from airborne emissions and
100 mrem/yr from all exposure pathways. The radiation dose from drinking contaminated surface
water would be 2.1 × 10-5 mrem/yr. Compared with the existing exposure from operations for the
entire Portsmouth site (0.066 mrem/yr; LMES 1996b), the dose to the MEI from continued storage
activities would be smaller. The long-term radiological impacts to the general public from using
contaminated groundwater would range from 0.026 to 0.33 mrem/yr — depending on the soil
properties, which would determine the time it took for the uranium to reach the groundwater. 

D.2.1.1.3  K-25 Site

The estimated radiation doses to involved workers from continued storage activities at the
K-25 site would be less than those for the Paducah and Portsmouth sites because the smallest number
of cylinders would be managed at K-25. The average annual collective worker dose would be about
4.9 person-rem/yr for approximately 13 workers for the period from 1999 through 2039. The average
individual dose would be about 410 mrem/yr for this period, considerably below the regulatory limit
of 5,000 mrem/yr and the DOE administrative control limit of 2,000 mrem/yr. Exposure of involved
workers would be greater than  the historical data of 32 to 92 mrem/yr (Hodges 1996) because of
more worker activities planned to be implemented. Radiation exposure of noninvolved workers at
the K-25 site would be less than 0.048 mrem/yr from airborne release of UO2F2. 
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The radiation dose to the MEI of the off-site public resulting from breached cylinders at the
K-25 site would be greater than the doses at the Paducah and Portsmouth sites because of the shorter
distance assumed between the emission point and the site boundary. As a result, the estimated
radiation dose to the MEI of the general public would also be greater than the dose to noninvolved
workers. Potential exposure of the general public MEI would be less than 0.16 mrem/yr
(0.11 mrem/yr from exposure to airborne releases and 0.051 mrem/yr from using contaminated
groundwater). The radiation dose from drinking contaminated surface water would be less than
0.000011 mrem/yr. The radiation dose of 0.16 mrem/yr would be less than the existing exposure of
approximately 5 mrem/yr from operation of the entire Oak Ridge Reservation (LMES 1995). The
long-term radiological impacts to the general public from using contaminated groundwater would
range from 0.051 to 0.49 mrem/yr, which is very low compared with the dose limit of 100 mrem/yr
from all exposure pathways. 

D.2.1.2  Chemical Impacts

Chemical impacts during continued cylinder storage could result primarily from exposure
to UO2F2 (the product formed when UF6 is exposed to moist air) and HF released from hypothetical
cylinder breaches. Risks from normal operations were quantified on the basis of calculated hazard
indexes. Detailed discussions of the exposure assumptions, health effects assumptions, reference
doses used for uranium compounds and HF, and calculational methods used in the chemical impact
analysis are provided in Appendix C and Cheng et al. (1997).

Hazardous chemical impacts to the MEI at the three current storage yards were calculated
for both noninvolved workers and members of the general public; the results are summarized in
Table D.5. Chemical exposures of noninvolved workers and the off-site general public could result
from airborne emissions of UO2F2 and HF that could be dispersed from hypothetical cylinder
breaches into the atmosphere and to the ground surface. The exposure pathways assessed included
inhalation of UO2F2 and HF and ingestion of UO2F2 in soil. In all cases, the MEI hazard index would
be considerably below 1, indicating no potential adverse health effects. 

D.2.2  Human Health — Accident Conditions

A range of accidents covering the spectrum of high-frequency/low-consequence accidents
to low-frequency/high-consequence accidents was presented in the safety analysis reports (SARs)
for the three storage sites (LMES 1997a–c).  The potential accidents discussed in the SARs included
natural phenomena events such as earthquakes, tornadoes, and floods, and spills from corroded
cylinders under various weather conditions. The accidents selected for PEIS analyses were those
accident scenarios in the SARs that resulted in the greatest potential consequences at each of the
three storage sites for each of the four frequency categories (likely, unlikely, extremely unlikely, and
incredible); these accidents are listed in Table D.6. The accidents selected for the PEIS analyses and
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TABLE D.5  Chemical Impacts to Human Health from Continued Cylinder Storage 
under Normal Operations for the No Action Alternative

Impacts to Receptor

Noninvolved Workers
a

General Public
b

Site/Time Period
Hazard Index

c

for MEI 
Population Risk

d

(ind. at risk/yr)
Hazard Index

c

for MEI
Population Risk

d

(ind. at risk/yr)

Paducah site
1999-2039 1.0 × 10

-3
– 2.6 × 10

-3

(� 2.1 × 10
-3

)
–

Long-term impacts
e

NA
f

– 0.01 – 0.05 –

Portsmouth site
1999-2039 4.4 × 10

-5
– 2.6 × 10

-3

(� 9.7 × 10
-4

)
–

Long-term impacts
e

NA – 0.003 – 0.04 –

K-25 site
1999-2039 4.8 × 10

-4
– 2.3 × 10

-2

(� 6.4 × 10
-3

)
–

Long-term impacts
e

NA – 0.01 – 0.06 –

a
Noninvolved workers are individuals who work on-site but not within the cylinder storage yards. The MEI for the
noninvolved worker was assumed to be at the on-site (outside storage yards) location that would yield the largest
exposure. Exposures would result from airborne emissions of UO2F2 and HF from hypothetically breached cylinders; the
exposure pathways considered included inhalation and incidental ingestion of soil.

b
The MEI for the general public was assumed to be located off-site at the point that would yield the largest exposure.
Results reported are the maximum values over the time period considered and would result from exposure via inhalation;
ingestion of soil (resulting from airborne emissions of UO2F2 and HF from hypothetically breached cylinders); and
drinking surface water (consequence of the discharge of contaminated runoff water to a surface water body). Potential
impacts during the storage period 1999-2039 (values within parentheses) were also evaluated from the use of
contaminated groundwater for drinking, irrigating plant foods and fodder, and feeding livestock.

c
The hazard index is an indicator for potential health effects other than cancer; a hazard index greater than 1 indicates a
potential for adverse health effects and a need for further evaluation.

d
Calculation of population risk is not applicable when the corresponding hazard index for the MEI is less than 1.

e
Long-term impacts would result from using contaminated groundwater. Ranges result from different transport speeds of
uranium in soil. The reported values are the maximum values that would occur after 2039, assuming no mitigative
measures were taken.

f
NA = not applicable; workers were assumed not to ingest groundwater.



Continued Cylinder Storage D-22 Depleted UF6 PEIS
 

TABLE D.6  Accidents Considered for the Continued Storage Option

Chemical Amount Duration Release
Site/Accident Scenario Accident Description Form (lb) (min) Level

a

Paducah Site

Likely Accidents (frequency: 1 or more times in 100 years)

Corroded cylinder spill, 
dry conditions

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the dry ground.

UF6 24 60
(continuous)

Ground

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Corroded cylinder spill, 
wet conditions – rain

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the wet ground.

HF 96 60
(continuous)

Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Corroded cylinder spill, 
wet conditions – water pool

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area into a 0.25-in. deep water pool.

HF 150 60
(continuous)

Ground

Vehicle-induced fire,
3 full 48G cylinders

Three full 48G UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
11,500
8,930
3,580

0 to 12
12

12 to 30
30 to 121

Ground

Vehicle-induced fire, 
3 full 48Y cylinders

Three full 48Y UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
18,000
2,770
8,010

0 to 24
24

24 to 30
30 to 236

Ground

Small plane crash, 
2 full 48G cylinders

A small plane crash affects two full 48G UF6
cylinders. One cylinder hydraulically ruptures during a
fire resulting from the ignition of aviation fuel.

UF6 0
3,840
2,980
1,190

0 to 12
12

12 to 30
30 to 121

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to
fire.

UF6 4,240
1,190

0 to 30
30 to 121

Ground

Small plane crash, 
2 full 48Y cylinders

A small plane crash affects two full 48Y UF6
cylinders. One cylinder hydraulically ruptures during a
fire resulting from the ignition of aviation fuel.

UF6 0
6,020
920

2,670

0 to 24
24

24 to 30
30 to 236

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to
fire.

UF6 3,210
2,730

0 to 30
30 to 236

Ground
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TABLE D.6  (Cont.)

Chemical Amount Duration Release
Site/Accident Scenario Accident Description Form (lb) (min) Level

a

Portsmouth Site

Likely Accidents (frequency: 1 or more times in 100 years)

Corroded cylinder spill, 
dry conditions

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the dry ground.

UF6 24 60
(continuous)

Ground

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Corroded cylinder spill, 
wet conditions – rain

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the wet ground.

HF 96 60
(continuous)

Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Corroded cylinder spill, 
wet conditions – water pool

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area into a 0.25-in. deep water pool.

HF 150 60
(continuous)

Ground

Vehicle-induced fire, 
3 full 48G cylinders

Three full 48G UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
11,500
8,930
3,580

0 to 12
12

12 to 30
30 to 121

Ground

Vehicle-induced fire, 
3 full 48Y cylinders

Three full 48Y UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
18,000
2,770
8,010

0 to 24
24

24 to 30
30 to 236

Ground

Incredible Accidents (frequency: less than 1 in 1 million years)

Small plane crash, 
2 full 48G cylinders

A small plane crash affects two full 48G UF6
cylinders. One cylinder hydraulically ruptures during a
fire resulting from the ignition of aviation fuel.

UF6 0
3,840
2,980
1,190

0 to 12
12

12 to 30
30 to 121

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to
fire.

UF6 4,240
1,190

0 to 30
30 to 121

Ground

Small plane crash, 
2 full 48Y cylinders

A small plane crash affects two full 48Y UF6
cylinders. 
One cylinder hydraulically ruptures during a fire
resulting from the ignition of aviation fuel.

UF6 0
6,020
920

2,670

0 to 24
24

24 to 30
30 to 236

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to
fire.

UF6 3,210
2,730

0 to 30
30 to 236

Ground
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TABLE D.6  (Cont.)

Chemical Amount Duration Release
Site/Accident Scenario Accident Description Form (lb) (min) Level

a

K-25 Site

Likely Accidents (frequency: 1 or more times in 100 years)

Corroded cylinder spill, 
dry conditions

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the dry ground.

UF6 24 60
(continuous)

Ground

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Corroded cylinder spill, 
wet conditions – rain

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the wet ground.

HF 96 60
(continuous)

Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Vehicle-induced fire, 
3 full 48G cylinders

Three full 48G UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
11,500
8,930
3,580

0 to 12
12

12 to 30
30 to 121

Ground

Incredible Accidents (frequency: less than 1 in 1 million years)

Small plane crash, 
2 full 48G cylinders

A small plane crash affects two full 48G UF6
cylinders. One cylinder hydraulically ruptures during a
fire resulting from the ignition of aviation fuel.

UF6 0
3,840
2,980
1,190

0 to 12
12

12 to 30
30 to 121

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to
fire.

UF6 4,240
1,190

0 to 30
30 to 121

Ground

a
Ground-level releases were assumed to occur outdoors on the concrete pads in the cylinder storage yards. To prevent contaminant
migration, cleanup of residuals was assumed to begin immediately after the release was stopped.

listed in Table D.6 do not include natural phenomena events, which were found in the SARs to have
less serious consequences than other types of accident scenarios (e.g., a vehicle-induced fire affecting
three UF6 cylinders). In those instances where it was not absolutely clear from the SAR which
accident would be the bounding accident in a frequency category at a site, several accidents were
included in the PEIS analyses, as indicated in Table D.6. The resulting radiological doses and
adverse health impacts from chemical exposures for all the accidents listed in Table D.6 are
presented in Policastro et al. (1997). In the following sections, the results for only the bounding
accident in each frequency category at each site are presented. Detailed descriptions of the
methodology and assumptions used in these calculations are provided in Appendix C and Policastro
et al. (1997).  
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D.2.2.1  Radiological Impacts

Table D.7 lists the radiological doses to various receptors for the accidents that give the
highest dose from each frequency category. The LCF risks for these accidents are given in Table D.8.
The doses and the risks are presented for two different meteorological conditions (D and F stability
classes) at the three current storage sites (see Appendix C). The doses and risks presented here were
obtained by assuming that the accidents would occur. The probability of occurrence for each accident
is indicated by the frequency category to which it belongs. For example, accidents in the extremely
unlikely (EU) category have a probability of occurrence between 1 in 10,000 and 1 in 1 million in
any 1 year. The following conclusions may be drawn from the radiological health impact results:

• No cancer fatalities would be predicted from any of the accidents. 

• The maximum radiological dose to worker and general public MEIs (assuming
that an accident occurred) would be 0.077 rem. This dose is less than the
25-rem dose recommended for assessing the adequacy of protection of public |
health and safety from potential accidents by the U.S. Nuclear Regulatory |
Commission (NRC 1994). |

• The overall radiological risk to worker and general public MEI receptors
(estimated by multiplying the risk per occurrence [Table D.8] by the annual
probability of occurrence by the number of years of operations) would be less
than 1 for all of the continued storage accidents. 

D.2.2.2  Chemical Impacts

The accidents discussed in this section are listed in Table D.6. The results of the accident
consequence modeling in terms of chemical impacts are presented in Tables D.9 and D.10. The
results are presented as (1) number of persons with the potential for adverse effects and (2) number
of persons with the potential for irreversible adverse effects. The tables present the results for the
accident within each frequency category that would affect the largest number of people (total of
workers and off-site population) (Policastro et al. 1997). The impacts presented are based on the
assumption that the accidents would occur. The accidents listed in Tables D.9 and D.10 are not
identical because an accident with the largest impacts for the adverse effects endpoint might not lead
to the largest impacts for the irreversible adverse effects endpoint. Detailed descriptions of the
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TABLE D.7  Estimated Radiological Doses per Accident Occurrence for Continued Cylinder Storage under the No Action Alternative

Maximum Dose
c

Minimum Dose
c

Noninvolved Workers General Public Noninvolved Workers General Public

Site/Accident
a

Frequency
Category

b
MEI
(rem)

Population
(person-rem)

MEI
(rem)

Population
(person-rem)

MEI
(rem)

Population
(person-rem)

MEI
(rem)

Population
(person-rem)

Paducah
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
1.4 2.3 × 10

-3
2.6 × 10

-1
3.3 × 10

-3
6.3 × 10

-2
9.8 × 10

-5
3.0 × 10

-2

Vehicle-induced fire, 3 full 48G cylinders EU 2.0 × 10
-2

1.5 × 10
1

1.5 × 10
-2

2.8 × 10
1

3.7 × 10
-3

1.3 1.9 × 10
-3

1.1

Portsmouth
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
2.2 2.2 × 10

-3
2.1 × 10

-1
3.3 × 10

-3
9.5 × 10

-2
9.3 × 10

-5
2.8 × 10

-2

Vehicle-induced fire, 3 full 48G cylinders EU 2.0 × 10
-2

1.6 × 10
1

1.3 × 10
-2

3.2 × 10
1

3.7 × 10
-3

2.0 1.9 × 10
-3

1.6

Small plane crash, 2 full 48G cylinders I 6.6 × 10
-3

5.3 4.3 × 10
-3

5.5 × 10
-1

8.7 × 10
-4

6.9 × 10
-1

6.2 × 10
-4

7.6 × 10
-2

K-25
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
1.3 2.7 × 10

-3
4.3 × 10

-1
3.3 × 10

-3
6.0 × 10

-2
1.1 × 10

-4
5.9 × 10

-2

Vehicle-induced fire, 3 full 48G cylinders EU 2.0 × 10
-2

1.6 × 10
1

1.3 × 10
-2

6.3 × 10
1

3.7 × 10
-3

2.4 1.9 × 10
-3

2.2

Small plane crash, 2 full 48G cylinders I 6.6 × 10
-3

5.4 4.3 × 10
-3

7.4 × 10
-1

8.7 × 10
-4

6.9 × 10
-1

7.1 × 10
-4

1.0 × 10
-1

a
The bounding accident chosen to represent each frequency category is the one that would result in the highest dose to the general public MEI. Health impacts in that row represent that accident
only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not result in a release of radioactive
material.

b
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years

and once in 1 million years of facility operations (10
-4

 – 10
-6

/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10
-6

/yr). 
c

Maximum and minimum doses reflect differences in assumed  meteorological conditions at the time of the accident. In general, maximum doses would occur under meteorological  conditions of
F stability with 1 m/s wind speed, whereas minimum doses would occur under D stability with 4 m/s wind speed. An exception is the vehicle-induced fire involving 3 full 48G cylinders, which
would result in a higher population dose for the general public under D stability with 4 m/s wind speed. 
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TABLE D.8  Estimated Radiological Health Risks per Accident Occurrence for Continued Cylinder Storage 
under the No Action Alternative

a

Maximum Risk
d
 (LCFs) Minimum Risk

d
 (LCFs)

Noninvolved Workers General Public Noninvolved Workers General Public

Site/Accident
b

Frequency
Category

c
MEI Population MEI Population MEI Population MEI Population

Paducah
Corroded cylinder, dry conditions L 3 × 10

-5
6 × 10

-4
1 × 10

-6
1 × 10

-4
1 × 10

-6
3 × 10

-5
5 × 10

-8
1 × 10

-5

Vehicle-induced fire, 3 full 48G cylinders EU 8 × 10
-6

6 × 10
-3

7 × 10
-6

1 × 10
-2

1 × 10
-6

5 × 10
-4

1 × 10
-6

5 × 10
-4

Portsmouth
Corroded cylinder spill, dry conditions L 3 × 10

-5
9 × 10

-4
1 × 10

-6
1 × 10

-4
1 × 10

-6
4 × 10

-5
5 × 10

-8
1 × 10

-5

Vehicle-induced fire, 3 full 48G cylinders EU 8 × 10
-6

6 × 10
-3

6 × 10
-6

2 × 10
-2

1 × 10
-6

8 × 10
-4

1 × 10
-6

8 × 10
-4

Small plane crash, 2 full 48G cylinders I 3 × 10
-6

2 × 10
-3

2 × 10
-6

3 × 10
-4

3 × 10
-7

3 × 10
-4

3 × 10
-7

4 × 10
-5

K-25
Corroded cylinder spill, dry conditions L 3 × 10

-5
5 × 10

-4
1 × 10

-6
2 × 10

-4
1 × 10

-6
2 × 10

-5
6 × 10

-8
3 × 10

-5

Vehicle-induced fire, 3 full 48G cylinders EU 8 × 10
-6

6 × 10
-3

7 × 10
-6

3 × 10
-2

1 × 10
-6

9 × 10
-4

1 × 10
-6

1 × 10
-3

Small plane crash, 2 full 48G cylinders I 3 × 10
-6

2 × 10
-3

2 × 10
-6

4 × 10
-4

3 × 10
-7

3 × 10
-4

4 × 10
-7

5 × 10
-5

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (LCF) times the estimated frequency times 20 years of operations. The estimated
frequencies are as follows: likely (L), 0.1; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one that would result in the highest risk to the general public MEI. Health impacts in that row represent that accident
only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not result in a release of radioactive
material.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years

and once in 1 million years of facility operations (10
-4

 – 10
-6

/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10
-6

/yr).
d

Maximum and minimum risks reflect differences in assumed  meteorological conditions at the time of the accident. In general, maximum risks would occur under meteorological  conditions of
F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. An exception is the vehicle-induced fire involving 3 full 48G cylinders, which
would result in a higher population dose for the general public under D stability with 4 m/s wind speed. 
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TABLE D.9  Number of Persons with Potential for Adverse Effects from Accidents under Continued Cylinder Storage 
for the No Action Alternative

a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public

Site/Accident
b

Frequency
Category

c
MEI

e
Population MEI

e
Population MEI

e
Population MEI

e
Population

Paducah
Corroded cylinder spill, dry conditions L Yes 10 No 0 Yes 0 No 0
Corroded cylinder spill, wet conditions – rain U Yes 690 Yes 14 Yes 7 No 0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 910 Yes 1,900 Yes 4 Yes 3

Portsmouth
Corroded cylinder spill, dry conditions L Yes 48 Yes

f
0 No 0 No 0

Corroded cylinder spill, wet conditions – rain U Yes 850 Yes 12 Yes 2 Yes
f

0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 1,000 Yes 650 Yes 160 Yes 4
Small plane crash, 2 full 48Y cylinders I Yes 760 Yes 6 No 0 No 0

K-25
Corroded cylinder spill, dry conditions L Yes 69 No 0 Yes

f
0 No 0

Corroded cylinder spill, wet conditions – rain U Yes 700 Yes 18 Yes 47 No 0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 770 Yes 550 No 0 Yes 12
Small plane crash, 2 full 48G cylinders I Yes 420 Yes 34 No 0 No 0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 20 years
of operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site people) would be affected.
Health impacts in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in

100 years and once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million
years of facility operations (10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect different meteorological conditions at the time of the accident. In general, maximum risks would occur under the meteorological
condition of F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed.

e
At the MEI location, the determination is either “Yes” or “No” for potential adverse effects to an individual.

f
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the
population risks are 0 because the actual worker and general public population distributions were used, which did not show receptors at the MEI locations.
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TABLE D.10  Number of Persons with Potential for Irreversible Adverse Effects from Accidents under Continued Cylinder
Storage for the No Action Alternative

a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public

Site/Accident
b

Frequency
Category

c
MEI

e
Population MEI

e
Population MEI

e
Population MEI

e
Population

Paducah
Corroded cylinder spill, dry conditions L Yes 1 No 0 No 0 No 0
Corroded cylinder spill, wet conditions – rain U Yes 130 Yes

f
0 Yes 1 No 0

Corroded cylinder spill, wet conditions – water pool EU Yes 300 Yes 1 Yes 1 No 0

Portsmouth
Corroded cylinder spill, dry conditions

g
L Yes 0 No 0 No 0 No 0

Corroded cylinder spill, wet conditions – rain U Yes 90 Yes 1 Yes 0 No 0
Corroded cylinder spill, wet conditions – water pool EU Yes 110 Yes

f
1 Yes 0 No 0

Small plane crash, 2 full 48Y cylinders
g

I No 0 No 0 No 0 No 0

K-25
Corroded cylinder spill, dry conditions L Yes 3 No 0 No 0 No 0
Corroded cylinder spill, wet conditions – rain U Yes 140 Yes 0 Yes 2 No 0
Vehicle-induced fire, 3 full 48Y cylinders

g
EU No 0 No 0 No 0 No 0

Small plane crash, 2 full 48G cylinders
g

I No 0 No 0 No 0 No 0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 20 years of
operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site people) would be affected. Health impacts
in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and

once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations
(10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect different meteorological conditions at the time of the accident. In general, maximum risks would occur under the meteorological condition of
F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed.

e
At the MEI location, the determination is either “Yes” or “No” for potential irreversible adverse effects to an individual.

f
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the population
risks are 0 because the actual worker and general public population distributions were used, which did not show receptors at the MEI locations.

g
These accidents would result in the largest plume sizes, although no people would be affected. 
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methodology and assumptions for assessing chemical impacts are provided in Appendix C). The
following conclusions may be drawn from the chemical impact results: 

• If the accidents identified in Tables D.9 and D.10 did occur, the number of
persons in the off-site population with the potential for adverse effects would
range from 0 to 1,900 (maximum corresponding to the vehicle-induced fire
scenario at the Paducah site), and the number of off-site persons with potential
for irreversible adverse effects would range from 0 to 7 (maximum corres-
ponding to the corroded cylinder spill with pooling conditions scenario at the
Portsmouth site). 

• If the accidents identified in Tables D.9 and D.10 did occur, the number of
noninvolved workers with the potential for adverse effects would range from
0 to 1,000 (maximum corresponding to the vehicle-induced fire scenario at the
Portsmouth site), and the number of noninvolved workers with the potential
for irreversible adverse effects would range from 0 to 300 (maximum
corresponding to the corroded cylinder spill with pooling scenario at the
Paducah site).

• Accidents resulting in a vehicle-induced fire involving three full 48G cylin-
ders during very stable (nighttime) meteorological conditions would have a
very low probability of occurrence but could affect a large number of people.

• The maximum risk was computed as the product of the consequence (number
of people) times the frequency of occurrence (per year) times the number of
years of operations (41 years, 1999-2039). The results indicate that the
maximum risk values would be less than 1 for all accidents, except the
following:

- Potential Adverse Effects:

Corroded cylinder spill, dry conditions (L, likely): 
Workers at the Paducah, Portsmouth, and K-25 sites

Corroded cylinder spill, wet conditions – rain (U, unlikely): 
Workers at the Paducah, Portsmouth, and K-25 sites 

- Potential Irreversible Adverse Effects:

Corroded cylinder spill, dry conditions (L likely): 
Workers at the Paducah and K-25 sites

Corroded cylinder spill, wet conditions – rain (U, unlikely): 
Workers at the Paducah Portsmouth and K 25 sites
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These risk values are conservative because the numbers of people affected were based on
assuming (1) meteorological conditions that would result in the maximum reasonably foreseeable
plume size (i.e., F stability and 1 m/s wind speed) and (2) wind in the direction that would lead to
maximum numbers of individuals exposed for workers or for the general population. 

To aid in the interpretation of accident analysis results, the number of fatalities potentially
associated with the estimated potential irreversible adverse effects was estimated. All the bounding
case accidents shown in Table D.10 would involve releases of UF6 and potential exposure to HF and
uranium compounds. These exposures would likely be high enough to result in death for 1% or less
of the persons experiencing irreversible adverse effects (Policastro et al. 1997). This would mean
that for workers experiencing a range of 0 to 300 irreversible adverse effects, approximately 0 to
3 deaths would be expected. Similarly, of the general public experiencing a range of 0 to
1 irreversible adverse effects, less than 1 death would be expected. These are the maximum potential
consequences of the accidents, the upper ends of the ranges assume worst-case weather conditions
and that the wind would be blowing in the direction where the highest number of people would be
exposed. 

D.2.2.3  Physical Hazards

The risk of on-the-job fatalities and injuries for workers (involved and noninvolved)
conducting activities associated with continued storage was calculated using industry-specific
statistics from the U.S. Bureau of Labor Statistics, as reported by the National Safety Council (1995).
Annual fatality and injury rates for manufacturing activities were used for all activities except
cylinder yard construction or reconstruction; rates specific to construction were available for these
activities. Injury incidence rates used were for injuries involving lost workdays (not including the
day of injury). No on-the-job fatalities and less than 100 injuries would be expected during the entire
continued cylinder storage period. 

The activities included as part of the continued storage strategy are routine cylinder inspec-
tions, ultrasonic inspections, valve monitoring and maintenance activities, cylinder relocations,
cylinder yard construction or reconstruction, cylinder painting, and patching and content transfers
for breached cylinders (Parks 1997). These activities were assumed to be continued at currently
planned levels through the year 2039, except for yard construction and reconstruction, which were
assumed to be completed by the year 2003. The annual labor requirements and the corresponding
fatality and injury risks for these activities were estimated to be as follows: the total three-site fatality
risk would be less than 1 (0.11), and the total three-site injury risk would be about 140 injuries (see
Table D.11). 
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TABLE D.11  Estimated Impacts to Human Health from Physical
Hazards under Continued Cylinder Storage for the No Action
Alternative

a,b

Impacts to All Workers (Involved and Noninvolved)
c

Fatality Incidence Injury Incidence

Paducah
Site

Portsmouth
Site

K-25
Site

Total,
3 Sites

Paducah
Site

Portsmouth
Site

K-25
Site

Total,
3 Sites

0.056 0.030 0.026 0.11 71 39 33 143

a
Potential impacts are based on continued storage activities, which would include routine
inspections, ultrasonic inspections, valve monitoring and maintenance, cylinder
relocations, cylinder yard construction and reconstruction, cylinder painting, and patching
and content transfers for breached cylinders for the time period 1999-2039.

b
Risk estimates include reconstruction of L-, M-, N-, and P-yards at Paducah and
construction of a new yard at K-25.

c
Injury and fatality incidence rates used in the calculations were taken from National Safety
Council (1995).

D.2.3  Air Quality

The analysis of air quality impacts for continued cylinder storage under the no action
alternative was based on three emissions-producing activities: (1) construction of new storage yards;
(2) relocation and painting of cylinders; and (3) estimated HF emissions resulting from hypothetical
cylinder breaches. The air quality impacts of these three activities are addressed by site in
Sections D.2.3.1 through D.2.3.3. Additional details on the assessment of air quality impacts is
presented in Tschanz (1997a-b).

D.2.3.1  Paducah Site

The potential impacts of construction were modeled on the basis of assuming area sources
located at the yards being reconstructed. The maximum impacts at the Paducah site would occur in
1999 when the L-yard is scheduled for reconstruction. The 1-hour and annual maximum concen-
trations of criteria pollutants — hydrocarbons (HC), carbon monoxide (CO), nitrogen oxides (NOx),
sulfur oxides (SOx), and particulate matter (PM10) — that would occur during construction of that
yard are listed in Table D.12. The annual PM10 concentration of 16.7 µg/m3 is about 33% of the
applicable 50 µg/m3 standard. The 24-hour estimated maximum PM10 concentration of 131 µg/m3

is 87% of the 150 µg/m3 standard. With monitored 24-hour PM10 concentrations in the vicinity of
the Paducah site in the range of 50 to 60 µg/m3, the estimated maximum concentration from
construction of the yard could raise the total above the standard. The construction fugitive dust
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TABLE D.12  Maximum Concentrations of Criteria Pollutants at Site Boundaries 
during Yard Construction

a

Estimated Maximum Criteria Pollutants

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Concen- Concen- Concen- Concen-
tration Fraction of tration Fraction of tration Fraction of tration Fraction of

Pollutant (µg/m
3
) Standard

b
(µg/m

3
) Standard

b
(µg/m

3
) Standard

b
(µg/m

3
) Standard

b

Paducah Site
CO 220 0.0055 112 0.011 37.3 – 4.76 –

HC
c

22.5 – 11.5 – 3.84 – 0.489 –

NOx 85.0 – 43.4 – 14.5 – 1.85 0.02

SOx 9.02 – 4.59 – 1.53 – 0.196 0.003

PM10 768 – 391 – 131 0.87 16.7 0.33

K-25 Site

CO 266 0.0067 122 0.012 41.1 – 7.66 –

HC
c

27.3 – 12.5 – 4.22 – 0.787 –

NOx 103 – 47.1 – 15.9 – 2.97 0.03

SOx 10.9 – 5.00 – 1.69 – 0.315 0.004

PM10 930 – 425 – 144 0.96 26.8 0.54

a
Paducah values are based on reconstruction of the L-yard; K-25 values are based on construction of a new yard
assumed to be located at the site of the current K-yard. No yard construction is planned for the Portsmouth site. 

b
Ratio of the upper end of the concentration range divided by the respective air quality standard. A ratio of less than 1
indicates that the standard would not be exceeded.

c
HC, although not a criteria pollutant, was used to evaluate potential impacts to the criteria pollutant ozone.

emissions used here were based on a general emission factor that considers only the size of the
disturbed area and might be an overestimate for the actual use of construction equipment on the site.

Detailed information about the planned construction would be required to more accurately
assess the likely actual impacts. However, because the construction site would be adjacent to the
facility boundary, it is likely that some measures would be required to reduce the generation of
fugitive dust during reconstruction of the yard. Other estimated pollutant concentrations are much
smaller fractions of their respective standards, in general being of the order of 1 to 2% of the
standard. 

Relocating and painting cylinders would involve powered units that produce internal
combustion emissions. The paint to be used on the cylinders would be an additional source of
volatile organic compound (VOC) emissions (HC is an indicator of VOC sources). Because the
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relocation and painting of cylinders would generally occur at several locations for each site,
emissions from those activities were modeled as point sources at the centers of the sites. The
maximum number of annual cylinder relocations that would be required at Paducah during the
no action alternative would be 4,200; the maximum number of cylinders painted annually would be
3,000. Table D.13 gives the estimated maximum concentrations of criteria pollutants at the Paducah
site boundaries due to relocations; Table D.14 gives the estimated maximum concentrations due to
painting activities.

Assumptions regarding the number of hypothetical cylinder breaches were used to estimate
maximum annual HF emissions (Tschanz 1997b); these estimates are listed in Table D.15. The
estimated 0.01 µg/m3 maximum HF concentration at the Paducah site boundary is considerably
below the Kentucky primary annual standard for HF of 0.5 ppm (400 µg/m3). 

TABLE D.13  Maximum Concentrations of Criteria Pollutants at Site Boundaries 
due to Cylinder Relocations

a

Estimated Maximum Criteria Pollutants

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Concen- Concen- Concen- Concen-
tration Fraction of tration Fraction of tration Fraction of tration Fraction of

Pollutant (µg/m
3
) Standard

b
(µg/m

3
) Standard

b
(µg/m

3
) Standard

b
(µg/m

3
) Standard

b

Paducah Site
CO 13.3 0.0033 1.66 0.00017 0.554 – 0.0244 –

HC
c

1.07 – 0.134 – 0.0448 – 0.00197 –

NOx 1.59 – 0.199 – 0.0665 – 0.00292 0.00003

SOx 3.84 – 0.482 – 0.161 – 0.00706 0.00009

PM10 0.337 – 0.0423 – 0.0141 0.0009 0.000620 0.00001

K-25 Site

CO 5.36 0.00013 1.40 0.00014 0.469 – 0.0277 –

HC
c

0.434 – 0.113 – 0.0379 – 0.00224 –

NOx 0.643 – 0.168 – 0.0562 – 0.00332 0.00003

SOx 1.55 – 0.405 – 0.136 – 0.00803 0.0001

PM10 0.136 – 0.0356 – 0.0119 0.00008 0.000705 0.00001

a
Cylinder relocations are planned for the Paducah and K-25 sites during the time frame considered (1999-2039). 

b
Ratio of the upper end of the concentration range divided by the respective air quality standard. A ratio of less than 1
indicates that the standard would not be exceeded.

c
HC, although not a criteria pollutant, was used to evaluate potential impacts to the criteria pollutant ozone.
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TABLE D.14  Maximum Concentrations of Criteria Pollutants at Site Boundaries 
due to Cylinder Painting

a

Estimated Maximum Criteria Pollutants

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Concen- Concen- Concen- Concen-
tration Fraction of tration Fraction of tration Fraction of tration Fraction of

Pollutant (µg/m
3
) Standard

b
(µg/m

3
) Standard

b
(µg/m

3
) Standard

b
(µg/m

3
) Standard

b

Paducah Site
CO 9.48 0.00024 1.19 0.00012 0.396 – 0.0174 –

HC
c

127 – 15.9 – 5.31 – 0.233 –

NOx 1.13 – 0.142 – 0.0472 – 0.0021 0.000021

SOx 2.75 – 0.344 – 0.115 – 0.0050 0.000064

PM10 0.244 – 0.031 – 0.0102 0.000068 0.00045 0.000009

Portsmouth Site
CO 3.72 0.000093 0.583 0.000058 0.205 – 0.018 –

HC
c

49.9 – 7.84 – 2.76 – 0.236 –

NOx 0.445 – 0.070 – 0.025 – 0.0021 0.000021

SOx 1.08 – 0.170 – 0.060 – 0.0051 0.000065

PM10 0.097 – 0.015 – 0.0053 0.000035 0.00046 0.000092

K-25 Site

CO 2.75 0.000069 0.716 0.000072 0.240 – 0.014 –

HC
c

36.8 – 9.59 – 3.22 – 0.190 –

NOx 0.321 – 0.084 – 0.028 – 0.0017 0.000017

SOx 0.803 – 0.209 – 0.070 – 0.0042 0.000054

PM10 0.064 – 0.017 – 0.0056 0.000037 0.00033 0.0000066

a
Maximum pollutant concentrations are based on the maximum number of cylinders painted annually under the
no action alternative: 3,000 at Paducah; 1,350 at Portsmouth; and 1,200 at K-25. 

b
Ratio of the upper end of the concentration range divided by the respective air quality standard. A ratio of less than 1
indicates that the standard would not be exceeded.

c
HC, although not a criteria pollutant, was used to evaluate potential impacts to the criteria pollutant ozone.
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TABLE D.15  Estimated Number of Breached Cylinders, Maximum HF
Emissions, and Average Maximum HF Concentrations at the Existing 
Storage Sites under the No Action Alternative

Maximum Maximum
Number of Breaches Total Number of Maximum HF Concentration (µg/m

3
)

Starting in a Active Breaches
Site Single Year in a Single Year 24-Hour Average Annual Average

Paducah 2 5 0.08 0.0093

Portsmouth 2 3 0.10 0.011

K-25 1 2 0.66 0.084

No quantitative estimate was made of the impacts on the criteria pollutant ozone. Ozone
formation is a regional issue affected by emissions data for the entire area around the Paducah site.
McCracken County in the Paducah-Cairo Interstate Air Quality Control Region is currently in
attainment for all criteria pollutant standards, including ozone. The pollutants most related to ozone
formation that could result from the continued storage options at the Paducah site would be HC and
NOx. The potential effects on ozone of those emissions can be put in perspective by comparing them
with the total emissions of HC and NOx for point sources in McCracken County, as recorded in the
Kentucky Division of Air Quality Control “Emissions Inventory” for 1995 (Hogan 1996). The
estimated maximum annual HC and NOx emissions of 7.11 and 1.47 tons/yr would be only 1.2 and
0.004%, respectively, of the 1995 McCracken County emissions totals of those pollutants from
inventoried point sources. These small additional contributions to the totals would be unlikely to
alter the ozone attainment status of the county. 

D.2.3.2  Portsmouth Site

Because no storage yard construction is planned at the Portsmouth site, the maximum
pollutant impacts, other than for HC, estimated at the facility boundary are much smaller than those
estimated for the other two sites. The maximum criteria pollutant concentrations are shown in
Table D.14; criteria pollutant emissions for Portsmouth are associated only with painting activities.
For all pollutants, including PM10, the concentrations are less than 0.1% of the standards. As shown
in Table D.15, the HF concentrations would likewise be small (Tschanz 1997b). The State of Ohio
does not have an ambient air quality standard for HF.

No quantitative estimate was made of the impacts on the criteria pollutant ozone. Ozone
formation is a regional issue affected by emissions data for the entire area around the Portsmouth
site. Pike and Scioto Counties in the Wilmington-Chillicothe-Logan Air Quality Control Region are
currently in attainment for all criteria pollutant standards, including ozone. The pollutant emissions
most related to ozone formation that could result from continued cylinder storage at the Portsmouth
site would be HC and NOx. The potential effects on ozone of those emissions can be put in
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perspective by comparing them with the total emissions of HC and NOx for point sources in Pike and
Scioto Counties, as recorded in the Ohio Environmental Protection Agency “Emissions Inventory”
for 1990 (Juris 1996). The estimated HC and NOx emissions of 3.01 and 0.05 tons/yr from continued
storage actions would be only 0.18 and 0.002%, respectively, of the 1990 two-county emissions
totals of those pollutants from inventoried point sources. These small additional contributions to the
totals would be unlikely to alter the ozone attainment status of the region.

D.2.3.3  K-25 Site

The maximum estimated criteria pollutant concentrations at the K-25 boundary during yard
construction are shown in Table D.12. These maximum concentrations would occur when the
planned new storage yard would be completed. The maximum monitored 24-hour PM10

concentration at the Y-12 site is about 29 µg/m3, which when added to the estimated maximum PM10

concentration at the K-25 site brings the total above the 150 µg/m3 standard. The qualifications
regarding the estimated PM10 concentrations and the likelihood for a need of mitigative measures
discussed above for the Paducah site also apply to these K-25 results. As for Paducah, all other
criteria pollutant concentrations at K-25 would be well below their respective standards, generally
being between 1 to 3% of the standard. For years during which no construction activities are planned,
the maximum pollutant concentrations should not exceed air quality standards (Tables D.13 and
D.14). 

The maximum annual and 24-hour average HF concentrations from hypothetical cylinder
breaches at K-25 are estimated to be the highest of the three storage sites, as shown in Table D.15
(Tschanz 1997b). In large part, these high concentrations are a result of the distance to the nearest
facility boundary from the modeled location, which for the majority of HF point source emissions
is shorter at the K-25 site than at either of the other two facilities. The estimated maximum 24-hour
HF concentrations would be 0.66 µg/m3, which is 23% of the State of Tennessee standard of
2.9 µg/m3. The highest monitored 7-day HF concentration at the Y-12 site in 1992 was 0.28 µg/m3.

No quantitative estimate was made of the impacts on the criteria pollutant ozone. Ozone
formation is a regional issue affected by emissions data for the entire area around the K-25 site.
Anderson and Roane Counties in the Eastern Tennessee-Southwestern Virginia Interstate Air Quality
Control Region are currently in attainment for all criteria pollutant standards, including ozone. The
pollutant emissions most related to ozone formation that could result from the continued storage
options at the K-25 site would be HC and NOx. The potential effects on ozone of those pollutants
can be put in perspective by comparing them with the total emissions of HC and NOx for point
sources in Anderson and Roane Counties, as recorded in the Tennessee Division of Air Pollution
Control “Emissions Inventory” for 1995 (Conley 1996). The estimated HC and NOx emissions of
3.03 and 1.24 tons/yr would be only 0.11 and 0.002%, respectively, of the 1995 two-county
emissions totals of those pollutants from inventoried point sources. These small additional
contributions to the totals would be unlikely to alter the ozone attainment status of the region. The
HC and NOx emissions would be even smaller during later continued storage periods. 
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D.2.4  Water and Soil

Potential water and soil impacts for continued storage of cylinders under the no action
alternative were evaluated for surface water, groundwater, and soils at each of the three storage
facilities. Impacts to water and soil quality were evaluated by comparisons with U.S. Environmental
Protection Agency (EPA) guidelines. 

Water use for construction under the no action alternative was estimated to be 2 million gal
for the Paducah site and 0.81 million gal for the K-25 site (no construction would occur at the
Portsmouth site). Operational water use was estimated as ranging from 0.12 to 0.16 million gal/yr
at Paducah, 0.055 to 0.06 million gal/yr at Portsmouth, and 0.025 to 0.032 million gal/yr at K-25.

D.2.4.1  Surface Water

The estimated number of cylinder breaches assumed to occur under the no action alternative
is given in Appendix B; these estimates were used to calculate potential impacts to surface water
quality. Each breached cylinder was assumed to release a maximum of 4 lb (1.8 kg) of uranium over
a period of 4 years; additional details on the methodology used to evaluate the impacts are given in
Appendix C and Tomasko (1997b). 

The estimated maximum uranium concentrations in runoff water leaving the yards would
be about 20, 19, and 52 µg/L (5, 5, and 13 pCi/L) for Paducah, Portsmouth, and K-25, respectively.
These concentrations would occur in about 2002. The contaminated runoff was then assumed to flow
without loss to the nearest surface water, where it would mix and be diluted. For average flow
conditions, the dilution would be large enough that the maximum concentrations would be less than
0.7 µg/L (0.2 pCi/L) for all three sites (Table D.16). This concentration is less than the EPA
proposed drinking water maximum contaminant level (MCL) for uranium of 20 µg/L, used here for
comparison. The contaminated water would then mix with water in the Ohio River, Scioto River,
or Clinch River, resulting in even greater dilution. Because of this mixing, impacts to the major
rivers would not be measurable. 

D.2.4.2  Groundwater

Groundwater impacts were assessed by assuming that water contaminated due to releases
from hypothetical cylinder breaches would leave the yards as runoff and flow to the boundary of the
nearest surface water (but not discharge to it), thereby creating a contaminated source on the ground
surface. On the basis of the assumption that cylinder painting would control corrosion, the only
impacts to groundwater would be to water quality; no impacts would occur to recharge, depth to
water, or direction of flow (see Section D.3 for discussion of potential impacts based on assuming
a greater number of breaches). Conservative estimates of the concentration of uranium in
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TABLE D.16  Maximum Uranium Concentrations in Surface
Waters for Continued Cylinder Storage under the No Action
Alternative

Maximum
Concentration

Site Receiving Water Dilution Factor (µg/L)

Paducah Little Bayou Creek 124 0.3 

Ohio River 43,600 0.000004

Portsmouth Little Beaver Creek 26 0.7

Scioto River 2,240 0.0004

K-25 Poplar Creek 2,550 0.02

Clinch River 94 0.0002

groundwater were obtained by assuming the surface value to be equal to the maximum concentration
in water leaving each yard during a time interval of approximately 40 years. This duration corres-
ponds to the time period for the no action alternative. Details on the methodology are given in
Appendix C and Tomasko (1997b). 

At the end of the no action period (2039), the concentrations of uranium in groundwater
directly below the edge of the surface contamination at the Paducah, Portsmouth, and K-25 sites
were estimated to be about 0.25, 0.1, and 0.6 µg/L, respectively (Table D.17), for a retardation factor
of 5 (Tomasko 1997b). These concentrations are less than the EPA proposed drinking water MCL
for uranium of 20 µg/L (EPA 1996). Maximum concentrations of 6, 5, and 7 µg/L would occur at
the Paducah, Portsmouth, and K-25 sites, respectively, between 2070 and 2090 (Table D.17). For
a retardation factor of 50 (relatively immobile uranium transport), maximum concentrations would
be about 10 times less. 

D.2.4.3  Soil

Estimated numbers of cylinder breaches assumed to occur under the no action alternative
were used to calculate impacts to soil quality. Each breached cylinder was assumed to release a
maximum of 1 lb/yr (0.45 kg/yr) for a maximum of 4 years. For soil, the only impacts would be to
quality; there would be no impacts to topography, permeability, or erosion potential. Details on these
calculations and methodology are presented in Appendix C and Tomasko (1997b).

At the Paducah site, the highest soil concentration of uranium would be 0.1 µg/g in about
2002 for a distribution coefficient (Kd) of 5 (relatively low sorption capacity). If the soil had a larger
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TABLE D.17  Groundwater Concentrations for Continued Cylinder Storage for Two Soil
Characteristics under the No Action Alternative

a

X = 0 X = 1,000 ft

Concentration Time at Concentration Time at
Maximum Maximum

Site/Parameter pCi/L µg/L Concentration pCi/L µg/L Concentration

Retardation Factor = 5

Paducah
Concentration at 40 years 0.07 0.25
Maximum concentration 2 6.1 70 years 1.3 4.9 90 years

Portsmouth
Concentration at 40 years 0.03 0.10
Maximum concentration 1 5.1 80 years 1.1 4.1 96 years

K-25
Concentration at 40 years 0.2 0.60
Maximum concentration 2 7.3 60 years 1.5 5.7 80 years

Retardation Factor = 50

Paducah
Maximum concentration 0.2 0.7 585 years 0.1 0.5 770 years

Portsmouth
Maximum concentration 0.1 0.5 670 years 0.1 0.4 860 years

K-25
Maximum concentration 0.2 0.8 500 years 0.2 0.6 675 years

a
Retardation factors describe how readily a contaminant such as uranium moves through the soil in groundwater. A
retardation factor of 5 represents a case in which the uranium moves relatively rapidly in the soil; a retardation factor
of 50 represents a case in which uranium moves slowly.

sorption capacity (Kd = 50), the maximum value would be 10 times greater (1.0 µg/g). At the
Portsmouth site, the highest soil concentration of uranium would be 0.09 µg/g in about 2002 for a
distribution coefficient of 5 (relatively low sorption capacity). If the soil had a larger sorption
capacity (Kd = 50), the maximum value would be 10 times greater, 0.9 µg/g. At the K-25 site, the
highest soil concentration of uranium would be 0.3 µg/g in about 2002 for a distribution coefficient
of 5 (relatively low sorption capacity). If the soil had a larger sorption capacity (Kd = 50), the
maximum value would be 3.0 µg/g. Even with the larger sorption, soil concentrations at the three
sites would be below the recommended EPA guideline of 230 µg/g for residential soil and
6,100 µg/g for industrial soil (EPA 1995). 
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D.2.5  Socioeconomics

The impacts of continued storage on regional economic activity were estimated for a
region of influence (ROI) at each of the three storage sites. Additional details regarding the
assessment methodology are presented in Appendix C and Allison and Folga (1997).

Current storage activities at each site would likely have a small impact on socioeconomic
conditions in the ROIs surrounding the three sites (see Chapter 3, Sections 3.1.8, 3.2.8, and 3.3.8).
This is partly because a major proportion of expenditures associated with procurement for
conducting continued storage activities would flow outside the ROI to other locations in the United
States, thereby reducing the concentration of local economic effects of current storage activities at
each site. 

Slight changes in employment and income would occur in each ROI as a result of local
spending derived from employee wages and salaries, local procurement of goods and services
required to conduct continued storage activities, and other local investments associated with
construction and operations. In addition to creating new (direct) jobs at each site, continued current
storage would also create indirect employment and income in the ROI as a result of jobs and
procurement expenditures at each site. Jobs and income created directly by continued storage,
together with indirect activity in the ROI, would contribute slightly to a reduction in unemployment
in the ROI surrounding each site. Minimal impacts would be expected on local population growth
and, consequently, on local housing markets and local fiscal conditions.

The effects of continued cylinder storage activities on regional economic activity, measured
in terms of employment and personal income, and on population, housing, and local public revenues
and expenditures are discussed in Sections D.2.5.1 through D.2.5.3. Impacts are presented for each
storage site during the peak year of construction and the peak year of operations. The potential
impacts of continued cylinder storage at the three sites are shown in Table D.18.

D.2.5.1  Paducah Site

During the peak year for construction and reconstruction of cylinder yards, 20 direct jobs
would be created at the site and 60 additional jobs indirectly in the ROI (Table D.18) as a result of
the spending of employee wages and salaries and procurement-related expenditures. Overall, 80 jobs
would be created. Construction activity would also produce direct and indirect income in the ROI
surrounding the site, with $2.0 million of total income produced during the peak year. During the
peak year of continued cylinder storage activities, 90 direct and indirect jobs would be created.
Direct and indirect income would also be produced in the ROI, at a total income of $2.3 million.
Continued storage activities would result in an increase of 0.005 percentage points in the projected
baseline compound annual average growth rate in ROI employment from 1999 through 2039.

Construction activities would be expected to generate direct in-migration of 20 in the peak
year(Table D 18) Additional indirect job in migration would also be expected bringing the total
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TABLE D.18  Potential Socioeconomic Impacts of Continued Cylinder Storage under the No Action Alternative

Paducah Site Portsmouth Site K-25 Site

Impacts from Impacts from Impacts from Impacts from Impacts from Impacts from
Parameter Construction

a
Operations

b
Construction

c
Operations

b
Construction

a
Operations

b

Economic activity in the ROI

Direct jobs 20 60 – 20 10 30

Indirect jobs 60 30 – 10 50 50

Total jobs 80 90 – 30 60 90

Income ($ million)

Direct income 1.0 1.8 – 0.6 0.4 2.7

Total income 2.0 2.3 – 0.7 1.5 3.7

Population in-migration into the ROI 70 30 – 10 20 30

Housing demand

Number of units in the ROI 20 10 – 0 10 10

Public finances

Change in ROI fiscal balance (%) 0.0 0.0 – 0.0 0.0 0.0

a
Impacts for peak construction year. Construction activities were assumed to occur over 4 years at the Paducah site and over 1 year at the |
K-25 site (Parks 1997). |

b
Impacts for peak year of operations. Duration of operations was assumed to be 41 years (1999-2039). 

c
No construction activities are planned for continued cylinder storage at the Portsmouth site.
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number of in-migrants to 70 in the peak year. Continued cylinder storage activities would be
expected to generate direct and indirect job in-migration of 30 in the peak year of operations and
would result in an increase of 0.001 percentage points in the projected baseline compound annual
average growth rate in the ROI population from 1999 through 2039. 

Continued cylinder storage activities would generate the demand for 20 additional rental
housing units during the peak year of construction, representing an impact of 1.6% on the projected
number of vacant rental housing units in the ROI (Table D.18). The demand for 10 additional owner-
occupied housing units would be expected in the peak year of operations and would represent an
impact of 0.3% on the number of vacant owner-occupied housing units.

During the peak year of construction, 70 persons would in-migrate into the ROI, which
would lead to an increase of 0.04% over ROI-forecasted baseline revenues and expenditures
(Table D.18). In the peak year of operations, 30 in-migrants would be expected, which would result
in a 0.02% increase in local revenues and expenditures. 

D.2.5.2  Portsmouth Site

During the peak year of continued cylinder storage activities, 20 direct jobs would be
created at the site and 10 additional jobs indirectly in the ROI (Table D.18) as a result of the
spending of employee wages and salaries and procurement-related expenditures. Overall, 30 jobs
would be created. Operations would also produce direct and indirect income in the ROI surrounding
the site, at a total income of $0.7 million during the peak year. Continued cylinder storage operations
would result in an increase of 0.001 percentage points in the projected baseline compound annual
average growth rate in ROI employment from 1999 through 2039. 

Continued cylinder storage activities would be expected to generate direct in-migration of
less than 10 in the peak year (Table D.18). Additional indirect job in-migration would also be
expected and would bring the total number of in-migrants to 10 in the peak year. Operations would
result in an increase of less than 0.001 percentage points in the projected baseline compound annual
average growth rate in the ROI population from 1999 through 2039. 

Continued cylinder storage activities would generate the demand for less than 10 additional
rental housing units during the peak year of construction, thus representing an impact of 0.1% on the
projected number of vacant rental housing units in the ROI (Table D.18). 

During the peak year of operations, 10 persons would in-migrate into the ROI, thereby
leading to an increase that rounds to 0.0% over ROI-forecasted baseline revenues and expenditures
(Table D.18). 
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D.2.5.3  K-25 Site

During the single year during which construction activities are planned at the K-25 site,
10 direct jobs would be created at the site and 50 additional jobs indirectly in the ROI (Table D.18)
as a result of the spending of employee wages and salaries and procurement-related expenditures.
Overall, 60 jobs would be created. Construction activity would also produce direct and indirect
income in the ROI surrounding the site, with $1.5 million in income produced during the year.
During the peak year of continued cylinder storage activities, 90 direct and indirect jobs would be
created. Direct and indirect income would also be produced in the ROI, at a total income of
$3.7 million. Continued cylinder storage activities would result in an increase of less than 0.001 per-
centage points in the projected baseline compound annual average growth rate in ROI employment
from 1999 through 2039. 

Construction activities would be expected to generate direct in-migration of 10 in the
construction year (Table D.18). Additional indirect job in-migration would also be expected,
bringing the total number of in-migrants to 20 in the peak year. Continued cylinder storage activities
would be expected to generate direct and indirect job in-migration of 30 in the peak year of
operations and would result in an increase of less than 0.001 percentage points in the projected
baseline compound annual average growth rate in the ROI population from 1999 through 2039. 

Continued cylinder storage activities would generate the demand for 10 additional rental
housing units during the construction year and would represent an impact of 0.2% on the projected
number of vacant rental housing units in the ROI (Table D.18). The demand for 10 additional owner-
occupied housing units would be expected in the peak year of operations and would represent an
impact of 0.1% on the number of vacant owner-occupied housing units. 

During construction, 20 persons would in-migrate into the ROI, which would lead to an
increase of less than 0.1% over ROI-forecasted baseline revenues and expenditures (Table D.18).
In the peak year of operations, 30 in-migrants would be expected, which would result in a 0.01%
increase in local revenues and expenditures. 

D.2.6  Ecology

Impacts to ecological resources during continued cylinder storage would be expected to be
negligible. Analysis of potential impacts was based on exposure to airborne contaminants or
contaminants released to soil, groundwater, or surface water. Predicted concentrations of contami-
nants in environmental media were compared to benchmark values of toxic and radiological effects
to assess impacts to terrestrial and aquatic biota. A detailed discussion of assessment methodology
is presented in Appendix C.

At all three sites, atmospheric emissions of criteria pollutants from cylinder storage yard
activities — including cylinder painting, cylinder relocation, and new yard construction (at the
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Paducah and K-25 sites) — would be well below levels harmful to biota, and impacts to ecological
resources would be negligible. (See Section D.2.3 for a discussion of air quality impacts and
Appendix C for application of predicted values.) 

The maximum annual average air concentration of HF at the site boundary, due to
hypothetical cylinder breaches, would be very low, up to 0.08 µg/m3 at the K-25 site and less for the
other two sites (Section D.2.3). Resulting impacts to biota would be expected to be negligible.
Potential impacts to ecological resources are shown in Table D.19. 

Soil near the storage yards could become contaminated with uranium by surface runoff from
the yards. Uptake of uranium-containing compounds can cause adverse effects to vegetation. The
potential maximum uranium concentration in soil would be 1.0 µg/g at the Paducah site, 0.9 µg/g
at the Portsmouth site, and 3.0 µg/g at the K-25 site (Section D.2.4.3). Because these estimated
concentrations are below the lowest concentration known to produce toxic effects in plants, toxic
effects on vegetation due to uranium uptake would not be expected (Table D.19). 

Surface runoff from the storage yards would result in maximum (undiluted) uranium
concentrations of 20, 19, and 52 µg/L (5.2, 4.8, and 13.4 pCi/L) at the Paducah, Portsmouth, and
K-25 sites, respectively (Section D.2.4.1). Resulting dose rates to maximally exposed organisms in
the nearest receiving surface water body at each site would be less than 0.016 rad/d, less than 2% of
the dose limit of 1 rad/d for aquatic organisms, as specified in DOE Order 5400.5. These uranium
concentrations are also considerably below 150 µg/L, which is the lowest concentration known to
adversely affect aquatic biota. Therefore, impacts to aquatic biota would not be expected. 

Surface runoff from the storage yards could infiltrate adjacent soil and become a source of
groundwater contamination. Groundwater could discharge to the surface (such as in wetland areas)
near the facility, thus exposing biota to contaminants. Groundwater concentrations of uranium near
the storage yards could range up to 6.1, 5.1, and 7.3 µg/L at the Paducah, Portsmouth, and K-25 sites,
respectively; uranium activity could range up to 2, 1, and 2 pCi/L, respectively (Section D.2.4.2).
Resulting toxic effects and dose rates to maximally exposed organisms would be negligible.
Resulting impacts to aquatic biota would therefore be negligible (Table D.19).

Facility accidents (Section D.2.2) could result in adverse impacts to ecological resources.
The affected species and degree of impact would depend on a number of factors, such as location
of the accident, season, and meteorological conditions.

D.2.7  Waste Management

The principal wastes expected to be generated by operations involving continued cylinder
storage are low-level radioactive waste (LLW) and low-level mixed waste (LLMW). Impacts on
waste management from wastes generated during the continued storage operations at the sites would
be caused by the potential overload of waste treatment and/or disposal capabilities either at a site or
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TABLE D.19  Potential Impacts to Ecological Resources
from Continued Cylinder Storage under the No Action
Alternative

Contaminant Biota
Maximum
Exposure Effect

Paducah Site

Hydrogen fluoride Wildlife 0.009 µg/m
3

Negligible

Uranium in surface water Aquatic 20 µg/L Negligible

5.2 pCi/L Negligible

Uranium in groundwater Aquatic 6.1 µg/L Negligible

1.6 pCi/L Negligible

Uranium in soil Plants 1.0 µg/g Negligible

Portsmouth Site

Hydrogen fluoride Wildlife 0.01 µg/m
3

Negligible

Uranium in surface water Aquatic 19 µg/L Negligible

4.8 pCi/L Negligible

Uranium in groundwater Aquatic 5.1 µg/L Negligible

2.1 pCi/L Negligible

Uranium in soil Plants 0.9 µg/g Negligible

K-25 Site

Hydrogen fluoride Wildlife 0.08 µg/m
3

Negligible

Uranium in surface water Aquatic 52 µg/L Negligible

13 pCi/L Negligible

Uranium in groundwater Aquatic 7.3 µg/L Negligible

1.9 pCi/L Negligible

Uranium in soil Plants 3.0 µg/g Negligible
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on a regional/national scale. Waste generated at the three sites from continued cylinder storage under
the no action alternative are listed in Table D.20. Given the types and quantities of waste expected
to be generated, there is little potential for impacts on regional or national waste treatment/disposal
capabilities.

Only limited construction of additional facilities would be needed to support the operations
involved in the continued storage and maintenance of cylinders. No waste management impacts
resulting from construction-generated wastes would be expected. 

The normal operations to maintain and store cylinders would consist of inspections,
stripping and repainting of the cylinders, and disposal of scrap metal from breached cylinders that
required emptying. These operations would generate two primary waste streams: (1) uranium-
contaminated scrap metal LLW from breached cylinders and failed valves and (2) solid process
residue LLMW from cylinder painting. In the event of cylinder failure, small amounts of additional
LLMW could be generated due to releases from breached cylinders. 

For all three current storage sites, the amount of LLW generated from continued storage
would at most represent less than 1% of site LLW generation (see Appendix C, Section C.10.2). The
maximum annual amount of LLW generated during the continued storage of cylinders at all three
sites would represent less than 1% of the annual DOE LLW generation. 

Continued storage would also generate LLMW at all three sites. At the Paducah site,
stripping/painting operations would generate a maximum annual amount of 23 m3 of LLMW, which

TABLE D.20  Waste Generated during
Continued Cylinder Storage under the
No Action Alternative

Waste (m
3
)

Site LLW
a

LLMW
b

Paducah 52 893

Portsmouth 23 418

K-25 10 157

Total (1999-2039) 85 1,468

a
Contaminated scrap metal from empty
cylinders.

b
Inorganic process residues from cylinder
painting.
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would be about 20% of the site’s total annual LLMW load, which represents a moderate impact to
site waste management capabilities. At the Portsmouth site, the LLMW input would be less than 1%
of the site load. At the K-25 site, continued cylinder storage would generate less than 1% of the total
LLMW load at the Oak Ridge Reservation. Overall, the waste input resulting from continued
cylinder storage would have negligible impacts on waste management capabilities at the Portsmouth
and K-25 sites, but impacts from disposal of LLMW could have moderate impacts at the Paducah
site. Impacts on national waste management capabilities would be negligible. The input of LLMW
from continued cylinder storage at the three sites would represent less than 1% of the total
nationwide LLMW load. 

D.2.8  Resource Requirements

Material resources that could be consumed during continued cylinder storage include
construction materials that could not be recovered or recycled, and materials consumed or reduced
to unrecoverable forms of waste. Where construction is necessary, materials required could include
concrete, sand, gravel, steel, and other metals. In general, none of the construction resources
identified for continued cylinder storage are in short supply, and all would be readily available in the
vicinity of the three sites. Energy resources during construction and operations would include the
consumption of diesel fuel and gasoline for construction equipment and transportation vehicles. The
anticipated utilities requirements would be within the supply capacities at each site. Detailed
information relating to the methodology is presented in Appendix C. 

Cylinder yard construction or reconstruction would occur only at the Paducah and K-25
sites. No reconstruction activities are anticipated at the Portsmouth site. 

Continued cylinder storage would require materials such as 55-gal drums for containment
of any generated waste, replacement cylinder valves for those found to be defective upon inspection,
and diesel fuel and gasoline to operate equipment and on-site vehicles. In addition, two gallons of
paint per cylinder would be required for cylinder painting. Potable water would be made available
for the needs of the workforce.

Materials and utilities required for construction and operation activities for continued
storage at the Paducah, Portsmouth, and K-25 sites are presented in Table D.21. The total quantities
of commonly used construction materials are expected to be small compared to local sources. No
strategic and critical materials are projected to be consumed for either construction or operations.
Small amounts of diesel fuel and gasoline are projected to be used. The required material resources
during operations would be readily available.

D.2.9  Land Use

No construction activities are planned for the Portsmouth site. Other than disturbances to
narrowstrips of land along the outer perimeters of existing yards no additional land clearing would
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TABLE D.21  Resource Requirements of Construction and Operations 
for Continued Cylinder Storage under the No Action Alternative

Consumption during 1999-2039

Materials/Resource Unit Paducah Site Portsmouth Site K-25 Site

Construction

Solids
Concrete yd

3
20,000 0 8,000

Construction aggregate yd
3

29,000 0 12,000
Special coatings yd

2
90,000 0 36,000

Liquids
Gasoline gal 3,100 0 1,300
Diesel fuel gal 18,000 0 7,300

Operations
a

Solids
55-gal drums each 104 – 109 50 18 – 20
Cylinder valves (1-in.) each 9 4 2

Liquids
Gasoline gal/yr 3,400 – 4,500 1,600 – 1,700 700 – 1,000
Diesel fuel gal/yr 8,600 – 13,600 4,100 1,500 – 2,600
Zinc-based paint gal/yr 5,700 – 6,000 2,700 1,000 – 1,100

a
Values reported as ranges generally correspond to varying resource requirements during
years for which construction activities are planned. 

be necessary at the Paducah site. Construction activities at Paducah would consist of modifications
to existing yards; no new construction would occur outside the footprints of existing yards. Although
no location has been chosen for a new storage yard at K-25, the areal requirement of 6.7 acres
(2.7 ha) would be very small and represent less than 1% of the land available for development on
the site. Because the yard would be located in an area already dedicated to similar use, immediate
access to infrastructure and utility support would be possible with only minor disturbances to
existing land use. 

During continued cylinder storage operations, land-use impacts at the three sites would be
negligible and limited to potential minor disruptions on land parcels contiguous to the existing yards.
No impacts would be expected for off-site land use. 
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D.2.10  Cultural Resources

Impacts to cultural resources are not likely at the Paducah or Portsmouth sites during
continued cylinder storage. The existing and proposed storage yards at Paducah are located in
previously disturbed areas unlikely to contain cultural properties or resources eligible for the
National Register of Historic Places. No new storage yards are proposed at Portsmouth, so no
cultural resources would be affected. A new storage yard is proposed at the K-25 site; however, the
exact location is unknown. Impacts might result if the storage yard was constructed on or near an
eligible resource.

D.2.11  Environmental Justice

The analysis of potential environmental justice impacts resulting from continued cylinder
storage is based on the conclusions drawn in the assessment of impacts on human health
(Sections D.2.1 and D.2.2) and a review of environmental impacts presented in discussions of other
technical areas (Sections D.2.3 through D.2.10) such as air quality, water quality and soils,
socioeconomics, and ecological resources. The analysis of health effects included an examination
of risks to the general public associated with normal facility operations and accidents. A detailed
description of the mapping procedures, screening criteria, calculational methods, and demographic
sector analysis is presented in Appendix C, Section C.8. 

Events occurring after 2039 could not be included in the analysis of potential environmental
justice impacts because the composition of the population residing within 50 miles (80 km) of a site
cannot be projected with accuracy over the long term. Current minority and low-income population
proportions for each site were assumed out to the year 2039. 

A review of potential human health impacts (Sections D.2.1 and D.2.2) indicated that no
high and adverse human health effects or impacts would be expected from continued storage of
cylinders at the Paducah, Portsmouth, and K-25 sites. Therefore, although minority and low-income
populations reside within 50 miles (80 km) of the sites, no disproportionate impacts would be
expected. The distributions of minority and low-income population census tracts within a 50-mile
(80-km) radius of each site are shown in Appendix C, Figures C.1 through C.3. Screening criteria
limits (Appendix C, Section C.8) for radiological and chemical sources under normal operations and
accident conditions were not exceeded, and the risk of fatalities from operations and accidents from
1999 through 2039 would be considerably below one. Radiological releases from normal operations
at the three sites would result in annual average doses to the MEI residing outside the facilities that
would be considerably below the DOE regulatory limit of 100 mrem/yr for members of the public.
Chemical impacts from routine operations under continued storage at all three sites would result in
MEI hazard indices well below 1. Additionally, accidental chemical releases would not result in any
expected fatalities or expected adverse human health effects for the general public (when considering
risk, i.e., the product of the potential number of persons affected and the probability of the accident
occurring). 
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A review of impact assessments for other technical areas (Sections D.2.3 through D.2.10)
indicated that few or no impacts would be expected from continued storage of cylinders at any of the
sites. Projected air emissions from construction activities and operations would be below federal and
state regulatory limits and no impacts to water quality or soils are anticipated. Consequently, no
segment of the population, including minorities or persons of low-income, would experience
disproportionate impacts. 

D.2.12  Other Impacts Considered But Not Analyzed in Detail

Other impacts that could potentially occur as a result of continued storage of depleted UF6

cylinders at the three current storage sites include impacts to the visual environment (e.g., aesthetics),
recreational resources, and noise levels, as well as impacts associated with decontamination and
decommissioning of the storage yards. These impacts, although considered, were not analyzed in
detail because the impacts would be negligibly small or consideration of the impacts would not
contribute to differentiation among the alternatives and therefore would not affect the decisions to
be made in the Record of Decision to be issued following publication of this PEIS. 

D.3  POTENTIAL IMPACTS OF CONTINUED CYLINDER STORAGE
BASED ON UNCERTAINTIES IN CORROSION CONTROL

Under the no action alternative, it was assumed that cylinders would be painted every
10 years and that the paint would effectively stop any further corrosion of the cylinders (see
introduction to this appendix). To address uncertainty in both the effectiveness of the painting in
controlling further corrosion and uncertainties in the future painting schedule, a conservative
assessment was made of the impacts assuming that painting would have no effect on corrosion.
Under this assumption and using historical data from the three sites, the number of breaches that
would occur at each site as a function of time were estimated (Lyon 1997). These conservative
estimates indicate that the number of breaches that could occur prior to 2039 would be about 400
at Paducah, 74 at Portsmouth, and 210 at K-25 (see Appendix B). 

If no credit were taken for corrosion reduction through painting, and if storage was
continued at the three current storage sites indefinitely, calculations indicate that uranium releases
from breaches occurring at the Paducah site prior to about the year 2020 could result in a sufficient
amount of uranium in the soil column to bring the groundwater concentration of uranium to 20 µg/L
in the future (about 2100) (Tomasko 1997a). The cylinders would have to undergo uncontrolled
corrosion (without painting) until about 2050 at Portsmouth, and until about 2025 at the K-25 site
before the same groundwater concentration guideline of 20 µg/L would be a concern. Again, the
groundwater concentration would not actually reach 20 µg/L at these sites until about 2100 or later.

Also, if no credit were taken for corrosion reduction through painting, air quality concerns
might arise. Calculations indicate that breaches occurring at the K-25 site by around the year 2020
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could result in maximum 24-hour average HF concentrations at the site boundary approximately
equal to 2.9 µg/m3 (3.5 ppb). This level corresponds to the primary standard for the State of
Tennessee. For comparison, the maximum estimated 24-hour average HF concentration at the
Paducah and Portsmouth sites through the year 2039 would be 2 µg/m3 and 0.6 µg/m3, considerably
below the 2.9 µg/m3 level (the State of Kentucky primary standard for HF is much higher [816 µg/m3

maximum 24-hour average]; the State of Ohio does not have standards for HF). 

A painting program for the cylinders, designed to control further corrosion, has been
initiated at the three sites. Therefore, the assumption of uncontrolled corrosion is not a reasonable
assumption. The painting program is expected to eliminate or substantially reduce the corrosion of
cylinders at the sites. DOE will continue to monitor its cylinders and is committed to maintain the
safety basis of continued cylinder storage. If the conditions became substantially different from what
is assumed under the no action alternative, DOE would take the appropriate action(s) to maintain the
safety basis. 

D.4  POTENTIAL IMPACTS OF CONTINUED CYLINDER STORAGE
FOR THE ACTION ALTERNATIVES

For the action alternatives considered in this PEIS — long-term storage as UF6, long-term
storage as uranium oxide, use as uranium oxide, use as uranium metal, and disposal as uranium
oxide — continued storage could be necessary for some portion of the DOE-generated cylinders at
the current storage sites through approximately 2028. This 30-year storage period would correspond
to the period during which construction of conversion, long-term storage, and/or disposal facilities
would occur and during which the cylinders would be transported from the current locations to the
processing locations. For analyses in this PEIS, the cylinder removal period was assumed to take
place between 2009 and 2028; the number of cylinders at each site would decrease by 5% annually
during that time. 

Potential environmental impacts associated with continued cylinder storage for the action
alternatives were assessed with essentially the same methodology used to estimate impacts for the
no action alternative (see Section D.2 and Appendix C). Through the year 2008, the number of
maintenance activities (such as inspections, yard reconstruction, and painting) was assumed to be
the same as for the no action alternative (Parks 1997). From 2009 through 2028, the number of
maintenance activities was assumed to decrease by 5% annually, to correspond to the reduction in
cylinder inventory that would be occurring. Impacts associated with maintenance activities (e.g.,
radiation doses to involved workers) would, therefore, generally be reduced for the action
alternatives. 

A key difference between the assessment of continued storage impacts conducted for the
action alternatives and the assessment conducted for the no action alternative was in the assumptions
made regarding potential numbers of breached cylinders. Because of impending cylinder movement
or content transfer, cylinder yard improvement and cylinder painting might not occur at the same rate
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under the action alternatives as they would under the no action alternative. Because the painting
schedule that would be followed under the action alternatives is not known, and to present
reasonable upper bound estimates of impacts, no credit was taken for the effectiveness of cylinder
yard improvements and painting in reducing cylinder corrosion rates. Therefore, the number of
hypothetical cylinder breaches assumed for the action alternatives was estimated by assuming that
painting and improved storage conditions were not effective in arresting continued corrosion of the
cylinders (i.e., assuming that corrosion continued at historical rates; see Appendix B) and by
assuming that the population of cylinders at each site was decreasing at an annual rate of 5% between
the years 2009 and 2028. These assumptions led to a higher number of assumed breaches for
continued storage under the action alternatives than under the no action alternative, even though the
number of years of storage would be lower. The assumptions for releases of uranium and HF from
breached cylinders, as well as for methods to estimate water and soil impacts, were identical to those
used for the assessment of impacts for the no action alternative. However, the outcome of the
increased number of assumed cylinder breaches was a slightly higher estimate of impacts on
groundwater, air quality, and human health and safety for the action alternatives, although the
estimated impacts are still within applicable standards or guidelines (see Table D.1). The impacts
of continued cylinder storage under the action alternatives for the various technical areas of interest
are discussed in Sections D.4.1 through D.4.11. Assessment methods are described in Appendix C
and in Section D.2. 

D.4.1  Human Health — Normal Operations

D.4.1.1  Radiological Impacts

Estimated radiation doses and latent cancer risks for each of the three storage sites are
presented in Tables D.22 and D.23. Long-term radiological impacts (based on groundwater
contamination) are provided in Table D.24.

D.4.1.1.1  Paducah Site

During the continued cylinder storage period, the average annual collective dose for
involved workers would be about 15 person-rem/yr for an average of 23 workers, assuming the
workers work 5 hours per day in the cylinder yard. The individual dose for involved workers would
average 650 mrem/yr for this period of time. The maximum dose for noninvolved workers would
be less than 0.3 mrem/yr, well below the regulatory limit of 10 mrem/yr. For the general public, the
maximum dose would be approximately 0.1 mrem/yr, with 0.03 mrem/yr from airborne pathways
and 0.07 mrem/yr from groundwater pathways.

Long-term radiation exposure after year 2028 from use of contaminated groundwater would
result in a maximum dose of 1.3 mrem/yr, which is a small fraction of the DOE dose limit of
100 mrem/yr for the general public
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TABLE D.22  Radiological Doses from Continued Cylinder Storage under Normal Operations
for the Action Alternatives

Annual Dose to Receptor

Involved Workers
a

Noninvolved Workers
b

General Public

Average Collective Collective Collective
Individual Dose Dose MEI Dose

c
Dose

d
MEI Dose

e
Dose

f

Site (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr)

Paducah 650 15 0.26 0.012 0.031
(< 0.072)

0.017

Portsmouth 450 6.0 0.057 0.00040 0.017
(< 0.0051)

0.0017

K-25 260 3.0 0.17 0.0031 0.37
(< 0.085)

0.017

a
Involved workers are those workers directly involved with the handling of materials. Impacts are presented as average
individual dose and collective dose for the worker population. The reported values are averages over the time period 1999-
2028. Radiation doses to individual workers would be monitored by a dosimetry program and maintained below applicable
standards, such as the DOE administrative control limit of 2,000 mrem/yr.

b
Noninvolved workers are individuals who work on-site but not within the cylinder storage yards. Exposures of
noninvolved workers would result from airborne emissions of UO2F2 due to hypothetically breached cylinders. The
exposure pathways considered included inhalation, external radiation, and incidental ingestion of soil.

c
The MEI for the noninvolved workers was assumed to be at the on-site (outside storage yards) location that would yield
the largest dose. The reported values are the maximums over the time period considered.

d
The reported collective doses are averages over the time periods considered. Population size of the noninvolved workers
was assumed to be about 2,000 for Paducah, 2,700 for Portsmouth, and 3,500 for K-25. 

e
The MEI for the general public was assumed to be located off-site at a point that would yield the largest dose. The reported
values are the maximums over the time period considered and are the results of exposures from inhalation, external
radiation, and ingestion of plant foods, meat, milk, soil (all consequences of airborne emissions of UO2F2) due to
hypothetically breached cylinders and from drinking surface water (consequence of discharge of contaminated runoff water
to a surface water body). Values within parentheses are the potential maximum doses from using contaminated
groundwater for drinking, irrigating plant foods and fodder, and feeding livestock.

f
Collective dose was estimated for the population within a radius of 50 miles (80 km) around the three sites. The reported
values are averages over the time period considered. The off-site populations are 500,000 persons for Paducah, 605,000 for
Portsmouth, and 877,000 for K-25. Exposure pathways considered were inhalation, external radiation, and ingestion of
plant foods, meat, milk, and soil (consequences of airborne emissions of UO2F2) due to hypothetically breached cylinders.
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TABLE D.23  Latent Cancer Risks from Continued Cylinder Storage under Normal
Operations for the Action Alternatives

Annual Risk of Latent Cancer Fatality to Receptor

Involved Worker
a

Noninvolved Worker
b

General Public

Average Collective Collective Collective 
Individual Risk Risk MEI Risk

c
Risk

d
MEI Risk

e
Risk

f

Site (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr)

Paducah 3 × 10
-4

6 × 10
-3

1 × 10
-7

5 × 10
-6

2 × 10
-8

(< 7 × 10
-9

)
8 × 10

-6

Portsmouth 2 × 10
-4

2 × 10
-3

2 × 10
-8

2 × 10
-7

8 × 10
-9

(< 5 × 10
-10

)
8 × 10

-7

K-25 1 × 10
-4

1 × 10
-3

7 × 10
-8

1 × 10
-6

2 × 10
-7

(< 8 × 10
-9

)
9 × 10

-6

a
Involved workers are those workers directly involved with the handling of materials. Impacts are presented as
average individual risk and collective risk for the worker population. The reported values are averages over the
time period 1999-2028.

b
Noninvolved workers are individuals who work on-site but not within the cylinder storage yards. Exposures of
noninvolved workers would result from airborne emissions of UO2F2 due to hypothetically breached cylinders.
The exposure pathways considered included inhalation, external radiation, and incidental ingestion of soil.

c
The MEI for the noninvolved workers was assumed to be at the on-site (outside storage yards) location that
would yield the largest risk. The reported values are the maximums over the time period considered.

d
The reported collective risks are averages over the time period considered. Population size of the noninvolved
workers was assumed to be about 2,000 for Paducah, 2,700 for Portsmouth, and 3,500 for K-25.

e
The MEI for the general public was assumed to be located off-site at a point that would yield the largest risk.
The reported values are the maximums over the time period considered and are the results of exposures from
inhalation, external radiation, and ingestion of plant foods, meat, milk, soil (all consequences of airborne
emissions of UO2F2) due to hypothetically breached cylinders and from drinking surface water (consequence of
discharge of contaminated runoff water to a surface water body). Values within parentheses are the potential
maximum doses from using contaminated groundwater for drinking, irrigating plant foods and fodder, and
feeding livestock. 

f
Collective risk was estimated for the population within a radius of 50 miles (80 km) around the three sites. The
reported values are averages over the time period considered. The off-site populations are 500,000 persons for
Paducah, 605,000 for Portsmouth, and 877,000 for K-25. Exposure pathways considered were inhalation,
external radiation, and ingestion of plant foods, meat, milk, and soil (consequences of airborne emissions of
UO2F2) due to hypothetically breached cylinders.
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TABLE D.24  Long-Term Radiological Impacts to Human Health
from Continued Cylinder Storage under the Action
Alternatives

a,b

Impact to MEI of General Public

Storage Location
Radiation Dose

c

(mrem/yr)
Latent Cancer Risk

c

(risk/yr)

Paducah site 0.13 – 1.3 6 × 10
-8

 – 7 × 10
-7

Portsmouth site 0.021 – 0.21 1 × 10
-8

 – 1 × 10
-7

K-25 site 0.077 - 0.64 4 × 10
-8

 – 3 × 10
-7

a
Long-term impacts correspond to the time after the year 2028. 

b
Long-term impacts would be caused by the potential use of contaminated
groundwater for drinking, irrigating plant foods and fodder, and feeding
livestock. Contamination of groundwater would result from releases from
hypothetically breached cylinders and the resulting infiltration of UO2F2
to the deeper soils, eventually reaching the groundwater (UO2F2 is the
product of UF6 reacting with moisture in air).

c
Radiation doses and latent cancer risks are expressed as ranges, which
would result from different transport speeds of uranium in soil. The
reported values are the maximum values that would occur after 2028,
assuming no mitigation action was taken.

D.4.1.1.2  Portsmouth Site

During the cylinder storage period (1999-2028), the average annual collective dose for
involved workers would be 6.0 person-rem/yr for approximately 14 workers, resulting in an average
individual dose of 450 mrem/yr. The doses for the MEIs of noninvolved workers and members of
the general public would be less than 0.06 and 0.02 mrem/yr, respectively, from airborne emission
of UO2F2. Additional exposure of the general public could be caused by use of contaminated
groundwater; the maximal dose would be about 0.005 mrem/yr by the end of the cylinder storage
period. The radiation exposure of involved workers would be much less than the regulatory limit of
5,000 mrem/yr; exposure of noninvolved workers and members of the general public would be quite
small compared with the regulatory limits of 10 mrem/yr for airborne emissions and 100 mrem/yr
for all exposure pathways for the general public. 

Long-term radiation exposure after the year 2028 from the use of contaminated groundwater
would result in a maximum dose of 0.21 mrem/yr. 
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D.4.1.1.3  K-25 Site

Radiation exposures of involved workers at the K-25 site would be less than those at the
Paducah and Portsmouth sites because fewer cylinders would be managed at the K-25 site. During
continued cylinder storage, involved workers would receive an average dose of 260 mrem/yr from
performing cylinder maintenance activities. The average annual collective dose for involved workers
would be 3.0 person-rem/yr for approximately 12 workers. Radiation exposures of noninvolved
workers and members of the general public would be less than 0.17 and 0.37 mrem/yr, respectively,
from airborne emission of UO2F2. The dose for the general public MEI would be greater than that
for the noninvolved worker MEI because of the close proximity from the assumed emissions point
to the site boundary. Potential radiation exposure from the use of contaminated groundwater would
result in a dose of less than 0.081 mrem/yr at the end of this period. 

Long-term radiation exposure after the year 2028 from the use of contaminated groundwater
would result in a maximal dose of 0.64 mrem/yr. 

D.4.1.2  Chemical Impacts

Chemical impacts associated with continued cylinder storage could result primarily from
exposure to uranium compounds and HF released from hypothetical cylinder breaches. Estimated
impacts for each of the three storage sites are given in Table D.25. The highest hazard quotients
result when the use of contaminated groundwater is considered in addition to exposures through
inhalation, soil ingestion, and surface water ingestion (i.e., maximum hazard quotient of 0.17 at the
Paducah site). Adverse health effects would not be expected from exposure to chemical contami-
nants associated with continued cylinder storage (that is, the estimated hazard indices would all be
less than the threshold value of 1). 

D.4.2  Human Health — Accident Conditions

The assessment of impacts conducted for potential accidents associated with continued
cylinder storage under the action alternatives was similar to that for the no action alternative (Sec-
tion D.2.2) in that the same accidents were considered and the consequences of those accidents
would be the same. However, because the duration of continued cylinder storage under the action
alternatives is 11 years shorter than that assessed for the no action alternative (i.e., 30 years assumed
for the action alternatives compared with 41 years assumed for the no action alternative), the risk of
these accidents occurring would therefore be somewhat lower under the action alternatives. 
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TABLE D.25  Chemical Impacts to Human Health from Continued Cylinder Storage 
under Normal Operations for the Action Alternatives

Impacts to Receptor

Noninvolved Workers
a

General Public
b

Site/Time Period
Hazard Index

c

for MEI 
Population Risk

d

(ind. at risk/yr)
Hazard Index

c

for MEI
Population Risk

d

(ind. at risk/yr)

Paducah site
1999-2028 1.6 × 10

-3
– 5.2 × 10

-3

(9.0 × 10
-3

)
–

Long-term impacts
e

NA
f

– 0.02 – 0.17 –

Portsmouth site
1999-2028 3.9 × 10

-5
– 3.0 × 10

-3

(6.4 × 10
-4

)
–

Long-term impacts
e

NA – 0.003 – 0.03 –

K-25 site
1999-2028 1.1 × 10

-3
– 6.5 × 10

-2

(1.1 × 10
-2

)
–

Long-term impacts
e

NA – 0.01 – 0.08 –

a
Noninvolved workers are individuals who work on-site but not within the cylinder storage yards. The MEI for the
noninvolved worker was assumed to be at the on-site (outside storage yards) location that would yield the largest
exposure. Exposures would result from airborne emissions of UO2F2 and HF from hypothetically breached cylinders; the
exposure pathways considered included inhalation and incidental ingestion of soil.

b
The MEI for the general public was assumed to be located off-site at the point that would yield the largest exposure.
Results reported are the maximum values for the time period considered and would result from exposure via inhalation;
ingestion of soil (resulting from airborne emissions of UO2F2 and HF from hypothetically breached cylinders); and
drinking surface water (consequence of the discharge of contaminated runoff water to a surface water body). Potential
impacts during the storage period 1999-2028 (values within parentheses) were also evaluated from the use of
contaminated groundwater for drinking, irrigating plant foods and fodder, and feeding livestock.

c
The hazard index is an indicator for potential health effects other than cancer; a hazard index greater than 1 indicates a
potential for adverse health effects and a need for further evaluation.

d
Calculation of population risk is not applicable when the corresponding hazard index for the MEI is less than 1.

e
Long-term impacts would result from using contaminated groundwater.

f
NA = not applicable; workers were assumed not to ingest groundwater.
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D.4.2.1  Radiological Impacts

The accidents that might be associated with continued cylinder storage under the action
alternatives are identical to those addressed under the no action alternative. See Section D.2.2.1 for
the discussion of potential human health impacts associated with radiological exposures from
accidental releases. 

D.4.2.2  Chemical Impacts

The accidents that might be associated with continued cylinder storage under the action
alternatives are identical to those addressed under the no action alternative. See Section D.2.2.2 for
the discussion of potential human health impacts associated with chemical exposures from accidental
releases. 

D.4.2.3  Physical Hazards

The activities considered in calculating the physical hazards associated with continued
cylinder storage were routine cylinder inspections, ultrasonic inspections, valve monitoring and
maintenance activities, cylinder relocations, cylinder yard construction or reconstruction, cylinder
painting, and patching and content transfers of breached cylinders. The annual labor requirements
and the corresponding fatality and injury risks to all workers for these activities were estimated to
be less than 1 (0.07) for the total three-site fatality risk and about 90 injuries for the total three-site
injury risk (see Table D.26).

D.4.3  Air Quality

The assessment of air quality impacts from construction, relocating cylinders, and painting
cylinders conducted for the no action alternative would also be applicable for the action alternatives
because the assessment was based on maximum annual impacts (i.e., the same construction activities
were assumed, as well as the same levels of relocating and painting cylinders during the initial years
of continued storage). Potential impacts on air quality from these activities are discussed in
Section D.2.3. 

The estimated HF emissions for the action alternatives would differ from those for the
no action alternative because different numbers of breached cylinders were assumed (see Appen-
dix B). The numbers of hypothetical breaches and estimated resulting HF concentrations at the three
current storage sites are given in Table D.27. The estimated 0.27 µg/m3 maximum 24-hour average
HF concentration for the Paducah site is considerably below the Kentucky primary annual standard
for HF of 400 µg/m3 (0.5 ppm). The estimated 2.7 µg/m3 maximum 24-hour average HF
concentration for the K-25 site is below the Tennessee 24-hour average standard of 2.9 µg/m3. 
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TABLE D.26  Estimated Impacts to Human Health from Physical
Hazards under Continued Cylinder Storage for the Action Alternatives

a,b

Impacts to All Workers (Involved and Noninvolved)
c

Fatality Incidence Injury Incidence

Paducah
Site

Portsmouth
Site

K-25
Site

Total,
3 Sites

Paducah
Site

Portsmouth
Site

K-25
Site

Total,
3 Sites

0.03 0.02 0.02 0.07 41 26 23 90

a
Potential impacts are based on continued storage activities, which would include routine
inspections, ultrasonic inspections, valve monitoring and maintenance, cylinder relocations,
cylinder yard construction and reconstruction, cylinder painting, and patching and content
transfers for breached cylinders for the time period 1999-2028.

b
Risk estimates include reconstruction of L-, M-, N-, and P-yards at Paducah and construction
of a new yard at K-25.

c
Injury and fatality rates used in the calculations were taken from National Safety Council
(1995). 

TABLE D.27  Estimated Number of Breached Cylinders, Maximum HF
Emissions, and Average Maximum HF Concentrations at the Existing 
Storage Sites for the Action Alternatives

Maximum Maximum
Number of Breaches Total Number of Maximum HF Concentration (µg/m

3
)

Starting in a Active Breaches
Site Single Year in a Single Year 24-Hour Average Annual Average

Paducah 4 16 0.27 0.03

Portsmouth 1 4 0.14 0.015

K-25 3 8 2.7 0.34
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D.4.4  Water and Soil

D.4.4.1  Surface Water

The estimated numbers of cylinder breaches assumed to occur during continued cylinder
storage for the action alternatives are given in Appendix B. These estimates were used to calculate
potential impacts to surface water quality. Each breached cylinder was assumed to release a
maximum of 4 lb (1.8 kg) of uranium over 4 years; additional details on the methodology used to
evaluate the impacts are given in Appendix C and Tomasko (1997b). 

The estimated maximum uranium concentrations in runoff water leaving the yards would
be about 121, 25, and 130 µg/L (31, 6, and 34 pCi/L) for the Paducah, Portsmouth, and K-25 sites,
respectively. These concentrations would occur in about the year 2018. After leaving the yards, the
contaminated runoff was assumed to flow without loss to the nearest surface water, where it would
mix and be diluted. For average flow conditions, the dilution would be large enough that the
maximum concentrations would be less than 2 µg/L (0.5 pCi/L) for all three sites (see Table D.28).
This concentration is less than the EPA proposed drinking water MCL for uranium of 20 µg/L, used
here for comparison. The contaminated water would then mix with water in the Ohio River, Scioto
River, or Clinch River, which would result in even greater dilution. Because of this mixing, impacts
to the major rivers would not be measurable. 

TABLE D.28  Maximum Uranium Concentrations in Surface
Waters for Continued Cylinder Storage under the Action
Alternatives

Maximum
Concentration

Site Receiving Water Dilution Factor (µg/L)

Paducah Big Bayou Creek 124 1.7 

Ohio River 43,600 0.00002

Portsmouth Little Beaver Creek 26 1

Scioto River 2,240 0.0005

K-25 Poplar Creek 2,550 0.05

Clinch River 94 0.0005
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D.4.4.2  Groundwater

Methods for estimating groundwater impacts were the same as those used for the no action
alternative (Section D.2.4.2); however, a larger number of cylinder breaches was assumed to occur.
Conservative estimates of the concentrations of uranium in groundwater were obtained by assuming
the surface value to be equal to the maximum concentration in water leaving each yard during a time
interval of approximately 20 years; this time interval corresponds to the time over which the concen-
tration in surface water would be higher than half of its maximum value. 

At the end of the time period considered for the action alternatives (1999-2028), the concen-
tration of uranium in groundwater directly below the edge of the surface contamination at the
Paducah, Portsmouth, and K-25 sites is estimated to be about 1.1, 0.09, and 1.3 µg/L (0.3, 0.02, and
0.3 pCi/L), respectively, for a retardation factor of 5 (Table D.29) (Tomasko 1997b). These
concentrations are less than the proposed EPA drinking water MCL for uranium of 20 µg/L, used
here for comparison (EPA 1996). 

Maximum concentrations of about 20, 4, and 9 µg/L (5, 1, and 3 pCi/L) would occur
between the years 2070 and 2080 at Paducah, Portsmouth, and K-25, respectively, assuming a
retardation factor of 5. The maximum concentration would only equal the EPA proposed drinking
water guideline at Paducah; this guideline is not directly applicable because the groundwater directly
at the boundary of the nearest surface water is unlikely to be used as a drinking water source. For a
retardation factor of 50 (relatively immobile uranium transport), maximum concentrations would be
about 10 times less. These concentrations would occur between the years 2500 and 2700. 

Assuming a retardation factor of 5 and a distance of 1,000 ft (300 m) from the edge of the
source area, the maximum concentration of uranium would range from about 9 µg/L (3 pCi/L at the
K-25 site to 16 µg/L (4 pCi/L) at the Paducah site. For less mobile conditions (retardation of 50), the
maximum concentrations would be about 10 times less. 

D.4.4.3  Soil

Maximum uranium concentrations in soil for a distribution coefficient of 50 (relatively high
sorption capacity) would range from 1.2 µg/g for the Portsmouth site to 6.5 µg/g for the K-25 site.
If the soil had a lower sorption capacity (distribution coefficient of 5), the soil concentrations would
be 10 times lower. These maximum soil concentrations associated with continued cylinder storage
under the action alternatives are much lower than the recommended EPA guideline levels of
230 µg/g for residential soil or 1,000 µg/g for industrial soil (EPA 1995). 
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TABLE D.29  Groundwater Concentrations for Continued Cylinder Storage for Two Soil
Characteristics under the Action Alternatives

a

X = 0 X = 1,000 ft

Concentration Time to Concentration Time to
Maximum Maximum

Site/Parameter pCi/L µg/L Concentration pCi/L µg/L Concentration

Retardation Factor = 5

Paducah
Concentration at 30 years 0.28 1.1
Maximum concentration 5.2 20 > 70 years 4.0 16 > 70 years

Portsmouth
Concentration at 30 years 0.02 0.09
Maximum concentration 0.8 3.5 > 70 years 0.7 2.8 > 70 years

K-25
Concentration at 30 years 0.33 1.3
Maximum concentration 2.5 9.4 > 70 years 2.0 7.7 > 70 years

Retardation Factor = 50

Paducah
Maximum concentration 0.5 2.1 > 500 years 0.4 1.6 > 500 years

Portsmouth
Maximum concentration 0.08 0.4 > 500 years 0.07 0.3 > 500 years

K-25
Maximum concentration 0.3 1.1 > 500 years 0.2 0.8 > 500 years

a
Retardation factors describe how readily a contaminant such as uranium moves through the soil in groundwater. A
retardation factor of 5 represents a case in which the uranium moves relatively rapidly in the soil; a retardation factor
of 50 represents a case in which uranium moves slowly.

D.4.5  Socioeconomics

The methods used to assess socioeconomic impacts of continued cylinder storage for the
action alternatives were the same as those used for the no action alternative (Section D.2.5). Impacts
are presented in Table D.30. Construction impacts would be identical to those estimated for the
no action alternative because all construction would take place during the time period 1999-2008,
when identical activities are assumed. For K-25, the estimated impacts from operations under the
action alternatives are slightly higher than those estimated for the no action alternative, primarily
because of the increased number of cylinder breaches assumed, which would require increased levels
of activities for repairs, thus leading to increased employment. Under the action alternatives,
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TABLE D.30  Potential Socioeconomic Impacts of Continued Cylinder Storage under the Action Alternatives

Paducah Site Portsmouth Site K-25 Site

Impacts from Impacts from Impacts from Impacts from Impacts from Impacts from
Parameter Construction

a
Operations

b
Construction

c
Operations

b
Construction

a
Operations

b

Economic activity in the ROI

Direct jobs 20 60 – 20 10 40

Indirect jobs 60 30 – 10 50 70

Total jobs 80 90 – 30 60 110

Income ($ million)

Direct income 1.0 1.7 – 0.5 0.4 3.8

Total income 2.0 2.2 – 0.6 1.5 5.1

Population in-migration into the ROI 70 30 – 10 20 30

Housing demand

Number of units in the ROI 20 10 – 0 10 10

Public finances

Change in ROI fiscal balance (%) 0.0 0.0 – 0.0 0.0 0.0

a
Impacts for peak construction year. Construction activities were assumed to occur over 4 years (1999-2002) at the Paducah site and over 1 year (1999) at
the K-25 site. 

b
Impacts for peak year of operations. Duration of operations was assumed to be 30 years (1999-2028). 

c
No construction activities are planned for continued cylinder storage at the Portsmouth site.
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continued storage activities would still have a negligible impact on socioeconomic conditions in the
ROIs surrounding the three sites. 

D.4.6  Ecology

For continued cylinder storage under the action alternatives, the maximum annual average
HF concentrations would be 0.009 µg/m3, 0.015 µg/m3, and 0.081 µg/m3 for the Paducah,
Portsmouth, and K-25 sites, respectively (Section D.4.3). Resulting impacts to biota would be
expected to be negligible. Contamination of soils near the storage yards by surface runoff could
result in maximum uranium concentrations of 6.1 µg/g at the Paducah site, 1.2 µg/g at the
Portsmouth site, and 6.5 µg/g at the K-25 site (Section D.4.4). The predicted concentrations for the
Paducah and K-25 sites are approximately the same as the lowest  uranium concentration reported
to produce toxic effects in plants (5 µg/kg). The extent of vegetation affected would be restricted to
the area of surface runoff from the yards. Therefore, impacts to vegetation would be expected to be
negligible to low. Surface runoff from the storage yards would have a maximum uranium
concentration of 121 µg/L (31 pCi/L) at the Paducah site, 25 µg/L (6 pCi/L) at the Portsmouth site,
and 130 µg/L (34 pCi/L) at the K-25 site (Section D.4.4). Resulting impacts to maximally exposed
organisms in the nearest receiving surface water body at each site would be expected to be
negligible. Uranium concentrations in groundwater would be considerably less and resulting impacts
to aquatic biota would be negligible. 

Uranium concentrations in groundwater following the cylinder removal period would be
very low, and long-term impacts to aquatic biota would not be expected. Contaminants associated
with cylinder storage would not occur in other environmental media following the cylinder removal
period. 

D.4.7  Waste Management

As for the no action alternative, the principal wastes that are expected to be generated
during continued cylinder storage are uranium-contaminated scrap metal from breached cylinders
and failed valves, assumed to be LLW, and solid process residue from cylinder painting, assumed
to be LLMW. The amounts of these waste types estimated to be generated for continued cylinder
storage under the action alternatives is given in Table D.31. The annual amount of LLW generated
would be less than 2% of site LLW generation for all three sites. The maximum annual amount of
LLW generated during continued cylinder storage at all three sites would represent less than 1% of
the annual DOE LLW generation. 

For the Portsmouth and K-25 sites, the annual amount of LLMW generation would be less
than 1% of site LLMW generation. However, for the Paducah site, the annual amount of LLMW
generated during the initial years of evaluation, when painting of the entire inventory was assumed
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TABLE D.31  Waste Generated during
Continued Cylinder Storage under the
Action Alternatives

Waste (m
3
)

Site LLW
a

LLMW
b

Paducah 792 440

Portsmouth 350 204

K-25 206 45

Total (1999-2028) 1,348 689

a
Contaminated scrap metal from empty
cylinders.

b
Inorganic process residues from cylinder
painting.

to occur (23 m3/yr), would represent about 20% of the site’s total annual LLMW load, a moderate
impact on site waste management capabilities. The input of LLMW from continued storage would
represent less than 1% of the total nationwide LLMW load. 

Overall, the waste input resulting from the continued storage of cylinders under the action
alternatives would have negligible impacts on waste management capabilities at the Portsmouth and
K-25 sites. Impacts from disposal of LLMW could have moderate impacts at the Paducah site.
Impacts on national waste management capabilities would be negligible. 

D.4.8  Resource Requirements

Resource requirements for continued cylinder storage under the action alternatives are
summarized in Table D.32. The resource requirements for construction would be identical to those
for the no action alternative. The upper end of the range of annual requirements shown in Table D.32
generally corresponds to the upper end of the range estimated for the no action alternative; these
requirements represent the early years of continued cylinder storage when some construction
activities are planned. The lower end of the range of annual resource requirements is lower than the
lower values for the no action alternative because maintenance of the decreasing cylinder inventory
would require fewer resources. 

The total quantities of commonly used construction materials needed for continued storage
under the action alternatives are expected to be small compared with local sources. No strategic and
critical materials are projected to be consumed for either construction or operations. Small amounts
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TABLE D.32  Resource Requirements of Construction and Operations 
for Continued Cylinder Storage under the Action Alternatives

Consumption during 1999-2028

Materials/Resource Unit Paducah Site Portsmouth Site K-25 Site

Construction

Solids
Concrete yd

3
20,000 0 8,000

Construction aggregate yd
3

29,000 0 12,000
Special coatings yd

2
90,000 0 36,000

Liquids
Gasoline gal 3,100 0 1,300
Diesel fuel gal 18,000 0 7,300

Operations
a

Solids
55-gal drums each 53 – 109 26 – 50 10 – 18
Cylinder valves (1-in.) each 4 – 9 2 – 4 1 – 2

Liquids
Gasoline gal/yr 2,000 – 4,500 810 – 1,600 450 – 1,000
Diesel fuel gal/yr 4,300 – 13,600 2,100 – 4,100 800 – 2,600
Zinc-based paint gal/yr 2,900 – 6,000 1,400 – 2,700 470 – 1,000

a
Values reported as ranges generally correspond to varying resource requirements during
years for which construction activities are planned. 

of diesel fuel and gasoline are projected to be used. The required material resources during
operations would appear to be readily available. 

D.4.9  Land Use

Construction activities assumed for continued storage under the action alternatives are
identical to those assumed for the no action alternative. Therefore, potential land-use impacts would
be the same as those discussed in Section D.2.9. 
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D.4.10  Cultural Resources

Potential impacts to cultural resources under the action alternatives would be identical to
those discussed in Section D.2.10. 

D.4.11  Environmental Justice

Because no screening criteria limits for radiological and chemical sources under normal
operations were exceeded under the action alternatives, no disproportionate impacts to minority and
low-income populations would be associated with normal operations for continued cylinder storage.
The assessment of impacts for potential accidents associated with continued cylinder storage under
the action alternatives is similar to that for the no action alternative (Section D.2.11) in that the same
accidents were considered and the consequences of those accidents would be the same. However,
because the duration of continued cylinder storage under the action alternatives is 11 years shorter
than that assessed for the no action alternative (i.e., 30 years assumed for the action alternatives
compared with 41 years assumed for the no action alternative), the risk of these accidents occurring
is somewhat lower. However, the conclusion that no disproportionate impacts would be associated
with continued cylinder storage under the no action alternative is still applicable for the action
alternatives because risks are lower for these alternatives. 
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E-vii

NOTATION  (APPENDIX E)

The following is a list of acronyms and abbreviations, including units of measure, used in
this document.  Some acronyms used only in tables are defined in those tables.

ACRONYMS AND ABBREVIATIONS

General

CFR Code of Federal Regulations
DOE U.S. Department of Energy
DOT U.S. Department of Transportation
EPA U.S. Environmental Protection Agency
HEPA high-efficiency particulate air (filter)
LCF latent cancer fatality
LLNL Lawrence Livermore National Laboratory
LLMW low-level mixed waste
LLW low-level radioactive waste
MCL maximum contaminant level
MEI maximally exposed individual
NEPA National Environmental Policy Act
NPDES National Pollutant Discharge Elimination System
NRC U.S. Nuclear Regulatory Commission
PEIS programmatic environmental impact statement
PM10 particulate matter with a mean diameter of 10 µm or less
ROI region of influence

Chemicals

CO carbon monoxide
HC hydrocarbons
HF hydrogen fluoride
NaOH sodium hydroxide
NOx nitrogen oxides
UF6 uranium hexafluoride
UO2F2 uranyl fluoride
UO2(OH)2 uranyl hydroxide
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E-viii

UNITS OF MEASURE

Ci curie(s)
ft foot (feet)
ft2 square foot (feet)
ft3 cubic foot (feet)
gal gallon(s)
gpm gallon(s) per minute
GWh gigawatt-hour(s)
ha hectare(s)
kg kilogram(s)
L liter(s)
lb pound(s)
µg microgram(s)
µm micrometer(s)

m meter(s)
m3 cubic meter(s)
min minute(s)
mrem millirem(s)
pCi picocurie(s)
rem roentgen equivalent man
s second(s)
scf standard cubic foot (feet)
ton(s) short ton(s)
yd3 cubic yard(s)
yr year(s)
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Cylinder Preparation Options

Cylinder preparation refers to the activities necessary
to prepare depleted UF6 cylinders for off-site
transportation. Depleted UF6 cylinders were designed,
built, tested, and certified to meet U.S. Department of
Transportation (DOT) requirements for shipment by
truck and rail. However, after several decades in
storage, some cylinders no longer meet these
requirements. Two options for preparing these
cylinders for shipment are considered in the PEIS.

Cylinder Overcontainers.  Cylinders that do not meet
DOT requirements could be placed inside protective
metal “overcontainers” for shipment.  These reusable
overcontainers, which would be slightly larger than a
cylinder, would be designed to meet all DOT
requirements.

Cylinder Transfer.   In this option, the depleted UF6

in cylinders that do not meet DOT requirements would
be transferred to new cylinders capable of being
transported.

Note: For both options, cylinders that meet DOT
shipment requirements would be shipped directly.

APPENDIX E:

ENVIRONMENTAL IMPACTS OF OPTIONS FOR PREPARING CYLINDERS
FOR SHIPMENT OR LONG-TERM STORAGE

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites in Paducah, Kentucky; Portsmouth,
Ohio; and Oak Ridge, Tennessee. This
programmatic environmental impact
statement (PEIS) describes alternative
strategies that could be used for the long-
term management of this material and
analyzes the potential environmental conse-
quences of implementing each strategy for
the period 1999 through 2039. This
appendix provides detailed information
describing the cylinder preparation options
considered in the PEIS. The discussion
provides background information for these
options, as well as a summary of the
estimated environmental impacts associ-
ated with each option.

The term “cylinder preparation”
refers to the activities necessary to prepare
depleted UF6 cylinders for off-site transpor-
tation. Under the PEIS alternative
management strategies, transportation of
depleted UF6 cylinders was assumed to be
required from the three current cylinder
storage sites to either (1) a conversion
facility or (2) a long-term storage site (for
long-term storage of UF6). UF6 cylinders
have been transported safely by truck and rail between DOE facilities, electric utilities, reactor fuel
fabricators, and research nuclear reactors for about 40 years. 

Depleted UF6 cylinders were designed, built, tested, and certified to meet U.S. Department
of Transportation (DOT) requirements for shipment by truck and rail. The DOT requirements,
specified in Title 49 of the Code of Federal Regulations (CFR), are intended to maintain the safety
of shipments during both routine and accident conditions. Cylinders meeting the DOT requirements
could be loaded directly onto specially designed truck trailers or railcars for shipment. However,
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after several decades in storage, some cylinders no longer meet the DOT requirements. Two cylinder
preparation options, which address different approaches that could be used to transport the depleted
UF6 stored in these cylinders, are considered in the PEIS. These two options, discussed in detail in
Section E.2, are a cylinder overcontainer option and a cylinder transfer option.

It is unknown exactly how many of the depleted UF6 cylinders currently do not meet the |
DOT transportation requirements. The potential problems with cylinders are related to three DOT
requirements that must be satisfied before shipment: (1) cylinders must be filled to less than 62%
of the maximum capacity (the fill-limit was reduced to 62% from 64% around 1987); (2) the pressure
within cylinders must be less than atmospheric pressure; and (3) cylinders must be free of damage
or defects, such as dents, and have a specified minimum wall thickness. Cylinders not meeting these
requirements are referred to as overfilled, overpressurized, and substandard, respectively. Some
cylinders may fail to meet more than one requirement.

The assessment of cylinder preparation options in the PEIS considers the environmental
impacts of preparing the entire DOE-generated depleted UF6 cylinder inventory for shipment over |
a 20-year period. Prior to shipment, each cylinder would be inspected to determine if it meets DOT
requirements. This inspection would include a record review to determine if the cylinder is
overfilled; a visual inspection for damage or defects; a pressure check to determine if the cylinder
is overpressurized; and an ultrasonic wall thickness measurement (if necessary based on the visual
inspection). If a cylinder passed the inspection, the appropriate documentation would be prepared,
and the cylinder would be loaded directly for shipment. If a cylinder failed the inspection, it would
be prepared using one of the two cylinder preparation options (see Section E.2).

If cylinder shipment was necessary under the alternative selected, this activity would occur
at each site (e.g., cylinders might be shipped to a conversion facility or to a long-term storage facility,
assuming that the site(s) selected for these facilities were not the current storage locations).
Therefore, the assessment of cylinder preparation options in this PEIS was designed to address the
entire range of potential cylinder preparation needs at each of the three sites, as follows:

• Paducah Site:  The estimated number of cylinders not meeting DOT
requirements at the Paducah site would range from 9,600 to 28,351 (the entire
Paducah inventory of DOE-generated cylinders). On the basis of this estimate, |
there would be a need to provide overcontainer or cylinder transfer capacities
for about 480 to 1,420 cylinders annually and, conversely, to prepare from 0
to 940 standard cylinders per year for shipment. 

• Portsmouth Site:  The estimated number of cylinders not meeting DOT
requirements at the Portsmouth site would range from 2,600 to 13,388 (the
entire Portsmouth inventory of DOE-generated cylinders). On the basis of this |
estimate, there would be a need to provide overcontainer or cylinder transfer
capacities for about 130 to 670 cylinders annually and to prepare from 0 to
540 standard cylinders per year for shipment. 
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• K-25 Site:  The estimated number of cylinders not meeting DOT requirements
at the K-25 site  would range from 2,342 to 4,683 (the entire K-25 inventory).
On the basis of this estimate, there would be a need to provide overcontainer
or cylinder transfer capacities for about 120 to 234 cylinders annually and to
prepare from 0 to 120 standard cylinders per year for shipment. 

The environmental impacts from the cylinder preparation options were evaluated on the
basis of information provided in the engineering analysis report (Lawrence Livermore National
Laboratory [LLNL] 1997), i.e., preconceptual design data for each option, including descriptions of
facility layouts; resource requirements; estimated effluents, wastes, and emissions; and potential
accident scenarios. In the engineering analysis report, estimates for cylinder transfer operations
ranged in capacity from 320 to 1,600 cylinders processed per year; whereas overcontainer and
standard cylinder operations were addressed on a site-specific basis for a reference case for each site
(i.e., 960 cylinders/yr with overcontainers for the Paducah site, 260 cylinders/yr with overcontainers
for the Portsmouth site, and 234 cylinders/yr with overcontainers for the K-25 site), with some
information provided on scaling up or down from the reference case (LLNL 1997). Supporting data
for the overcontainer and transfer facility analyses were derived by Folga (1996b) using information
provided in the engineering analysis report (LLNL 1997).

For assessment purposes, it was assumed that all cylinders would require transportation.
However, the actual need for transportation of cylinders would depend on site selection and other
considerations to be addressed in the second tier of the National Environmental Policy Act (NEPA)
process.

E.1  SUMMARY OF CYLINDER PREPARATION OPTION IMPACTS

This section provides a summary of the potential environmental impacts associated with
the cylinder preparation options. Additional discussion and details related to the assessment
methodologies and results for individual areas of impact are provided in Section E.3.

Potential environmental impacts are summarized in Tables E.1, E.2, and E.3 for the
Paducah, Portsmouth, and K-25 sites, respectively. Ranges of impacts are presented for the over-
container option, the cylinder transfer option, and the preparation of standard cylinders (which is
required for either option). Based on the information in Tables E.1 through E.3 and Section E.3, the
following general conclusions may be drawn:

• For the cylinder overcontainer option and preparation of standard cylinders,
impacts during normal operations would be small and limited to involved
workers. No impacts to the off-site public or the environment would occur
because no releases would be expected and no construction activities would
be required.



Cylinder Preparation E-4 Depleted UF6 PEIS

TABLE E.1  Summary of Cylinder Preparation Impacts for the Paducah Site

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Human Health – Normal Operations: Radiological

Involved Workers:
Total collective dose:

170 – 510 person-rem

Total number of LCFs:
0.07 – 0.2 LCF

Involved Workers:
Total collective dose:

610 – 1,000 person-rem

Total number of LCFs:
0.2 – 0.4 LCF

Involved Workers:
Total collective dose:

0 – 220 person-rem

Total number of LCFs:
0 – 0.09 LCF

Noninvolved Workers:
No impacts

Noninvolved Workers:
Annual dose to MEI :

1.9 × 10
-6

 – 4.9 × 10
-6 mrem/yr

Annual cancer risk to MEI:

8 × 10
-13

 – 2 × 10
-12 per year

Total collective dose:

5.1 × 10
-5

 – 1.3 × 10
-4 person-rem

Total number of LCFs:

2 × 10
-8

 – 5 × 10
-8 LCF

Noninvolved Workers:
No impacts

General Public:
No impacts

General Public:
Annual dose to MEI:

6.8 × 10
-6

 – 1.7 × 10
-5 mrem/yr

Annual cancer risk to MEI:

3 × 10
-12

 – 9 × 10
-12 per year

Total collective dose to population 
within 50 miles:  

1.1 × 10
-3

 – 2.9 × 10
-3 person-rem

Total number of LCFs in population 
within 50 miles: 

 6 × 10
-7 – 1 × 10

-6
 LCF

General Public:
No impacts

Human Health – Normal Operations: Chemical

Noninvolved Workers:
No impacts
 
General Public:
No impacts

Noninvolved Workers:
No impacts

General Public:
No impacts

Noninvolved Workers:
No impacts

General Public:
No impacts
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TABLE E.1  (Cont.)

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Human Health – Accidents: Radiological

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  15 person-rem

Number of LCFs:  6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  28 person-rem

Number of LCFs in population 
within 50 miles:  0.01 LCF

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  15 person-rem

Number of LCFs:  6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  28 person-rem

Number of LCFs in population 
within 50 miles:  0.01 LCF

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  15 person-rem

Number of LCFs:  6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  28 person-rem 

Number of LCFs in population 
within 50 miles:  0.01 LCF

Human Health – Accidents: Chemical

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

910 persons

Number of persons with potential 
for irreversible adverse effects:

300 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1,900 persons

Number of persons with potential 
for irreversible adverse effects:

1 person

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential for adverse
effects (bounding accident frequency:  
1 in 100 years to 1 in 10,000 years):

450 persons

Number of persons with potential 
for irreversible adverse effects:

330 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

2,500 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

910 persons

Number of persons with potential 
for irreversible adverse effects:

300 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1,900 persons

Number of persons with potential 
for irreversible adverse effects:

1 person
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TABLE E.1  (Cont.)

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Human Health — Accidents: Physical Hazards

Operations: 
All Workers:
Less than 1 (0.029 – 0.087) fatality,
approximately 39 – 115 injuries

Construction and Operations: 
All Workers:
Less than 1 (0.31 – 0.34) fatality, 
approximately 210 – 250 injuries

Operations:
All Workers: 
Less than 1 (0 – 0.043) fatality, 
approximately 0 – 87 injuries

Air Quality

Construction:
Not applicable

Operations:
Concentrations of all criteria pollutants
below 0.08% of respective standards.

Construction:
24-hour PM10 impacts potentially as large as
62% of standard. Concentrations of other criteria
pollutants all below 15% of respective standards.

Operations:
Concentrations of all criteria pollutants 
below 0.08% of respective standards.

Construction:
Not applicable

Operations:
Concentrations of all criteria pollutants
below 0.03% of respective standards.

Water

Construction:
Not applicable

Operations:
None to negligible impacts for runoff,
floodplains, recharge, and depth to
groundwater; estimated surface water and
groundwater concentrations would not
exceed drinking water standards

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts for runoff,
floodplains, recharge, and depth to 
groundwater; estimated surface water and
groundwater concentrations would not 
exceed drinking water standards

Construction:
Not applicable

Operations:
None to negligible impacts for runoff,
floodplains, recharge, and depth to
groundwater; estimated surface water
and groundwater concentrations would
not exceed drinking water standards

Soil

Construction:
Not applicable

Operations:
No impacts

Construction:
Negligible, but temporary, impacts

Operations:
No impacts

Construction:
Not applicable

Operations:
No impacts

Socioeconomics

Preoperations:
Negligible to low impacts to ROI
employment and population growth 
rates, vacant housing, and public 
finances.

Operations:
Negligible to low impacts to ROI
employment and population growth 
rates, vacant housing, and public 
finances.

Construction:
Negligible to low impacts to ROI 
employment and population growth 
rates, vacant housing, and public 
finances.

Operations:
Negligible to low impacts to ROI 
employment and population growth 
rates, vacant housing, and public 
finances.

Preoperations:
Negligible to low impacts to ROI
employment and population growth
rates, vacant housing, and public
finances.

Operations:
Negligible to low impacts to ROI
employment and population growth
rates, vacant housing, and public
finances.
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TABLE E.1  (Cont.)

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Ecology

Construction:
Not applicable

Operations:
Negligible impacts

Construction:
Potentially moderate impacts to vegetation,
wildlife, and wetlands

Operations:
Negligible impacts

Construction:
Not applicable

Operations:
No impacts

Waste Management

No impacts on regional or national waste
management operations

No impacts on regional or national waste
management operations

No impacts on regional or national
waste management operations

Resource Requirements

No impacts from resource requirements
(such as electricity or materials) on the local
or national scale are expected

No impacts from resource requirements 
(such as electricity or materials) on the local 
or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

Land Use

No impacts Use of approximately 21 acres; negligible
impacts

No impacts

Cultural Resources

Construction:
No impacts

Operations:
No impacts

Construction:
Cannot be determined

Operations:
No impacts

Construction:
No impacts

Operations:
No impacts

a
Problem cylinders are cylinders not meeting DOT transportation requirements, either because they are (1) overfilled, (2) overpressurized,
or (3) damaged or substandard with respect to wall thickness.

b
These impacts must be added to those for either of the two options for preparation of problem cylinders.

Notation: LCF = latent cancer fatality; MEI = maximally exposed individual; PM10 = particulate matter with a mean diameter of 10 µm or
less; ROI = region of influence.
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TABLE E.2  Summary of Cylinder Preparation Impacts for the Portsmouth Site

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Human Health – Normal Operations: Radiological

Involved Workers:
Total collective dose:

47 – 240 person-rem

Total number of LCFs:
0.02 – 0.1 LCF

Involved Workers:
Total collective dose:

410 – 690 person-rem

Total number of LCFs:
0.2 – 0.3 LCF

Involved Workers:
Total collective dose:

0 – 120 person-rem

Total number of LCFs:
0 – 0.05 LCF

Noninvolved Workers:
No impacts

Noninvolved Workers:
Annual dose to MEI :

1.9 × 10
-6

 – 7.9 × 10
-6 mrem/yr

Annual cancer risk to MEI:

7 × 10
-13

 – 3 × 10
-12 per year

Total collective dose:

2.6 × 10
-5

 – 1.1 × 10
-4 person-rem

Total number of LCFs:

1 × 10
-8

 – 4 × 10
-8 LCF

Noninvolved Workers:
No impacts

General Public:
No impacts

General Public:
Annual dose to MEI:

3.3 × 10
-5

 – 4.4 × 10
-5 mrem/yr

Annual cancer risk to MEI:

2 × 10
-11 per year

Total collective dose to population 
within 50 miles:  

3.1 × 10
-4

 – 1.3 × 10
-3 person-rem

Total number of LCFs in population 
within 50 miles: 

 2 × 10
-7

 – 7 × 10
-7 LCF

General Public:
No impacts

Human Health – Normal Operations: Chemical

Noninvolved Workers:
No impacts
 
General Public:
No impacts

Noninvolved Workers:
No impacts

General Public:
No impacts

Noninvolved Workers:
No impacts

General Public:
No impacts
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TABLE E.2  (Cont.)

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Human Health – Accidents: Radiological

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI: 0.02 rem

Risk of LCF to MEI: 8 × 10
-6

Collective dose: 16 person-rem

Number of LCFs: 6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI: 7 × 10
-6

Collective dose to population 
within 50 miles: 32 person-rem

Number of LCFs in population 
within 50 miles: 0.02 LCF

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI: 0.02 rem

Risk of LCF to MEI: 8 × 10
-6

Collective dose: 16 person-rem

Number of LCFs: 6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI: 7 × 10
-6

Collective dose to population 
within 50 miles: 32 person-rem

Number of LCFs in population 
within 50 miles: 0.02 LCF

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI: 0.02 rem

Risk of LCF to MEI: 8 × 10
-6

Collective dose: 16 person-rem

Number of LCFs: 6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI: 7 × 10
-6

Collective dose to population 
within 50 miles: 32 person-rem

Number of LCFs in population 
within 50 miles: 0.02 LCF

Human Health – Accidents: Chemical

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1,000 persons

Number of persons with potential 
for irreversible adverse effects:

110 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

650 persons

Number of persons with potential 
for irreversible adverse effects:

1 person

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential for adverse
effects (bounding accident frequency:  
1 in 100 years to 1 in 10,000 years):

520 persons

Number of persons with potential 
for irreversible adverse effects:

440 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

580 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1,000 persons

Number of persons with potential 
for irreversible adverse effects:

110 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

650 persons

Number of persons with potential 
for irreversible adverse effects:

1 person
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TABLE E.2  (Cont.)

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Human Health — Accidents: Physical Hazards

Operations: 
All Workers:
Less than 1 (0.007 – 0.041) worker fatality,
approximately 10 – 54 worker injuries

Construction and Operations: 
All Workers:
Less than 1 (0.22 – 0.31) worker fatality, 
approximately 110 – 240 worker injuries

Operations: 
All Workers:
Less than 1 (0 – 0.025) worker fatality, 
approximately 0 – 33 worker injuries

Air Quality

Construction:
Not applicable

Operations:
Concentrations of all criteria pollutants
below 0.02% of respective standards.

Construction:
24-hour PM10 impacts potentially as large as
36% of standard. Concentrations of other criteria
pollutants all below 7% of respective standards.

Operations:
Concentrations of all criteria pollutants 
below 0.04% of respective standards.

Construction:
Not applicable

Operations:
Concentrations of all criteria pollutants
below 0.01% of respective standards.

Water

Construction:
Not applicable

Operations:
None to negligible impacts for runoff,
floodplains, recharge, and depth to
groundwater; estimated surface water and
groundwater concentrations would not
exceed drinking water standards

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts for runoff,
floodplains, recharge, and depth to 
groundwater; estimated surface water and
groundwater concentrations would not 
exceed drinking water standards

Construction:
Not applicable

Operations:
None to negligible impacts for runoff,
floodplains, recharge, and depth to
groundwater; estimated surface water
and groundwater concentrations would
not exceed drinking water standards

Soil

Construction:
Not applicable

Operations:
No impacts

Construction:
Negligible, but temporary, impacts

Operations:
No impacts

Construction:
Not applicable

Operations:
No impacts

Socioeconomics

Preoperations:
Negligible to low impacts to ROI
employment and population growth 
rates, vacant housing, and public 
finances.

Operations:
Negligible to low impacts to ROI
employment and population growth 
rates, vacant housing, and public 
finances.

Construction:
Negligible to low impacts to ROI 
employment and population growth 
rates, vacant housing, and public 
finances.

Operations:
Negligible to low impacts to ROI 
employment and population growth 
rates, vacant housing, and public 
finances.

Preoperations:
Negligible to low impacts to ROI
employment and population growth
rates, vacant housing, and public
finances.

Operations:
Negligible to low impacts to ROI
employment and population growth
rates, vacant housing, and public
finances.
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TABLE E.2  (Cont.)

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Ecology

Construction:
Not applicable

Operations:
Negligible impacts

Construction:
Potentially moderate impacts to vegetation,
wildlife, and wetlands

Operations:
Negligible impacts

Construction:
Not applicable

Operations:
No impacts

Waste Management

No impacts on regional or national waste
management operations

No impacts on regional or national waste
management operations

No impacts on regional or national
waste management operations

Resource Requirements

No impacts from resource requirements 
(such as electricity or materials) on the 
local or national scale

No impacts from resource requirements 
(such as electricity or materials) on the 
local or national scale

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale

Land Use

No impacts Use of approximately 14 acres; negligible
impacts

No impacts

Cultural Resources

Construction:
No impacts

Operations:
No impacts

Construction:
Cannot be determined

Operations:
No impacts

Construction:
No impacts

Operations:
No impacts

a
Problem cylinders are cylinders not meeting DOT transportation requirements, either because they are (1) overfilled, (2) overpressurized,
or (3) damaged or substandard with respect to wall thickness.

 b
These impacts must be added to those for either of the two options for preparation of problem cylinders.

Notation: LCF = latent cancer fatality; MEI = maximally exposed individual; PM10 = particulate matter with a mean diameter of 10 µm or
less; ROI = region of influence.
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TABLE E.3  Summary of Cylinder Preparation Impacts for the K-25 Site

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Human Health – Normal Operations: Radiological

Involved Workers:
Total collective dose:

42 – 85 person-rem

Total number of LCFs:
0.02 – 0.03 LCF

Involved Workers:
Total collective dose:

410 – 480 person-rem

Total number of LCFs:
0.2  LCF

Involved Workers:
Total collective dose:

0 – 27 person-rem

Total number of LCFs:
0 – 0.01 LCF

Noninvolved Workers:
No impacts

Noninvolved Workers:
Annual dose to MEI :

2.0 × 10
-6

 – 3.7 × 10
-6 mrem/yr

Annual cancer risk to MEI:

8 × 10
-13

 – 2 × 10
-12 per year

Total collective dose:

3.1 × 10
-5

 – 5.6 × 10
-5 person-rem

Total number of LCFs:

1 × 10
-8

 – 2 × 10
-8 LCF

Noninvolved Workers:
No impacts

General Public:
No impacts

General Public:
Annual dose to MEI:

2.4 × 10
-5

 – 2.9 × 10
-5 mrem/yr

Annual cancer risk to MEI:

1 × 10
-11 per year

Total collective dose to population 
within 50 miles:  

9.8 × 10
-4

 – 1.8 × 10
-3 person-rem

Total number of LCFs in population 
within 50 miles:  

5 × 10
-7

 – 9 × 10
-7 LCF

General Public:
No impacts

Human Health – Normal Operations: Chemical

Noninvolved Workers:
No impacts
 
General Public:
No impacts

Noninvolved Workers:
No impacts

General Public:
No impacts

Noninvolved Workers:
No impacts

General Public:
No impacts
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TABLE E.3  (Cont.)

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Human Health – Accidents: Radiological

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  16 person-rem

Number of LCFs:  6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  63 person-rem

Number of LCFs in population 
within 50 miles:  0.03 LCF

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  16 person-rem

Number of LCFs:  6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  63 person-rem

Number of LCFs in population 
within 50 miles:  0.03 LCF

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  16 person-rem

Number of LCFs:  6 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  63 person-rem 

Number of LCFs in population 
within 50 miles:  0.03 LCF

Human Health – Accidents: Chemical

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

770 persons

Number of persons with potential 
for irreversible adverse effects
(bounding accident frequency:  
1 in 100 years to 1 in 10,000 years):

140 persons

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential  
for adverse effects (bounding accident
frequency:  1 in 100 years to 1 in
10,000 years):

500 persons

Number of persons with potential 
for irreversible adverse effects:

190 persons

Bounding accident frequency:
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

770 persons

Number of persons with potential 
for irreversible adverse effects
(bounding accident frequency:  
1 in 100 years to 1 in 10,000 years):

140 persons
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TABLE E.3  (Cont.)

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Human Health – Accidents: Chemical (Cont.)

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

550 persons

Number of persons with potential 
for irreversible adverse effects: 

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

980 persons

Number of persons with potential 
for irreversible adverse effects: 

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

550 persons

Number of persons with potential 
for irreversible adverse effects: 

0 persons

Human Health — Accidents: Physical Hazards

Operations: 
All Workers:
Less than 1 (0.007 – 0.014) worker fatality,
approximately 9 – 18 worker injuries

Construction and Operations: 
All Workers:
Less than 1 (0.17 – 0.21) worker fatality, 
approximately 94 – 140 worker injuries

Operations: 
All Workers:
Less than 1 (0 – 0.006) worker fatality, 
approximately 0 � 7 worker injuries

Air Quality

Construction:
Not applicable

Operations:
Concentrations of all criteria pollutants
below 0.01% of respective standards.

Construction:
24-hour PM10 impacts potentially as
large as 87% of standard. Concentrations
of other criteria pollutants all below 11%
of respective standards.

Operations:
Concentrations of all criteria pollutants
 below 0.07% of respective standards.

Construction:
Not applicable

Operations:
Concentrations of all criteria pollutants
below 0.004% of respective standards.

Water

Construction:
Not applicable

Operations:
None to negligible impacts for runoff,
floodplains, recharge, and depth to
groundwater; estimated surface water 
and groundwater concentrations would 
not exceed drinking water standards

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts for runoff,
floodplains, recharge, and depth to 
groundwater; estimated surface water 
and groundwater concentrations would 
not exceed drinking water standards

Construction:
Not applicable

Operations:
None to negligible impacts for runoff,
floodplains, recharge, and depth to
groundwater; estimated surface water 
and groundwater concentrations would
not exceed drinking water standards

Soil

Construction:
Not applicable

Operations:
No impacts

Construction:
Negligible, but temporary, impacts

Operations:
No impacts

Construction:
Not applicable

Operations:
No impacts
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TABLE E.3  (Cont.)

Impacts from Preparation of Problem Cylinders
a

Impacts from Preparation
Cylinder Overcontainer Operations Cylinder Transfer Operations of Standard Cylinders

b

Socioeconomics

Preoperations:
Negligible to low impacts to ROI
employment and population growth 
rates, vacant housing, and public 
finances.

Operations:
Negligible to low impacts to ROI
employment and population growth 
rates, vacant housing, and public 
finances.

Construction:
Negligible to low impacts to ROI 
employment and population growth 
rates, vacant housing, and public 
finances.

Operations:
Negligible to low impacts to ROI 
employment and population growth 
rates, vacant housing, and public 
finances.

Preoperations:
Negligible to low impacts to ROI
employment and population growth 
rates, vacant housing, and public
finances.

Operations:
Negligible to low impacts to ROI
employment and population growth
 rates, vacant housing, and public
finances.

Ecology

Construction:
Not applicable

Operations:
Negligible impacts

Construction:
Potentially moderate impacts to
vegetation, wildlife, and wetlands

Operations:
Negligible impacts

Construction:
Not applicable

Operations:
No impacts

Waste Management

No impacts on regional or national waste
management operations

No impacts on regional or national waste
management operations

No impacts on regional or national waste
management operations

Resource Requirements

No impacts from resource requirements
(such as electricity or materials) on the 
local or national scale

No impacts from resource requirements 
(such as electricity or materials) on the 
local or national scale

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale

Land Use

No impacts Use of approximately 12 acres; negligible
impacts

No impacts

Cultural Resources

Construction:
No impacts

Operations:
No impacts

Construction:
Cannot be determined

Operations:
No impacts

Construction:
No impacts

Operations:
No impacts

a
Problem cylinders are cylinders not meeting DOT transportation requirements, either because they are (1) overfilled, (2) over-
pressurized, or (3) damaged or substandard with respect to wall thickness.

b
These impacts must be added to those for either of the two options for preparation of problem cylinders.

Notation: LCF = latent cancer fatality; MEI = maximally exposed individual; PM10 = particulate matter with a mean diameter of
10 µm or less; ROI = region of influence.
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• For the cylinder transfer option, impacts during construction and normal
operations would generally be small and limited primarily to involved
workers. Some small off-site releases of hazardous and nonhazardous
materials would occur, although these would have negligible impacts on the
off-site public and environment. Construction activities could temporarily
impact air quality, but concentrations of criteria pollutants would all be within
standards.

• For both options, there is a potential for low-probability accidents (UF6

cylinders engulfed in a fire) that could have large consequences. The accident
impacts would be limited primarily to workers, but off-site impacts are
possible.

E.2  DESCRIPTION OF OPTIONS

This section provides a brief summary of the cylinder preparation options considered in the
assessment of impacts. The information is based on preconceptual design data provided in the
engineering analysis report (LLNL 1997). The engineering analysis report includes much more
detailed information, including descriptions of facility layouts, resource requirements, estimates of
effluents, wastes, and emissions, and descriptions of potential accident scenarios. 

Prior to shipment, each cylinder would be inspected to determine if it meets DOT
requirements. This inspection would include a record review to determine if the cylinder is
overfilled; a visual inspection for damage or defects; a pressure check to determine if the cylinder
is overpressurized; and an ultrasonic wall thickness measurement (if necessary based on the visual
inspection). If a cylinder passed the inspection, the appropriate documentation would be prepared,
and the cylinder would be loaded directly for shipment.

The preparation of standard cylinders for shipment (cylinders that meet DOT requirements)
would include inspection activities, unstacking, on-site transfer, and loading onto a truck trailer or
railcar. The cylinders would be secured using the appropriate tiedowns, and the shipment would be
labeled in accordance with DOT requirements. Handling and support equipment and procedures for
on-site movement and loading the cylinders would be of the same type currently used for cylinder
management activities at the three storage sites.

E.2.1  Cylinder Overcontainers

Cylinder overcontainers are one option for transporting cylinders that do not meet DOT
requirements. An overcontainer is simply a container into which a cylinder would be placed for
shipment. The metal overcontainer would be designed, tested, and certified to meet all DOT shipping
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FIGURE E.1  Horizontal “Clamshell” Overcontainer for Transportation of Cylinders
Not Meeting DOT Requirements (Source: LLNL 1997)

requirements. The overcontainer would be suitable to contain, transport, and store the cylinder
contents regardless of cylinder condition. In addition, the overcontainers could be designed as
pressure vessels, enabling the withdrawal of the depleted UF6 from the cylinder in an autoclave (a
device used to heat cylinders using hot air).

The type of overcontainer evaluated in the PEIS, shown in Figure E.1, is a horizontal
“clamshell” vessel (LLNL 1997). For transportation, a cylinder not meeting DOT requirements
would be placed into an overcontainer already on a truck trailer or railcar. The overcontainer would
be closed, secured, and the shipment would be labeled in accordance with DOT requirements. The
handling and support equipment for on-site movement and loading the cylinder into the
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overcontainer would be of the same type currently used for cylinder management activities at the
three DOE sites. The overcontainers could be reused following shipment. The overcontainer option
would not require the construction of new facilities.

E.2.2  Cylinder Transfer

A second option for transporting cylinders that do not meet DOT requirements would be
to transfer the depleted UF6 from substandard cylinders to new cylinders that meet all DOT require-
ments. This option would require the construction of a new facility. A representative transfer facility
is shown in Figure E.2. The transfer facility would be a stand-alone facility capable of receiving
cylinders, storing a small number of cylinders, and transferring the contents to new cylinders. The
transfer of depleted UF6 would take place in a process building by placing substandard cylinders into
autoclaves. The autoclaves would be used to heat the contents of the cylinder (using hot air), forming
UF6 gas which then would be piped to a new cylinder. The new cylinders could be shipped by placing
them directly on appropriate trucks or railcars. The empty cylinders would be cleaned and treated
with other scrap metals. (See Appendix F for details on the treatment of empty cylinders.)

E.3   IMPACTS OF OPTIONS

This section provides a summary of the potential environmental impacts associated with
the cylinder preparation options, including impacts from construction (of a cylinder transfer facility),
and during operations. Information related to the assessment methodologies for each area of impact
is provided in Appendix C. 

The environmental impacts from the cylinder preparation options were evaluated on the
basis of the information described in the engineering analysis report (LLNL 1997) and Folga
(1996a). The following general assumptions apply to the assessment of impacts:

• The assessment considers preparation of cylinders that meet DOT require-
ments (standard cylinders), as well as those cylinders that do not meet the
requirements.

• Evaluation of standard cylinder preparation and the cylinder overcontainer
option includes only an operational phase — no construction activities would
be required. Additionally, these options would not generate emissions of
uranium compounds or hydrogen fluoride (HF) during normal operations.

• The evaluation of the cylinder transfer option includes construction of a
facility in addition to operations. The operation of a cylinder transfer facility
would involve small releases of uranium compounds and HF as air and water
effluents during normal operations.
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• Impacts were evaluated separately for the three current storage sites, assuming
a range in annual processing requirements at each site, because the actual
number of cylinders that would not meet DOT requirements at the time of
shipment cannot be determined. The ranges of problem cylinders at each site
are discussed in the opening section of this appendix. The remaining cylinders
were assumed to be standard cylinders that could be shipped directly.

• Cylinder preparation activities would take place over a 20-year period, from
2009 through 2028, for all alternatives except the no action alternative, which
does not involve cylinder preparation. 

E.3.1  Human Health — Normal Operations

E.3.1.1  Radiological Impacts

Potential radiological impacts for the cylinder preparation options were assessed for
involved workers, noninvolved workers, and the general public. Detailed discussions of the method-
ologies used in the radiological impact analyses are provided in Appendix C and Cheng et al. (1997).

Impacts to involved workers would result primarily from external radiation and would
depend only on the number of cylinders handled. The estimated collective doses to involved workers
are presented in Figures E.3, E.4, and E.5 for the overcontainer option, cylinder transfer option, and
preparation of standard cylinders, respectively. The collective dose is presented as a solid line, with
three dashed lines above or below showing the corresponding segments representative for the three
cylinder storage sites. Because no airborne or waterborne releases of uranium would be generated
for the overcontainer option and preparation of standard cylinders, no radiological impacts would
be expected to noninvolved workers or members of the general public. Impacts to these two
receptors for the cylinder transfer option are presented in Figures E.6 through E.9. The ranges of
impacts for the three cylinder storage sites are different because of the different numbers of cylinder
handled and different site characteristics; the ranges are presented by three separate solid lines in the
figures.

In general, impacts for the overcontainer option would be less than those for the cylinder
transfer option. The average doses to involved workers for all cylinder preparation activities would
be less than 660 mrem/yr, which is less than the regulatory limit of 5,000 mrem/yr (10 CFR
Part 835). Exposure of noninvolved workers and members of the general public would be extremely
small, less than 3.0 × 10-5 mrem/yr.
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FIGURE E.3  Annual Collective Dose to Involved Workers from Preparing Problem
Cylinders for Shipment Using Overcontainers
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FIGURE E.4  Estimated Annual Collective Dose to Involved Workers from Preparing
Problem Cylinders for Shipment Using the Cylinder Transfer Technology
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FIGURE E.5  Annual Collective Dose to Involved Workers from Preparing Standard
Cylinders for Shipment
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FIGURE E.6  Estimated Annual Collective Dose to Noninvolved Workers from Preparing Problem
Cylinders for Shipment Using the Cylinder Transfer Technology (population size of noninvolved
workers:  about 2,000 at Paducah; 2,700 at Portsmouth; and 3,500 at the K-25 Site)
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FIGURE E.7  Estimated Annual Dose to the Noninvolved Worker MEI from Preparing Problem
Cylinders for Shipment Using the Cylinder Transfer Technology
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FIGURE E.8  Estimated Annual Collective Dose to the General Public from Preparing Problem
Cylinders for Shipment Using the Cylinder Transfer Technology (exposure to airborne emissions;
population size of general public:  about 500,000 at Paducah; 605,000 at Portsmouth; and 877,000 at
the K-25 Site)
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FIGURE E.9  Estimated Annual Dose to the General Public MEI from Preparing Problem Cylinders
for Shipment Using the Cylinder Transfer Technology (exposures would result from airborne
emissions and discharge of wastewater)

E.3.1.1.1  Overcontainer Option 

Potential external radiation exposures of involved workers would occur from preshipment
inspection, testing, and surveying of cylinders; unstacking and retrieving cylinders; on-site trans-
portation of cylinders by straddle buggy; loading cylinders into overcontainers placed on trucks or
railcars; and packaging cylinders. The annual collective dose to involved workers was estimated to
be approximately 2.1 to 4.3 person-rem/yr for about 4 to 8 workers at the K-25 site, 2.4 to
12.2 person-rem/yr for about 5 to 22 workers at the Portsmouth site, and 8.7 to 26 person-rem/yr for
about 16 to 47 workers at the Paducah site. Assuming that the workers would work 5 hours per day
with an availability factor of 75%, i.e., 3.75 hours per day for cylinder preparation activities (Folga
1996c), the average individual involved worker dose would be approximately 540 mrem/yr. The
corresponding average cancer risk would be approximately 0.0002 per year (i.e., an individual’s
chance of developing a latent fatal cancer would be less than 1 in 5,000 per year).

E.3.1.1.2  Cylinder Transfer Option

The collective dose to involved workers would range from 20 to 24 person-rem/yr for
approximately 31 to 42 workers at the K-25 site, 21 to 34 person-rem/yr for approximately 32 to
62 workers at the Portsmouth site, and 30 to 52 person-rem/yr for approximately 52 to 94 workers
at the Paducah site. The average individual dose to involved workers would be less than
660 mrem/yr, corresponding to a risk of latent cancer fatality (LCF) of 3 × 10-4 per year (one chance
in 3,300 per year).
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Radiation doses to noninvolved workers vary from site to site depending on the processing
rate of cylinders, site-specific meteorological conditions, and distribution and population of the on-
site workers (for collective doses). The estimated radiation dose to the maximally exposed individual
(MEI) would be extremely small, less than 8 × 10-6 mrem/yr, due to the small airborne emission rates
of uranium. Impacts to the off-site public would also depend on the factors discussed for
noninvolved workers, but instead of the distribution and population of the on-site workers, the
impacts would be determined by the distribution and population of the off-site public (for collective
dose).

The radiation dose to the MEI of the off-site public would be greater than that for the MEI
of the noninvolved workers because of the additional exposure from drinking surface water. The
radiation dose from drinking surface water would be greater than that from airborne emissions. As
a result, the MEI dose for the Paducah site would be less than the doses for the Portsmouth and K-25
sites because surface water around the Paducah site would have the largest dilution capability. The
radiation doses to the off-site public MEI from normal operations of the cylinder transfer facility
were estimated to be less than 4.4 × 10-5 mrem/yr for all three cylinder storage sites, which is
extremely small compared with the regulatory limit of 100 mrem/yr.

E.3.1.1.3  Preparation of Standard Cylinders

The collective radiation exposures to involved workers were estimated to range from 0 to
1.4 person-rem/yr for the K-25 site. The lower range results from the assumption that all the
cylinders at the K-25 sites would be problem cylinders. A maximum of four workers would be
required for the preparation activities. Radiation doses to involved workers at the Portsmouth site
would range from 0 to 6.2 person-rem/yr, with a maximum requirement of 11 workers. At the
Paducah site, the collective doses were estimated to range from 0 to 11 person-rem/yr, with a
maximum requirement of 18 workers. The average individual dose to involved workers was
estimated to be less than 600 mrem/yr for all three cylinder storage sites.

E.3.1.2  Chemical Impacts

The only potential chemical impacts that could be associated with cylinder preparation
options would be from exposure to emissions from a cylinder transfer facility; no impacts during
normal operations would be expected for the cylinder overcontainer option or preparation of standard
cylinders because no releases would occur. Risks from normal operations were quantified on the
basis of calculated hazard indices. Information on the exposure assumptions, health effects
assumptions, reference doses, and calculational methods used in the chemical impact analysis is
provided in Appendix C and Cheng et al. (1997).

During cylinder transfer operations, very small quantities of uranyl fluoride (UO2F2) effluent
would be discharged into the air and surface water. Estimates of the hazardous chemical human
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health impacts resulting from cylinder transfer operations were calculated for the range of cylinders
that might require processing at each of the three storage sites (i.e., up to 1,420 annually at Paducah,
670 annually at Portsmouth, and 234 annually at K-25). Inhalation of HF was not included in the
hazard index calculations because HF emissions from the cylinder transfer facility would be
hundreds of times lower than HF emissions from conversion facilities (see Appendix F), for which |
no chemical impacts were predicted. 

No impacts to noninvolved workers or the general public would be expected from normal
transfer facility operations. The maximum (high case) hazard indices for chemical impacts to the
noninvolved worker MEI working at the cylinder transfer facility would be less than or equal to
3.2 × 10-8, 3.0 × 10-8, and 1.1 × 10-8 at the Paducah, Portsmouth, and K-25 sites, respectively. These
values are considerably below the threshold for adverse effects (i.e., the ratio of intake to reference
dose is much less than 1). The maximum (high case) hazard indices for chemical impacts to the
general public MEI would be less than or equal to 2.8 × 10-6, 6.1 × 10-6, and 3.6 × 10-6 at the
Paducah, Portsmouth, and K-25 sites, respectively; these values are also considerably below the
threshold for adverse effects.

E.3.2  Human Health — Accident Conditions

A range of accidents covering the spectrum of high-frequency/low-consequence accidents
to low-frequency/high-consequence accidents has been presented in the engineering analysis report
(LLNL 1997). These accidents are listed in Table E.4. The results for the radiological and chemical
health impacts of the maximum-consequence accident in each frequency category are presented in
Sections E.3.2.1 and E.3.2.2. The bounding accidents are the same for both the cylinder
overcontainer option and the cylinder transfer option. Results for all accidents listed in Table E.4 are
presented in Policastro et al. (1997). Detailed descriptions of the methodology and assumptions used
in these calculations are also provided in Appendix C and Policastro et al. (1997).

E.3.2.1  Radiological Impacts

Table E.5 lists the radiological doses to various receptors for the accidents that give the
highest dose from each frequency category. The LCF risks for these accidents are given in Table E.6.
The doses and the risks are presented as ranges (maximum and minimum) because two different
meteorological conditions were considered for each cylinder preparation option (see Appendix C).
The doses and risks presented here were obtained by assuming that the accidents would occur. The
probability of occurrence for each accident is indicated by the frequency category to which it
belongs. For example, accidents in the extremely unlikely category have a probability of occurrence
between 1 in 10,000 and 1 in 1 million in any 1 year. The following conclusions may be drawn from
the radiological health impact results:

• No cancer fatalities would be predicted from any of the accidents.
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TABLE E.4  Accidents Considered for the Cylinder Preparation Options

Chemical Amount Duration Release
Option/Accident Scenario Accident Description Form (lb) (min) Level

a

Cylinder Overcontainers

Likely Accidents (frequency: 1 or more times in 100 years)

Corroded cylinder spill, 
dry conditions

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the dry ground.

UF6 24 60
(continuous)

Ground

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Corroded cylinder spill, 
wet conditions – rain

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the wet ground.

HF 96 60
(continuous)

Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Corroded cylinder spill, 
wet conditions – water pool

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area into a 0.25-in. deep water pool.

HF 150 60
(continuous)

Ground

Vehicle-induced fire, 
three full 48G cylinders

Three full 48G UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
11,500
8,930
3,580

0 to 12  
12

12 to 30
30 to 121

Ground

Incredible Accidents (frequency: less than 1 time in 1 million years)

Small plane crash, 
two full 48G cylinders

b
A small plane crash affects two full 48G UF6 cylinders.
One cylinder hydraulically ruptures during a fire
resulting from the ignition of aviation fuel.

UF6 0
3,840
2,980
1,190

0 to 12
12

12 to 30
30 to 121

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to fire.

UF6 4,240
1,190

0 to 30
30 to 121

Ground

Cylinder Transfer

Likely Accidents (frequency: 1 or more times in 100 years)

Corroded cylinder spill, dry
conditions

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the dry ground.

UF6 24 60
(continuous)

Ground

Cylinder valve shear A single UF6 cylinder is mishandled, etc., resulting in
shearing of the cylinder valve and loss of solid UF6
from the valve onto the ground.

UF6 0.25 120
(continuous)

Ground

UF6 vapor leak A UF6 transfer line leaks 5% of its flowing contents for
10 minutes due to potential compressor or pipe leakage.

UO2F2
HF

0.009
2.4

30 Stack

UF6 liquid leak A drain line from the UF6 condensers leaks 5% of its
flowing contents due to potential condenser or pipe
leakage.

UO2F2
HF

0.0045
1.2

30 Stack

Loss of off-site electrical
power

Off-site power is lost, which halts facility operations but
does not result in significant releases to the
environment.

No
release

NA NA NA

Loss of cooling water Cooling water flow to the UF6 condenser is lost, and
UF6 vapor is released.

UO2F2
HF

0.009
2.4

2 Stack
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TABLE E.4  (Cont.)

Chemical Amount Duration Release
Option/Accident Scenario Accident Description Form (lb) (min) Level

a

Cylinder Transfer (Cont.)

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Corroded cylinder spill, 
wet conditions – rain

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the wet ground.

HF 96 60
(continuous)

Ground

UF6 cold trap rupture A UF6 cold trap is overfilled with UF6 and ruptures
during heating, releasing UF6 into the process building.

UO2F2
HF

0.13
34

30 Stack

Extremely Unlikely Accidents (frequency: from 1 in 10,000 years to 1 in 1 million years)

Corroded cylinder spill, 
wet conditions – water pool

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area into a 0.25-in. deep water pool.

HF 150 60
(continuous)

Ground

Vehicle-induced fire, 
three full 48G cylinders

Three full 48G UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
11,500
8,930
3,580

0 to 12
12

12 to 30
30 to 121

Ground

Earthquake A UF6 compressor discharge pipe is cleanly sheared
during a design-basis earthquake and leaks for 1 minute.

UO2F2
HF

0.018
4.7

30 Stack

Tornado A design-basis tornado does not result in significant
releases because UF6 is a solid at ambient conditions.

No
release

NA NA NA

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude flooding.

No
release

NA NA NA

Small plane crash, 
two full 48G cylinders

b
A small plane crash affects two full 48G UF6 cylinders.
One cylinder hydraulically ruptures during a fire
resulting from the ignition of aviation fuel.

UF6 0
3,840
2,980
1,190

0 to 12
12

12 to 30
30 to 121

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to fire.

UF6 4,240
1,192

0 to 30
30 to 121.4

Ground

a
Ground-level releases were assumed to occur outdoors on concrete pads in the cylinder storage yards. To prevent contaminant migration,
cleanup of residuals was assumed to begin immediately after the release was stopped. 

b
The frequency range of a small plane crash would be a function of site: extremely unlikely for the Paducah site, and incredible for the
Portsmouth and K-25 sites. 
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TABLE E.5  Estimated Radiological Doses per Accident Occurrence for the Cylinder Overcontainer and Cylinder Transfer Options

Maximum Dose
c

Minimum Dose
c

Noninvolved Workers General Public Noninvolved Workers General Public

Frequency MEI Population MEI Population MEI Population MEI Population
Site/Accident

a
Category

b
(rem) (person-rem) (rem) (person-rem) (rem) (person-rem) (rem) (person-rem)

Paducah Site
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
1.4 2.3 × 10

-3
2.6 × 10

-1
3.3 × 10

-3
6.3 × 10

-2
9.8 × 10

-5
3.0 × 10

-2

UF6 cold trap rupture
d

U 1.0 × 10
-7

1.5 × 10
-4

1.1 × 10
-7

5.6 × 10
-4

2.1 × 10
-8

2.8 × 10
-5

8.6 × 10
-8

2.3 × 10
-4

Vehicle-induced fire, 3 full 48G cylinders EU 2.0 × 10
-2

1.5 × 10
1

1.5 × 10
-2

2.8 × 10
1

3.7 × 10
-3

1.3 1.9 × 10
-3

1.1
Small plane crash, 2 full 48G cylinders I 6.6 × 10

-3
4.9 4.9 × 10

-3 
3.7 × 10

-1
8.7 × 10

-4
6.4 × 10

-1
6.2 × 10

-4
5.2 × 10

-2

Portsmouth Site
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
2.2 2.2 × 10

-3
2.1 × 10

-1
3.3 × 10

-3
9.5 × 10

-2
9.3 × 10

-5
2.8 × 10

-2

UF6 cold trap rupture
d

U 1.0 × 10
-7

1.5 × 10
-4

1.1 × 10
-7

7.1 × 10
-4

2.1 × 10
-8

1.5 × 10
-5

8.6 × 10
-8

2.5 × 10
-4

Vehicle-induced fire, 3 full 48G cylinders EU 2.0 × 10
-2

1.6 × 10
1

1.3 × 10
-2

3.2 × 10
1

3.7 × 10
-3

2.0 1.9 × 10
-3

1.6
Small plane crash, 2 full 48G cylinders I 6.6 × 10

-3
5.3 4.3 × 10

-3
5.5 × 10

-1
8.7 × 10

-4
6.9 × 10

-1
6.2 × 10

-4
7.6 × 10

-2

K-25 Site
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
1.3 2.7 × 10

-3
4.3 × 10

-1
3.3 × 10

-3
6.0 × 10

-2
1.1 × 10

-4
5.9 × 10

-2

UF6 cold trap rupture
d

U 1.0 × 10
-7

1.8 × 10
-4

1.1 × 10
-7

1.2 × 10
-3

2.1 × 10
-8

3.6 × 10
-5

8.6 × 10
-8

5.0 × 10
-4

Vehicle-induced fire, 3 full 48G cylinders EU 2.0 × 10
-2

1.6 × 10
1

1.3 × 10
-2

6.3 × 10
1

3.7 × 10
-3

2.4 1.9 × 10
-3

2.2
Small plane crash, 2 full 48G cylinders I 6.6 × 10

-3
5.4 4.3 × 10

-3
7.4 × 10

-1
8.7 × 10

-4
6.9 × 10

-1
7.1 × 10

-4
1.0 × 10

-1

a
The bounding accident chosen to represent each frequency category is the one that would result in the highest dose to the general public MEI. Health impacts in that row represent that
accident only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not result in a
release of radioactive material.

b
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and

once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations
(10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

c
Maximum and minimum doses reflect differences in assumed meteorological conditions at the time of the accident. In general, maximum doses would occur under meteorological
conditions of F stability with 1 m/s wind speed, whereas minimum doses would occur under D stability with 4 m/s wind speed. 

d
Applicable only to the cylinder transfer option.
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TABLE E.6  Estimated Radiological Health Risks per Accident Occurrence for the Cylinder Overcontainer 
and Cylinder Transfer Options

a

Maximum Risk
d
 (LCFs) Minimum Risk

d
 (LCFs)

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Site/Accident
b

Category
c

MEI Population MEI Population MEI Population MEI Population

Paducah Site
Corroded cylinder spill, dry conditions L 3 × 10

-5
6 × 10

-4
1 × 10

-6
1 × 10

-4
1 × 10

-6
3 × 10

-5
5 × 10

-8
1 × 10

-5

UF6 cold trap rupture
e

U 4 × 10
-11

6 × 10
-8

4 × 10
-11

3 × 10
-7

8 × 10
-12

1 × 10
-8

4 × 10
-11

1 × 10
-7

Vehicle-induced fire, 3 full 48G cylinders EU 8 × 10
-6

6 × 10
-3

7 × 10
-6

1 × 10
-2

1 × 10
-6

5 × 10
-4

1 × 10
-6

5 × 10
-4

Small plane crash, 2 full 48G cylinders I 3 × 10
-6

2 × 10
-3

2 × 10
-6

2 × 10
-4

3 × 10
-7

3 × 10
-4

3 × 10
-7

3 × 10
-5

Portsmouth Site
Corroded cylinder spill, dry conditions L 3 × 10

-5
9 × 10

-4
1 × 10

-6
1 × 10

-4
1 × 10

-6
4 × 10

-5
5 × 10

-8
1 × 10

-5

UF6 cold trap rupture
e

U 4 × 10
-11

6 × 10
-8

6 × 10
-11

4 × 10
-7

8 × 10
-12

6 × 10
-9

4 × 10
-11

1 × 10
-7

Vehicle-induced fire, 3 full 48G cylinders EU 8 × 10
-6

6 × 10
-3

6 × 10
-6

2 × 10
-2

1 × 10
-6

8 × 10
-4

1 × 10
-6

8 × 10
-4

Small plane crash, 2 full 48G cylinders I 3 × 10
-6

2 × 10
-3

2 × 10
-6

3 × 10
-4

3 × 10
-7

3 × 10
-4

3 × 10
-7

4 × 10
-5

K-25 Site
Corroded cylinder spill, dry conditions L 3 × 10

-5
5 × 10

-4
1 × 10

-6
2 × 10

-4
1 × 10

-6
2 × 10

-5
6 × 10

-8
3 × 10

-5

UF6 cold trap rupture
e

U 4 × 10
-11

7 × 10
-8

6 × 10
-11

6 × 10
-7

8 × 10
-12

1 × 10
-8

4 × 10
-11

3 × 10
-7

Vehicle-induced fire, 3 full 48G cylinders EU 8 × 10
-6

6 × 10
-3

7 × 10
-6

3 × 10
-2

1 × 10
-6

9 × 10
-4

1 × 10
-6

1 × 10
-3

Small plane crash, 2 full 48G cylinders I 3 × 10
-6

2 × 10
-3

2 × 10
-6

4 × 10
-4

3 × 10
-7

3 × 10
-4

4 × 10
-7

5 × 10
-5

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (LCF) times the estimated frequency times 20 years of operations. The
estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.0001; incredible (I), 0.000001.

b
The bounding accident chosen to represent each frequency category is the one that would result in the highest risk to the general public MEI. Health impacts in that row represent
that accident only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not
result in a release of radioactive material.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years

and once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility
operations (10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect differences in assumed meteorological conditions at the time of the accident. In general, maximum risks would occur under meteorological
conditions of F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. 

e
Applicable only to the cylinder transfer option.
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• The maximum radiological dose to noninvolved worker and general public
MEIs (assuming an accident occurred) would be 0.077 rem. This dose is less
than the 25-rem dose recommended for assessing the adequacy of protection |
of public health and safety from potential accidents by the U.S. Nuclear |
Regulatory Commission (NRC 1994). |

• The overall radiological risk to noninvolved worker and general public MEI
receptors (estimated by multiplying the risk per occurrence [Table E.6] by the
annual probability of occurrence by the number of years of operation) would
be less than 1 for all of the accidents.

E.3.2.2  Chemical Impacts

The accidents considered for the cylinder preparation options are listed in Table E.4. The
results of the accident consequence modeling for chemical impacts are given in Tables E.7 and E.8.
The results are presented as the (1) number of persons with potential for adverse effects and (2) the
number of persons with potential for irreversible adverse effects. The results are given for the
accident within each accident frequency category that would affect the largest number of persons
(total of workers and off-site population) (Policastro et al. 1997). The impacts presented here are
based on the assumption that the accidents would occur. The accidents listed in Tables E.7 and E.8
are not identical because an accident with the largest impacts for adverse effects might not lead to
the largest impacts for irreversible adverse effects. The following general conclusions may be drawn
from the chemical accident assessment: 

• If the accidents identified in Table E.7 and E.8 did occur, the number of
persons in the off-site population with potential for adverse effects would
range from 0 to 1,900 (maximum corresponding to the vehicle-induced fire
scenario at the Paducah site), and the number of off-site persons with potential
for irreversible adverse effects would range from 0 to 1 (maximum
corresponding to the corroded cylinder spill with pooling scenario at the
Portsmouth site).

• If the accidents identified in Tables E.7 and E.8 did occur, the number of
noninvolved workers with potential for adverse effects would range from 0 to
1,000 (maximum corresponding to the vehicle-induced fire scenario at the
Portsmouth site), and the number of noninvolved workers with potential for
irreversible adverse effects would range from 0 to 300 (maximum
corresponding to the corroded cylinder spill with pooling scenario at the
Paducah site).



C
ylin

d
e

r P
re

p
a

ra
tio

n
E

-3
2

D
e

p
le

te
d

 U
F6  P

E
IS

TABLE E.7  Number of Persons with Potential for Adverse Effects from Accidents under the Cylinder Overcontainer 
and Cylinder Transfer Options

a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Site/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Paducah Site
Corroded cylinder spill, dry conditions L Yes 10 No 0 Yes

f
0 No 0

Corroded cylinder spill, wet conditions – rain U Yes 690 Yes 14 Yes 7 No 0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 910 Yes 1,900 Yes 4 Yes 3
Small plane crash, 2 full 48G cylinders I Yes 67 Yes 18 Yes

f
0 No 0

Portsmouth Site
Corroded cylinder spill, dry conditions L Yes 48 Yes

f
0 No 0 No 0

Corroded cylinder spill, wet conditions – rain U Yes 850 Yes 12 Yes 2 Yes
f

0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 1,000 Yes 650 Yes 160 Yes 4
Small plane crash, 2 full 48G cylinders I Yes 700 Yes 22 No 0 No 0

K-25 Site
Corroded cylinder spill, dry conditions L Yes 69 No 0 Yes

f
0 No 0

Corroded cylinder spill, wet conditions – rain U Yes 700 Yes 18 Yes 47 No 0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 770 Yes 550 No 0 Yes 12
Small plane crash, 2 full 48G cylinders I Yes 420 Yes 34 No 0 No 0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 20 years of
operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site people) would be affected. Health impacts
in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and

once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility
operations (10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect different meteorological conditions at the time of the accident. In general, maximum risks would occur under meteorological conditions of
F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. 

e
At the MEI location, the determination is either "Yes" or "No" for potential adverse effects to an individual. 

f
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the population
risks are 0 because the actual worker and general public population distributions were used, which did not show receptors at the MEI locations.
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TABLE E.8  Number of Persons with Potential for Irreversible Adverse Effects from Accidents under the Cylinder Overcontainer 
and Cylinder Transfer Options

a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Site/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Paducah Site
Corroded cylinder spill, dry conditions

f
L Yes

g
0 No 0 No 0 No 0

Corroded cylinder spill, wet conditions – rain U Yes 130 Yes
g

0 Yes 1 No 0
Corroded cylinder spill, wet conditions – water pool EU Yes 300 Yes 1 Yes 1 No 0
Small plane crash, 2 full 48G cylinders I No 0 No 0 No 0 No 0

Portsmouth Site
Corroded cylinder spill, dry conditions L Yes

g
0 No 0 No 0 No 0

Corroded cylinder spill, wet conditions – rain U Yes 90 Yes 1 Yes
g

0 No 0
Corroded cylinder spill, wet conditions – water pool EU Yes 110 Yes 1 Yes

g
0 No 0

Small plane crash, 2 full 48G cylinders
f

I No 0 No 0 No 0 No 0

K-25 Site
Corroded cylinder spill, dry conditions L Yes 3 No 0 No 0 No 0
Corroded cylinder spill, wet conditions – rain U Yes 140 Yes 0 Yes 2 No 0
Vehicle-induced fire, 3 full 48G cylinders

f
EU No 0 No 0 No 0 No 0

Small plane crash, 2 full 48G cylinders
f

I No 0 No 0 No 0 No 0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 20 years of
operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site population) would be affected.  Health
impacts in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and

once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations
(10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect different meteorological conditions at the time of the accident. In general, maximum risks would occur under meteorological conditions of
F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. 

e
At the MEI location, the determination is either "Yes" or "No" for potential irreversible adverse effects to an individual.

f
These accidents would result in the largest plume size for the frequency category, although no people would be affected. 

g
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the population
risks are 0 because the actual worker and general public population distributions were used, which did not show receptors at the MEI locations.
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• Accidents resulting in a vehicle-induced fire involving three 48G cylinders
during very stable (nighttime) meteorological conditions would have a very
low probability of occurrence but could affect a large number of people.

• The maximum risk was computed as the product of the consequence (number
of people) times the frequency of occurrence (per year) times the number of
years of operations (20 years, 2009-2028). The results indicate that the
maximum risk values would be less than 1 for all accidents, except the
following:

- Potential Adverse Effects and Irreversible Adverse Effects:

Corroded cylinder spill, dry conditions (L, likely): 
Workers at the Paducah, Portsmouth, and K-25 sites

Corroded cylinder spill, wet conditions – rain (U, unlikely): 
Workers at the Paducah, Portsmouth, and K-25 sites

These risk values are conservative because the numbers of people affected
were based on assuming (1) meteorological conditions that would result in the
maximum reasonably foreseeable plume size (i.e., F stability and 1 m/s wind
speed) and (2) wind in the direction that would lead to maximum numbers of
individuals exposed for workers or for the general population. 

To aid in the interpretation of accident analysis results, the number of fatalities potentially
associated with the estimated potential irreversible effects was estimated. All the bounding-case
accidents shown in Table E.8 would involve releases of UF6 and potential exposure to HF and
uranium compounds. These exposures could be high enough to result in death for up to 1% of the
persons experiencing irreversible adverse effects (Policastro et al. 1997). This would mean that for
workers experiencing a range of 0 to 300 irreversible adverse effects, approximately 0 to 3 deaths
would be expected. Similarly, of the general public experiencing a range of 0 to 1 irreversible
adverse effects, less than 1 death would be expected. These are the maximum potential consequences
of the accidents; the upper ends of the ranges result from the assumption of worst-case weather
conditions, with the wind blowing in the direction where the highest number of people would be
exposed. 

E.3.2.3  Physical Hazards

The risk of on-the-job fatalities and injuries for involved and noninvolved workers is
calculated using industry-specific statistics from the Bureau of Labor Statistics, as reported by the
National Safety Council (1995). Construction and manufacturing annual fatality and injury rates
were used respectively for the construction and operational phases of the cylinder transfer facility
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FIGURE E.10  Worker Fatality and Injury Incidence for Cylinder Overcontainer Activities

lifetime; manufacturing fatality and injury rates were used for standard cylinder shipping preparation
and overcontainer activities. 

Figure E.10 shows the fatality and injury incidences for all workers associated with
packaging cylinders in overcontainers across the ranges that might be required at the three current
storage sites (i.e., ranges of 480 to 1,420 cylinders/yr at the Paducah site; 130 to 670 cylinders/yr at
the Portsmouth site; and 120 to 234 cylinders/yr at the K-25 site). The impacts would increase
directly as a function of the numbers of cylinders placed in overcontainers annually. Fatality
incidences over the 20-year period of operations would all be less than 1 — ranging from about
0.029 to 0.087 at Paducah, about 0.007 to 0.041 at Portsmouth, and about 0.007 to 0.014 at K-25.
On the basis of the ranges given for overcontainer requirements, the corresponding estimated injury
incidence over the 20-year operations period would be from about 39 to 115 at Paducah, about 10
to 54 at Portsmouth, and about 9 to 18 at K-25.

Figures E.11 and E.12 give the fatality and injury incidences for all workers associated with
transferring cylinder contents to new cylinders across the same potential range requirements as
discussed above. It was assumed that any transfer facility would be constructed with a capacity near
to or somewhat greater than the maximum number of cylinders expected to require processing (the
actual numbers would not be determined until the time of cylinder shipment). Thus, the fatality and
injury incidence estimates for construction of the transfer facility remain constant for each site across
the range of annual cylinder processing requirements. However, data in the engineering analysis
report (LLNL 1997) also showed that the relationship between number of cylinders processed
annually and number of employees required per cylinder processed would not increase linearly. For
example, more employees per cylinder would be required to process 100 cylinders than to process
1,000 cylinders. Therefore, the fatality and injury incidences would be lower at the K-25 and
Portsmouth sites than at the Paducah site because of lower processing requirements; however, the
fatality and injury incidences would also increase much more rapidly over the range processed
annually at these sites, whereas the estimates for the Paducah site would remain relatively constant.
Once the processing rate was above about 500 cylinders per year, fatality and injury incidences
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FIGURE E.12  Worker Injury Incidence for Cylinder Transfer Activities
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The fatality and injury incidence rates are presented as solid lines, with
the dashed lines above or below showing which segments of the solid
lines correspond to each of the three cylinder storage sites.
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FIGURE E.13  Worker Fatality and Injury Incidence for Standard Cylinder Preparation

would increase very little up to the maximum rate examined of about 1,600 cylinders per year.
Fatality incidences for transfer facility construction and operation would all be less than 1, ranging
from about 0.31 to 0.34 at Paducah, about 0.22 to 0.31 at Portsmouth and about 0.17 to 0.21 at K-25.
On the basis of the assumed range in cylinder transfer requirements given above, the corresponding
injury incidence would range from about 210 to 250 at Paducah, about 110 to 240 at Portsmouth,
and about 94 to 140 at K-25. 

Figure E.13 gives the fatality and injury incidences for all workers associated with
preparation of standard cylinders for transport across the ranges that might be required at the three
current storage sites (i.e., ranges from 0 to 940 cylinders/yr at Paducah, 0 to 540 cylinders/yr at
Portsmouth, and 0 to 120 cylinders/yr at K-25). The impacts would increase directly as a function
of the numbers of cylinders prepared annually. Fatality incidences would all be less than 1, ranging
from 0 to about 0.043 at Paducah, 0 to about 0.025 at Portsmouth, and 0 to about 0.006 at K-25. The
corresponding injury incidence would range from 0 to about 87 at Paducah, 0 to about 33 at
Portsmouth, and 0 to about 7 at K-25. 

E.3.3  Air Quality

Air quality impacts would result from the emissions associated with two distinct cylinder
preparation options: (1) movement of cylinders in preparation for transportation, both those cylinders
requiring overcontainers and standard cylinders, and (2) construction and operation of facilities to
transfer contents from substandard cylinders to new ones. These two options are referred to in the
following discussion as “overcontainer” and “transfer facility.” No construction would be required
for the overcontainer option. Descriptions of the methodology and assumptions are provided in
Appendix C and Tschanz (1997).
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E.3.3.1  Paducah Site

Potential air quality impacts for carbon monoxide (CO), nitrogen oxides (NOx), and PM10

(particulate matter with a mean diameter of 10 µm or less) from implementation of the overcontainer
and transfer facility options at the Paducah site are presented in Table E.9. Ranges of impacts for the
overcontainer option represent the assumptions of low to high numbers of cylinders that might be
substandard at the time of transportation. All of the impacts for the overcontainer option would be
negligible.

Construction of a transfer facility with a capacity to handle 1,600 cylinders per year would
cause larger impacts than operation of the facility. The construction impacts would all be less than
the applicable air quality standards. The largest impact, 62% of the standard, would occur for the
24-hour PM10 concentration (Table E.9). The PM10 concentrations would occur primarily as a result
of fugitive dust from land disturbance. The estimated fugitive dust emissions from construction
activities were based on a general emission factor that considers only the size of the disturbed area
and, therefore, might be overestimated relative to the actual use of construction equipment.
Mitigative measures, such as spraying water, would be expected to reduce the PM10 concentrations.
More detailed information about the construction activities would be required to accurately assess
the likely actual impacts.

Criteria pollutant concentrations during operations would be less than 2% of the values
estimated to occur during construction, making all impacts negligible. Process stack emissions
during operations would produce an annual average HF concentration of 3.1 × 10-5 µg/m3 and UO2F2

concentration of 2.1 × 10-6 µg/m3.

No quantitative estimate was made of the impacts on the criterion pollutant ozone. Ozone
formation is a regional issue affected by emissions data for the entire area around the Paducah site.
McCracken County in the Paducah-Cairo Interstate Air Quality Control Region is currently in
attainment for all criteria pollutant standards, including ozone. The pollutants most related to ozone
formation that could result from the cylinder preparation options at the Paducah site would be
hydrocarbons (HC) and NOx. The potential effects on ozone of those emissions can be put in
perspective by comparing them with the total emissions of HC and NOx for point sources in
McCracken County, as recorded in the Kentucky Division of Air Quality Control “Emissions
Inventory” for 1995 (Hogan 1996). The estimated HC and NOx emissions of 0.20 and 2.19 tons/yr
during operation of the cylinder transfer facility would be only 0.034 and 0.006%, respectively, of
the 1995 McCracken County emissions totals of those pollutants from inventoried point sources.
These small additional contributions to the totals would be unlikely to alter the ozone attainment
status of the county. Emissions of HC and NOx from the overcontainer option would be even smaller.
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TABLE E.9  Air Quality Impacts of Cylinder Preparation Options at the Paducah Site

Estimated Maximum Pollutant Concentrations from the Overcontainer Option

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Range Fraction of Range Fraction of Range Fraction of Range Fraction of
Pollutant (µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a

CO 23 – 31 0.00078 3.0 – 4.0 0.00040 1.2 – 1.6 – 0.048 – 0.063 –

NOx 3.5 – 4.7 – 0.46– 0.62 – 0.18 – 0.24 – 0.0073 – 0.0098 0.000098

PM10 0.69 – 0.93 – 0.091 – 0.12 – 0.036 – 0.048 0.00032 0.0014 – 0.0019 0.000038

Estimated Pollutant Concentrations from Construction of the Cylinder Transfer Facility

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Concentration Fraction of Concentration Fraction of Concentration Fraction of Concentration Fraction of
Pollutant (µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a

CO 3,200 0.080 1,400 0.14 540 – 50 –

NOx 450 – 200 – 77 – 7.2 0.072

PM10 550 – 250 – 93 0.62 8.7 0.17

a
Ratio of the upper end of the concentration range divided by the respective air quality standard. A ratio of less than 1 indicates that the standard would
not be exceeded. A hyphen indicates that no standard is available for this averaging period.
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E.3.3.2  Portsmouth Site

The air quality impacts of cylinder preparation options at the Portsmouth site are shown in
Table E.10. All impacts from construction of a transfer facility with a capacity for 960 cylinders per
year at the Portsmouth site would be less than applicable air quality standards. 

The impacts of criteria pollutant emissions during operation of the transfer facility would
be negligible. Process stack emissions during operations would produce an annual average HF
concentration of 1.9 × 10-5 µg/m3 and UO2F2 concentration of 1.5 × 10-6 µg/m3.

No quantitative estimate was made of the impacts on the criterion pollutant ozone. Ozone
formation is a regional issue affected by emissions data for the entire area around the Portsmouth
site. Pike and Scioto Counties in the Wilmington-Chillicothe-Logan Air Quality Control Region are
currently in attainment for all criteria pollutant standards, including ozone. The pollutant emissions
most related to ozone formation that could result from the cylinder preparation options at the
Portsmouth site would be HC and NOx. The potential effects on ozone of those emissions can be put
in perspective by comparing them with the total emissions of HC and NOx for point sources in Pike
and Scioto Counties, as recorded in the Ohio Environmental Protection Agency “Emissions
Inventory” for 1990 (Juris 1996). The estimated HC and NOx emissions of 0.18 and 1.65 tons/yr
from operation of the cylinder transfer facility would be only 0.011 and 0.069%, respectively, of the
1990 two-county emissions totals of those pollutants from inventoried point sources. These small
additional contributions to the totals would be unlikely to alter the ozone attainment status of the
region. Emissions of HC and NOx from the overcontainer option would be even smaller. 

E.3.3.3  K-25 Site

The air quality impacts of cylinder preparation options at the K-25 site are shown in
Table E.11. The NOx and PM10 impacts from construction of a transfer facility with a capacity for
320 cylinders per year at the K-25 site would be larger in comparison with applicable air quality
standards than would the impacts from a 1,600/yr cylinder transfer facility at the Paducah site. In
part, this would be due to the fact that construction emissions would not decrease in proportion to
the reduction in transfer capacity. Emissions of PM10 were assumed to be the same at all three sites.

The impacts of criteria pollutant emissions during operation of the transfer facility would
be negligible. Process stack emissions during operations would produce an annual average HF
concentration of 1.3 × 10-5 µg/m3 and UO2F2 concentration of 1.0 × 10-6 µg/m3.

No quantitative estimate was made of the impacts on the criterion pollutant ozone. Ozone
formation is a regional issue affected by emissions data for the entire area around the K-25 site.
Anderson and Roane Counties in the Eastern Tennessee-Southwestern Virginia Interstate Air Quality
Control Region are currently in attainment for all criteria pollutant standards, including ozone. The
pollutant emissions most related to ozone formation that could result from the cylinder preparation
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TABLE E.10  Air Quality Impacts of Cylinder Preparation Options at the Portsmouth Site

Estimated Maximum Pollutant Concentrations from the Overcontainer Option

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Range Fraction of Range Fraction of Range Fraction of Range Fraction of
Pollutant (µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a

CO 5.4 – 7.7 0.00019 0.91 – 1.3 0.00013 0.36 – 0.52 – 0.029 – 0.042 –

NOx 0.81 – 1.2 – 0.14– 0.20 – 0.054– 0.079 – 0.0044 – 0.0064 0.000064

PM10 0.16 – 0.23 – 0.027 – 0.040 – 0.011 – 0.016 0.00011 0.00088 – 0.0013 0.000026

Estimated Pollutant Concentrations from Construction of the Cylinder Transfer Facility

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Concentration Fraction of Concentration Fraction of Concentration Fraction of Concentration Fraction of
Pollutant (µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a

CO 2,600 0.065 660 0.066 250 – 29 –

NOx 390 – 97 – 38 – 4.3 0.043

PM10 560 – 140 – 54 0.36 6.2 0.12

a
Ratio of the upper end of the concentration range divided by the respective air quality standard. A ratio of less than 1 indicates that the standard would
not be exceeded. A hyphen indicates that no standard is available for this averaging period.
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TABLE E.11  Air Quality Impacts of Cylinder Preparation Options at the K-25 Site

Estimated Maximum Pollutant Concentrations from the Overcontainer Option

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Range Fraction of Range Fraction of Range Fraction of Range Fraction of
Pollutant (µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a

CO 3.6 – 4.5 0.00011 0.54 – 0.67 0.00007 0.23 – 0.29 – 0.017 – 0.021 –

NOx 0.56 – 0.70 – 0.083– 0.10 – 0.036– 0.044 – 0.0026 – 0.0033 0.00003

PM10 0.11 – 0.14 – 0.016 – 0.020 – 0.0071 – 0.0088 0.00006 0.00052 – 0.00064 0.00001

Estimated Pollutant Concentrations from Construction of the Cylinder Transfer Facility

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Concentration Fraction of Concentration Fraction of Concentration Fraction of Concentration Fraction of
Pollutant (µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a
(µg/m

3
) Standard

a

CO 2,200 0.055 1,100 0.11 470 – 61 –

NOx 320 – 160 – 69 – 8.9 0.089

PM10 590 – 300 – 130 0.87 16 0.32

a
Ratio of the upper end of the concentration range divided by the respective air quality standard. A ratio of less than 1 indicates that the standard would not be
exceeded. A hyphen indicates that no standard is available for this averaging period. 
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options at the K-25 site would be HC and NOx. The potential effects on ozone of those pollutants
can be put in perspective by comparing them with the total emissions of HC and NOx for point
sources in Anderson and Roane Counties, as recorded in the Tennessee Division of Air Pollution
Control “Emissions Inventory” for 1995 (Conley 1996). The estimated HC and NOx emissions of
0.14 and 1.20 tons/yr during operation of the cylinder transfer facility would be only 0.005 and
0.002%, respectively, of the 1995 two-county emissions totals of those pollutants from inventoried
point sources. These small additional contributions to the totals would be unlikely to alter the ozone
attainment status of the region. Emissions of HC and NOx from the overcontainer option would be
even smaller. 

E.3.4  Water and Soil

The cylinder preparation options were assessed for potential impacts on surface water,
groundwater, and soils. Details on the methodology and assumptions are presented in Appendix C
and Tomasko (1997).

E.3.4.1  Surface Water

Potential impacts to surface water for the cylinder preparation options could occur during
construction, normal operations, and postulated accident scenarios. For the cylinder overcontainer
option and preparation of standard cylinders, however, there would be no impacts to surface water
because no liquid wastes would be produced during construction and operations (LLNL 1997) and
no accident scenarios were identified in the engineering analysis report that would directly release
contaminated material to surface water (LLNL 1997). Secondary impacts to surface water would also
be negligible because of the small concentrations associated with air deposition. 

For the cylinder transfer facility, potential impacts to surface water during construction,
normal operations, and accident scenarios would include changes in runoff, changes in quality, and
floodplain encroachment. 

E.3.4.1.1  Construction

Paducah Site.  Construction of a cylinder transfer facility with a capacity for
1,600 cylinders per year at the Paducah site would increase runoff because about 15 acres (6.1 ha)
of land would be replaced with paved lots and buildings (Table E.12). This increase in impermeable
surface would produce a negligible impact on runoff because of the size of the existing watershed
(0.4% of the land available). 
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TABLE E.12  Summary of Environmental Parameters 
for the Cylinder Transfer Facility

Requirements per Site

Option Unit Paducah Portsmouth K-25

Disturbed land area acres 21 14 12

Paved area acres 15 10 8

Construction water million gal/yr 10 8 6.5

Construction wastewater million gal/yr 5 4 3.3

Operations water million gal/yr 9 7 6

Operations wastewater million gal/yr 7.1 5.7 4.4

Radioactive release Ci/yr 0.00078 0.00063 0.00049

Construction of the cylinder transfer facility would require about 10 million gal/yr (19 gpm)
of water. This withdrawal would correspond to less than 0.000016% of average river flow and would
produce a negligible impact on water levels and floodplains. During construction, the quality of
nearby surface water could be affected by releases of wastewater containing small quantities of
contaminants such as construction chemicals, organics, and suspended solids. About 5 million gal/yr
(9.5 gpm) of construction wastewater would be discharged to nearby surface waters or to an
appropriate wastewater sewer under a National Pollutant Discharge Elimination System (NPDES)
permit. Once released, the wastewater would eventually be discharged to the Ohio River, resulting
in dilution in excess of 12 million:1. All contaminant concentrations would be considerably below
regulatory standards. 

Portsmouth Site.  Construction of a cylinder transfer facility with a capacity of
960 cylinders per year at the Portsmouth site would increase runoff because about 10 acres (4.1 ha)
of land would be replaced with paved lots and buildings (Table E.12). This increase in impermeable
surface would produce a negligible impact on runoff because of the size of the existing watershed
(0.3% of the land available). 

Construction of the cylinder transfer facility would require about 8 million gal/yr of water
(15 gpm). Following usual practice at the Portsmouth site, this water would be withdrawn from
wells, and there would be no impact to surface water. During construction, about 4 million gal/yr
(8 gpm) of wastewater would be discharged to the river. Because of dilution (260,000:1),
contaminant concentrations would be reduced to considerably below regulatory standards. 
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K-25 Site.  Construction of a cylinder transfer facility with a capacity of 320 cylinders per
year at the K-25 site would increase runoff because about 8 acres (4 ha) of land would be replaced
with paved lots and buildings (Table E.12). This increase in impermeable surface would produce a
negligible impact on runoff because of the size of the existing watershed (0.5% of the land
available). 

Construction of the cylinder transfer facility would require about 6.5 million gal/yr
(12 gpm) of water. This withdrawal would correspond to about 0.00059% of average river flow and
would produce a negligible impact on water levels and floodplains. During construction, about
3.3 million gal/yr (6 gpm) of wastewater would be discharged to the river. Because of dilution
(340,000:1), contaminant concentrations would be reduced to considerably below regulatory
standards. 

E.3.4.1.2  Operations

Paducah Site.  For normal operations of the 1,600/yr cylinder transfer facility at the
Paducah site, approximately 9 million gal/yr (17.1 gpm) of water would be withdrawn from surface
water (Table E.12). This withdrawal would represent less than 0.000014% of the average river flow
and would produce a negligible impact on water levels and floodplains. 

About 7.1 million gal/yr (14 gpm) of wastewater would be discharged to the river during
normal operations. This water would consist of sanitary wastewater, blowdown water from the
cooling tower, industrial wastewater, and process water (LLNL 1997). This discharge would
represent about 0.000012% of the average river flow and would produce a negligible impact on
water levels and floodplains. 

In addition to producing physical impacts to surface water, normal operations would also
impact surface water quality. Approximately 0.00078 Ci/yr (about 112 µg/L) of uranium would be
released to the river at the point of discharge (LLNL 1997). Although the concentration at the outfall
would exceed the proposed U.S. Environmental Protection Agency (EPA) maximum contaminant
level (MCL) of 20 µg/L (EPA 1996) used as a guideline, the resulting uranium concentration (as well
as the concentrations of other chemicals) in the river would be less than 20 µg/L because of dilution
(9 million:1).

Portsmouth Site.  For normal operations of the 960/yr cylinder transfer facility at the
Portsmouth site, about 7 million gal/yr (13 gpm) of water would be required (Table E.12). Because
this water would be withdrawn from wells, there would be no surface water impacts. 
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About 5.7 million gal/yr (11 gpm) of wastewater would be discharged to the river. This
water would consist of sanitary wastewater, blowdown water, industrial wastewater, and process
water (LLNL 1997). This discharge would represent about 0.00052% of the average river flow and
would produce a negligible impact on water levels and floodplains. 

Normal operations would also impact surface water quality. Approximately 0.00063 Ci/yr
of uranium would be released to surface water (about 112 µg/L at the point of discharge). Although
the concentration of uranium at the outfall would exceed the 20 µg/L guideline (EPA 1996), the
resulting uranium concentration (as well as other chemicals) in the river would be less 20 µg/L
because of dilution (200,000:1). 

K-25 Site.  For normal operation of the 320/yr cylinder transfer facility at the K-25 site,
about 6 million gal/yr (11 gpm) of water would be required (Table E.12). This rate of withdrawal
would represent about 0.00054% of the average river flow and would produce a negligible impact
on water levels and floodplains. 

About 4.4 million gal/yr (8 gpm) of wastewater would be discharged to the river. This water
would consist of sanitary wastewater, blowdown water, industrial wastewater, and process water
(LLNL 1997). This discharge would represent about 0.00038% of the average river flow and would
produce a negligible impact on water levels and floodplains. 

Normal operations would also impact surface water quality. Approximately 0.00049 Ci/yr
of uranium would be released to surface water (about 112 µg/L at the point of discharge). Although
the concentration of uranium at the outfall would exceed the 20 µg/L guideline (EPA 1996), the
resulting uranium concentration (as well as other chemicals) in the river would be less than 20 µg/L
because of dilution (255,000:1). 

E.3.4.1.3  Accident Scenarios

No accidents are identified in LLNL (1997) that would directly affect surface water at any
of the three storage sites. Secondary impacts resulting from deposition of airborne contaminants
would not be measurable because of low concentrations in the deposited material.

E.3.4.2  Groundwater

For the cylinder overcontainer option and during preparation of standard cylinders, there
would be no impacts to groundwater for any of the sites because there would be no discharges to the
surface (LLNL 1997). For the cylinder transfer facility, impacts could occur during construction and
normal operations; however, there would be no impacts from potential accidents because no
accidents were identified in the engineering analysis report (LLNL 1997) that would release
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contaminants to the ground. Secondary impacts from air deposition would not be measurable because
of the small concentrations of deposited material. 

E.3.4.2.1  Construction

Paducah Site.  Construction of the cylinder transfer facility at the Paducah site would result
in decreased permeability of about 15 acres (6.1 ha) of land (Table E.12). This loss of permeable
land would reduce recharge, increase depth to the water table, and change the direction of
groundwater flow; however, because the affected area would be small (about 0.4% of the land
available), the impacts would be local and negligible. 

During construction, groundwater quality would also be impacted. For example, stockpiled
chemicals could be mobilized by precipitation and infiltrate the surficial aquifer. By following good
engineering and construction practices (e.g., covering chemicals to prevent interaction with rain,
promptly cleaning up any spills, and providing retention basins to catch and hold contaminated
runoff), groundwater concentrations would be less than the EPA guidelines. 

Portsmouth Site.  Construction of the cylinder transfer facility at the Portsmouth site would
decrease the permeability of about 10 acres (4.1 ha) (Table E.12). This loss of permeable land would
reduce recharge, increase depth to the water table, and change the direction of groundwater flow;
however, because the affected area would be small (about 0.3% of the land available), the impacts
would be local and negligible. 

Construction of the cylinder transfer facility would require extracting 4 million gal/yr
(8 gpm) from wells. This extraction would increase the daily withdrawal by less than 0.1% and
would produce a negligible impact on depth to groundwater and direction of groundwater flow.
Construction could also impact groundwater quality. By following good engineering and construc-
tion practices, groundwater concentrations would be less than the EPA guidelines. 

K-25 Site.  Construction of the cylinder transfer facility would decrease the permeability
of about 8 acres (3.2 ha) (Table E.12). This loss of permeable land would reduce recharge, increase
depth to the water table, and change the direction of groundwater flow; however, because the
affected area would be small (about 0.5% of the land available), the impacts would be local and
negligible. During construction, groundwater quality would also be impacted. By following good
engineering and construction practices, groundwater concentrations would be less than the EPA
guidelines. 
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E.3.4.2.2  Operations

Paducah Site.  No impacts to groundwater would occur during normal operations at the
Paducah site because no groundwater would be used and there would be no discharges to the ground.

Portsmouth Site.  Normal operation of the cylinder transfer facility at the Portsmouth site
would required an additional 7 million gal/yr of withdrawal from wells (Table E.12). This rate of
withdrawal would represent an increase in daily extraction of about 0.1%.  Because the rate of
increased use would be small, impacts to the depth to the groundwater and its flow direction would
be negligible. No impacts would occur to groundwater quality because there would be no direct
discharges to the ground.

K-25 Site.  No impacts to groundwater would occur during normal operations at the K-25
site because no groundwater would be used and there would be no discharges to the ground.

E.3.4.3  Soil

For the cylinder overcontainer option and during preparation of standard cylinders, there
would be no impacts to soils from any of the three cases because there would be no discharges to the
ground. For the cylinder transfer facility, the only impacts to the three sites would occur during
construction; for normal operations, there would be no discharges to the ground, and there are no
accidents identified in the engineering analysis report (LLNL 1997) that would lead to direct
contamination of the soil. Secondary impacts to the soil from air deposition would be negligible
because of the small concentrations of contaminants in the deposited material. Impacts from
construction of the cylinder transfer facility include changes in topography, permeability, quality,
and erosion potential. 

E.3.4.3.1  Paducah Site

At the Paducah site, construction of a cylinder transfer facility with a capacity of
1,600 cylinders per year would disturb 21 acres (8.5 ha) of land (Table E.12). In the area of the
construction, topography would be altered, permeability would be decreased in paved areas or areas
that were compacted, permeability would increase in aerated areas, and erosion potential would
decrease in compacted areas and increase in areas that were aerated. In general, these impacts would
be negligible because the affected area would be small (about 0.6% of the land available), and in
many cases, the impacts would be temporary (with regrading and reseeding, the soil would return
to its former condition). 



Cylinder Preparation E-49 Depleted UF6 PEIS

In addition to these physical changes, construction could also have a chemical impact on
soil. By following good engineering and construction practices (e.g., covering chemicals with tarps,
cleaning up spills as soon as they occur, and providing retention basins to catch and hold surface
runoff), impacts to soil quality would be negligible. 

E.3.4.3.2  Portsmouth Site

At the Portsmouth site, construction of a cylinder transfer facility with a capacity for
960 cylinders per year would disturb 14.3 acres (5.8 ha) of land (Table E.12). In the area of the
construction, topography would be altered, permeability would be decreased in paved areas or areas
that were compacted, permeability would increase in aerated areas, and erosion potential would
decrease in compacted areas and increase in areas that were aerated. In general, these impacts would
be negligible because the affected area would be small (about 0.4% of the land available), and in
many cases, the impacts would be temporary (with regrading and reseeding, the soil would return
to its former condition). 

In addition to these physical changes, construction could also have a chemical impact on
soil. By following good engineering and construction practices, impacts to soil quality would be
negligible.

E.3.4.3.3  K-25 Site

At the K-25 site, construction of a cylinder transfer facility with a capacity for 320 cylinders
per year would disturb 12 acres (4.9 ha) of land (Table E.12). In the area of the construction,
topography would be altered, permeability would be decreased in paved areas or areas that were
compacted, permeability would increase in aerated areas, and erosion potential would decrease in
compacted areas and increase in areas that were aerated. In general, these impacts would be
negligible because the affected area would be small (about 0.7% of the land available), and in many
cases, the impacts would be temporary (with regrading and reseeding, the soil would return to its
former condition). 

In addition to these changes, construction could also have a chemical impact on soil. By
following good engineering and construction practices, impacts to soil quality would be negligible.

E.3.5  Socioeconomics

The impacts of cylinder preparation on socioeconomic activity were estimated for a region
of influence (ROI) at the three storage sites. Additional details regarding the assessment
methodology is presented in Appendix C and Allison and Folga (1997). 
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Cylinder preparation would likely have a small impact on socioeconomic conditions in the
ROIs surrounding the three sites described in Chapter 3, Sections 3.1.8, 3.2.8, and 3.3.8. This is
partly because a major proportion of expenditures associated with procurement for the preoperation
and operation of each preparation option would flow outside the ROI to other locations in the United
States, reducing the concentration of local economic effects of each facility.

Slight changes in employment and income would occur in each ROI as a result of local
spending of personal consumption expenditures derived from employee wages and salaries, local
procurement of goods and services required for cylinder preparation activities, and other local invest-
ment associated with preoperations and operations. In addition to creating new (direct) jobs at each
site, cylinder preparation would also create indirect employment and income in the ROI as a result
of jobs and procurement expenditures at each site. Jobs and income created directly by cylinder
preparation, together with indirect activity in the ROI, would contribute slightly to a reduction in
unemployment in the ROI surrounding each site. Minimal impacts would be expected on local
population growth and, consequently, on local housing markets and local fiscal conditions.

The effects of preoperating and operating cylinder preparation on regional economic
activity, measured in terms of employment and personal income, and on population, housing, and
local public revenues and expenditures are discussed in Sections E.3.5.1 through E.3.5.3. Impacts
are presented for cylinder preparation at each of the storage sites for the peak year of preoperations
and the first year of operations. The impacts of cylinder preparation at the three storage sites are
given in Table E.13.

E.3.5.1  Paducah Site

E.3.5.1.1  Impacts from Cylinder Preparation Using Overcontainers

During the peak year of preoperations for cylinder preparation using overcontainers, fewer
than 5 direct jobs would be created at the site and fewer than 5 additional jobs indirectly in the ROI
(Table E.13) as a result of the spending of employee wages and salaries and procurement-related
expenditures. Overall, fewer than 5 jobs would be created. Preoperational activities would also
produce direct and indirect income in the ROI surrounding the site, with $0.2 million of total income
produced during the peak year. During the first year of operations involving overcontainers,
230 direct and indirect jobs would be created. Direct and indirect income would also be produced
in the ROI, with $9 million in total income produced. Activities associated with overcontainers
would result in an increase in the projected baseline compound annual average growth rate in ROI
employment of 0.02 percentage points from 1999 through 2028. 

Preoperations involving overcontainers would be expected to generate direct in-migration
of fewer than 5 in the peak year (Table E.13). Additional indirect job in-migration would also be
expected, bringing the total number of in-migrants to fewer than 5 in the peak year. Operational
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TABLE E.13  Potential Socioeconomic Impacts of the Cylinder Preparation Options at the Three Sites

Standard
Cylinder Overcontainers Cylinder Transfer Facility Cylinder Preparation

Site/Parameter Preoperation
a

Operations
b

Construction
a

Operations
b

Preoperation
a

Operations
b

Paducah Site
Economic activity in the ROI

Direct jobs <5 120 260 200 <5 60
Indirect jobs <5 110 130 170 <5 60
Total jobs <5 230 390 370 <5 120
Direct income ($ million) 0.1 8 12 10 0.1 4
Total income ($ million) 0.2 9 14 13 0.1 5

Population in-migration into the
ROI

<5 230 440 390 <5 100

Housing demand
Number of units in the ROI <5 80 160 140 <5 40

Public finances
Change in ROI fiscal balance (%) 0 0.1 0.3 0.3 0 0.1

Portsmouth Site
Economic activity in the ROI

Direct jobs <5 100 190 160 <5 50
Indirect jobs <5 80 90 180 <5 40
Total jobs <5 180 280 350 <5 90
Direct income ($ million) 0.1 6 8 8 0.1 3
Total income ($ million) 0.2 7 10 11 0.1 4

Population in-migration into the
ROI

<5 200 320 330 <5 100

Housing demand
Number of units in the ROI <5 80 120 120 <5 40

Public finances
Change in ROI fiscal balance (%) 0 0.1 0.2 0.2 0 0.1
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TABLE E.13  (Cont.)

Standard
Cylinder Overcontainers Cylinder Transfer Facility Cylinder Preparation

Site/Parameter Preoperation
a

Operations
b

Construction
a

Operations
b

Preoperation
a

Operations
b

K-25 Site
Economic activity in the ROI

Direct jobs <5 80 130 130 <5 40
Indirect jobs <5 120 160 380 <5 60
Total jobs <5 200 290 510 <5 100
Direct income ($ million) 0.1 5 6 7 0.1 2
Total income ($ million) 0.2 6 9 13 0.1 3

Population in-migration into the
ROI

<5 190 220 240 <5 80

Housing demand
Number of units in the ROI <5 70 80 90 <5 30

Public finances
Change in ROI fiscal balance (%) 0 0.1 0.04 0.04 0 0.01

a
Impacts are for peak year of preoperation or construction, 2007. The preoperational (construction) phase was assessed from 1999 through 2008. |

b
Impacts are the annual averages for operations for the period 2009 through 2028. |
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activities for cylinder overcontainers would be expected to generate direct and indirect job
in-migration of 230 in the first year of operations. Preoperational and operational activities for
overcontainers would result in an increase in the projected baseline compound annual average
growth rate in ROI population of 0.01 percentage points from 1999 through 2028. 

Cylinder overcontainer activities would generate a demand for fewer than 5 additional
rental housing units during the peak year of preoperations, representing an impact of 0.1% on the
projected number of vacant rental housing units in the ROI (Table E.13). A demand for 80 additional
owner-occupied housing units would be expected in the first year of operations, representing an
impact of 1.8% on the number of vacant owner-occupied housing units in the ROI. 

During the peak year of preoperations, fewer than 5 people would be expected to in-migrate
into the ROI, leading to essentially no increase over ROI-forecasted baseline revenues and
expenditures (Table E.13). In the first year of operations, 230 in-migrants would be expected, leading
to an increase of 0.1% in local revenues and expenditures.

E.3.5.1.2  Impacts from a Cylinder Transfer Facility

During the peak year of construction of a cylinder transfer facility, 260 direct jobs would
be created at the site and 130 additional jobs indirectly in the ROI (Table E.13) as a result of the
spending of employee wages and salaries and procurement-related expenditures. Overall, 390 jobs
would be created. Construction activity would also produce direct and indirect income in the ROI
surrounding the site, with $14 million of total income produced during the peak year. During the first
year of operations of the cylinder transfer facility, 370 direct and indirect jobs would be created.
Direct and indirect income would also be produced in the ROI, with $13 million in total income
produced. Construction and operation of the transfer facility would result in an increase in the
projected baseline compound annual average growth rate in ROI employment of 0.04 percentage
points from 1999 through 2028. 

Construction of the cylinder transfer facility would be expected to generate direct
in-migration of 360 in the peak year (Table E.13). Additional indirect job in-migration would also
be expected, bringing the total number of in-migrants to 440 in the peak year. Operation of the
cylinder transfer facility would be expected to generate direct and indirect job in-migration of 390
in the first year of operations. Construction and operation of the transfer facility would result in an
increase in the projected baseline compound annual average growth rate in ROI population of
0.02 percentage points from 1999 through 2028.

The cylinder transfer facility would generate a demand for 160 additional rental housing
units during the peak year of construction, representing an impact of 10.4% on the projected number
of vacant rental housing units in the ROI (Table E.13). The demand for 140 additional owner-
occupied housing units would be expected in the first year of operations, representing an impact of
3.0% on the number of vacant owner-occupied housing units in the ROI. 
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During the peak year of construction, 440 people would be expected to in-migrate into the
ROI, leading to an increase of 0.3% over ROI-forecasted baseline revenues and expenditures
(Table E.13). In the first year of operations, 390 in-migrants would be expected, leading to an
increase of 0.3% in local revenues and expenditures. 

E.3.5.1.3  Impacts from Standard Cylinder Preparation

During the peak year of preoperational activities for standard cylinder preparation, fewer
than 5 direct jobs would be created at the site and fewer than 5 additional jobs indirectly in the ROI
(Table E.13) as a result of the spending of employee wages and salaries and procurement-related
expenditures. Overall, fewer than 5 jobs would be created. Preoperational activities would also
produce direct and indirect income in the ROI surrounding the site, with $0.1 million of total income
produced during the peak year. During the first year of operations for standard cylinder preparation,
120 direct and indirect jobs would be created. Direct and indirect income would also be produced
in the ROI, with $5 million in total income produced. Preoperational and operational activities for
standard cylinder preparation would result in an increase in the projected baseline compound annual
average growth rate in ROI employment of 0.01 percentage points from 1999 through 2028. 

Preoperational activities for standard cylinder preparation would be expected to generate
direct in-migration of fewer than 5 in the peak year (Table E.13). Additional indirect job in-migration
would also be expected, bringing the total number of in-migrants to fewer than 5 in the peak year.
Operational activities for standard cylinder preparation would be expected to generate direct and
indirect job in-migration of 100 in the first year of operations. Preoperational and operational
activities would result in an increase in the projected baseline compound annual average growth rate
in ROI population of 0.01 percentage points from 1999 through 2028. 

Standard cylinder preparation activities would generate a demand for fewer than
5 additional rental housing units during the peak year of preoperations, representing an impact of
0.0% on the projected number of vacant rental housing units in the ROI (Table E.13). A demand for
40 additional owner-occupied housing units would be expected in the first year of operations,
representing an impact of 0.8% on the number of vacant owner-occupied housing units in the ROI.

During the peak year of preoperations, fewer than 5 people would be expected to in-migrate
into the ROI, leading to essentially no increase over ROI-forecasted baseline revenues and
expenditures (Table E.13). In the first year of operations, 100 in-migrants would be expected, leading
to an increase of 0.1% in local revenues and expenditures. 
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E.3.5.2  Portsmouth Site

E.3.5.2.1  Impacts from Cylinder Preparation Using Overcontainers

During the peak year of preoperation for standard cylinder preparation using overcontainers,
fewer than 5 direct jobs would be created at the site and fewer than 5 additional jobs indirectly in the
ROI (Table E.13) as a result of the spending of employee wages and salaries and procurement-related
expenditures. Overall, fewer than 5 jobs would be created. Preoperation activities would also
produce direct and indirect income in the ROI surrounding the site, with $0.2 million of total income
produced during the peak year. During the first year of operations involving overcontainers,
180 direct and indirect jobs would be created. Direct and indirect income would also be produced
in the ROI, with $7 million in total income produced. Activities associated with overcontainers
would result in an increase in the projected baseline compound annual average growth rate in ROI
employment of 0.02 percentage points from 1999 through 2028. 

Preoperations involving overcontainers would be expected to generate direct in-migration
of fewer than 5 in the peak year (Table E.13). Additional indirect job in-migration would also be
expected, bringing the total number of in-migrants to fewer than 5 in the peak year. Operational
activities for cylinder overcontainers would be expected to generate direct and indirect job
in-migration of 200 in the first year of operations. Preoperational and operational activities for
overcontainers would result in an increase in the projected baseline compound annual average
growth rate in ROI population of 0.01 percentage points from 1999 through 2028. 

Cylinder overcontainer activities would generate a demand for fewer than 5 additional
rental housing unit during the peak year of preoperations, representing an impact of 0.1% on the
projected number of vacant rental housing units in the ROI (Table E.13). A demand for 80 additional
owner-occupied housing units would be expected in the first year of operations, representing an
impact of 1.6% on the number of vacant owner-occupied housing units in the ROI. 

During the peak year of preoperations, fewer than 5 people would be expected to in-migrate
into the ROI, leading to essentially no increase over ROI-forecasted baseline revenues and
expenditures (Table E.13). In the first year of operations, 200 in-migrants would be expected, leading
to an increase of 0.1% in local revenues and expenditures.

E.3.5.2.2  Impacts from a Cylinder Transfer Facility

During the peak year of construction of a cylinder transfer facility, 190 direct jobs would
be created at the site and 90 additional jobs indirectly in the ROI (Table E.13) as a result of the
spending of employee wages and salaries and procurement-related expenditures. Overall, 280 jobs
would be created. Construction activity would also produce direct and indirect income in the ROI
surrounding the site, with $10 million of total income produced during the peak year. During the first
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year of operations of the cylinder transfer facility, 350 direct and indirect jobs would be created.
Direct and indirect income would also be produced in the ROI, with $11 million in total income
produced. Construction and operation of the transfer facility would result in an increase in the
projected baseline compound annual average growth rate in ROI employment of 0.03 percentage
points from 1999 through 2028. 

Construction of the cylinder transfer facility would be expected to generate direct
in-migration of 260 in the peak year (Table E.13). Additional indirect job in-migration would also
be expected, bringing the total number of in-migrants to 320 in the peak year. Operation of the
cylinder transfer facility would be expected to generate direct and indirect job in-migration of 330
in the first year of operations. Construction and operation of the transfer facility would result in an
increase in the projected baseline compound annual average growth rate in ROI population of
0.01 percentage points from 1999 through 2028.

The cylinder transfer facility would generate a demand for 120 additional rental housing
units during the peak year of construction, representing an impact of 5.9% on the projected number
of vacant rental housing units in the ROI (Table E.13). A demand for 120 additional owner-occupied
housing units would be expected in the first year of operations, representing an impact of 0.2% on
the number of vacant owner-occupied housing units in the ROI. 

During the peak year of construction, 320 people would be expected to in-migrate into the
ROI, leading to an increase of 0.2% over ROI-forecasted baseline revenues and expenditures
(Table E.13). In the first year of operations, 330 in-migrants would be expected, leading to an
increase of 0.2% in local revenues and expenditures. 

E.3.5.2.3  Impacts from Standard Cylinder Preparation

During the peak year of preoperational activities for standard cylinder preparation, fewer
than 5 direct jobs would be created at the site and fewer than 5 additional jobs indirectly in the ROI
(Table E.13) as a result of the spending of employee wages and salaries and procurement-related
expenditures. Overall, fewer than 5 jobs would be created. Preoperational activities would also
produce direct and indirect income in the ROI surrounding the site, with $0.1 million of total income
produced during the peak year. During the first year of operations for standard cylinder preparation,
90 direct and indirect jobs would be created. Direct and indirect income would also be produced in
the ROI, with $4 million in total income produced. Preoperational and operational activities for
standard cylinder preparation would result in an increase in the projected baseline compound annual
average growth rate in ROI employment of 0.01 percentage points from 1999 through 2028. 

Preoperational activities for standard cylinder preparation would be expected to generate
direct in-migration of fewer than 5 in the peak year (Table E.13). Additional indirect job in-migration
would also be expected, bringing the total number of in-migrants to fewer than 5 in the peak year.
Operational activities for standard cylinder preparation would be expected to generate direct and
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indirect job in-migration of 100 in the first year of operations. Preoperational and operational
activities would result in an increase in the projected baseline compound annual average growth rate
in ROI population of 0.004 percentage points from 1999 through 2028. 

Standard cylinder preparation activities would generate a demand for fewer than
5 additional rental housing units during the peak year of preoperations, representing essentially no
impact on the projected number of vacant rental housing units in the ROI (Table E.13). A demand
for 40 additional owner-occupied housing units would be expected in the first year of operations,
representing an impact of 0.7% on the number of vacant owner-occupied housing units in the ROI.

During the peak year of preoperations, fewer than 5 people would be expected to in-migrate
into the ROI, leading to essentially no increase over ROI-forecasted baseline revenues and
expenditures (Table E.13). In the first year of operations, 100 in-migrants would be expected, leading
to an increase of 0.1% in local revenues and expenditures.

E.3.5.3  K-25 Site

E.3.5.3.1  Impacts from Cylinder Preparation Using Overcontainers

During the peak year of preoperations for cylinder preparation using overcontainers, fewer
than 5 direct jobs would be created at the site and fewer than 5 additional jobs indirectly in the ROI
(Table E.13) as a result of the spending of employee wages and salaries and procurement-related
expenditures. Overall, fewer than 5 jobs would be created. Preoperational activities would also
produce direct and indirect income in the ROI surrounding the site, with $0.2 million of total income
produced during the peak year. During the first year of operations involving overcontainers,
200 direct and indirect jobs would be created. Direct and indirect income would also be produced
in the ROI, with $6 million in total income produced. Activities associated with overcontainers
would result in an increase in the projected baseline compound annual average growth rate in ROI
employment of 0.01 percentage points from 1999 through 2028. 

Preoperations involving overcontainers would be expected to generate direct in-migration
of fewer than 5 in the peak year (Table E.13). Additional indirect job in-migration would also be
expected, bringing the total number of in-migrants to fewer than 5 in the peak year. Operational
activities for cylinder overcontainers would be expected to generate direct and indirect job
in-migration of 190 in the first year of operations. Preoperational and operational activities for
overcontainers would result in an increase in the projected baseline compound annual average
growth rate in ROI population of 0.03 percentage points from 1999 through 2028. 

Cylinder overcontainer activities would generate a demand for fewer than 5 additional
rental housing units during the peak year of preoperations, representing an impact of 0.1% on the
projected number of vacant rental housing units in the ROI (Table E.13). A demand for 70 additional
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owner-occupied housing units would be expected in the first year of operations, representing an
impact of 0.6% on the number of vacant owner-occupied housing units in the ROI. 

During the peak year of preoperations, fewer than 5 people would be expected to in-migrate
into the ROI, leading to essentially no increase over ROI-forecasted baseline revenues and
expenditures (Table E.13). In the first year of operations, 190 in-migrants would be expected, leading
to an increase of 0.1% in local revenues and expenditures.

E.3.5.3.2  Impacts from a Cylinder Transfer Facility

During the peak year of construction of a cylinder transfer facility, 130 direct jobs would
be created at the site and 160 additional jobs indirectly in the ROI (Table E.13) as a result of the
spending of employee wages and salaries and procurement-related expenditures. Overall, 290 jobs
would be created. Construction activity would also produce direct and indirect income in the ROI
surrounding the site, with $9 million of total income produced during the peak year. During the first
year of operations of the cylinder transfer facility, 510 direct and indirect jobs would be created.
Direct and indirect income would also be produced in the ROI, with $13 million in total income
produced. Construction and operation of the transfer facility would result in an increase in the
projected baseline compound annual average growth rate in ROI employment of 0.01 percentage
points from 1999 through 2028. 

Construction of the cylinder transfer facility would be expected to generate direct
in-migration of 170 in the peak year (Table E.13). Additional indirect job in-migration would also
be expected, bringing the total number of in-migrants to 220 in the peak year. Operation of the
cylinder transfer facility would be expected to generate direct and indirect job in-migration of 240
in the first year of operations. Construction and operation of the transfer facility would result in an
increase in the projected baseline compound annual average growth rate in ROI population of
0.004 percentage points from 1999 through 2028.

The cylinder transfer facility would generate a demand for 80 additional rental housing units
during the peak year of construction, representing an impact of 1.5% on the projected number of
vacant rental housing units in the ROI (Table E.13). A demand for 90 additional owner-occupied
housing units would be expected in the first year of operations, representing an impact of 0.8% on
the number of vacant owner-occupied housing units in the ROI. 

During the peak year of construction, 220 people would be expected to in-migrate into the
ROI, leading to an increase of 0.04% over ROI-forecasted baseline revenues and expenditures
(Table E.13). In the first year of operations, 240 in-migrants would be expected, leading to an
increase of 0.04% in local revenues and expenditures. 
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E.3.5.3.3  Impacts from Standard Cylinder Preparation

During the peak year of preoperational activities for standard cylinder preparation, fewer
than 5 direct jobs would be created at the site and fewer than 5 additional jobs indirectly in the ROI
(Table E.13) as a result of the spending of employee wages and salaries and procurement-related
expenditures. Overall, fewer than 5 jobs would be created. Preoperational activities would also
produce direct and indirect income in the ROI surrounding the site, with $0.1 million of total income
produced during the peak year. During the first year of operations for standard cylinder preparation,
100 direct and indirect jobs would be created. Direct and indirect income would also be produced
in the ROI, with $3 million in total income produced. Preoperational and operational activities for
standard cylinder preparation would result in an increase in the projected baseline compound annual
average growth rate in ROI employment of 0.01 percentage points from 1999 through 2028. 

Preoperational activities for standard cylinder preparation would be expected to generate
direct in-migration of fewer than 5 in the peak year (Table E.13). Additional indirect job in-migration
would also be expected, bringing the total number of in-migrants to fewer than 5 in the peak year.
Operational activities for cylinder preparation would be expected to generate direct and indirect job
in-migration of 80 in the first year of operations. Preoperational and operational activities would
result in an increase in the projected baseline compound annual average growth rate in ROI
population of 0.001 percentage points from 1999 through 2028. 

Standard cylinder preparation activities would generate a demand for fewer than
5 additional rental housing unit during the peak year of preoperations, representing essentially no
impact on the projected number of vacant rental housing units in the ROI (Table E.13). A demand
for 30 additional owner-occupied housing units would be expected in the first year of operations,
representing an impact of 0.3% on the number of vacant owner-occupied housing units in the ROI.

During the peak year of preoperations, fewer than 5 people would be expected to in-migrate
into the ROI, leading to essentially no increase over ROI-forecasted baseline revenues and
expenditures (Table E.13). In the first year of operations, 80 in-migrants would be expected, leading
to an increase of 0.01% in local revenues and expenditures. 

E.3.6  Ecology

Predicted concentrations of contaminants in environmental media were compared with
benchmark values of toxic and radiological effects to assess impacts to terrestrial and aquatic biota.
Discussion of assessment methodology is presented in Appendix C.

No ecological impacts would be expected during preparation of standard cylinders. Under
the cylinder overcontainer option, no site preparation or construction would occur. Normal
operations would not result in impacts to surface water, groundwater, or soil (Section E.3.4).
Atmospheric releases of contaminants would include only criteria pollutants, and emission levels
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would be expected to be extremely low (Section E.3.3). Therefore, impacts of the cylinder
overcontainer option to ecological resources would be negligible. 

Impacts to ecological resources could result from construction of a cylinder transfer facility.
Impacts could include mortality of individual organisms, habitat loss, or changes in biotic
communities. Impacts due to operation of a cylinder transfer facility could result from exposure to
airborne contaminants or contaminants released to soils, groundwater, or surface waters or changes
in surface water or groundwater quality or flow rates.

E.3.6.1  Paducah Site

Site preparation for the construction of a cylinder transfer facility at the Paducah site would
require the disturbance of approximately 21 acres (9 ha), including the permanent replacement of
approximately 15 acres (6 ha), primarily with structures and paved areas. Existing vegetation would
be destroyed during land clearing activities. Determination of the vegetation communities that would
be eliminated by site preparation would depend on the exact location of the facility. Communities
occurring on undeveloped land at the site are relatively common and well represented in the vicinity
of the site; however, impacts to high quality native plant communities might occur if facility
construction required disturbance to vegetation communities outside of the currently fenced site area
(see Section E.3.9 for a discussion of land use). Construction of the transfer facility would not be
expected to threaten the local population of any species. The loss of up to 21 acres (9 ha) of
undeveloped land would constitute a moderate adverse impact to vegetation. Erosion of exposed soil
at the construction site could reduce the effectiveness of restoration efforts and create sedimentation
downgradient of the site. The implementation of standard erosion control measures, installation of
storm-water retention ponds, and immediate replanting of disturbed areas with native species would
help minimize impacts to vegetation. Impacts due to facility construction are shown in Table E.14.

TABLE E.14  Potential Impacts to Ecological Resources 
from Construction of the Cylinder Transfer Facility
at the Paducah Site

Resource Type of Impact Degree of Impact

Vegetation Loss of 21 acres Moderate adverse impact

Wildlife Loss of 15 to 21 acres Moderate adverse impact

Wetlands Loss, degradation Potential adverse impact

Aquatic species Water quality, habitat reduction Negligible impact

Protected species Destruction, habitat loss Potential adverse impact
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Wildlife would be disturbed by land clearing, noise, and human presence. Wildlife with
restricted mobility, such as burrowing species or juveniles of nesting species, would be destroyed
during land-clearing activities. More mobile individuals would relocate to adjacent available areas
with suitable habitat. Population densities and competition would increase in these areas, potentially
reducing the chances of survival or reproductive capacity of displaced individuals. Some wildlife
species would be expected to quickly recolonize replanted areas near the facility following
completion of construction. The permanent loss of 15 to 21 acres (6 to 9 ha) of habitat would not be
expected to threaten the local population of any wildlife species because similar habitat would be
available in the vicinity of the site. Construction of a cylinder transfer facility would be considered
a moderate adverse impact to wildlife.

Impacts to surface water and groundwater quality during construction are expected to be
negligible (Section E.3.4). Thus, construction-derived impacts to aquatic biota would also be
expected to be negligible. Wetlands could potentially be impacted by filling or draining during
construction. In addition, impacts to wetlands due to alteration of surface water runoff patterns, soil
compaction, or groundwater flow could occur if the facility were located immediately adjacent to
wetland areas. However, impacts to wetlands would be minimized by maintaining a buffer area
around wetlands during construction of the facility. Unavoidable impacts to wetlands would require
a Clean Air Act Section 404 permit, which might stipulate mitigative measures. Additional
permitting might be required by state agencies. 

Critical habitat has not been designated for any federal- or state-listed threatened or
endangered species at the Paducah site. Prior to construction of the transfer facility, a survey would
be conducted for federal- and state-listed threatened, endangered, or candidate species, or species
of special concern. Impacts to these species could thus be avoided or, when impacts were
unavoidable, appropriate mitigation could be developed.

Water withdrawal from surface waters or groundwater, as well as wastewater discharge,
during facility construction and operation could potentially alter water levels. The changes in water
levels could in turn affect aquatic ecosystems, including wetlands, such as those located along the
periphery of these surface water bodies. However, water-level changes due to water withdrawal and
wastewater discharge would be negligible (Section E.3.4). Therefore, impacts to wetlands and
aquatic communities would be expected to be negligible.

Ecological resources in the vicinity of the transfer facility would be exposed to atmospheric
emissions from the boiler stack and process stack; however, emission levels would be expected to
be extremely low (Section E.3.3.1), well below concentrations known to adversely affect biota.
Resulting impacts to biota would be expected to be negligible. Impacts due to facility operation are
shown in Table E.15.
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TABLE E.15  Potential Impacts to Ecological Resources from
Operation of the Cylinder Transfer Facility at the Paducah Site

Contaminant Biota Maximum Exposure Impact

HF Wildlife 3.1 × 10
-5 µg/m

3 Negligible

UO2F2  in air Wildlife 2.1 × 10
-6 µg/m

3 Negligible

Uranium in surface water Aquatic 112 µg/L Negligible

Effluent discharges to surface waters could contain a number of chemical contaminants.
Facility wastewater would have a uranium concentration of about 112 µg/L in the undiluted effluent
(Section E.3.4.1). Dilution of the discharge in the receiving stream by a factor in excess of 150,000
would result in negligible concentrations (Section E.3.4.1). Thus, impacts to aquatic biota in the
vicinity of the outfall would be negligible. 

Facility accidents, as discussed in Section E.3.2, could result in adverse impacts to
ecological resources. The affected species and degree of impact would depend on a number of factors
such as location of the accident, season, and meteorological conditions. 

E.3.6.2  Portsmouth Site

Construction of a cylinder transfer facility at the Portsmouth site would result in the types
of impacts associated with the Paducah facility. However, a smaller area would be required. Facility
construction would disturb approximately 14 acres (6 ha), including the permanent replacement of
10 acres (4 ha), primarily with structures and paved areas. Construction of the transfer facility would
not be expected to threaten the local population of any species. In addition to site-specific surveys
for protected species, avoidance of wooded areas would reduce the potential for impacts to the sharp-
shinned hawk (state-listed as endangered) and Indiana bat (federal- and state-listed as endangered).
The loss of up to 14 acres (6 ha) of undeveloped land and 10 to 14 acres (4 to 6 ha) of habitat would
constitute a moderate adverse impact to vegetation and wildlife.

Operation of a cylinder transfer facility at the Portsmouth site would result in lower
atmospheric emissions of contaminants than predicted for the Paducah facility. Resulting impacts
to biota would, therefore, also be negligible. Uranium concentrations in discharges to surface water
would be slightly lower than predicted for the Paducah facility. Resulting impacts to aquatic biota
would also be negligible.



Cylinder Preparation E-63 Depleted UF6 PEIS

E.3.6.3  K-25 Site

Construction of a cylinder transfer facility at the K-25 site would result in the types of
impacts associated with the Paducah and Portsmouth facilities. However, a smaller area would be
required. Facility construction would disturb approximately 12 acres (5 ha), including the permanent
replacement of 8 acres (3 ha), primarily with structures and paved areas. Construction of the transfer
facility would not be expected to threaten the local population of any species. The loss of up to
12 acres (5 ha) of undeveloped land and 9 to 12 acres (4 to 5 ha) of habitat would constitute a
moderate adverse impact to vegetation and wildlife.

Operation of a cylinder transfer facility at the K-25 site would result in lower atmospheric
emissions of contaminants than predicted for the Paducah or Portsmouth facilities. Resulting impacts
to biota would, therefore, also be negligible. Uranium concentrations in discharges to surface water
would be slightly lower than predicted for the Paducah or Portsmouth facilities. Resulting impacts
to aquatic biota would also be negligible. 

E.3.7  Waste Management

Estimates of waste generation were based on the total number of cylinders at each site. No
liquid wastes would be expected at the sites as a result of cylinder shipment activities from either
standard cylinders or cylinders in overcontainers. The only solid waste generated in these activities
would be personal protective equipment and wipes and rags that would be used to remove surface
contamination on the cylinders. These wastes are categorized as combustible solid low-level
radioactive waste (LLW) and are shown in Table E.16 for each of the three sites. It was assumed that
the LLW would be generated during removal of surface contamination and would be independent
of the cylinders being standard or substandard. Thus, the amount of waste in this operation would
be proportional to the total number of cylinders at the site. It was assumed that no cylinder breaches
would occur inside the overcontainers during transportation. 

The waste input resulting from the cylinder overcontainer operations would have minimal
impact on radioactive waste management capabilities at any of the three sites or on a national level.
The impact on site nonradiological waste management would also be negligible.

The estimated total quantities of solid and liquid wastes generated from activities associated
with the construction of the cylinder transfer facility are shown in Table E.17. The type and quantity
of solid and liquid waste expected to be generated from the operation of the cylinder transfer facility
are shown in Table E.18, based on a throughput cylinder capacity of 5% of the total cylinder
inventory at each site. The different types of waste generated during the operation of this facility
would include LLW, low-level mixed waste (LLMW), hazardous waste, and nonhazardous waste.
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TABLE E.16  Waste Generated with Activities for Cylinder
Overcontainers or Standard Cylinder Preparation

a

Waste Generated

Annual Volume Uranium
Site Waste Type

b
(m

3
/yr) Form

Paducah LLW (combustible solids) 12.7 UO2F2

Portsmouth LLW (combustible solids) 7.0 UO2F2

K-25 LLW (combustible solids) 2.8 UO2F2

a
Decontamination of the overcontainer surfaces was assumed to be performed
at the conversion/storage facility prior to the overcontainer being sent back to
the site for reuse.

b
It was assumed that the low-level waste would be generated during removal of
surface contamination and would be independent of the cylinder being
standard or substandard.

TABLE E.17  Total Wastes Generated
during Construction of the Cylinder
Transfer Facility: Base Case

Waste Category Quantity

Hazardous solids 38 m
3

Hazardous liquids 20,000 gal

Nonhazardous solids

Concrete 76 m
3

Steel 30 tons

Other 612 m
3

Nonhazardous liquids

Sanitary 3 million gal

Other 1 million gal
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TABLE E.18  Estimated Annual Radioactive, Hazardous, and Nonhazardous Wastes 
Generated during Operation of the Cylinder Transfer Facility at the Three Sites

Annual Volume (m
3
)

Type of Waste Description of Waste Paducah Portsmouth K-25 Contaminants

Low-Level Waste

Combustible solids Gloves, wipes, clothing, etc. 91 43 15 17 lb UO2F2

Metal, surface-contaminated Failed equipment 12 5.3 2.2 16 lb UO2F2

Noncombustible compactible solids HEPA filters 46 11 8.0 54 lb UO2F2

Grouted waste 2.8 1.3 0.44 135 lb UO2(OH)2
Other Lab packs (chemicals) 0.5 0.27 0.11 0.75 lb UO2F2

Low-Level Mixed Waste

Lab packs Chemicals 0.3 0.13 0.04 0.37 lb UO2F2

Inorganic process debris Failed equipment 0.3 0.13 0.04 0.37 lb UO2F2

Combustible debris Wipes, etc. 0.3 0.13 0.04 0.07 lb UO2F2

Hazardous Waste

Organic liquids Solvents, oil, paint, thinner 0.8 0.35 0.18

Inorganic process debris Failed equipment 1.2 0.6 0.26 1.5 lb HF, 2 lb NaOH

Combustible debris Wipes, etc. 1.2 0.6 0.26 0.75 lb HF, 1 lb NaOH

Nonhazardous Waste

Nonhazardous solid waste Nonhazardous solid waste 87 46 20

Nonhazardous liquid waste Cooling tower blowdown      
        process water, etc.

460 220 76

Recyclable waste Recyclable waste 180 85 30

Notation: HEPA = high-efficiency particulate air (filters); HF = hydrogen fluoride; NaOH = sodium hydroxide; UO2F2 = uranyl
fluoride; UO2(OH)2 = uranyl hydroxide.

The primary waste produced in the transfer process would be empty UF6 cylinders and
grouted waste drums. Radioactive or hazardous liquid materials would include decontamination
liquids, laboratory liquid wastes, contaminated cleaning solution, lubricants, and paints. Radioactive
or hazardous solid wastes would include failed process equipment, HEPA filters, laboratory wastes,
wipes, rags, and operator-contaminated clothing. The LLW would be shipped off-site for disposal,
and the LLMW and hazardous waste would be shipped off-site for both treatment and disposal. The
total volume of crushed, empty UF6 cylinders would be about 125,000 m3. For the PEIS analysis, it
was assumed that the treated cylinders would become part of the DOE scrap metal inventory. If a
disposal decision were made, the treated cylinders could be disposed of as LLW, representing a 3%
addition to the total projected DOE complex-wide LLW disposal volume. 

Overall, the waste input resulting from construction and operation of a transfer facility
would add about 7% to the Paducah site LLW generation and less at the Portsmouth and K-25 sites
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(see Appendix C, Table C.3), based on the different-sized treatment facilities at each site. The input
of LLMW and nonhazardous wastes from the transfer facility would represent less than 1% of each
site’s LLMW or nonhazardous waste loads. 

The waste input resulting from the construction and operation of the transfer facility would
have minimal impact on radioactive waste management capabilities at any of the three sites. The
impact on nonradiological site waste management would also be negligible. The impacts of waste
resulting from the operation of the depleted UF6 transfer facility on national waste management
capabilities would be negligible.

E.3.8  Resource Requirements

Cylinder overcontainers would be constructed primarily from steel purchased from existing
steel vendors. The preliminary overcontainer design requires approximately 8,000 lb (3,600 kg) of
steel per overcontainer (LLNL 1997). Resources would be required only for the construction of
overcontainers. No substantial resources would be required for the use of the overcontainers.
Because the overcontainers would be reusable, it is estimated that the total number of overcontainers
required would be approximately 581 (LLNL 1997). This total assumes a 10% contingency for
spares, unforeseen delays, and the few overcontainers that might be needed at the cylinder treatment
facility. The total amount of steel required for the overcontainers would be about 4,640,000 lb
(2,110,000 kg). Based upon the total steel required for construction of overcontainers, no impact on
local or national steel availability or production would be expected (Standard & Poor’s 1996;
U.S. Bureau of the Census 1996). No other materials of significant quantity would be required. 

Resource needs for the cylinder transfer facility are presented in Table E.19 as utilities
consumed during construction and operations at the three sites. The facility was assumed to operate
24 hours per day, 7 days per week, and 292 days per year for an 80% plant availability during
operations. 

The process equipment would be purchased from equipment vendors. The total quantities
of commonly used construction material (i.e., steel) for equipment would be minor as compared to
the quantities for construction. The primary specialty material used for equipment fabrication is at
most approximately 7 tons of Monel. The material quantities required for construction and operation
of the cylinder transfer facility would be minor compared to local and national supplies.

E.3.9  Land Use

No impacts to land use from cylinder overcontainer operations at any of the current cylinder
storage sites would be expected. No additional land would be required, and no new construction
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TABLE E.19  Resource Requirements for Construction 
and Operation of the Cylinder Transfer Facility

Total Requirement

Material/Resource Unit Paducah Portsmouth K-25

Construction

Utilities
Electricity GWh 40 35 25

Solids
Concrete yd

3
23,000 20,000 16,000

Steel tons 9,000 8,000 6,000

Liquids
Fuel million gal 1.8 1.5 1.2

Gases
Industrial gases gal 5,000 4,400 3,500

Specialty material (Monel) tons 7 5 4

Operations

Utilities
Electricity GWh/yr 14.6 10.8 7.1

Solids
Cement lb 2,700 1,600 530
Potassium hydroxide lb 4,600 2,700 930

Liquids
Sulfuric acid lb/yr 2,400 1,400 470
Hydrochloric acid lb/yr 1,900 1,300 970
Sodium hydroxide lb/yr 1,500 1,100 770
Liquid fuel gal/yr 6,000 5,500 4,800

Gases
Natural gas million scf/yr 48.5 35 26
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would be necessary. Existing handling and support equipment would be utilized with no
modifications required (LLNL 1997). No off-site traffic impacts would be encountered during
operations because the required labor force would not appreciably affect local traffic patterns or
flows.

Impacts to land use from the construction and operation of a cylinder transfer facility would
be negligible and limited to temporary disruptions to contiguous land parcels and potential minor
traffic disruptions from peak year construction activities. Areal requirements would be small
(approximately 21 acres or less), regardless of whether or not the facility were located at one or all
of the current cylinder storage sites.

The peak construction labor force for the cylinder transfer facility could result in potential
off-site traffic impacts in the vicinity of the three sites, although such impacts would be negligible
and would ease as construction neared completion.

E.3.10  Cultural Resources

No impacts to cultural resources would be expected at the Paducah, Portsmouth, and K-25
sites as a result of the cylinder overcontainer option for cylinder preparation. Impacts could result
from the cylinder transfer option during construction of the transfer facility at one of the sites.
Specific impacts cannot be determined at this time and would depend on the exact location of a
facility within each site and whether eligible cultural resources existed on or near that location.
Operation of the transfer facility would not affect cultural resources.

E.3.11  Environmental Justice

The analysis of human health and environmental impacts associated with the cylinder
overcontainer operations (Sections E.3.1 through E.3.9) indicates that no high and adverse human
health effects would be expected at any of the current cylinder storage sites during normal
operations. Consequently, no particular segment of the population, including minority and low-
income persons, would be disproportionately affected. The results of accident analyses for cylinder
preparation did not identify high and adverse impacts to the general public (i.e., the risk of accidents,
consequence times probability, was less than 1). 

The construction and operation of a cylinder transfer facility at any or all of the three storage
sites would not result in disproportionate effects on minority or low-income populations. The
analysis of human health effects and environmental impacts associated with a cylinder transfer
facility (Sections E.3.1 through E.3.9) indicates that no high and adverse human health effects or
environmental impacts would be expected.
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E.3.12  Other Impacts Considered But Not Analyzed in Detail

Other impacts that could potentially occur if the cylinder preparation options considered
in this PEIS were implemented include impacts to the visual environment (e.g., aesthetics),
recreational resources, and noise levels, as well as impacts associated with decontamination and |
decommissioning of the cylinder transfer facilities. These impacts, although considered, were not
analyzed in detail for one or more of the following reasons:

• Consideration of these impacts would not contribute to differentiation among
the alternatives and, therefore, would not affect the decisions to be made in the
Record of Decision to be issued following publication of this PEIS; or

• Impacts to the visual environment, recreational resources, and noise levels |
would be expected to stay the same as they are because cylinder preparation |
activities would be similar to the cylinder management activities currently |
ongoing at the three sites. |
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NOTATION  (APPENDIX F)

The following is a list of acronyms and abbreviations, including units of measure, used in this
document. Some acronyms used only in tables are defined in those tables.

ACRONYMS AND ABBREVIATIONS

General

CFR Code of Federal Regulations
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
LCF latent cancer fatality
LLMW low-level mixed waste
LLNL Lawrence Livermore National Laboratory
LLW low-level radioactive waste
MEI maximally exposed individual
NEPA National Environmental Policy Act
NPDES National Pollutant Discharge Elimination System
NRC U.S. Nuclear Regulatory Commission
PEIS programmatic environmental impact statement
PM10 particulate matter with a mean diameter of 10 µm or less
ROI region of influence

Chemicals

AlF3 aluminum trifluoride
CaF2 calcium fluoride
CO carbon monoxide
Fe iron
HC hydrocarbons
HF hydrogen fluoride
HNO3 nitric acid
Mg magnesium
MgF2 magnesium fluoride
NO2 nitrogen dioxide
NOx nitrogen oxides
TCE trichloroethylene
SO2 sulfur dioxide
UF4 uranium tetrafluoride
UF6 uranium hexafluoride
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UO2 uranium dioxide
UO2F2 uranyl fluoride
U3O8 triuranium octaoxide (uranyl uranate)

UNITS OF MEASURE

�F degree(s) Fahrenheit
Ci curie(s)
cm centimeter(s)
cm3 cubic centimeter(s)
d day(s)
ft foot (feet)
ft2 square foot (feet)
g gram(s)
gal gallon(s)
gpm gallon(s) per minute
GWh gigawatt hour(s)
ha hectare(s)
in. inch(es)
kg kilogram(s)
km kilometer(s)
L liter(s)
lb pound(s)

µg microgram(s)
m meter(s)
m3 cubic meter(s)
mg milligram(s)
min minute(s)
mrem millirem(s)
MW megawatt(s)
MWh megawatt hour(s)
pCi picocurie(s)
ppm part(s) per million
psia pound(s) per square inch absolute
rad radiation absorbed dose(s)
rem roentgen equivalent man
s second(s)
scf standard cubic foot (feet)
ton(s) short ton(s)
yr year(s)
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Conversion Options

Conversion of depleted UF6 to another chemical form
is required for a number of storage, use, and disposal
management alternatives. The principal conversion
options considered in the PEIS are as follows:

Conversion to U3O8.  This chemical form is a stable,
low-solubility oxide considered for storage and
disposal. Two different technologies were considered
for conversion to U3O8.

Conversion to UO2.  This stable, low-solubility oxide
is considered for storage, disposal, and potential use as
shielding material. Three different technologies were
considered for conversion to UO2.

Conversion to Metal.  Metallic depleted uranium is
considered for use as shielding material. Two different
technologies were considered for conversion to metal.

APPENDIX F: 

ENVIRONMENTAL IMPACTS OF OPTIONS FOR CONVERSION 
OF UF6 TO OXIDE OR METAL

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites in Paducah, Kentucky; Portsmouth,
Ohio; and Oak Ridge, Tennessee. This
programmatic environmental impact
statement (PEIS) describes alternative
strategies that could be used for the long-
term management of this material and
analyzes the potential environmental
consequences of implementing each
strategy for the period 1999 through 2039.
This appendix provides detailed informa-
tion describing the conversion options
considered in the PEIS. The discussion
provides background information for the
conversion options, as well as a summary
of the estimated environmental impacts
associated with each option.

Conversion of depleted UF6 to
another chemical form is required for
most alternative management strategies.
Three different conversion options have
been considered in the PEIS: (1) con-
version to triuranium octaoxide (U3O8),
(2) conversion to uranium dioxide (UO2), and (3) conversion to uranium metal. The specific
conversion option considered under each of the alternatives is shown in Table F.1. Because of their
high chemical stability and low solubility, uranium oxides (i.e., U3O8 and UO2) are considered for
the storage and disposal alternatives. High-density UO2 and uranium metal are considered for the use
alternatives (e.g., spent nuclear fuel radiation shielding applications). Other details concerning the
characteristics of the different chemical forms of uranium are given in Appendix A.

Conversion of depleted UF6 to another chemical form would take place at a stand-alone
industrial plant dedicated to the conversion process. A representative conversion plant layout is
shown in Figure F.1; the actual plant layout would depend on the specific conversion option and
technology selected, as well as on certain site characteristics. In general, the plant would be capable
of receiving depleted UF6 cylinders on trucks or railcars, temporarily storing a small inventory of
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TABLE F.1  Summary of the Conversion Options Considered for Each Programmatic
Management Alternative

Option Considered for Management Alternative
a

Long-Term Storage Use

Uranium Uranium
Option No Action UF6 Oxide Oxide Metal Disposal

Conversion to U3O8 – – X – – X

Conversion to UO2 – – X X – X

Conversion to metal – – – – X –

a
X = option considered; – = option not considered.

full cylinders, processing the depleted UF6 to another chemical form, and storing the converted
uranium product and any other products until shipment off-site. The empty cylinders would be stored |
until transfer to a cylinder treatment facility, which is assumed to be located at the conversion plant
site. It is estimated that a typical conversion plant would cover an area of approximately 20 acres
(8 ha) (Lawrence Livermore National Laboratory [LLNL] 1997). 

In general, potential environmental impacts would occur (1) during construction of a
conversion facility, (2) during operations of the facility, and (3) during postulated accidents. The
potential impacts associated with facility construction would result from typical land-clearing and
construction activities. Potential impacts during operations would occur primarily to workers during
handling operations and to the public as a result of routine releases of small amounts of contaminants
through exhaust stacks and treated liquid effluent discharges. In addition, potential impacts to
workers and the public from processing or storage might occur as a result of accidents that release
hazardous materials.

The environmental impacts from the conversion options were evaluated based on the
information described in the engineering analysis report (LLNL 1997). For each of the three
conversion options (conversion to U3O8, UO2, or metal), the engineering analysis report provides
preconceptual facility design data, including descriptions of facility layouts; resource requirements;
estimates of effluents, wastes, and emissions; and estimates of potential accident scenarios. Within
each conversion option, several technologies or chemical processes that could be used to produce
the same uranium end product are described (two are considered for conversion to U3O8, three for
conversion to UO2, and two for conversion to metal). Some of these technologies have not been
demonstrated on a commercial scale but were considered to provide an estimate of the range of the
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FIGURE F.1  Representative Site Layout for a Conversion Facility



Conversion F-4 Depleted UF6 PEIS

environmental impacts that might be associated with each of the conversion options. All facility
designs were based on a single plant sized to process the entire inventory of DOE-generated depleted |
UF6 cylinders over a 20-year period (approximately 2,300 cylinders per year).

F.1  SUMMARY OF CONVERSION OPTION IMPACTS

A summary of the potential environmental impacts associated with the conversion options
is provided in this section. These potential impacts are not site-specific because the location of a
conversion facility, if required at all, would not be decided until some time in the future. For
assessment purposes, the environmental impacts were determined for a range of environmental
conditions represented by those at the three current depleted UF6 storage sites. 

The potential environmental impacts for the three conversion options are compared in
Table F.2. For each conversion option, the potential environmental impacts are presented as a range
within each area of impact. This range is intended to provide a reasonable estimate of the magnitude
of impacts, taking into account the uncertainty relative to the specific technologies and sites that
could ultimately be selected for conversion. The range of impacts results from two factors:
(1) fundamental differences among the technologies within each conversion option; and
(2) differences in the conditions at the three representative sites that were evaluated. A more detailed
assessment of specific technologies and site conditions will be conducted, as appropriate, as part of
the second phase (tier) of the programmatic National Environmental Policy Act (NEPA) approach.
Additional discussion and details related to the assessment methodologies and results for individual
areas of impact are provided in the remaining sections of this appendix.

F.2  DESCRIPTION OF OPTIONS

This section provides a brief summary of the different conversion options considered in the
assessment of conversion impacts (Table F.3). The information is based on preconceptual design
data provided in the engineering analysis report (LLNL 1997). The engineering analysis report
includes much more detailed information, such as descriptions of facility layouts; resource
requirements; estimates of effluents, wastes, and emissions; and estimates of potential accident
scenarios.

All of the conversion options would involve the removal of depleted UF6 from the storage
cylinders, resulting in a large number of empty cylinders. These empty cylinders would contain
approximately 22 lb (10 kg) of depleted UF6 (Charles et al. 1991), called “heels.” For assessment |
purposes, it has been assumed that a cylinder treatment facility would be constructed to wash the
empty cylinders. This facility has been assumed to be an independent, or “stand-alone,” facility,
although it could be integrated directly into the design of the conversion plant. The facility would |
be co-located with the conversion plant. |
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TABLE F.2  Summary of Conversion Option Impacts

Impacts from Conversion to U3O8 Impacts from Conversion to UO2 Impacts from Conversion to Metal Impacts from Cylinder Treatment
a

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose:  

820 person-rem

Total number of LCFs:  
0.3 LCF

Noninvolved Workers:
Annual dose to MEI:  

1.6 × 10
-3 – 5.8 × 10

-3
 mrem/yr

Annual cancer risk to MEI:  
6 × 10

-10
 – 2 × 10

-9
 per year

Total collective dose:  
0.043 – 0.09 person-rem

Total number of LCFs:  
2 × 10

-5
 – 4 × 10

-5
 LCF

General Public:
Annual dose to MEI:  

4.9 × 10
-3

 – 8.8 × 10
-3

 mrem/yr

Annual cancer risk to MEI:  
2 × 10

-9
 – 4 × 10

-9
 per year

Total collective dose to population 
within 50 miles:  

0.79 – 2.7 person-rem

Total number of LCFs in population 
within 50 miles: 

0.0004 – 0.001 LCF

Involved Workers:  
Total collective dose:  

980 – 1,100 person-rem

Total number of LCFs:  
0.4 LCF

Noninvolved Workers:
Annual dose to MEI:  

3.2 × 10
-3

 – 2.2 × 10
-2

 mrem/yr

Annual cancer risk to MEI:  
1 × 10

-9
 – 9 × 10

-9
 per year

Total collective dose:  
0.084 – 0.34 person-rem

Total number of LCFs:  
3 × 10

-5
 – 1 × 10

-4
 LCF

General Public:
Annual dose to MEI:  

9.7 × 10
-3

 – 3.3 × 10
-2

 mrem/yr

Annual cancer risk to MEI:  
5 × 10

-9
 – 2 × 10

-8
 per year

Total collective dose to population 
within 50 miles:  

1.6 – 10 person-rem

Total number of LCFs in population 
within 50 miles:  

0.0008 – 0.005 LCF

Involved Workers:  
Total collective dose:  

650 – 1,300 person-rem

Total number of LCFs:  
0.3 – 0.5 LCF

Noninvolved Workers:
Annual dose to MEI:  

6.8 × 10
-4

 – 1.7 × 10
-2

 mrem/yr

Annual cancer risk to MEI:  
3 × 10

-10
 – 7 × 10

-9
 per year

Total collective dose:  
0.018 – 0.27 person-rem

Total number of LCFs:  
7 × 10

-6
 – 1 × 10

-4
 LCF

General Public:
Annual dose to MEI:  

2.1 × 10
-3

 – 2.6 × 10
-2

 mrem/yr

Annual cancer risk to MEI:  
1 × 10

-9
 – 1 × 10

-8
 per year

Total collective dose to population 
within 50 miles:  

0.34 – 8.0 person-rem

Total number of LCFs in population 
within 50 miles:  

0.0002 – 0.004 LCF

Involved Workers:  
Total collective dose:  

320 person-rem

Total number of LCFs:  
0.1 LCF

Noninvolved Workers:
Annual dose to MEI:  

4.9 × 10
-6

 – 1.8 × 10
-5

 mrem/yr

Annual cancer risk to MEI:  
2 × 10

-12
 – 7 × 10

-12
 per year

Total collective dose:  
1.3 × 10

-4
 – 2.7 × 10

-4
 person-rem

Total number of LCFs:  
5 × 10

-8
 – 1 × 10

-7
 LCF

General Public:
Annual dose to MEI:  

1.5 × 10
-5

 – 2.7 × 10
-5

 mrem/yr

Annual cancer risk to MEI:  
8 × 10

-12
 – 1 × 10

-11
 per year

Total collective dose to population 
within 50 miles:  

0.0024 – 0.0082 person-rem

Total number of LCFs in population 
within 50 miles:  

1 × 10
-6

 – 4 × 10
-6

 LCF
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TABLE F.2  (Cont.)

Impacts from Conversion to U3O8 Impacts from Conversion to UO2 Impacts from Conversion to Metal Impacts from Cylinder Treatment
a

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Human Health – Accidents: Radiological

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  9.2 rem

Risk of LCF to MEI: 4 × 10
-3

Collective dose:  840 person-rem      

Number of LCFs:  0.3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.27 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose to population 
within 50 miles:  20 person-rem        

Number of LCFs in population 
within 50 miles:  0.01 LCF

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  2.3 rem

Risk of LCF to MEI:  9 × 10
-4

Collective dose:  210 person-rem      

Number of LCFs:  0.08

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.068 rem

Risk of LCF to MEI:  3 × 10
-5

Collective dose to population 
within 50 miles:  5.1 person-rem        

Number of LCFs in population 
within 50 miles:  0.003 LCF

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  7.5 person-rem      

Number of LCFs:  3 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  56 person-rem        

Number of LCFs in population 
within 50 miles:  0.03 LCF

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.43 rem

Risk of LCF to MEI:  2 × 10
-4

Collective dose:  38 person-rem      

Number of LCFs:  0.02

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.013 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  2.5 person-rem        

Number of LCFs in population 
within 50 miles:  0.001 LCF
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TABLE F.2  (Cont.)

Impacts from Conversion to U3O8 Impacts from Conversion to UO2 Impacts from Conversion to Metal Impacts from Cylinder Treatment
a

Human Health – Accidents: Chemical

Bounding accident frequency:  
less than once in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

1,100 persons

Number of persons with potential 
for irreversible adverse effects
(bounding accident frequency:  1 in
10,000 years to 1 in 1 million years):

440 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

41,000 persons

Number of persons with potential 
for irreversible adverse effects:

1,700 persons

Bounding accident frequency:  
less than once in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

1,100 persons

Number of persons with potential 
for irreversible adverse effects
(bounding accident frequency:  1 in
10,000 years to 1 in 1 million years):

440 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

41,000 persons

Number of persons with potential 
for irreversible adverse effects:

1,700 persons

Bounding accident frequency:  
less than once in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

1,100 persons

Number of persons with potential 
for irreversible adverse effects
(bounding accident frequency:  1 in
10,000 years to 1 in 1 million years):

440 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

41,000 persons

Number of persons with potential 
for irreversible adverse effects:

1,700 persons

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Human Health — Accidents: Physical Hazards

Construction and Operations: 
All Workers:
Less than 1 (0.35) fatality,
approximately 290  injuries

Construction and Operations: 
All Workers:
Less than 1 (0.59) fatality,
approximately 490  injuries

Construction and Operations: 
All Workers:
Less than 1 (0.55) fatality,
approximately 490  injuries

Construction and Operations: 
All Workers:
Less than 1 (0.19) fatality, 
approximately 170  injuries
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TABLE F.2  (Cont.)

Impacts from Conversion to U3O8 Impacts from Conversion to UO2 Impacts from Conversion to Metal Impacts from Cylinder Treatment
a

Air Quality

Construction:
24-hour PM10 concentration potentially as
large as 65% of standard. Concentrations
of other criteria pollutants all below 15%
of respective standards.

Operations:
8-hour CO concentration potentially as
large as 3% of standard.

Construction:
24-hour PM10 concentration potentially as
large as 90% of standard. Concentrations of
other criteria pollutants all below 30% of
respective standards.

Operations:
8-hour CO concentration potentially as
large as 5% of standard.

Construction:
24-hour PM10 concentration potentially as
large as 90% of standard. Concentrations
of other criteria pollutants all below 20% of
respective standards.

Operations:
8-hour CO concentration potentially as
large as 5% of standard.

Construction:
24-hour PM10 concentration potentially as
large as 25% of standard. Concentrations of
other criteria pollutants all below 10% of
respective standards.

Operations:
Concentrations of all criteria pollutants
below 0.06% of respective standards.

Water

Construction:
None to negligible physical impacts; con-
centrations less than applicable standards

Operations:
None to negligible physical impacts to
surface water and groundwater; concen-
trations less than applicable standards

Construction:
None to negligible physical impacts; con-
centrations less than applicable standards

Operations:
None to negligible physical impacts to
surface water and groundwater; concen-
trations less than applicable standards

Construction:
None to negligible physical impacts; con-
centrations less than applicable standards

Operations:
None to negligible physical impacts to
surface water and groundwater; concen-
trations less than applicable standards

Construction:
None to negligible physical impacts; con-
centrations less than applicable standards

Operations:
None to negligible physical impacts to
surface water and groundwater; concen-
trations less than applicable standards

Soil

Construction:
None to negligible impacts

Operations:
None to negligible physical impacts;
concentrations less than applicable
guidelines

Construction:
None to negligible impacts

Operations:
None to negligible physical impacts;
concentrations less than applicable
guidelines

Construction:
None to negligible impacts

Operations:
None to negligible physical impacts;
concentrations less than applicable
guidelines

Construction:
None to negligible impacts

Operations:
None to negligible physical impacts;
concentrations less than applicable
guidelines
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TABLE F.2  (Cont.)

Impacts from Conversion to U3O8 Impacts from Conversion to UO2 Impacts from Conversion to Metal Impacts from Cylinder Treatment
a

Socioeconomics

Construction:
Negligible to low impacts to ROI employ-
ment and population growth rates, vacant
housing, and public finances

Operations:
Negligible to low impacts to ROI employ-
ment and population growth rates, vacant
housing, and public finances

Construction:
Negligible to low impacts to ROI employ-
ment and population growth rates and to
public finances; potential moderate impacts
to vacant housing

Operations:
Negligible to low impacts to ROI employ-
ment and population growth rates and to
public finances; potential moderate impacts
to vacant housing

Construction:
Negligible to low impacts to ROI employ-
ment and population growth rates, vacant
housing, and public finances.

Operations:
Negligible to low impacts to ROI employ-
ment and population growth rates, vacant
housing, and public finances.

Construction:
Negligible to low impacts to ROI employ-
ment and population growth rates, vacant
housing, and public finances.

Operations:
Negligible to low impacts to ROI employ-
ment and population growth rates, vacant
housing, and public finances.

Ecology

Construction:
Potential moderate impacts to vegetation
and wildlife

Operations:
Negligible impacts

Construction:
Potential moderate impacts to vegetation
and wildlife

Operations:
Negligible impacts

Construction:
Potential moderate impacts to vegetation
and wildlife

Operations:
Negligible impacts

Construction:
Potential moderate impacts to vegetation
and wildlife

Operations:
Negligible impacts

Waste Management

Potential moderate impacts to site,
regional, or national waste management
operations

Potential moderate impacts to site, regional,
or national waste management operations

Potential moderate impacts to site,
regional, or national waste management
operations

Potential moderate impacts to national
waste management operations
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TABLE F.2  (Cont.)

Impacts from Conversion to U3O8 Impacts from Conversion to UO2 Impacts from Conversion to Metal Impacts from Cylinder Treatment
a

Resource Requirements

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale

No impacts from resource requirements
(such as electricity or materials) on the local
or national scale

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale

Land Use
b |

Construction:
Use of approximately 20 acres; negligible
impacts

Operations:
Use of approximately 13 acres; negligible
impacts

Construction:
Use of approximately 22 to 31 acres;
negligible impacts

Operations:
Use of approximately 14 to 20 acres;
negligible impacts

Construction:
Use of approximately 23 to 26 acres;
negligible impacts

Operations:
Use of approximately 15 to 16 acres;
negligible impacts

Construction:
Use of approximately 9 acres; negligible
impacts

Operations:
Use of approximately 5 acres; negligible
impacts

a
These impacts must be added to those for each of the conversion options.

b
Land-use acreages given as maximum for a single site or facility. Conversion facilities would also need to establish protective action distances encompassing about 960 acres around|
the facility. |

Notation: CO = carbon monoxide; LCF = latent cancer fatality; MEI = maximally exposed individual; PM10 = particulate matter with a mean diameter of 10 µm or less; ROI = region
of influence.
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TABLE F.3  Summary of Technologies Considered 
under Each Conversion Option

Conversion Option Technologies

Conversion to U3O8 -  Defluorination with anhydrous HF production

-  Defluorination with HF neutralization

Conversion to UO2 -  Dry process with anhydrous HF production

-  Dry process with HF neutralization

-  Gelation process

Conversion to metal -  Batch metallothermic reduction

-  Continuous metallothermic reduction

Following removal of the depleted UF6, the emptied cylinders containing “heels” would be
stored for about 3 months to allow the level of radioactivity associated with the decay products of
uranium that remained after UF6 withdrawal to decrease to acceptable levels. Subsequently, in the
proposed cylinder treatment facility, the emptied cylinders are first washed with water and the
resulting aqueous wash solution is evaporated and converted to solid U3O8 and hydrogen fluoride
(HF). The U3O8 would be packaged and sent either for disposal or storage. The HF would be
neutralized to calcium fluoride (CaF2) and separately packaged for disposal or sale. 

It was assumed that the treated cylinders with a very low residual radiation level would
become part of the DOE scrap metal inventory. A report by Nieves et al. (1997) analyzed the |
potential health and cost impacts associated with various options for the empty cylinders after |
treatment, including recycle into low-level radioactive waste (LLW) disposal containers, reuse as |
LLW containers, free release for remelting, and disposal (i.e., burial) as LLW. Health endpoints |
assessed included chemical risks, radiation risks, and trauma risks. The estimated total health risks |
over 20 years of processing ranged from 0.1 to 0.8 total fatality for the various options. The potential |
health impacts were similar for each of the options; however, the disposal option was considered to |
have the greatest adverse environmental impacts because it would require land allocations and |
removal of the metal mass from any further usefulness. |

F.2.1  Conversion to U3O8

A “dry” process, referred to as defluorination, is well established and currently used by
industry. It is also practiced on a large-scale industrial basis by Cogema in France. In this process, |
UF6 is chemically decomposed with steam and heat to produce U3O8 and concentrated HF. The U3O8 |
would then be compacted to achieve a bulk density of about 3 g/cm3 prior to storage or disposal.
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Two technologies were considered for management of the HF following conversion of UF6

to U3O8. The first process would upgrade the concentrated HF to anhydrous HF for sale. Anhydrous |
HF is a valuable product; one potential use for HF is in the production of UF6 from natural uranium
ore for feedstock to the gaseous diffusion process. The second process would neutralize the HF to |
CaF2 for disposal or sale, depending on whether the CaF2 with trace amounts of uranium could be
marketed.

Because of the considerable market for anhydrous HF, the technology of defluorination with
anhydrous HF production would minimize waste and increase product value. However, the handling, |
storage, and transportation of large quantities of anhydrous HF pose a potential hazard to both
workers and the public. During the conversion process, the HF would be upgraded to anhydrous HF |
by distillation, a common industrial process. Based on historical experience, it is anticipated that the
anhydrous HF would contain only trace amounts of depleted uranium (less than 1 ppm, or 0.4 pCi/g)
(LLNL 1997). Thus, it was assumed that the anhydrous HF could be sold commercially for
unrestricted use.

The process of HF neutralization with lime would convert the concentrated HF to CaF2 for
disposal or possible sale. This step would avoid the potential hazards associated with the processing,
general handling, storage, and transportation of large quantities of anhydrous HF. However, the value |
of CaF2 is significantly less than that of anhydrous HF, and large quantities of lime are required for
neutralization, which would add to the cost of the neutralization option. It is also unknown whether
the CaF2 produced would be sold, disposed of as nonhazardous solid waste, or disposed of as LLW.
If disposal were required, there could be moderate impacts to waste management (see Section F.3.7).

F.2.2  Conversion to UO2

The conversion of UF6 to UO2 is used in the nuclear fuel fabrication industry. The UF6 is
converted to a low-density UO2 powder by either a “wet” or “dry” process. “Wet” processes are
based upon separation of solid UO2 from an aqueous solution, whereas “dry” processes are based
upon decomposing and reducing the UF6. The resulting powder is pressed into a pellet under high
pressure, and the pellet is sintered (agglomerated) at high temperatures to yield a dense solid.
Depending on the shape, size, and size distribution, the bulk density of UO2 will generally be 6 to

9 g/cm
3.

Three technologies were considered for the conversion of UF6 to UO2. A generic industrial
dry process with conversion to produce centimeter-sized pellets is the basis for the first two
technologies. The first process would upgrade the concentrated HF to anhydrous HF for sale, similar
to the U3O8 process. The second process would neutralize the HF to CaF2 for disposal or sale. The
third process is a “wet” process, based on pilot-scale studies, and is referred to as the gelation
process.
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In the dry process, gaseous UF6 would be chemically reacted with steam to produce solid
uranyl fluoride (UO2F2) and HF. The UO2F2 would then be converted to UO2 powder through a |
combination of chemical reactions. Using standard physical treatment operations (milling,
compacting, and screening) and the addition of a dry lubricant, the UO2 powder would be pressed
into dense pellets with a bulk density of about 6 g/cm3. The HF would be upgraded to anhydrous HF |
for commercial resale, as described in Section F.2.1. In the other dry process, the HF would be
neutralized to CaF2 rather than upgraded to anhydrous HF. |

In the gelation process, small, dense spheres of UO2 would be produced through a
combination of chemical processes beginning with the conversion of UF6 to UO2F2 and anhydrous
HF. The solid UO2F2 would then be reacted with steam to produce U3O8 and additional anhydrous
HF. The U3O8 would be dissolved in nitric acid, mixed with other chemicals, and chilled to form a
feed broth. This broth would be formed into droplets and fed into a column of hot chlorinated
hydrocarbon liquid. Once these droplets formed into spheres, they would be removed from the hot
liquid and washed. The droplets would then be dried and converted by heating to dense uranium
oxide. The final sintered uranium dioxide spheres are expected to have a density of about 95% or
greater of the theoretical maximum density of uranium dioxide, resulting in a bulk density of about
9 g/cm3. The gelation process has not been demonstrated on a commercial scale.

F.2.3  Conversion to Metal

The conversion of UF6 to uranium metal would use a commercial process called
metallothermic reduction. During this process, UF6 would react with both hydrogen and magnesium
metal to produce uranium metal, anhydrous HF, and magnesium fluoride (MgFl2; slag). Two |
technologies were considered: a batch reduction process, which is the method used to date, and a
continuous reduction process, which is under development and has not been demonstrated on a
commercial scale.

In the batch metallothermic reduction process, the UF6 would be mixed with hydrogen gas
in a vertical reaction vessel to form uranium tetrafluoride (UF4) and HF. The anhydrous HF would
be recovered and stored for sale. The UF4 powder and an excess of magnesium would be contained
in a sealed metal vessel and preheated. Once initiated, the reaction would produce molten uranium
metal (collecting at the bottom of the reactor) and less dense molten MgF2 slag. The cycle time per
batch (about 12 hours total) would be dominated by the heating and cooling periods. A large number
of reactors would be required because of the long cycle time. The slag would be ground, screened,
and prepared for disposal. Any metal pellets would be recovered for recycle. 

In the continuous metallothermic reduction process, the UF6 would be mixed with hydrogen
gas in a vertical reaction vessel to form UF4 and HF. The anhydrous HF would be recovered and
stored for sale. A mixture of UF4, magnesium (Mg), iron (Fe), and salt would be continuously fed
into the top of a heated reactor. The more dense molten uranium/iron compound would settle to the
bottom of the reactor where it would be continuously withdrawn. The lower density MgF2/salt
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mixture would float on top and be separately withdrawn. The molten uranium/iron compound would
then be cast into ingots or the end-product form if the manufacturing function was integrated into
the conversion facility. The molten salt mixture would be cooled and ground and the water-soluble
salt dissolved. After evaporation and drying, the salt would be recycled to the reactor. The insoluble
MgF2 would be drummed for disposal. The annual throughput of the continuous metallothermic
reduction reactor would be greater than a batch reactor, requiring fewer reactors.

Neutralization of HF to CaF2 was not explicitly analyzed in the engineering analysis report |
for the conversion to metal options (LLNL 1997). However, the process could be implemented and |
would produce approximately one-third as much CaF2 as would be produced under the conversion |
to oxide with neutralization options. |

F.2.4  Conversion Technologies and Chemical Forms Considered 
But Not Analyzed in Detail

The conversion technologies analyzed in the engineering analysis report (LLNL 1997) and
the PEIS are those with a sufficient technical basis to carry out preconceptual designs. A number of
other promising conversion technologies were considered, but, with minor exceptions, these are in
the early stages of conceptualization or development. These options are also discussed in the
engineering analysis report (LLNL 1997).

For conversion to an oxide form, technologies considered but not analyzed in detail include
a molten metal catalyzed process; the Cameco process (patent pending), which uses a different
chemical process than steam hydrolysis/pyrolysis; a conversion process that produces a by-product
of aluminum trifluoride (AlF3); and a defluorination process that results in the production of
hydrofluorocarbons. For conversion to metal, a plasma dissociation process was considered but not
analyzed in detail.

F.3  IMPACTS OF OPTIONS

This section provides a summary of the potential environmental impacts associated with
the conversion options, including impacts from construction and facility operations. For each area
of impact, a description of the assessment methodology (including models) is provided in
Appendix C. 
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The environmental impacts from the conversion options were evaluated based on the
information described in the engineering analysis report (LLNL 1997). The following general
assumptions apply to all conversion facility operations:

• All facility designs were based on a single conversion plant sized to process
the entire inventory of DOE-generated depleted UF6 cylinders over a 20-year |
period (approximately 2,300 cylinders per year).

• The conversion plant was assumed to operate 24 hours per day, 7 days per
week, 52 weeks per year, with 20% down-time.

• A “stand-alone” cylinder treatment facility (for empty cylinders) is collocated
with the conversion plant.

The location of a conversion facility at one of the three current storage sites, if required at
all, would not be decided until some time in the future. Instead, for each conversion option, the
environmental impacts were calculated separately for a single hypothetical facility located at each
of the three current depleted UF6 storage sites. The three current storage sites were used to provide
a reasonable range of environmental conditions. A more detailed assessment of site considerations
would be addressed, as appropriate, as part of the second phase (tier) of the programmatic NEPA
approach.

For each conversion option, the potential environmental impacts are presented as a range
within each area of impact. This range is intended to provide a reasonable estimate of the magnitude
of impacts, taking into account the uncertainty relative to the specific technologies and sites that
would ultimately be selected for conversion. The range of impacts results from two factors:
(1) fundamental differences among the technologies within each conversion option and
(2) differences in the site conditions.

F.3.1  Human Health — Normal Operations

F.3.1.1  Radiological Impacts

Radiological impacts to involved workers during normal operations at conversion facilities
would result primarily from external radiation from the handling of depleted uranium materials.
Impacts to noninvolved workers and members of the public would result primarily from trace
amounts of uranium compounds released to the environment. Detailed discussions of the method-
ologies used in radiological impact analysis are provided in Appendix C and in Cheng et al. (1997).
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F.3.1.1.1  Conversion to U3O8

Conversion to U3O8 would result in average radiation exposure of about 300 mrem/yr to
involved workers and less than 0.01 mrem/yr to noninvolved workers and members of the public.
Radiation doses and cancer risks associated with normal operations of the U3O8 conversion facilities
are listed in Tables F.4 and F.5, respectively. The two conversion technologies evaluated are
described in Section F.2.1. Due to the similarity of the conversion processes, the airborne emission
rates of uranium compounds and the material handling activities are expected to vary only slightly
from each other, resulting in similar radiological impacts.

Involved Workers.  Radiation exposures for the involved workers are estimated according
to the descriptions of material handling activities provided in the engineering analysis report (LLNL
1997). Due to the preliminary nature of each facility design, the estimated radiation doses are subject
to a large degree of uncertainty. The results presented in this appendix should be used only for
purposes of comparison among different technologies. Radiation exposure of involved workers
would be monitored by a dosimetry program and maintained below regulatory limits.

The collective dose for involved workers is estimated to be about 41 person-rem/yr for
135 workers for the U3O8 conversion processes. This would result in about 0.02 excess latent cancer
fatalities (LCFs) per year (or about 2 LCFs over a 100-year period) among the involved workers. If
evenly distributed among involved workers, the average individual dose would be approximately
300 mrem/yr, well below the regulatory limit of 5,000 mrem/yr for workers (10 Code of Federal
Regulations [CFR] Part 835). This corresponds to an average cancer risk of about 1 × 10-4 per year
(1 chance in 10,000 of developing 1 LCF per year).

Noninvolved Workers.  Estimated doses and health risks are much lower for noninvolved
workers than for involved workers. Inhalation of U3O8 particulates accounts for more than 99.9%
of the radiological exposures for noninvolved workers. The radiation dose (risk of an LCF) to a
maximally exposed noninvolved worker would range from 1.6 × 10-3 mrem/yr (6 × 10-10 per year)
to 5.8 × 10-3 mrem/yr (2 × 10-9 per year), which is a very small fraction (less than 1 in 1,000) of the
maximally allowable dose limit (10 mrem/yr) from airborne emissions (40 CFR Part 61). The
population of noninvolved workers would vary from site to site. For representative noninvolved
worker population sizes ranging from 2,000 to 3,500, the resulting collective dose would range from
0.0021 to 0.0045 person-rem/yr. 

General Public.  The locations of the maximally exposed individual (MEI) for the general
public are either at or near the site boundary. Although other exposure pathways are also considered,
inhalation exposure accounts for more than 95% of the total dose. The radiation dose for the MEI
would be negligible, ranging from 0.0049 to 0.0088 mrem/yr, compared with the dose limit of
10 mrem/yr from airborne emissions. The potential radiation dose resulting from drinking
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TABLE F.4  Radiological Doses from Conversion/Treatment Options under Normal Operations
a

Dose to Receptor

Involved Workers
b

Noninvolved Workers
c

General Public

Average Dose Collective Dose MEI Dose
d

Collective Dose MEI Dose
e

Collective Dose
f

Option (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr)

Conversion to U3O8 300 41 1.6 × 10
-3

 –
      5.8 × 10

-3
2.1 × 10

-3
 –

     4.5 × 10
-3 4.9 × 10

-3 –
     8.8 × 10

-3
3.9 × 10

-2 –
     1.4 × 10

-1

Conversion to UO2 180 – 340 49 – 54 3.2 × 10
-3

 –
      2.2 × 10

-2
4.2 × 10

-3
 –

     1.7 × 10
-2 9.7 × 10

-3 –
     3.3 × 10

-2
7.8 × 10

-2 –
     5.1 × 10

-1

Conversion to metal 230 – 240 33 – 67 6.8 × 10
-4

 –
     1.7 × 10

-2
9.0 × 10

-4
 –

     1.3 × 10
-2 2.1 × 10

-3 –
     2.6 × 10

-2
1.7 × 10

-2 –
    4.0 × 10

-1

Cylinder treatment 160 16  4.9 × 10
-6

 –
     1.8 × 10

-5 6.5 × 10
-6 –

     1.4 × 10
-5

1.5 × 10
-5

 –
     2.7 × 10

-5 1.2 × 10
-4 –

    4.1 × 10
-4

a
Impacts are reported as ranges, which result from variations in the three representative facility locations and the different conversion
technologies within each option.

b
Involved workers are those workers directly involved with the handling of radioactive materials. Calculation results are presented as average
individual dose and collective dose for the worker population. Radiation doses to individual workers would be monitored by a dosimetry
program and maintained below applicable standards, such as the DOE administrative control limit of 2,000 mrem/yr.

c
Noninvolved workers include individuals who work at the facility but are not directly involved in handling materials and individuals who
work on-site but not within the facility. The population size of noninvolved workers ranges from 2,000 to 3,500 for all options.

d
The MEI for the noninvolved workers was assumed to be located on-site 100 m or more from the release point at the location that would
result in the largest dose, which includes doses from inhalation, external radiation, and incidental soil ingestion.

e
The MEI for the general public was assumed to be located off-site at the point that would result in the largest dose from exposures through
inhalation, external radiation, and ingestion of plant foods, meat, milk, soil, and drinking water.

f
Collective dose was estimated for the populations (ranging from 500,000 to 880,000 persons) within a radius of 50 miles (80 km) around
the three representative sites. The exposure pathways considered are inhalation, external radiation, and ingestion of plant foods, meat, milk,
and soil.
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TABLE F.5  Latent Cancer Risks from Conversion/Treatment Options under Normal Operations
a

Latent Cancer Risk to Receptor

Involved Workers
b

Noninvolved Workers
c

General Public

Average Risk Collective Risk MEI Risk
d

Collective Risk MEI Risk
e

Collective Risk
f

Option (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr)

Conversion to U3O8 1 × 10
-4

2 × 10
-2

6 × 10
-10 –

    2 × 10
-9

9 × 10
-7 –

    2 × 10
-6

2  × 10
-9 –

    4 × 10
-9

2 × 10
-5 –

   7 × 10
-5

Conversion to UO2 7 × 10
-5 –

     1 × 10
-4

2 × 10
-2

1 × 10
-9 –

     9 × 10
-9

2 × 10
-6 –

     7 × 10
-6

5 × 10
-9 –

     2 × 10
-8

4 × 10
-5 –

    3 × 10
-4

Conversion to metal 9 × 10
-5 –

    1 × 10
-4

1 × 10
-2 –

    3 × 10
-2

3 × 10
-10 –

     7 × 10
-9

4 × 10
-7 –

     5 × 10
-6

1 × 10
-9 –

     1 × 10
-8

9 × 10
-6 –

    2 × 10
-4

Cylinder treatment 6 × 10
-5 6 × 10

-3
2 × 10

-12 –
    7 × 10

-12
3 × 10

-9 –
     5 × 10

-9
8 × 10

-12 –
    1 × 10

-11
6 × 10

-8 –
    2 × 10

-7

a
Impacts are reported as ranges, which result from variations in the three representative facility locations and the different conversion
technologies within each option.

b
Involved workers are those workers directly involved with the handling of radioactive materials.  Calculation results are presented as
average individual risk and collective risk for the worker population.

c
Noninvolved workers include individuals who work at the facility but are not directly involved in handling materials and individuals
who work on-site but not within the facility. The population size of noninvolved workers ranges from 2,000 to 3,500 for all options.

d
The MEI for the noninvolved workers was assumed to be located on-site 100 m or more from the release point at the location that would
result in the largest risk, which includes risks from inhalation, external radiation, and incidental soil ingestion.

e
The MEI for the general public was assumed to be located off-site at the point that would result in the largest risk from exposures
through inhalation, external radiation, and ingestion of plant foods, meat, milk, soil, and drinking water.

f
Collective risk was estimated for the populations (ranging from 500,000 to 880,000 persons) within a radius of 50 miles (80 km) around
the three representative sites. The exposure pathways considered are inhalation, external radiation, and ingestion of plant foods, meat,
milk, and soil.



Conversion F-19 Depleted UF6 PEIS

contaminated surface water would be two orders of magnitude less than that from exposure to
airborne emissions. 

For a location with an off-site population ranging from 500,000 to 880,000 persons within
a 50-mile (80-km) distance from the site boundary, the collective dose would range from 0.039 to
0.14 person-rem/yr, which corresponds to about 2 × 10-5 to 7 × 10-5 LCF per year (less than 1 chance
in 10,000 of 1 LCF per year in the population).

F.3.1.1.2  Conversion to UO2 

Conversion to UO2 would result in average radiation exposure of less than 340 mrem/yr to
involved workers and less than 0.04 mrem/yr to noninvolved workers and members of the public,
similar to those for conversion to U3O8. The radiation doses and cancer risks associated with normal
operations of the UO2 conversion facilities are listed in Tables F.4 and F.5, respectively.

Involved Workers.  The estimated collective dose for involved workers ranges from 49
to 54 person-rem/yr, slightly greater than conversion to U3O8. This would result in approximately
0.02 excess cancer fatality per year (2 LCFs over a 100-year period). If evenly distributed among
involved workers (about 160 to 270 workers), the average individual dose would range from about
180 to 340 mrem/yr, well below the annual worker dose limit of 5,000 mrem/yr. This corresponds
to an average cancer risk of 7 × 10-5 to 1 × 10-4 per year (less than 1 chance in 10,000 of developing
1 LCF per year).

Noninvolved Workers.  The doses to noninvolved workers are similar to but slightly
higher than those for conversion to U3O8. The dose to the MEI would range from 0.0032 to
0.022 mrem/yr, which is negligible compared with the dose limit of 10 mrem/yr for airborne
emissions. For representative population sizes ranging from 2,000 to 3,500, the collective dose
would range from 0.0042 to 0.017 person-rem/yr. The estimated number of potential LCFs would
be less than 0.00001 per year.

General Public.  The estimated radiation dose to the MEI for the general public would be
slightly higher than that from conversion to U3O8, ranging from 0.0097 to 0.033 mrem/yr. These
values are well below the radiation dose limit of 10 mrem/yr set for airborne emissions. The
radiation dose from drinking contaminated surface water would be very small compared with the
dose from airborne emissions. The collective dose for a population of 500,000 to 880,000 persons
would range from 0.078 to 0.51 person-rem/yr. This would correspond to 4 × 10-5 to 3 × 10-4 LCF
per year among the population (less than 1 chance in 3,000 of 1 LCF per year).
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F.3.1.1.3  Conversion to Metal

Conversion to uranium metal would result in average exposure of less than 240 mrem/yr
to involved workers and less than 0.03 mrem/yr to noninvolved workers and members of the public.
The radiological impacts and cancer risks from operations of the metal conversion facilities are
shown in Tables F.4 and F.5, respectively.

Involved Workers.  The collective dose to involved workers would range from 33 to
67 person-rem/yr, similar to conversion to U3O8 and conversion to UO2. The corresponding number
of LCFs would range from 0.01 to 0.03 per year (1 to 3 LCFs over a 100-year period) among a
worker population of approximately 140 to 270. If evenly distributed among workers, the average
annual worker dose would be about 240 mrem/yr, which is well below the regulatory limit of
5,000 mrem/yr. The corresponding cancer risk is 0.0001 per year (less than 1 chance in 10,000 of
developing 1 LCF per year).

Noninvolved Workers.  The radiation dose to noninvolved workers would be similar to
those for conversion to U3O8 and conversion to UO2 and would be negligible compared with the
regulatory dose limit of 10 mrem/yr. The collective dose would range from 0.0009 to
0.013 person-rem/yr for 2,000 to 3,500 workers.

General Public.  The radiation dose for the MEI of the general public would range from
0.0021 to 0.026 mrem/yr, which corresponds to a cancer risk of 1 × 10-9 to 1 × 10-8 per year (less than
1 chance in 100 million of developing 1 LCF per year). The radiation dose from drinking
contaminated surface water would be very small compared with the dose from airborne emissions.
The collective dose for the population of 500,000 to 880,000 people living within 50 miles (80 km)
of the site would range from 0.017 to 0.4 person-rem/yr. This corresponds to about 9 × 10-6 to
2 × 10-4 LCF per year within the exposed population.

F.3.1.1.4  Cylinder Treatment Facility

The empty UF6 cylinders from the conversion facilities would be decontaminated at a
cylinder treatment facility before reuse or final disposal. Average radiological exposure incurred by
involved workers would be less than 200 mrem/yr, and maximum exposures incurred by
noninvolved workers and the off-site public would be less than 3 × 10-5 mrem/yr. The estimated
radiological impacts and cancer risks from cylinder treatment operations are presented in Tables F.4
and F.5, respectively.
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Involved Workers.  The average annual dose received by involved workers would be
approximately 160 mrem/yr, which was calculated by evenly distributing the estimated collective
dose of 16 person-rem/yr to a worker population of approximately 100. The average dose is a small
fraction of the dose limit of 5,000 mrem/yr and corresponds to a cancer risk of 6 × 10-5 per year
(1 chance in 16,000 of developing 1 LCF per year). The collective number of LCFs among the
involved workers would be 6 × 10-3 per year. 

Noninvolved Workers.  Only a small amount of U3O8 (0.01 lb/yr) would be released to the
atmosphere from the cylinder treatment facility. Radiological exposure to the noninvolved worker
MEI would be negligible (less than 1.8 × 10-5 mrem/yr). The collective dose would range from
6.5 × 10-6 to 1.4 × 10-5 person-rem/yr for a population of 2,000 to 3,500.

General Public. The radiation exposure of the general public MEI from normal operations
at the treatment facility would be negligible (less than 2.7 × 10-5 mrem/yr). The collective dose to
the off-site population of 500,000 to 880,000 people would be less than 4.1 × 10-4 person-rem/yr.

F.3.1.2  Chemical Impacts

Potential chemical impacts to human health from normal operations at the conversion
facilities would result primarily from exposure to trace amounts of insoluble uranium compounds
(i.e., UO2, U3O8, and UF4) and HF released from process exhaust stacks. Risks from normal
operations were quantified on the basis of calculated hazard indices. Information on the exposure
assumptions, health effects assumptions, reference doses used for uranium compounds and HF, and
calculational methods used in the chemical impact analysis are provided in Appendix C and Cheng
et al. (1997).

Conversion to U3O8, UO2, or metal would result in very low-level exposures to hazardous
chemicals. No adverse health effects would be expected during normal operations. Hazardous
chemical human health impacts resulting from normal operations of the conversion facilities are
summarized in Table F.6. The hazard indices for all conversion processes are more than 5,000 times
lower than the hazard index of 1, which is the level at which adverse health effects might be
expected to occur in some exposed individuals. The range of chemical exposures to the noninvolved |
workers and general public results primarily from the assumed locations of the representative
conversion facilities.

One of the UO2 conversion options, the gelation process, would also generate emissions of
the chemical trichloroethylene from the process stack. The estimated increased lifetime carcinogenic
risk of cancer incidence for noninvolved workers and members of the general public from exposure
to trichloroethylene would be less than 1 × 10-8, a very small increased risk that would not be
considered an adverse impact. 
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TABLE F.6  Chemical Impacts to Human Health for Conversion/Treatment Options 
under Normal Operations

a

Impacts to Receptor

Noninvolved Workers
b

General Public

Hazard Index Population Risk
e

Hazard Index Population Risk
e

Option for MEI
c,d

(persons at risk/yr)  for MEI
c,f

(persons at risk/yr)

Conversion to U3O8 3.9 × 10
-7 

–
    1.5 × 10

-6
– 3.4 × 10

-5 –
    1.2 × 10

-4
–

Conversion to UO2 7.5 × 10
-7 –

    3.1 × 10
-6

– 6.2 × 10
-5 –

    1.9 × 10
-4

–

Conversion to metal 4.8 × 10
-7 –

    3.0 × 10
-6

– 4.1 × 10
-5 –

    1.5 × 10
-4

–

Cylinder treatment 4.2 × 10
-10

 –
    1.5 × 10

-9
– 3.5 × 10

-8 –
    7.1 × 10

-8
–

a
Impacts are reported as ranges, which result from variations in the three representative facility locations and
the different conversion technologies within each option.

b
Noninvolved workers include individuals who work at the facility but are not directly involved in handling
hazardous materials and individuals who work on-site but not within the facility.

c
The hazard index is an indicator for potential adverse health effects other than cancer; a hazard index greater
than 1 indicates a potential for adverse health effects and a need for further evaluation.  Hazard indices were
calculated for combined exposures to uranium compounds and HF. 

d
The MEI for the noninvolved workers was assumed to be located on-site 100 m or more from the release
point at the location that would result in the largest exposure from airborne emissions, including inhalation|
and incidental ingestion of contaminated soil. |

e
Calculation of population risk is not applicable when the corresponding hazard index for the MEI is less
than 1.

f
The MEI for the general public was assumed to be located off-site at the location that would result in the
largest exposures through inhalation and ingestion of soil and drinking water. |

The empty UF6 cylinders from the conversion facilities would be decontaminated at a
cylinder treatment facility prior to final disposal. Estimates of the hazardous chemical impacts to
human health resulting from cylinder treatment operations are also summarized in Table F.6. The
hazard indices from the cylinder treatment facility would be hundreds of times lower than those
predicted for the conversion options, for which no adverse human health impacts were predicted. 
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F.3.2  Human Health — Accident Conditions

A range of accidents covering the spectrum from high-frequency/low-consequence
accidents to low-frequency/high-consequence accidents has been presented in the engineering
analysis report (LLNL 1997). These accidents are listed in Table F.7. The following sections present
the results for radiological and chemical health impacts of the highest-consequence accident in each
frequency category. Results for all accidents listed in Table F.7 are presented in Policastro et al.
(1997). A detailed description of the methodology and assumptions used in the calculations is also
provided in Appendix C and Policastro et al. (1997). 

F.3.2.1  Radiological Impacts

Table F.8 lists the radiological doses to various receptors for the accidents that give the
highest dose from each frequency category. The LCF risks for these accidents are given in Table F.9.
The doses and the risks are presented as ranges (maximum and minimum) because two different
meteorological conditions, three representative sites, and two or three technologies were considered
for each conversion option (see Appendix C). The doses and risks presented here were obtained by
assuming that the accidents would occur. The probability of occurrence for each accident is indicated
by the frequency category to which it belongs. For example, accidents in the extremely unlikely
category have a probability of occurrence of between 1 in 10,000 and 1 in 1 million per year. The
following conclusions may be drawn from the radiological health impact results: 

• No cancer fatalities would be predicted from any of the accidents.

• The maximum radiological dose to noninvolved worker and general public
MEIs (assuming that an accident occurred) would be 9.2 rem. This dose is less
than the 25-rem dose recommended for assessing the adequacy of protection |
of public health and safety from potential accidents by the U.S. Nuclear |
Regulatory Commission (NRC 1994). |

• The overall radiological risk to noninvolved worker and general public MEI
receptors (estimated by multiplying the risk per occurrence [Table F.9] by the
annual probability of occurrence by the number of years of operations) would
be less than 1 for all of the conversion facility accidents. 

F.3.2.2  Chemical Impacts

The accidents considered in this section are listed in Table F.7. The results of the accident
consequence modeling in terms of chemical impacts are presented in Tables F.10 and F.11. The
results are presented as (1) number of people with potential for adverse effects and (2) number of
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TABLE F.7  Accidents Considered for the Conversion Options

Chemical Amount Duration Release
Option/Accident Scenario Accident Description Form (lb) (min) Level

a

Conversion to U3O8

Likely Accidents (frequency: 1 or more times in 100 years)

Corroded cylinder spill, 
dry conditions

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the dry ground.

UF6 24 60
(continuous)

Ground

Cylinder valve shear A single UF6 cylinder is mishandled, etc., resulting in the
shearing of the cylinder valve and loss of solid UF6 from
the valve onto the ground.

UF6 0.25 120
(continuous)

Ground

HF system leak during
upgrading of HF to
anhydrous HF

An HF absorber column line leaks 5% of its flowing
contents due to potential vessel, pump, or pipe leakage.

HF 216 15 Stack

HF system leak during
HF neutralization

An HF distillation column line leaks 5% of its flowing
contents due to potential vessel, pump, or pipe leakage.

HF 10 15 Stack

Loss of cooling water
during upgrading of HF
to anhydrous HF

Cooling water is lost to the HF distillation column
condenser, and HF vapor is removed by a limestone bed
before reaching the environment.

HF 22 2 Stack

Loss of cooling water
during HF neutralization

Cooling water is lost to the absorption column coolers,
and HF vapor is released to the atmosphere.

HF 19 2 Stack

Loss of off-site electrical
power

Off-site electrical power is lost, which halts facility
operations but does not result in significant releases 
to the environment.

No
release

NA
b

NA NA

U3O8 drum spill A single U3O8 drum is damaged by a forklift and spills 
its contents onto the floor inside the storage facility.

U3O8 0.00014 30 Stack

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Ammonia release An ammonia fill line is momentarily disconnected, and
ammonia is released at grade.

Ammonia 255 1 Ground

Corroded cylinder spill, wet
conditions – rain

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the wet ground.

HF 96 60
(continuous)

Ground

HF pipeline rupture An earthquake ruptures an underground pipeline
transporting HFs, releasing it to the ground.

HF 500 10 Soil

HF storage tank overflow An HF storage tank overflows during filling, spilling
onto the floor; the pool of HF evaporates and is released
through the building stack.

HF 45 15 Stack
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TABLE F.7  (Cont.)

Chemical Amount Duration Release
Accident Scenario Accident Description Form (lb) (min) Level

a

Conversion to U3O8 (Cont.)

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Corroded cylinder spill, 
wet conditions – water pool

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area into a 0.25-in.-deep water pool.

HF 150 60
(continuous)

Ground

Earthquake The U3O8 storage building is damaged during a design-
basis earthquake, and 10% of the stored drums are
breached.

U3O8 41 30 Ground

Hydrogen explosion Due to equipment malfunction, hydrogen that
accumulated in the conversion reactor ignites and causes
the reactor to rupture.

U3O8
HF

0.27
7

30 Stack

Tornado A windblown missile from a design-basis tornado pierces
a single U3O8 drum in the U3O8 storage building.

U3O8 69 0.5 Ground

Vehicle-induced fire, 
3 full 48G cylinders

Three full 48G UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
11,500
8,930
3,580

0 to 12 
12

12 to 30
30 to 121

Ground

Incredible Accidents (frequency: less than 1 in 1 million years)

Anhydrous HF tank rupture Large seismic or beyond-design-basis event causes
rupture of a filled anhydrous HF storage tank.

HF 7,920 120 Ground

Ammonia tank rupture Large seismic or beyond-design-basis event causes
rupture of a filled ammonia storage tank.

Ammonia 118,000 20 Ground

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

Small plane crash, 
2 full 48G cylinders

A small plane crash affects two full 48G UF6 cylinders.
One cylinder hydraulically ruptures during a fire
resulting from the ignition of aviation fuel.

UF6 0
3,840
2,980
1,190

0 to 12
12

12 to 30
30 to 121

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to fire.

UF6 4,240
1,190

0 to 30
30 to 121

Ground
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TABLE F.7  (Cont.)

Chemical Amount Duration Release
Accident Scenario Accident Description Form (lb) (min) Level

a

Conversion to UO2

Likely Accidents (frequency: 1 or more times in 100 years)

Ammonia stripper
overpressure

Cooling water is lost to the ammonia stripping column,
and ammonia vapor is released to the atmosphere.

Ammonia 15 1 Ground

Corroded cylinder spill, 
dry conditions

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the dry ground.

UF6 24 60
(continuous)

Ground

Cylinder valve shear A single UF6 cylinder is mishandled, etc., resulting in
shearing of the cylinder valve and loss of solid UF6 from
the valve onto the ground.

UF6 0.25 120
(continuous)

Ground

HF system leak during
upgrading of HF to
anhydrous HF

An HF absorber line leaks 5% of its flowing contents due
to potential vessel, pump, or pipe leakage.

HF 216 15 Stack

HF system leak during
HF neutralization

An HF distillation column line leaks 5% of its flowing
contents due to potential vessel, pump, or pipe leakage.

HF 10 15 Stack

Loss of cooling water
during upgrading of HF
to anhydrous HF

Cooling water is lost to the HF distillation column
condenser, and HF vapor is removed by a limestone bed
before reaching the environment.

HF 22 2 Stack

Loss of cooling water
during HF neutralization

Cooling water is lost to the absorption column coolers,
and HF vapor is released to the atmosphere.

HF 19 2 Stack

Loss of off-site electrical
power

Off-site electrical power is lost, which halts facility
operations but does not result in significant releases to
the environment.

No
release

NA NA NA

Trichloroethylene (TCE)
spill

A TCE storage tank spills onto the floor during
operations, and the pool of TCE evaporates and is
released to the environment.

TCE 120 120 Stack

Trichloroethylene vapor
leak

The exhaust line from the gel sphere dryers leaks 5% of
its flowing contents due to potential pipe leakage.

TCE 20 60 Stack

UO2 drum spill A single UO2 drum is damaged by a forklift and spills its
contents onto the floor inside the storage facility.

UO2 0.000056 30 Stack
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TABLE F.7  (Cont.)

Chemical Amount Duration Release
Accident Scenario Accident Description Form (lb) (min) Level

a

Conversion to UO2 (Cont.)

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Ammonia release An ammonia fill line is momentarily disconnected, and
ammonia is released at grade.

Ammonia 255 1 Ground

Corroded cylinder spill, 
wet conditions – rain

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the wet ground.

HF 96 60
(continuous)

Ground

HF pipeline rupture An earthquake ruptures an underground pipeline
transporting HF, releasing it to the ground.

HF 500 10 Soil

HF storage tank overflow An HF storage tank overflows during filling, spilling
onto the floor; the pool of HF evaporates and is released
to the indoor air of the process building.

HF 45 15 Stack

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Corroded cylinder spill, 
wet conditions – water pool

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area into a 0.25-in.-deep water pool.

HF 147 60
(continuous)

Ground

Earthquake The UO2 storage building is damaged during a design-
basis earthquake, and 10% of the stored drums are
breached.

UO2 9.8 30 Ground

Hydrogen explosion Due to equipment malfunction, hydrogen that
accumulated in the ceramic UO2 conversion reactor
ignites and causes the reactor to rupture.

UO2
HF

0.25
7

30 Stack

Hydrogen explosion Due to equipment malfunction, hydrogen that
accumulated in the gelation conversion reactor ignites
and causes the reactor to rupture.

UO2 0.017 30 Stack

Tornado A windblown missile from a design-basis tornado pierces
a single ceramic UO2 drum in the UO2 storage building.

UO2 3.7 0.5 Ground

Tornado A windblown missile from a design-basis tornado pierces
a single UO2 drum produced by gelation in the UO2
storage building.

UO2 5.6 0.5 Ground

Vehicle-induced fire, 
3 full 48G cylinders

Three full 48G UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
11,500
8,930
3,580

0 to 12
12

12 to 30
30 to 121

Ground
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TABLE F.7  (Cont.)

Chemical Amount Duration Release
Accident Scenario Accident Description Form (lb) (min) Level

a

Conversion to UO2 (Cont.)

Incredible Accidents (frequency: less than 1 in 1 million years)

Anhydrous HF tank rupture Large seismic or beyond-design-basis event causes
rupture of a filled anhydrous HF storage tank.

HF 7,920 120 Ground

Ammonia tank rupture Large seismic or beyond-design-basis event causes
rupture of a filled ammonia storage tank.

Ammonia 117,920 20 Ground

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

Small plane crash, 
2 full 48G cylinders

A small plane crash affects two full 48G UF6 cylinders.
One cylinder hydraulically ruptures during a fire
resulting from the ignition of aviation fuel.

UF6 0
3,840
2,980
1,190

0 to 12
12

12 to 30
30 to 121

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to fire.

UF6 4,240
1,190

0 to 30
30 to 121

Ground

Conversion to Metal

Likely Accidents (frequency: 1 or more times in 100 years)

Corroded cylinder spill, 
dry conditions

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the dry ground.

UF6 24 60
(continuous)

Ground

Cylinder valve shear A single UF6 cylinder is mishandled, etc., resulting in
shearing of the cylinder valve and loss of solid UF6 from
the valve onto the ground.

UF6 0.25 120
(continuous)

Ground

HF system leak An off-gas line from the conversion reactor to the
condenser leaks 5% of its flowing contents due to
potential vessel, pump, or pipe leakage.

HF 3.6 15 Stack

Loss of cooling water Cooling water is lost to the reactor HF coolers, and HF
vapor is released to the atmosphere.

HF 17 2 Stack

Loss of off-site electrical
power

Off-site electrical power is lost, which halts facility
operations but does not result in significant releases to
the environment.

No
release

NA NA NA

UF4 drum spill A single UF4 drum is damaged by a forklift and spills its
contents onto the floor of the process building.

UF4 0.00015 30 Stack
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TABLE F.7  (Cont.)

Chemical Amount Duration Release
Accident Scenario Accident Description Form (lb) (min) Level

a

Conversion to Metal (Cont.)

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Ammonia release An ammonia fill line is momentarily disconnected, and
ammonia is released at grade.

Ammonia 255 1 Ground

Corroded cylinder spill, 
wet conditions – rain

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the wet ground.

HF 96 60
(continuous)

Ground

HF pipeline rupture An earthquake ruptures an underground pipeline
transporting HF and releasing it to the ground.

HF 500 10 Soil

HF storage tank overflow An HF storage tank overflows during filling, spilling
onto the floor; the pool of HF evaporates and is released
to the indoor air of the process building.

HF 45 15 Stack

Nitric acid (HNO3) release Due to equipment failure, hot HNO3 flows through a
relief valve.

HNO3 6 2 Stack

Uranium metal fire The wooden boxes containing the uranium metal product
burn, affecting a total of 34 uranium derbies.

U3O8 0.058 30 Stack

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Corroded cylinder spill, 
wet conditions – water pool

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area into a 0.25-in.-deep water pool.

HF 147 60
(continuous)

Ground

Earthquake The uranium product storage building is damaged during
a design-basis earthquake, and some of the boxes
containing uranium metal are breached.

U3O8 0.058 30 Ground

Hydrogen explosion Due to equipment malfunction, hydrogen that
accumulated in the conversion reactor ignites and causes
the reactor to rupture.

UF4
HF

0.05
2

30 Stack

Reactor rupture A reactor containing molten uranium metal is damaged
or breached, releasing hot molten uranium metal as
airborne particles.

U3O8 0.0026 15 Stack

Tornado A design-basis tornado does not result in significant
releases because uranium is in metal form.

No
release

NA NA NA

Vehicle-induced fire, 
3 full 48G cylinders

Three full 48G UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
11,500
8,930
3,580

0 to 12
12

12 to 30
30 to 121

Ground
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TABLE F.7  (Cont.)

Chemical Amount Duration Release
Accident Scenario Accident Description Form (lb) (min) Level

a

Conversion to Metal (Cont.)

Incredible Accidents (frequency: less than 1 in 1 million years)

Anhydrous HF tank rupture Large seismic or beyond-design-basis event causes
rupture of a filled anhydrous HF storage tank.

HF 7,920 120 Ground

Ammonia tank rupture Large seismic or beyond-design-basis event causes
rupture of a filled ammonia storage tank.

Ammonia 118,000 20 Ground

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA  NA

Small plane crash,
2 full 48G cylinders

A small plane crash affects two full 48G UF6 cylinders.
One cylinder hydraulically ruptures during a fire
resulting from the ignition of aviation fuel.

UF6 0
3,840
2,980
1,190

0 to 12
12

12 to 30
30 to 121

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to fire.

UF6 4,240
1,190

0 to 30
30 to 121

Ground

Cylinder Treatment Facility

Likely Accidents (frequency: 1 or more times in 100 years)

Loss of off-site electrical
power

Off-site electrical power is lost, which halts facility
operations but does not result in significant releases to
the environment.

No
release

NA NA NA

U3O8 drum spill A single U3O8 drum is damaged by a forklift and spills
its contents onto the ground outside the storage facility.

U3O8 0.138 30 Ground

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Loss of scrubber water Water is lost to both HF scrubbers, and HF is released
with the off gas.

HF 26 30 Stack

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Depleted UF6 cylinder
rupture

A truck crashes into the depleted UF6 heel storage pad,
damaging two cylinders; the fuel from the truck ignites
and releases all of the depleted UF6.

UO2F2
HF

38.5
10

30 Ground

Earthquake The solids product building is damaged during a design-
basis earthquake, and 50% of the stored drums are
breached.

U3O8 1.9 30 Ground

HF aqueous tank rupture The evaporator tank fails, releasing its entire contents of
HF to the floor; the pool of aqueous HF evaporates and is
released to the indoor air of the process building.

HF 3.4 60 Stack

Tornado A windblown missile from a design-basis tornado pierces
a single U3O8 drum in the solids product building.

U3O8 69 0.5 Ground

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

a
Ground-level releases were assumed to occur outdoors on concrete pads in the cylinder storage yards. To prevent contaminant migration,
cleanup of residuals was assumed to begin immediately after the release was stopped. 

b
NA = not applicable.
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TABLE F.8  Estimated Radiological Doses per Accident Occurrence for the Conversion Options

Maximum Dose
c

Minimum Dose
c

Noninvolved Workers General Public Noninvolved Workers General Public

Frequency MEI Population MEI Population MEI Population MEI Population
Option/Accident

a
Category

b
(rem) (person-rem) (rem) (person-rem) (rem) (person-rem) (rem) (person-rem)

Conversion to U3O8
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
7.1 2.3 × 10

-3
3.0 × 10

-1
3.3 × 10

-3
8.1 × 10

-2
7.8 × 10

-5
7.4 × 10

-3

Earthquake EU 9.2 8.4 × 10
2

2.7 × 10
-1

2.0 × 10
1

3.9 × 10
-1

9.6 9.2 × 10
-3

8.0 × 10
-1

Small plane crash, 2 full 48G cylinders I 6.6 × 10
-3

2.5 4.9 × 10
-3

2.7 × 10
-1

8.7 × 10
-4

2.2 × 10
-1

6.2 × 10
-4

2.5 × 10
-2

Conversion to UO2
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
7.1 2.3 × 10

-3
3.0 × 10

-1
3.3 × 10

-3
8.1 × 10

-2
7.8 × 10

-5
7.4 × 10

-3

Earthquake EU 2.3 2.1 × 10
2

6.8 × 10
-2

5.1 9.6 × 10
-2

2.4 2.3 × 10
-3

2.0 × 10
-1

Small plane crash, 2 full 48G cylinders I 6.6 × 10
-3

2.5 4.9 × 10
-3

2.7 × 10
-1

8.7 × 10
-4

2.2 × 10
-1

6.2 × 10
-4

2.5 × 10
-2

Conversion to metal
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
7.1 2.3 × 10

-3
3.0 × 10

-1
3.3 × 10

-3
8.1 × 10

-2
7.8 × 10

-5
7.4 × 10

-3

Uranium metal fire U 2.4 × 10
-6

1.2 × 10
-3

2.6 × 10
-6

2.0 × 10
-2

4.9 × 10
-7

2.4 × 10
-11

2.0 × 10
-6

1.1 × 10
-3

Vehicle-induced fire, 3 full 48G cylinders EU 2.0 × 10
-2

7.5 1.5 × 10
-2

5.6 × 10
1

3.7 × 10
-3

5.2 × 10
-1

1.9 × 10
-3

5.2 × 10
-1

Small plane crash, 2 full 48G cylinders I 6.6 × 10
-3

2.5 4.9 × 10
-3

2.7 × 10
-1

8.7 × 10
-4

2.2 × 10
-1

6.2 × 10
-4

2.5 × 10
-2

Cylinder treatment
U3O8 drum spill L 3.1 × 10

-2
2.8 9.2 × 10

-4
6.9 × 10

-2
1.3 × 10

-3
3.2 × 10

-2
3.1 × 10

-5
2.7 × 10

-3

Tornado
d

EU 4.3 × 10
-1

3.8 × 10
1

1.3 × 10
-2

2.5 4.3 × 10
-1

1.1 × 10
1

1.0 × 10
-2

4.5 × 10
-1

a
The bounding accident chosen to represent each frequency category is the one that would result in the highest dose to the general public MEI. Health impacts in that row represent that accident
only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not result in a release of radioactive
material.

b
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and once in

10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations (10
-4

 – 10
-6

/yr);
incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

c
Maximum and minimum doses reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum doses would occur under
meteorological conditions of F stability with 1 m/s wind speed, whereas minimum doses would occur under D stability with 4 m/s wind speed. 

d
Meteorological conditions analyzed for the tornado were D stability with 20 m/s wind speed.
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TABLE F.9  Estimated Radiological Health Risks per Accident Occurrence for the Conversion Options
a

Maximum Risk
d
 (LCFs) Minimum Risk

d
 (LCFs)

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI Population MEI Population MEI Population MEI Population

Conversion to U3O8
Corroded cylinder spill, dry conditions L 3 × 10

-5
3 × 10

-3
1 × 10

-6
2 × 10

-4
1 × 10

-6
3 × 10

-5
4 × 10

-8
4 × 10

-6

Earthquake EU 4 × 10
-3

3 × 10
-1

1 × 10
-4

1 × 10
-2

2 × 10
-4

4 × 10
-3

5 × 10
-6

4 × 10
-4

Small plane crash, 2 full 48G cylinders I 3 × 10
-6

1 × 10
-3

2 × 10
-6

1 × 10
-4

3 × 10
-7

9 × 10
-5

3 × 10
-7

1 × 10
-5

Conversion to UO2
Corroded cylinder spill, dry conditions L 3 × 10

-5
3 × 10

-3
1 × 10

-6
2 × 10

-4
1 × 10

-6
3 × 10

-5
4 × 10

-8
4 × 10

-6

Earthquake EU 9 × 10
-4

8 × 10
-2

3 × 10
-5

3 × 10
-3

4 × 10
-5

1 × 10
-3

1 × 10
-6

1 × 10
-4

Small plane crash, 2 full 48G cylinders I 3 × 10
-6

1 × 10
-3

2 × 10
-6

1 × 10
-4

3 × 10
-7

9 × 10
-5

3 × 10
-7

1 × 10
-5

Conversion to metal
Corroded cylinder spill, dry conditions L 3 × 10

-5
3 × 10

-3
1 × 10

-6
2 × 10

-4
1 × 10

-6
3 × 10

-5
4 × 10

-8
4 × 10

-6

Uranium metal fire U 1 × 10
-9

5 × 10
-7

1 × 10
-9

1 × 10
-5

2 × 10
-10

1 × 10
-14

1 × 10
-9

6 × 10
-7

Vehicle-induced fire, 3 full 48G cylinders EU 8 × 10
-6

3 × 10
-3

7 × 10
-6

3 × 10
-2

1 × 10
-6

2 × 10
-4

1 × 10
-6

3 × 10
-4

Small plane crash, 2 full 48G cylinders I 3 × 10
-6

1 × 10
-3

2 × 10
-6

1 × 10
-4

3 × 10
-7

9 × 10
-5

3 × 10
-7

1 × 10
-5

Cylinder treatment
U3O8 drum spill L 1 × 10

-5
1 × 10

-3
5 × 10

-7
3 × 10

-5
5 × 10

-7
1 × 10

-5
2 × 10

-8
1 × 10

-6

Tornado
e

EU 2 × 10
-4

2 × 10
-2

7 × 10
-6

1 × 10
-3

2 × 10
-4

4 × 10
-3

5 × 10
-6

2 × 10
-4

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (LCFs) times the estimated frequency times 20 years of operations. The
estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one that would result in the highest risks to the general public MEI. Health impacts in that row
represent that accident only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident
would not result in a release of radioactive material.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years

and once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility
operations (10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum risks would
occur under meteorological conditions of F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. 

e
Meteorological conditions analyzed for the tornado were D stability with 20 m/s wind speed.
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TABLE F.10  Number of Persons with Potential for Adverse Effects from Accidents 
under the Conversion Options

a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Conversion to U3O8
Corroded cylinder spill, dry conditions L Yes 240 No 0 Yes 2 No 0
Corroded cylinder spill, wet conditions – rain U Yes 520 Yes 10 Yes 52 No 0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 310 Yes 2,500 Yes

f
0 Yes 3

HF tank rupture I Yes 1,100 Yes 41,000 Yes 770 Yes 18

Conversion to UO2
Corroded cylinder spill, dry conditions L Yes 240 No 0 Yes 2 No 0
Corroded cylinder spill, wet conditions – rain U Yes 520 Yes 10 Yes 52 No 0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 310 Yes 2,500 Yes

f
0 Yes 3

HF tank rupture I Yes 1,100 Yes 41,000 Yes 770 Yes 18

Conversion to metal
Corroded cylinder spill, dry conditions L Yes 240 No 0 Yes 2 No 0
Corroded cylinder spill, wet conditions – rain U Yes 520 Yes 10 Yes 52 No 0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 310 Yes 2,500 Yes

f
0 Yes 3

HF tank rupture I Yes 1,100 Yes 41,000 Yes 770 Yes 18

Cylinder treatment
U3O8 drum spill

g
L No 0 No 0 No 0 No 0

Loss of scrubber water
g

U No 0 No 0 No 0 No 0
Tornado

h
EU Yes 1 No 0 NA

i
NA NA NA

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 20 years of
operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site population) would be affected. Health
impacts in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10-2/yr); unlikely (U), estimated to occur between once in 100 years
and once in 10,000 years of facility operations (10

-2
 – 10

-4
/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility

operations (10
-4

 – 10
-6

/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10
-6

/yr).
d

Maximum and minimum values reflect differences in assumed meteorological conditions at the time of the accident. In general, the maximum risks would occur under
meteorological conditions of F stability with 1 m/s wind speed, whereas the minimum risks would occur under D stability with 4 m/s wind speed.

e
At the MEI location, the determination is either “Yes” or “No” for potential adverse effects to an individual.

f
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the
population risks are 0 because the worker and general public population distributions for the representative sites were used, which did not show receptors at the MEI locations.

g
These accidents would result in the largest plume sizes, although no people would be affected.

h
Meteorological conditions analyzed for the tornado were D stability with 20 m/s wind speed. 

i
NA = not applicable.
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TABLE F.11  Number of Persons with Potential for Irreversible Adverse Effects from Accidents 
under the Conversion Options

a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Conversion to U3O8
Corroded cylinder spill, dry conditions L Yes 5 No 0 No 0 No 0
Corroded cylinder spill, wet conditions – rain U Yes 370 Yes 0 Yes 3 No 0
Corroded cylinder spill, wet conditions – water pool EU Yes 440 Yes

f
0 Yes 4 No 0

Ammonia tank rupture I Yes 420 Yes 1,700 Yes 180 Yes 8

Conversion to UO2
Ammonia stripper overpressure L Yes 40 No 0 No 0 No 0
Corroded cylinder spill, wet conditions – rain U Yes 370 Yes 0 Yes 3 No 0
Corroded cylinder spill, wet conditions – water pool EU Yes 440 Yes

f
0 Yes 4 No 0

Ammonia tank rupture I Yes 420 Yes 1,700 Yes 180 Yes 8

Conversion to metal
Corroded cylinder spill, dry conditions L Yes 5 No 0 No 0 No 0
Corroded cylinder spill, wet conditions – rain U Yes 370 Yes 0 Yes 3 No 0
Corroded cylinder spill, wet conditions – water pool EU Yes 440 Yes

f
0 Yes 4 No 0

Ammonia tank rupture I Yes 420 Yes 1,700 Yes 180 Yes 8

Cylinder treatment
U3O8 drum spill

g
L No 0 No 0 No 0 No 0

Loss of scrubber water
g

U No 0 No 0 No 0 No 0
Tornado

h
EU Yes

f
0 No 0 NA

i
NA NA NA

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 20 years of operations.
The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site population) would be affected. Health impacts
in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10-2/yr); unlikely (U), estimated to occur between once in 100 years and once
in 10,000 years of facility operations (10

-2
 – 10

-4
/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations

(10
-4

 –10 
-6

/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10
-6

/yr).
d

Maximum and minimum values reflect different meteorological conditions at the time of the accident. In general, the maximum risks would occur under meteorological conditions of
F stability with 1 m/s wind speed, whereas the minimum risks would occur under D stability with 4 m/s wind speed. An exception is worker impacts for the ammonia tank rupture, for
which maximum risks would occur under D stability with 4 m/s wind speed.

e
At the MEI location, the determination is either “Yes” or “No” for potential irreversible adverse affects to an individual.

f
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the population risks
are 0 because the worker and general public population distributions for the representative sites were used, which did not show receptors at the MEI locations.

g
These accidents would result in the largest plume sizes, although no people would be affected.

h
Meteorological conditions analyzed for the tornado were D stability with 20 m/s wind speed. 

i
NA = not applicable.
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people with potential for irreversible adverse effects. The tables present the results for the accident
within each frequency category that would affect the largest number of people (total of workers and
off-site population) (Policastro et al. 1997). The numbers of noninvolved workers and members of
the off-site public represent the impacts if the associated accident was assumed to occur. The
accidents listed in Tables F.10 and F.11 are not identical because an accident with the largest impacts
for adverse effects might not lead to the largest impacts for irreversible adverse effects. The impacts
may be summarized as follows:

• If the accidents identified in Tables F.10 and F.11 did occur, the number of
persons in the off-site population with potential for adverse effects would
range from 0 to 41,000 (maximum corresponding to HF tank rupture), and the
number of off-site persons with potential for irreversible adverse effects would
range from 0 to 1,700 (maximum corresponding to ammonia tank rupture). 

• If the accidents identified in Tables F.10 and F.11 were to occur, the number
of noninvolved workers with potential for adverse effects would range from
0 to 1,100 (maximum corresponding to HF tank rupture), and the number of
noninvolved workers with potential for irreversible adverse effects would
range from 0 to 440 (maximum corresponding to corroded cylinder spill, wet
conditions — water pool). 

• The largest impacts would be caused by HF tank rupture; corroded cylinder
spill, wet conditions – rain; ammonia tank rupture; and vehicle-induced fire
involving three full 48G cylinders. Accidents involving stack emissions would
have very small impacts compared with accidents involving releases at ground
level due to the large dilution (and lower source terms due to filtration and
deposition) involved with the stack emissions.

• The bounding accidents for the conversion options (conversion to U3O8, UO2,
and metal) would have nearly identical impacts.

• For the most severe accidents in each frequency category, the noninvolved
worker MEI and the public MEI would have the potential for both adverse
effects and irreversible adverse effects. The likely accidents for each
conversion option (frequency of more than one chance in 100 per year) would
result in no potential adverse or irreversible adverse effects for the general
public. The generally reduced impacts to the public MEI compared with the
noninvolved worker MEI are related to dispersion of the chemical release with
downwind distance (except for UF6 cylinder fire with plume rise).

• The maximum risk was computed as the product of the consequence (number
of people) times the frequency of occurrence (per year) times the number of
years of operations (20 years, 2009 through 2028). The results indicate that the
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maximum risk values would be less than 1 for all accidents except the
following:

- Potential Adverse Effects:

Corroded cylinder spill, dry conditions (L, likely): Workers
Corroded cylinder spill, wet conditions – rain (U, unlikely): Workers

- Potential Irreversible Adverse Effects:

Corroded cylinder spill, dry conditions (L, likely): Workers
Ammonia stripper overpressure (L, likely): Workers
Corroded cylinder spill, wet conditions – rain (U, unlikely): Workers

These risk values are conservative because the numbers of people affected
were based on assuming (1) meteorological conditions that would result in the
maximum reasonably foreseeable plume size (i.e., F stability and 1 m/s wind
speed) and (2) wind in the direction that would lead to maximum numbers of
individuals exposed for noninvolved workers or for the general population.

To aid in the interpretation of accident analysis results, the number of fatalities potentially
associated with the estimated irreversible adverse effects was calculated. For the worker and general
public accidents involving UF6 releases shown in Table F.10, exposure to HF and uranium
compounds could be high enough to result in death for 1% or less of the persons experiencing
irreversible adverse effects (Policastro et al. 1997). Thus, for the corroded cylinder spill accidents
having a range of 0 to 440 irreversible adverse effects for noninvolved workers, approximately
0 to 4 worker deaths would be expected; no deaths would be expected for members of the general
public from such accidents. For the ammonia tank rupture accident caused by an earthquake,
exposure to ammonia would result in death for about 2% of the persons experiencing irreversible
adverse effects. This would correspond to about 4 to 8 deaths among noninvolved workers and 0 to
34 deaths for the general public. These are the maximum potential consequences of the accidents;
the upper ends of the ranges result from assuming worst-case weather conditions, with the wind
blowing in the direction where the highest number of people would be exposed. 

F.3.2.3  Physical Hazards

The risk of on-the-job fatalities and injuries to all conversion facility workers was
calculated using industry-specific statistics from the U.S. Bureau of Labor Statistics, as reported by
the National Safety Council (1995). Annual fatality and injury rates for construction and
manufacturing, respectively, were used for the construction and operational phases of the conversion
facility lifetime.
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No on-the-job fatalities are predicted for any of the options analyzed, but a range of about
300 to 500 injuries is predicted during the conversion facility lifetimes. Overall, the largest impacts
are predicted for conversion to UO2 through gelation and for conversion to metal through batch
reduction because these options require larger numbers of employees. All other conversion options
would result in similar impacts; fewer impacts are predicted for the cylinder treatment facility (i.e.,
approximately 170 injuries).

Because the conversion technologies analyzed for conversion of U3O8 would employ almost
the same number of workers, there are essentially no differences between them. There would be a
probability of about 0.35 of an on-the-job fatality (sum of 0.18 for the construction phase and 0.17
for the operations phase) for the U3O8 conversion options (Table F.12). The predicted injury
incidence would be about 285 injuries over the lifetime of the facility.

The predicted probability of worker fatalities for conversion to UO2 ranges from 0.4 to 0.59
(Table F.12). The predicted injury incidence ranges from about 320 to 492 injuries over the lifetime
of the UO2 conversion facility. The upper ends of the ranges result from the larger number of
workers required for operation of the gelation facility. 

The predicted probability of worker fatalities for conversion to metal ranges from about 0.4
to 0.55 (Table F.12). The predicted injury incidence ranges from about 300 to 490 injuries over the
lifetime of the metal conversion facility. The upper ends of the ranges result from the larger number
of workers required for operation of the batch reduction facility. 

For the cylinder treatment facility option, the probability of an on-the-job fatality is about
0.19 (sum of 0.08 for the construction phase and 0.11 for the operations phase) (Table F.12). The
estimated injury incidence would be about 170 over the lifetime of the facility.

F.3.3  Air Quality

Additional details regarding the analysis of air quality impacts for the conversion option
are presented in Tschanz (1997).

F.3.3.1  Construction

The annual emissions of sulfur dioxide (SO2), nitrogen dioxide (NO2), hydrocarbons (HC),
carbon monoxide (CO), and particulate matter (PM10) expected during conversion plant construction
are listed in Table F.13. The estimated 1-hour maximum pollutant concentrations at the facility
boundary during construction are shown in Table F.14. Additional estimates were made for the
conversion technology that had the highest estimated 1-hour maximum pollutant concentrations (i.e.,
gelation); these estimated concentrations are given in Table F.15). Although all of these pollutant
concentrations would be much higher than those for plant operations, they remain below
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TABLE F.12  Potential Impacts to Human Health from Physical
Hazards under Accident Conditions for the Conversion Options

a

Impacts to Conversion Facility Workers
b

Incidence of Fatalities Incidence of Injuries

Option Construction Operations Construction Operations

Conversion to U3O8 0.18 0.16–0.17 66 215–219

Conversion to UO2 0.22–0.30 0.18–0.29 79–108 243–384

Conversion to metal 0.22–0.25 0.17–0.30 79–92 222–395

Cylinder treatment 0.08 0.11 30 140

a
Impacts are reported as ranges, which result from variations in the employment
requirements for the different conversion technologies for each option. 

b
Potential hazards were estimated for all conversion facility workers.

Source: Injury and fatality rates used in calculations taken from National Safety Council
(1995).

TABLE F.13  Emissions to the Atmosphere from Construction of a
Depleted UF6 Conversion Plant during the Peak Year

Emissions to Atmosphere (tons/yr)

Option SO2 NO2 HC CO PM10

Conversion to U3O8 2 28 8 190 40–50

Conversion to UO2 2–3 30–46 8–13 200–320 50–60

Conversion to metal 2–3 30–40 8–12 200–270 50–60

Source: LLNL (1997).

ambient air quality standards. One possible exception is PM10, for which concentrations were
estimated to be 90% of the 24-hour standard of 150 µg/m3. Some fugitive dust control measures
would be necessary to mitigate this potentially high concentration. Construction of the conversion
plant in a region of already high, even if compliant, ambient pollutant concentrations might require
consideration of changes and/or controls for the emission of the other pollutants as well.

Estimated emissions from the cylinder treatment facility for all aspects of construction and
operations are of the same order of magnitude (generally about 0.4 to 0.7 times as large) as those
associated with the baseline cylinder transfer facility (see Appendix E), and the cylinder treatment
facility area would be about half as large as the baseline cylinder transfer facility area. Except for the
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TABLE F.14  Maximum 1-Hour Average Pollutant Concentrations at the Nearest
Point on the Facility Boundary from Construction of a Conversion Facility

a

Pollutant (µg/m
3
)

Option SO2 NO2 HC CO PM10

Conversion to U3O8 26 360 100 2,400 520

Conversion to UO2 25–37 380–570 100–160 2,400–3,900 620–740

Conversion to metal 25–36 360–480 100–140 2,500–3,200 610–720

a
The ranges shown for some pollutants include results from the various technologies used for
the conversion option and the differences in representative sites used for analysis. 

TABLE F.15  Maximum Air Quality Impacts from Conversion Facility Construction
a

Estimated Pollutant Emissions
b

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Concen- Concen- Concen- Concen-
tration

c
Fraction of tration

c
Fraction of tration

c
Fraction of tration

c
Fraction of

Pollutant (µg/m
3
) Standard

d
(µg/m

3
) Standard

d
(µg/m

3
) Standard

d
(µg/m

3
) Standard

d

CO 3,810 0.1 3,100 0.30 – – – –

NOx – – – – – – 16 0.17

SO2 – – – – 5.8 0.02 0.9 0.01

PM10 – – – – 136 0.90 21 0.42

a
Estimated pollutant emissions are given for the conversion to UO2 gelation option, which would have the
highest emissions.

b
Values are listed only for pollutant/averaging time period combinations that have applicable air quality
standards. 

c
Concentrations are the second highest values estimated for one entire year. Short-term standards are not to be
exceeded more than once per year. 

d
Ratio of the concentration to the respective air quality standard. A ratio of less than 1 indicates that the
standard would not be exceeded.
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1-hour average results, the analytical results shown in Table F.16 for the cylinder treatment facility
are about 0.2 to 0.4 times as large as those shown in Appendix E, Tables E.9-E.11, for the cylinder
transfer facility. The 1-hour average impacts of construction of a cylinder treatment facility would
be essentially the same as those for cylinder transfer facility construction.

F.3.3.2  Operations

Hourly emission rates during operations were determined from annual emission rates given
in the engineering analysis report (LLNL 1997); these rates are shown in Table F.17. The methods
used to analyze the impacts of pollutant emissions are described in Appendix C. All air pollutant
concentrations during operations would be well below applicable ambient air quality standards for
all conversion options. The maximum ground-level atmospheric concentrations at the representative
facility boundaries from the boiler stack's emissions are listed in Tables F.18 through F.20. At the
upper ends of the ranges, the nearest any of the criteria pollutant concentrations would come to a
corresponding air quality standard is the annual nitrogen oxides (NOx) concentration, which would
be between 0.0007 and 0.002 of the annual NOx standard.

Maximum air quality impacts from the process stacks are also listed in Tables F.18 through
F.20. State HF standards in Tennessee and Kentucky have been used for comparative purposes. The
estimated 24-hour maximum HF concentrations at representative facility boundaries for the
conversion to U3O8 with anhydrous HF are about 2% of the respective state standards. The batch
conversion to uranium metal is the only case for which NO2 would be emitted from the process
stack, and the NO2 emission rate from the process stack in that case would be about eight times
larger than from the boiler stack. Nevertheless, the estimated maximum annual NO2 concentrations
at the representative facility boundaries are less than 1% of the respective state standards.

TABLE F.16  Air Quality Impacts from Construction of the Cylinder Treatment Facility

Estimated Pollutant Emissions

1-Hour Average 8-Hour Average 24-Hour Average Annual Average

Range
a

Fraction of Range
a

Fraction of Range
a

Fraction of Range
a

Fraction of
Pollutant (µg/m

3
) Standard

b
(µg/m

3
) Standard

b
(µg/m

3
) Standard

b
(µg/m

3
) Standard

b

CO 1,800 – 3,500 0.088 310 – 450 0.045 120 – 180 – 7.2 – 13 –

NOx 280 – 520 – 47 – 69 – 19 – 27 – 1.1 – 2.0 0.02

PM10 390 – 720 – 65 – 95 – 26 – 37 0.25 1.5 – 2.6 0.052

a
Concentrations are the second highest values estimated for one entire year. Short-term standards are not to be exceeded more than once
per year.

b
Ratio of the upper end of the concentration range to the respective air quality standard. A ratio of less than 1 indicates that the standard is
not exceeded. Pollutant/averaging time period combinations for which no air quality standard exists are noted with a dash (–).
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TABLE F.17  Emissions to the Atmosphere from Operation of a Depleted UF6 
Conversion Plant

Emissions to Atmosphere (lb/yr)

Uranium 
Option/Source SO2 NO2 HC CO PM10 HF Compounds

Conversion to U3O8
Boiler stack 60–80 8,300–10,000 180–200 4,100–5,000 310–400 – –
Process stack – – – – – 300–900 3.3 U3O8
Generator stack 60 400 400 2,300 80 – –

Conversion to UO2
Boiler stack 23–820 3,800–110,000 170–2,300 800–55,000 290–4,100 – –
Process stack – – – – – 300–900 2.5–12 UO2
Generator stack 54–80 400–720 400–690 2,300–3,700 20–140 – –

Conversion to metal
Boiler stack 60–100 8,200–14,000 170–290 4,000–6,700 300–500 – –
Process stack – 117,000 – – – 300 1.2–9.6 U3O8;

3.8 UF4
Generator stack 54–60 460–600 410–490 2,700–3,600 90–120 – –

Source: LLNL (1997).

Each emergency generator would operate for 300 hours or less during 1 year. When it was
operating, however, an emergency generator would produce higher concentrations of criteria
pollutants at the facility boundaries than would the boiler. The estimated pollutant concentrations
from the generator are listed in Tables F.18 through F.20. Compared with the air quality standards,
the estimated concentrations are no more than 5% of allowed values. 

The boiler stack parameters are identical for the cylinder treatment facility and the baseline
cylinder transfer facility (see Appendix E). Given the similarities in the input data, the results of the
air quality analyses for the two facilities should be expected to be comparable. Although not
presented explicitly here, the same can be said of the impacts for operations. In summary, all of the
criteria pollutant impacts of the cylinder treatment facility would not differ substantially from those
of the cylinder transfer facility; all of the impacts not explicitly noted here are considered to be
negligible. The only pollutant of concern emitted by the cylinder treatment facility process stack
would be HF, and it, too, would be comparable for the two facilities. The cylinder treatment facility
process stack would produce maximum annual average HF concentrations of 1.6 × 10-6 µg/m3. This
concentration is several orders of magnitude smaller than any applicable HF air quality standard.

No quantitative estimate was made of the impacts on the criterion pollutant ozone. Ozone
formation is a regional issue that would be affected by emissions data for the entire area around a
proposed conversion site. The pollutants most related to ozone formation that would result from the
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TABLE F.18  Air Quality Impacts from Operations for Conversion to U3O8

Estimated Pollutant Emissions
a

1-Hour Average 8-Hour Average 24-Hour Average Annual Average
Option/
Stack/

Pollutant
Range

b

(µg/m
3
)

Fraction of
Standard

c
Range

b

(µg/m
3
)

Fraction of
Standard

c
Range

b

(µg/m
3
)

Fraction of
Standard

c
Range

b

(µg/m
3
)

Fraction of
Standard

c

Conversion to U3O8 
with Anhydrous HF

Boiler stack
CO 0.92 – 1.01 3 × 10

-5
0.37 – 0.63 6 × 10

-5
– – – –

NOx – – – – – – 0.054 –
0.090

0.0009

Generator stack
CO 320 – 440 0.011 64 – 270 0.027 – –          Not calculated  
NOx – – – – – –          Not calculated  

Process stack
HF – – – – 0.025 – 0.069 0.02 0.0040 –

0.0073
2 × 10

-5

U3O8 – – – – – – 1.4 × 10
-5

 –
2.6 × 10

-5
NS

d

Conversion to U3O8 
with HF Neutralization

Boiler stack
CO 0.81 – 0.89 2 × 10

-5
0.31 – 0.57 6 × 10

-5
– – – –

NOx – – – – – – 0.046 –
0.077

0.0008

Generator stack
CO 320 – 440 0.011 64 – 270 0.027 – –          Not calculated  
NOx – – – – – –          Not calculated  

Process stack
HF – – – – 0.0091 –

0.022
0.006 0.0012 –

0.0023
6 × 10

-6

U3O8 – – – – – – 0.000013 –
0.000026

NS

a
Values are listed only for pollutant/averaging time period combinations with air quality standards. 

b
Concentrations are the second highest values estimated for one entire year. Short-term standards are not to be exceeded more than once per year.

c
Ratio of the upper end of the concentration range to the respective air quality standard. A ratio of less than 1 indicates that the standard is not
exceeded.

d
NS = No annual average air quality standard is available for U3O8.
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TABLE F.19  Air Quality Impacts from Operations for Conversion to UO2

Estimated Pollutant Emissions
a

1-Hour Average 8-Hour Average 24-Hour Average Annual Average
Option/
Stack/

Pollutant
Range

b

(µg/m
3
)

Fraction of
Standard

c
Range

b

(µg/m
3
)

Fraction of
Standard

c
Range

b

(µg/m
3
)

Fraction of
Standard

c
Range

b

(µg/m
3
)

Fraction of
Standard

c

Conversion to UO2 
with Anhydrous HF

Boiler stack
CO 0.77 – 0.82 2 × 10

-5
0.31 – 0.51 5 × 10

-5
– – – –

NOx – – – – – – 0.045 – 0.079 0.0008

Generator stack
CO 550 – 690 0.017 120 – 440 0.044 – –          Not calculated  
NOx – – – – – –          Not calculated  

Process stack
HF – – – – 0.020 – 0.052 0.015 0.0030 – 0.0064 2 × 10

-5

U3O8 – – – – – – 4 × 10
-5 –

8.5 × 10
-5

NS
d

Conversion to UO2 
with HF Neutralization

Boiler stack
CO 0.71 – 0.77 2 × 10

-5
0.28 – 0.47 5 × 10

-5
– – – –

NOx – – – – – – 0.041 – 0.070 0.0007

Generator stack
CO 550 – 690 0.017 120 – 440 0.044 – –          Not calculated  
NOx – – – – – –          Not calculated  

Process stack
HF – – – – 0.0067 –

0.017
0.005 0.00099 – 0.0021 5 × 10

-6

U3O8 – – – – – – 4.0 × 10
-5 –

8.4 × 10
-5

NS
d

Conversion to UO2 
with Gelation Process

Boiler stack
CO 1.7 – 1.8 5 × 10

-5
0.71 – 1.3 1 × 10

-4
– – – –

NOx – – – – – – 0.058 – 0.17 0.002

Generator stack
CO NA

e
NA NA NA NA NA NA NA

NOx NA NA NA NA NA NA NA NA

Process stack
HF – – – – 0.016 – 0.029 0.01 0.0022 – 0.0040 1 × 10

-5

U3O8 – – – – – – 1.0 × 10
-5

 –
1.7 × 10

-5
NS

d

a
Values are listed only for pollutant/averaging time period combinations with air quality standards. 

b
Concentrations are the second highest values estimated for one entire year. Short-term standards are not to be exceeded more than once per year.

c
Ratio of the upper end of the concentration range to the respective air quality standard. A ratio of less than 1 indicates that the standard is not
exceeded.

d
NS = No annual average air quality standard is available for U3O8.

e
NA = Data not available.
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TABLE F.20  Air Quality Impacts from Operations for Conversion to Uranium Metal

Estimated Pollutant Emissions
a

1-Hour Average 8-Hour Average 24-Hour Average Annual Average
Option/
Stack/

Pollutant
Range

b

(µg/m
3
)

Fraction of
Standard

c
Range

b

(µg/m
3
)

Fraction of
Standard

c
Range

b

(µg/m
3
)

Fraction of
Standard

c
Range

b

(µg/m
3
)

Fraction of
Standard

c

Batch Process

Boiler stack
CO 0.88 – 0.90 2 × 10

-5
0.35 – 0.56 6 × 10

-5
– – – –

NOx – – – – – – 0.049 – 0.101 0.0010

Generator stack
CO 580 – 720 0.018 120 – 460 0.046 – –          Not calculated  
NOx – – – – – –          Not calculated  

Process stack
HF – – – – 0.0061 – 0.0125 0.004 0.00083 –

0.0019
5 × 10

-6

UF4 – – – – – – 1.0 × 10
-5  –

2.4 × 10
-5

NS
d

U3O8 – – – – – – 2.6 × 10
-5  –

6.1 × 10
-5

NS 

NO2 – – – – – – 0.32 – 0.74 0.007

Continuous Process

Boiler stack
CO 0.71 – 0.77 2 × 10

-5
0.28 – 0.47 5 × 10

-5
– – – –

NOx – – – – – – 0.042 – 0.072 0.0007

Generator stack
CO 550 – 690 0.017 120 – 440 0.044 – –          Not calculated  
NOx – – – – – –          Not calculated  

Process stack
HF – – – – 0.0068 – 0.0172 0.005 0.0010 –

0.0021
5 × 10

-6

UF4 – – – – – – 1.3 × 10
-5  –

2.7 × 10
-5

NS

U3O8 – – – – – – 4.1 × 10
-5  –

8.6 × 10
-5

NS

a
Values are listed only for pollutant/averaging time period combinations with air quality standards. 

b
Concentrations are the second highest values estimated for one entire year. Short-term standards are not to be exceeded more than once per year.

c
Ratio of the upper end of the concentration range to the respective air quality standard. A ratio of less than 1 indicates that the standard is not
exceeded.

d
NS = No annual average air quality standard is available for this pollutant.
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conversion of depleted UF6 are HC and NOx. In later Phase II studies, when specific technologies
and sites would be selected, the potential effects on ozone of these pollutants at a proposed site could
be put in perspective by comparing them with the total emissions of HC and NOx in the surrounding
area. Small additional contributions to the totals would be unlikely to alter the ozone attainment
status of the region. 

F.3.4  Water and Soil

This section discusses impacts of the conversion options on surface water, groundwater,
and soils. The impacts are evaluated over a range of conditions present at the representative sites and
are also relevant for a similarly sized generic site located in the vicinity of a river that could be used
to supply water for construction and normal operations and to receive liquid waste discharges. The
major conversion option parameters are summarized in Table F.21.

F.3.4.1  Surface Water

The methodology used to determine potential impacts to surface water for each conversion
technology is described in Appendix C and Tomasko (1997).

F.3.4.1.1 Conversion to U3O8

Construction.  Construction of a U3O8 conversion facility would produce increased runoff
to nearby surface waters because of replacing soil and vegetation with either buildings or paved
areas, approximately 13 acres (5.3 ha) (LLNL 1997). The amount of increased runoff would be
negligible compared with the assumed existing area for runoff (0.3 to 0.8% of the representative site
areas). None of the construction activities would measurably affect floodplains.

Table F.21 shows the quantity of water that would be used during construction of the U3O8

conversion facility (about 8 million gal/yr). This water would be withdrawn from nearby rivers or
pumped from underlying aquifers. If the rate of water consumption were constant, the average rate
of withdrawal would be about 15 gpm. This rate of withdrawal would be negligible compared to
average flows in the adjacent rivers (less than 0.0001%). If the water were obtained from aquifers,
there would be no impacts to the surface waters. Construction impacts would, therefore, range from
none to negligible. 

For construction, the net volume of water disposed of would be about 4 million gal/yr
(7.6 gpm) (Table F.21). The primary contaminants of concern would be construction chemicals,
organics, and some suspended solids. The wastewater would be discharged to nearby surface waters
under a National Pollutant Discharge Elimination System (NPDES) permit, or to an appropriate
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TABLE F.21  Summary of Conversion Option Parameters Affecting Water Quality 
and Soil

a

Disturbed Operations Construction Operations
Land Area Area Water Water

Option (acres) (acres) (million gal/yr) (million gal/yr)

Conversion to
U3O8

20 13 Raw = 8
Waste = 4

Raw = 34 – 47
Waste = 15 – 23
Sanitary = 1.2

Conversion to UO2 22 – 31 14 – 20 Raw = 4 – 12
Waste = 5 – 6

Raw = 41 – 285
Waste = 9.7 – 135
Sanitary = 0.7 – 2.3

Conversion to metal 23 – 26 15 – 16 Raw = 10 – 12
Waste = 5 – 6

Raw = 55
Waste = 25 – 26
Sanitary = 1.4 – 2.3

Option
Accident
Scenario

Radioactive
Release to
Surface
Water

a

(Ci/yr)

Radioactive
Effluent

Concentration
b

(pCi/L)
Dilution
Factor

c

Surface Water
Concentration

(pCi/L)

Conversion to U3O8 HF pipeline break 0.001 12 – 17 47,000 –
    4,200,000

4.1 × 10
-6 –

    2.6 × 10
-4

Conversion to UO2 HF pipeline break 0.002 –
0.003

6 – 21 42,000 –
   500,000

1.2 × 10
-5 –

    5.0 × 10
-4

Conversion to metal HF pipeline break 0.001 –
0.002

10 – 21 42,000 –
    2,600,000

4.0 × 10
-6 –

    4.9 × 10
-4

a
Data from engineering analysis report (LLNL 1997).

b
Concentration derived from estimated annual radioactive release and annual wastewater discharge.

c
Dilution factor based on average flow conditions in receiving rivers.

wastewater sewer. By following good engineering practices (e.g., stockpiling materials away from
surface water drainages, covering construction piles with tarps to prevent erosion by precipitation,
and cleaning up small chemical spills as soon as they occur), concentrations in the wastewater would
be small (well below any drinking water criteria). 

Once in the surface water, mixing and dilution of the pollutants would occur. This dilution
would be greater than 270,000:1 for average flow conditions in nearby rivers. This amount of
dilution would reduce any contamination present to concentrations well below regulatory standards.
Because the concentration of contamination in the water would be very low, impacts to sediment in
the streams would also be negligible. 
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Operations.  For normal operations, no impacts would occur to surface runoff, and there
would be no measurable impacts on floodplains (effluent discharges to surface waters less than
0.001% of the average flows). As indicated in Table F.21, normal operation of the U3O8 conversion
facility would require at most 47 million gal/yr (approximately 89 gpm) of raw water. If this water
were obtained from nearby rivers, impacts would be negligible, less than 0.004% of the average
flows. If the raw water were obtained from wells, there would be no impacts to surface waters.

A maximum of 23 million gal/yr of wastewater would be generated during operations,
including cooling tower blowdown, process water, and industrial waste water. Another 1.2 million
gal/yr of sanitary wastewater would be produced (Table F.21). For constant rates of discharge, about
44 gpm of wastewater and 2.3 gpm of sanitary water would be released to the environment at
approved NPDES locations.

The primary contaminants of concern for the wastewater would be uranium and chemicals
used to inhibit rust, reduce friction, and enhance heat exchange (e.g., copolymers, phosphates,
phosphonates, calcium, magnesium, nitrates, sodium, and potassium). As discussed in the engi-
neering analysis report (LLNL 1997), approximately 0.001 Ci/yr of uranium with an activity of
4 × 10-7 Ci/g would be released in the discharge water. For a waste volume of 23 million gal/yr
(Table F.21), the uranium concentration in the effluent would be about 30 µg/L. After dilution in
nearby surface water, the concentration would be much less than the proposed U.S. Environmental
Protection Agency (EPA) drinking water standard for uranium of 20 µg/L, used here for comparison.
Concentrations of the other chemicals released would also be expected to be very low and within the
guidelines of an NPDES permit.

Accident Scenarios. Most of the accidents analyzed would involve outdoor releases on
impermeable concrete pads in the cylinder yards; such releases could be cleaned up with little loss
of the contaminated material to the soil. The only postulated accident that would release
contaminated water to the environment is an HF pipeline break produced by an earthquake
(Table F.21). Anhydrous HF would be pumped from the process building to the HF storage building
through an underground pipeline that would carry liquid HF at a rate of 10 gpm (0.63 L/s) through
200 ft (61 m) of 1-in. (2.5-cm) pipe. For this accident scenario, 100% of the HF would drain into the
ground at a point 3 ft (0.91 m) below grade during a 10-minute period. Approximately 500 lb
(227 kg) of liquid HF (60 gal [227 L]) would be released. After 48 hours, the contaminated soil was
assumed to be removed. Because of the rapid response to the accident, the HF would have little time
to travel into the soil. For a silty sand, the travel distance would be about 2 ft (6.1 m) (Tomasko
1997). Removal of the contaminated soil and soil water would prevent any contamination problems
to the groundwater and would prevent any cross contamination with surface waters. Therefore, there
would be no net impact from this accident. Because this accident scenario would not affect surface
runoff or existing floodplains, impacts to these parameters would also be nonexistent.
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F.3.4.1.2  Conversion to UO2

The environmental parameters associated with the UO2 conversion alternatives are similar
to those for U3O8 conversion (Table F.21), except for raw water use, which would be about five
times larger for normal operations. If water were withdrawn from a nearby river, impacts would be
negligible and would be less than 0.03% of the average flows. If it were withdrawn from wells, there
would be no surface water impacts. Because of this option’s similarities to the U3O8 conversion
option, impacts to surface water produced by UO2 conversion would be essentially the same as those
for U3O8 conversion (i.e., none to negligible).

As was the case for the conversion to U3O8 option, discharge waters would receive from
0.002 to 0.003 Ci/yr. For the water discharges listed in Table F.21, the equivalent concentrations
would range from 6 to 76 pCi/L (30 to 400 µg/L). After dilution in nearby surface waters,
concentrations would be much less than the EPA proposed drinking water standard for uranium, used
here for comparison. 

F.3.4.1.3  Conversion to Metal 

The environmental parameters associated with conversion to metal are very similar to those
for U3O8 conversion (Table F.21); however, raw water usage for construction and normal operation
would be about 50% higher. If the construction water was obtained from a nearby river, the rate of
withdrawal would be negligible compared to average flows (less than 0.001%). For normal
operations, the increased rate of withdrawal would produce an impact less than 0.005% of the
average flows. If the construction water and water for normal operations were obtained from wells,
there would be no impacts on surface water. 

As was the case for the conversion to U3O8 and UO2 options, discharge waters would
receive either 0.001 or 0.002 Ci/yr. For the water discharges listed in Table F.21, the equivalent
concentrations would range from 25 to 53 µg/L. After dilution in nearby surface waters, the
concentrations would be much less than the EPA proposed drinking water standard for uranium, used
here for comparison. 

F.3.4.1.4  Cylinder Treatment

Construction and operation of the cylinder treatment facility would use less land and water
and produce less wastewater than the construction and operation of conversion facilities, as shown
in Table F.22. Thus, potential impacts would be smaller. There are no postulated accidents that
would directly release contaminants to surface water (LLNL 1997). 
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TABLE F.22  Summary of Environmental Parameters 
for the Cylinder Treatment Facility

Parameter Unit Construction Operations Accidents

Land area acres 8.7 – None

Disturbed land acres 4.5 – None

Water million gal/yr 3.6 3.4 None |

Wastewater
a

million gal/yr 1.3 2.3 None |

a
Includes sanitary wastewater, cooling tower blowdown, industrial water,
and process water.

F.3.4.2  Groundwater

The methodology for assessing impacts to groundwater for each conversion technology is
described in detail in Appendix C and Tomasko (1997). 

F.3.4.2.1  Conversion to U3O8

Potential impacts to groundwater could occur during construction, normal operations, and
postulated accident scenarios. These impacts include the following: changes in effective recharge
to underlying aquifers; changes in the depth to groundwater; changes in the direction of groundwater
flow; and changes in groundwater quality.

If construction water were supplied from underlying aquifers, approximately 15 gpm would
be withdrawn. This withdrawal represents a maximum 0.1% increase in extraction over that at repre-
sentative facilities and would produce a negligible impact on the groundwater system. If the
construction water were obtained from surface water, there would be no groundwater impacts.
Groundwater quality could also be impacted by construction activities. For example, exposed
chemicals could be mobilized by precipitation and infiltrate the surficial aquifers. By following good
engineering and construction practices (e.g., covering chemicals to prevent interaction with rainfall,
promptly cleaning up any chemical spills, and providing retention basins to catch and hold any
contaminated runoff), groundwater concentrations would be less than the EPA guidelines. 

Normal operations of the conversion facility would require about 65 gpm of raw water
(Table F.21). If pumped from wells in the surficial aquifers, the impact would be negligible (0.5%
increase in extraction). If withdrawn from nearby surface water, there would be no impact on
groundwater. Because discharges to groundwater are not planned for normal operations, there would
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be no direct impacts to groundwater quality. Potential impacts could be derived from interaction with
surface water; however, because impacts to surface water are negligible, impacts to groundwater via
a surface water pathway would be even less.

As discussed in Section F.3.4.1.1, only one accident scenario, the HF pipeline break, would
potentially release contaminants to the groundwater (Table F.21). Because of rapid mitigation and
the small volume of HF in the release, this scenario would have a negligible impact on groundwater
quality and would not affect recharge, depth to groundwater, or direction of flow. 

F.3.4.2.2  Conversion to UO2

The environmental parameters associated with the UO2 conversion alternatives are very
similar to those for U3O8 conversion (Table F.21), except for raw water use during normal operations
(about five times larger). If water were obtained from underlying aquifers, pumping would represent
an increase of about 5% of the current groundwater use. These impacts would be negligible.

F.3.4.2.3  Conversion to Metal

The environmental parameters associated with the metal conversion alternatives are very
similar to those for U3O8 conversion (Table F.21), except for a 50% increase in raw water use during
construction and normal operations. If the water for construction and normal operations was obtained
from underlying aquifers, pumping would increase by 0.15% above current usage during
construction, and by 0.8% of the current use for normal operations. These impacts would be
negligible. If the water needed for construction and operations was obtained from surface water,
there would be no impacts to groundwater. 

During construction, groundwater concentrations would be kept below EPA guidelines
(EPA 1996) by following good engineering practices. During normal operations, there would be no
impacts to groundwater quality because direct discharges to groundwater are not planned. 

F.3.4.2.4  Cylinder Treatment Facility

For the cylinder treatment facility, there would be no direct impacts to groundwater during
normal operations because groundwater would not be used to supply the water required (Table F.22)
and there would be no discharges of wastewater to the ground. Impacts to groundwater during
construction of the cylinder treatment facility include changes in effective recharge, changes in the
depth to the water table, changes in the direction of groundwater flow, and changes in quality. 

Construction of the cylinder treatment facility would decrease the permeability of about
4.5 acres (1.8 ha) of land because of paving and building. This loss of permeable land would reduce
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recharge, increase the depth to the water table, and change the direction of groundwater flow;
however, because the area affected would be small (about 0.1 to 0.3% of the land area available),
these impacts would be negligible and limited to small, local regions in the immediate vicinity of
the paved lots and building footprints. 

During construction, groundwater quality would also be impacted. For example, stockpiled
chemicals could be mobilized by precipitation and infiltrate the surficial aquifers. By following good
engineering and construction practices (e.g., covering chemicals to prevent interaction with rain,
promptly cleaning up any chemical spills, and providing retention basins to catch and hold any
contaminated runoff), groundwater concentrations would be less than the EPA guidelines. 

F.3.4.3  Soil

The methodology for estimating potential impacts to soil is described in detail in
Appendix C and Tomasko (1997). 

F.3.4.3.1  Conversion to U3O8

Potential impacts to soil could occur during construction, normal operations, and postulated
accident scenarios. These impacts include changes in topography, permeability, quality, and erosion
potential. The impacts are evaluated over a range of conditions present at the representative sites and
are also applicable for a similarly sized generic site located in the vicinity of a major river. 

Paving and construction would alter about 13 acres (5.3 ha) and potentially disturb up to
20 acres (8.1 ha) (LLNL 1997). Soil beneath the buildings and paved areas may be altered
permanently. Although the alteration of these lands might be permanent, the net impact would be
negligible in comparison to the representative land areas involved (ranging from 0.3 to 0.8% of the
land area available). A larger range of values is associated with the potential land area disturbed
(ranging from 0.5 to 1.2% of the land area available). These impacts could include increased
permeability, modification of the local topography, changes in the soil chemistry, and increases in
the potential for soil erosion. These impacts would, however, be insignificant on a sitewide scale.
In addition, impacts to these areas would be mitigated with time (e.g., disturbed soil would be
regraded to natural contours and seeded with natural vegetation, thereby returning the soils to their
original condition). 

By following good engineering practices (e.g., disturbing as little soil as possible,
contouring and reseeding disturbed lands, scheduling construction activities to minimize land
disturbance, controlling runoff, using tarps to prevent chemical/precipitation interactions, and
cleaning up any spills as soon as they occurred), negligible impacts to soils should occur. 
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Because normal operations would not affect soil, there would be no soil impacts. The only
accident identified that could potentially impact the soil is an HF pipeline rupture (Table F.21),
discussed in Section F.3.4.1.1. Because of rapid mitigation (any contaminated soil would be cleaned
up within 48 hours of the rupture) and the small release volume (60 gal of HF), impacts to the soil
would be negligible.

F.3.4.3.2  Conversion to UO2

The environmental parameters associated with the UO2 conversion alternatives are very
similar to those for U3O8 conversion (Table F.21). Because of these similarities, impacts to soil for
UO2 conversion would be negligible.

F.3.4.3.3  Conversion to Metal

The environmental parameters associated with the metal conversion alternatives are very
similar to those for U3O8 conversion (Table F.21). Because of these similarities, impacts to soils
would be essentially the same as those previously presented, i.e., none to negligible. 

F.3.4.3.4  Cylinder Treatment Facility

For the cylinder treatment facility, the only impacts would occur during construction. There
would be no discharges to the ground under normal operations, and there are no accidents identified
in LLNL (1997) that would lead to direct contamination of the soil. Impacts from construction would
include changes in topography, permeability, quality, and erosion potential. By following good
engineering and construction practices (e.g., covering chemicals with tarps, cleaning up chemical
spills as soon as they occur, and providing retention basins to catch and hold any contaminated
surface runoff), impacts to soil quality would be negligible.

F.3.5  Socioeconomics

The impact of each conversion option on socioeconomic activity was estimated for a region
of influence (ROI) at the three representative sites. The assessment methodology is discussed in
Appendix C and Allison and Folga (1997). 

Each of the conversion options is likely to have a small impact on socioeconomic
conditions in the ROIs surrounding the three representative sites described in Chapter 3,
Sections 3.1.8, 3.2.8, and 3.3.8. This is largely because a major proportion of the expenditures
associated with procurement for the construction and operation of each technology option flows
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outside the ROI to other locations in the United States, reducing the concentration of local economic
effects of each conversion option.

Slight changes in employment and income would occur in each ROI as a result of local
spending of personal consumption expenditures derived from employee wages and salaries, local
procurement of goods and services required to construct and operate each conversion option, and
other local investment associated with construction and operation. In addition to creating new
(direct) jobs at each site, each conversion option would also create indirect employment and income
in the ROI as a result of jobs and procurement expenditures at each site. Jobs and income created
directly by each conversion option, together with indirect activity in the ROI, would contribute
slightly to reduction in unemployment in the ROI surrounding each site. Minimal impacts are
expected on local population growth, and consequently on local housing markets and local fiscal
conditions.

The effects of constructing and operating each conversion technology on regional economic
activity (measured in terms of employment and personal income) and on population, housing, and
local public revenues and expenditures are described in Sections F.3.5.1 through F.3.5.4. Impacts
are presented as ranges to include impacts that would occur with each conversion option and for the
cylinder treatment facility at each of the representative sites. Impacts for the three sites are presented
for the peak year of construction (assumed to be 2006) and the first year of operations (assumed to
be 2009). The potential impacts for each conversion option and for the cylinder treatment facility are
presented in Table F.23. 

F.3.5.1  Conversion to U3O8

During the peak year of construction of a U3O8 conversion facility, between 240 and |
250 direct jobs would be created at the site and 170 to 330 additional jobs would be created |
indirectly in the site ROI (Table F.23) as a result of the spending of employee wages and salaries and |
procurement-related expenditures. Overall, 410 to 580 jobs would be created. Construction activity |
would also produce direct and indirect income in the ROI surrounding the site, with total income
ranging from $14 million to $17 million during the peak year. During the first year of operations of |
the U3O8 conversion facility, 440 to 510 direct and indirect jobs would be created. Direct and indirect |
income would also be produced in the ROIs, with total income ranging from $14 million to
$15 million. Construction and operation of the conversion facility would result in an increase in the
projected baseline compound annual average growth rate in ROI employment of 0.01 to
0.05 percentage points from 1999 through 2028. 

Construction of the U3O8 conversion facility would be expected to generate direct
in-migration of 330 to 340 people in the peak year of construction at the site. Additional indirect job |
in-migration would also be expected in the site ROIs, bringing the total number of in-migrants to
between 410 and 470 in the peak year (Table F.23). Operation of the U3O8 conversion facility would |
be expected to generate direct and indirect job in-migration of 220 to 340 in the first year of |
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TABLE F.23  Potential Socioeconomic Impacts of the Conversion Options

Conversion to U3O8 Conversion to UO2

Construction
a

Operations
b

Construction
a

Operations
b

Economic activity in the ROI
Direct jobs 240 – 250 200 – 210 330 – 630 230 – 360 |
Indirect jobs 170 – 330 240 – 300 230 – 730 310 – 920 |
Total jobs 410 – 580 440 – 510 560 – 1,400 500 – 1,300|

Income ($ million)
Direct income 11 10 15 – 28   11 – 18 |
Total income 14 – 17 14 – 15 19 – 42   16 – 28 |

Population in-migration into the ROI 410 – 470 220 – 340 570 – 1,200 210 – 1,100|

Housing demand
Number of units in the ROI 150 – 170 80 – 130 210 – 440 80 – 390 |

Public finances
Change in ROI fiscal balance (%) 0.1 – 0.3 <0.1 – 0.2  0.1 – 0.7 <0.1 – 0.6|

Conversion to Uranium Metal Cylinder Treatment Facility

Construction
a

Operations
b

Construction
a

Operations
b

Economic activity in the ROI
Direct jobs 380 – 440 210 – 370 100 130 |
Indirect jobs 230 – 470 310 – 520 40 – 80 130 – 180 |
Total jobs 610 – 910 520 – 890 150 – 180 260 – 310 |

Income ($ million)
Direct income 12 – 16 10 – 18 5 10 |
Total income 15 – 25 15 – 27 5 – 6 13 – 14 |

Population in-migration into the ROI 650 – 790 240 – 630 160 – 180 240 – 300|

Housing demand
Number of units in the ROI 240 – 290 90 – 230 60 – 70 90 – 110 |

Public finances
Change in ROI fiscal balance (%) 0.1 – 0.5 <0.1 – 0.4 <0.0 – 0.1 <0.0 – 0.2|

a
Impacts are for the peak year of construction, 2007. Socioeconomic impacts were assessed for 1999|
through 2008.

b
Impacts are the annual averages for operations for the period 2009 through 2028. |
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operations. Construction and operation of the facility would result in an increase in the projected
baseline compound annual average growth rate in ROI population of less than 0.01 to 0.04 per- |
centage points from 1998 through 2028. 

A U3O8 conversion facility would generate a demand for 150 to 170 additional rental |
housing units during the peak year of construction (Table F.23), representing an impact of 2.7-11% |
on the projected number of vacant rental housing units in the representative site ROIs. A demand for
80 to 130 additional owner-occupied housing units would be expected in the first year of operations,
representing an impact of 0.7 to 2.7% on the number of vacant owner-occupied housing units in the
ROIs. 

During the peak year of construction, 410 to 470 people would be expected to in-migrate |
into the ROI at the site, leading to increases of between 0.1 and 0.3% over forecasted baseline |
revenues and expenditures in the representative site ROI (Table F.23). In the first year of operations,
220 to 340 in-migrants would be expected, leading to increases of less than 0.1 to 0.2% in local |
revenues and expenditures.

F.3.5.2  Conversion to UO2

During the peak year of construction of a UO2 conversion facility, 330 to 630 direct jobs |
would be created at the site and 230 to 730 additional jobs indirectly in the site ROI (Table F.23) as |
a result of the spending of employee wages and salaries and procurement-related expenditures.
Overall, 560 to 1,400 jobs would be created. Construction activity would also produce direct and |
indirect income in the ROI surrounding the site, with total income ranging from $19 million to
$42 million during the peak year. During the first year of operations of the UO2 conversion facility,
540 to 1,200 direct and indirect jobs would be created. Direct and indirect income would also be |
produced in the ROI, with total income ranging from $16 million to $28 million. Construction and |
operation of the conversion facility would result in an increase in the projected baseline compound |
annual average growth rate in ROI employment of 0.01 to 0.1 percentage points from 1999 through
2028.

Construction of the UO2 conversion facility would be expected to generate direct
in-migration of 460 to 860 people in the peak year of construction at the site. Additional indirect job |
in-migration would also be expected in the site ROIs, bringing the total number of in-migrants to
between 570 and 1,200 in the peak year (Table F.23). Operation of the UO2 conversion facility would |
be expected to generate direct and indirect job in-migration of 210 to 1,100 in the first year of
operations. Construction and operation of the facility would result in an increase in the projected
baseline compound annual average growth rate in ROI population of less than 0.01 to 0.06 per- |
centage points from 1999 through 2028. 

The UO2 conversion facility would generate a demand for 210 to 440 additional rental |
housing units during the peak year of construction, representing an impact of 3.8 to 28% on the |
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projected number of vacant rental housing units in the representative site ROIs (Table F.23). A
demand for 80 to 390 additional owner-occupied housing units would be expected in the first year
of operations, representing an impact of 0.7 to 8.2% on the number of vacant owner-occupied |
housing units in the ROIs. 

During the peak year of construction, 570 to 1,200 people would be expected to in-migrate |
into the ROI at the site, leading to increases of 0.1 to 0.7% over forecasted baseline revenues and |
expenditures in the representative site ROIs (Table F.23). In the first year of operations, 210 to
1,100 in-migrants would be expected, leading to increases of less than 0.1 to 0.6% in local revenues |
and expenditures.

F.3.5.3  Conversion to Metal

During the peak year of construction of a metal conversion facility, 380 to 440 direct jobs |
would be created at the site and 230 to 470 additional jobs indirectly in the site ROI (Table F.23) as |
a result of the spending of employee wages and salaries and procurement-related expenditures.
Overall, 610 to 910 jobs would be created. Construction activity would also produce direct and |
indirect income in the ROI surrounding the site, with total income ranging from $15 million to
$25 million during the peak year. During the first year of operations of the metal conversion facility, |
520 to 890 direct and indirect jobs would be created. Direct and indirect income would also be |
produced in the ROI, with total income ranging from $15 million to $27 million. Construction and |
operation of the conversion facility would result in an increase in the projected baseline compound
annual average growth rate in ROI employment of 0.01 to 0.09 percentage points from 1999 through
2028. 

Construction of the metal conversion facility would be expected to generate direct
in-migration of 520 to 600 people in the peak year of construction at the site. Additional indirect job |
in-migration would also be expected in the site ROI, bringing the total number of in-migrants to
between 650 and 790 in the peak year  (Table F.23). Operation of the metal conversion facility would |
be expected to generate direct and indirect job in-migration of 240 to 630 in the first year of |
operations. Construction and operation of the facility would result in an increase in the projected
baseline compound annual average growth rate in ROI population of 0.01 to 0.08 percentage points
from 1999 through 2028. 

The metal conversion facility would generate a demand for 240 to 290 additional rental |
housing units during the peak year of construction, representing an impact of 4.3 to 18.5% on the |
projected number of vacant rental housing units in the representative site ROIs (Table F.23). A
demand for 90 to 230 additional owner-occupied housing units would be expected in the first year
of operations, representing an impact of 0.8 to 4.9% on the number of vacant owner-occupied
housing units in the ROI. 
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During the peak year of construction, 650 to 790 people would be expected to in-migrate |
into the ROI surrounding the site, leading to increases of 0.1 to 0.5% over forecasted baseline |
revenues and expenditures in the representative site ROIs (Table F.23). In the first year of operations,
240 to 630 in-migrants would be expected, leading to increases of less than 0.1 to 0.4% in local |
revenues and expenditures.

F.3.5.4  Cylinder Treatment Facility

During the peak year of construction of a cylinder treatment facility, approximately
100 direct jobs would be created at the site and 40 to 80 additional jobs indirectly in the site ROI
(Table F.23) as a result of the spending of employee wages and salaries and procurement-related
expenditures. Overall, 150 to 180 jobs would be created. Construction activity would also produce
direct and indirect income in the ROI surrounding the site, with total income ranging from $5 million
to $6 million during the peak year. During the first year of operations of the cylinder treatment
facility, 260 to 310 direct and indirect jobs would be created. Direct and indirect income would also
be produced in the ROI, with total income ranging from $13 million to $14 million. Construction
and operation of the facility would result in an increase in the projected baseline compound annual
average growth rate in ROI employment of 0.01 to 0.03 percentage points from 1999 through 2028.

Construction of the cylinder treatment facility would be expected to generate direct
in-migration of 140 people in the peak year of construction at the site. Additional indirect job |
in-migration would also be expected in the site ROI, bringing the total number of in-migrants to
between 160 and 180 in the peak year  (Table F.23). Operation of the cylinder treatment facility |
would be expected to generate direct and indirect job in-migration of 240 to 300 in the first year of
operations. Construction and operation of the facility would result in an increase in the projected
baseline compound annual average growth rate in ROI population of less than 0.01 to 0.02 per- |
centage points from 1999 through 2028. 

The cylinder treatment facility would generate a demand for 60 to 70 additional rental
housing units during the peak year of construction, representing an impact of 1.1 to 4.4% on the
projected number of vacant rental housing units in the representative site ROIs (Table F.23). A
demand for 90 to 110 additional owner-occupied housing units would be expected in the first year
of operations, representing an impact of 0.8 to 2.3% on the number of vacant owner-occupied
housing units in the ROI. 

During the peak year of construction, 160 to 180 people would be expected to in-migrate
into the ROI surrounding the site, leading to increases of 0.0 to 0.1% over forecasted baseline
revenues and expenditures in the representative site ROIs (Table F.23). In the first year of operations,
240 to 300 in-migrants would be expected, leading to increases of less than 0.1 to 0.2% in local |
revenues and expenditures.
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F.3.6  Ecology

Moderate impacts to ecological resources could result from construction of a conversion
facility. Impacts could include mortality of individual organisms, habitat loss, or changes in biotic
communities. Impacts due to operation of a conversion facility would be negligible. Potential
impacts to vegetation, wildlife, wetlands, and threatened and endangered species were assessed. The
methodology used in the ecological impact analysis is discussed in Appendix C.

F.3.6.1  Conversion to U3O8

Site preparation for the construction of a facility to convert UF6 to U3O8 would require the
disturbance of approximately 20 acres (8 ha), including the permanent replacement of approximately
13 acres (5.3 ha) with structures and paved areas. Existing vegetation would be destroyed during land
clearing activities. Determination of the vegetation communities that would be eliminated by site
preparation would depend on the future location of the facility. Communities occurring on
undeveloped land at the three representative sites are relatively common and well represented in the
vicinity of the sites. Impacts to high-quality native plant communities may occur if facility
construction requires disturbance to vegetation communities outside of the currently fenced areas
(see Section F.3.9 for a discussion of land use). Construction of the conversion facility would not
be expected to threaten the local population of any species. The loss of up to 20 acres (8 ha) of
undeveloped land would constitute a moderate adverse impact. Erosion of exposed soil at construc-
tion sites could reduce the effectiveness of restoration efforts and create sedimentation downgradient
of the site. The implementation of standard erosion control measures, installation of storm-water
retention ponds, and immediate replanting of disturbed areas with native species would help
minimize impacts to vegetation. Impacts due to facility construction are shown in Table F.24. 

Wildlife would be disturbed by land clearing, noise, and human presence. Wildlife with
restricted mobility, such as burrowing species or juveniles of nesting species, would be destroyed
during land clearing activities. More mobile individuals would relocate to adjacent available areas
with suitable habitat. Population densities, and thus competition for food and nesting sites, would
increase in these areas, potentially reducing the survivability or reproductive capacity of displaced
individuals. Many wildlife species would be expected to quickly recolonize replanted areas near the
conversion facility following completion of construction. The permanent loss of up to 13 acres
(5.3 ha) of habitat would not be expected to threaten the local population of any wildlife species
because similar habitat would be available in the vicinity of the sites. Therefore, construction of a
conversion facility for U3O8 production would be considered a moderate adverse impact to wildlife.

Impacts to surface water and groundwater quality during construction are expected to be
negligible (Section F.3.4). Thus, construction-derived impacts to aquatic biota would also be
expected to be negligible. Wetlands could potentially be impacted by filling or draining during
construction. Impacts to wetlands due to alteration of surface water runoff patterns, soil compaction,
or groundwater flow could occur if the conversion facility were located immediately adjacent to
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TABLE F.24  Impacts to Ecological Resources from Construction of a Conversion
Facility and Cylinder Treatment Facility  

Option/Resource Type of Impact Degree of Impact

Conversion to U3O8
Vegetation Loss of 20 acres Moderate adverse impact

Wildlife Loss of 13 to 20 acres Minor to moderate adverse impact

Wetlands Loss, degradation Potential adverse impact

Aquatic species Water quality, habitat reduction Negligible impact

Protected species Destruction, habitat loss Potential adverse impact

Conversion to UO2
Vegetation Loss of 22 to 31 acres Moderate adverse impact

Wildlife Loss of 14 to 31 acres Moderate adverse impact

Wetlands Loss, degradation Potential adverse impact

Aquatic species Water quality, habitat reduction Negligible impact

Protected species Destruction, habitat loss Potential adverse impact

Conversion to metal

Vegetation Loss of 23 to 26 acres Moderate adverse impact

Wildlife Loss of 15 to 26 acres Moderate adverse impact

Wetlands Loss, degradation Potential adverse impact

Aquatic species Water quality, habitat reduction Negligible impact

Protected species Destruction, habitat loss Potential adverse impact

Cylinder treatment facility

Vegetation Loss of 9 acres Moderate adverse impact

Wildlife Loss of 5 to 9 acres Moderate adverse impact

Wetlands Loss, degradation Potential adverse impact

Aquatic species Water quality, habitat reduction Negligible impact

Protected species Destruction, habitat loss Potential adverse impact

wetland areas. However, impacts to wetlands would be minimized by maintaining a buffer area
around wetlands during construction of the facility. Unavoidable impacts to wetlands would require
a Clean Water Act Section 404 permit, which might stipulate mitigative measures. Additional
permitting might be required by state agencies.

Critical habitat has not been designated for any state or federally listed threatened or
endangered species at any of the representative sites. Prior to construction of a conversion facility,
a site-specific survey for federal- and state-listed threatened, endangered, or candidate species or
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species of special concern would be conducted. Impacts to these species could thus be avoided or,
where impacts were unavoidable, appropriate mitigation could be developed.

During operations, ecological resources in the vicinity of the conversion facility would be
exposed to atmospheric emissions from the boiler stack and process stack; however, emission levels
would be expected to be extremely low (Section F.3.3.2). The highest annual average air concen-
tration of U3O8 at a representative site boundary would be less than 2.6 × 10-5 µg/m3. This would
result in a radiation exposure to the general public (nearly 100% due to inhalation) of less than
0.009 mrem/yr (Section F.3.1.1), well below the DOE guidelines of 100 mrem/yr (0.00027 rad/d).
Wildlife species are less sensitive to radiation than humans (proposed DOE guidelines would require
an absorbed dose limit to terrestrial animals of 0.1 rad/d). Therefore, impacts to wildlife due to
radiation effects would be expected to be negligible. Toxic effects of chronic inhalation of U3O8 are
minor at a concentration of 17 mg/m3 for tested animal species. This is many orders of magnitude
greater than expected emissions. Therefore, toxic effects to wildlife due to U3O8 inhalation would
also be expected to be negligible. See Appendix C for further discussion.

The maximum annual average air concentration of hydrogen fluoride at a site boundary, due
to operation of a conversion facility, would be less than 0.0073 µg/m3 (Section F.3.3.2). Chronic
exposure to HF gas produces only mild effects in tested animal species at concentrations as high as
7 mg/m3, considerably higher than expected emissions. Therefore, toxic effects to wildlife from HF
emissions would be expected to be negligible.

A portion of the U3O8 released from the process stack of a conversion facility would
become deposited on the soils surrounding the site. Uptake of uranium-containing compounds can
cause adverse effects to vegetation. Deposition of U3O8 on soils, resulting from atmospheric
emissions, would result in soil uranium concentrations considerably below the lowest concentration |
known to produce toxic effects in plants. Therefore, toxic effects on vegetation due to U3O8 uptake
would be expected to be negligible.

Effluent discharges to surface waters would result in a uranium concentration of about
12 pCi/L (0.03 mg/L) as uranyl nitrate (Section F.3.4.1). Resulting dose rates to maximally exposed
organisms would be considerably lower than the dose limit of 1 rad/d for aquatic organisms, which
is required by DOE Order 5400.5. Uranyl nitrate concentrations in the effluent also would be
considerably lower than 0.15 mg/L, the lowest concentration known to cause toxic effects in aquatic
biota. Mixing of the effluent with surface water downstream of the outfall would result in a dilution
factor of more than 50,000. Therefore, impacts to aquatic biota would be considered to be negligible.

For the U3O8 conversion process, water withdrawal from surface waters or groundwater, as
well as wastewater discharge, could potentially alter water levels which could in turn affect aquatic
ecosystems including wetlands (including wetlands located along the periphery of these surface
water bodies). However, water level changes due to process water withdrawal and wastewater
discharge would be negligible (Section F.3.4.1). Therefore, impacts to wetlands would be expected
to be negligible. 



Conversion F-61 Depleted UF6 PEIS

A potential release of contaminants due to the occurrence of an earthquake was analyzed.
The subsequent rupture of an HF pipeline would potentially release anhydrous HF into the
surrounding soil, surface water, or groundwater. Due to the brief duration of the release, the small
volume involved, and rapid mitigation, the expected impacts to surface water, groundwater, and soil
would be negligible (Section F.3.4). Therefore, impacts to ecological resources from such an
accident would also be expected to be negligible. Facility accidents, as discussed in Section F.3.2,
could result in adverse impacts to ecological resources. The affected species and the degree of impact
would depend on a number of factors such as location of the accident, season, and meteorological
conditions. 

F.3.6.2  Conversion to UO2

The construction of a facility to convert depleted UF6 to UO2 would generally result in the
types of impacts associated with conversion to U3O8. Site preparation for the construction of a
facility to convert depleted UF6 to UO2 would require the disturbance of approximately 22 to
31 acres (8.9 to 12.5 ha), including the permanent replacement of approximately 14 to 19 acres (5.5
to 7.8 ha) with structures and paved areas. The loss of 22 to 31 acres (8.9 to 12.5 ha) of undeveloped
land would constitute a moderate adverse impact to vegetation. The permanent loss of up to 19 acres
(7.8 ha) of habitat would not be expected to threaten the local population of any wildlife species
because similar habitat would be available in the vicinity of the representative sites. However, habitat
use in the vicinity of the facility might be greatly reduced for many species due to the construction
of a perimeter fence. Consequently, the construction of a conversion facility for UO2 production is
considered a moderate adverse impact to wildlife.

Impacts to surface water and groundwater quality during construction would be expected
to be negligible (Section F.3.4). Thus, construction-derived impacts to aquatic biota would also be
expected to be negligible. Impacts to wetlands and protected species due to facility construction
would be similar to impacts associated with conversion to U3O8.

During operations, exposures to contaminants from conversion to UO2 would generally be
slightly larger than for conversion to U3O8, but all exposures would be well below levels that might
produce adverse effects. All impacts would therefore be negligible. Impacts to ecological resources
from accident scenarios would be as discussed for conversion to U3O8 (Section F.3.6.1).

F.3.6.3  Conversion to Metal

Construction of a facility to convert depleted UF6 to uranium metal would generally result
in the types of impacts associated with conversion to U3O8. Site preparation would require the
disturbance of approximately 23 to 26 acres (9.4 to 11 ha), including the permanent replacement of
about 15 to 16 acres (6.2 to 6.5 ha) with structures and paved areas. The loss of 23 to 26 acres (9.4
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to 11 ha) of undeveloped land would constitute a moderate adverse impact to vegetation and wildlife.
Impacts due to facility construction are shown in Table F.24. 

During operation of the metal conversion facility, exposure to contaminants would be
considerably below levels known to cause toxic effects in biota. The resulting impacts would
therefore be negligible. Impacts to ecological resources from accidents would be as discussed for
conversion to U3O8 (Section F.3.6.1).

Construction of a cylinder treatment facility would generally result in the types of impacts
associated with construction of a conversion facility; however, the area affected would be smaller
(Table F.24). Site preparation for constructing a cylinder treatment facility would require the
disturbance of approximately 9 acres (4 ha). About 5 acres (2 ha) would be permanently replaced
with structures, paved areas, and landscaping. The loss of 9 acres (4 ha) of undeveloped land would
constitute a moderate adverse impact to vegetation and wildlife. Exposure to contaminants resulting
from operation of a cylinder treatment facility would be considerably below levels known to result
in toxic effects to biota. The resulting impacts would therefore be negligible. 

F.3.7  Waste Management

Impacts on waste management from wastes generated during construction and normal
operations at the depleted UF6 conversion facilities would be caused by the potential overload of
waste treatment and/or disposal capabilities either at a site or on a regional/national scale. The types
of wastes that are expected to be generated by the depleted UF6 conversion include low-level
radioactive waste (LLW), low-level mixed waste (LLMW), hazardous waste, nonhazardous solid
waste, and nonhazardous wastewater. Currently, there are numerous DOE and commercial facilities
that treat and/or dispose of LLW, hazardous waste, nonhazardous solid waste, and wastewaters. The
treatment/disposal of LLMW is limited by regulatory and technological restrictions. 

F.3.7.1  Conversion to U3O8

Construction of a facility to convert UF6 into U3O8 would generate both hazardous and
nonhazardous wastes. Approximately 115 m3 of hazardous waste, 700 m3 of nonhazardous solid
waste, and 15,000 m3 of wastewater would be generated during construction (see Table F.25). This
compares with existing contributions for hazardous waste ranging from approximately 80 m3/yr to
1,000 m3/yr, solid waste loads for the representative sites of 2,100 to 28,000 m3/yr, and wastewater
loads of 500,000 to 880,000 m3 annually for the representative sites (see Appendix C, Table C.3).
No radioactive waste would be generated during the construction phase of the facility. Overall, only
minimal waste management impacts would result from construction-generated wastes. 

Operations at the facility to convert UF6 into U3O8 would generate radioactive, hazardous,
and nonhazardous wastes (Table F.25). The conversion facility would generate 140 to 600 m3/yr of
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TABLE F.25  Wastes Generated from Construction and Operations Activities 
for Depleted UF6 Conversion

a

Volume Ranges for the Options
Activity/

Waste Category Conversion to U3O8 Conversion to UO2 Conversion to Metal

Construction
a (m3

)

Low-level waste – – –

Low-level mixed waste – – –

Hazardous waste 115 140 – 200 140 – 180

Nonhazardous waste

Solids 700 1,300 860 – 1,130

Wastewater 3,800 7,600 5,700 – 7,580

Sanitary wastewater 11,400 17,000 13,200 – 15,200

Operations (m
3
/yr)

Low-level waste

Combustible waste 76.5 88.0 – 136 76.5 – 420

Noncombustible 62 – 68.2 82.0 – 140 112 – 470

Grouted 0 – 466 0 – 466 0 – 997

Total 140 – 600 170 – 740 190 – 1,890

Low-level mixed waste 1.1 1.1 – 8.8 1.1

Hazardous waste 7.32 7.32 – 17 7.32 – 9.5

Nonhazardous waste

Solids 380 – 11,000
b

520 – 30,600
b

6,580 – 6,840
c

Wastewater 58,000 – 87,100 74,900 – 510,000 94,000 – 96,500

Sanitary wastewater 4,540 – 4,920 5,680 – 8,700 5,300 – 8,700

a
Total waste generated during construction period of 4 years.

b
Includes 240 to 10,630 m

3
 of CaF2.

c
Includes 67 m

3
 of CaF2 and 5,850 to 6,110 m

3
 of MgF2.

LLW, which, at the upper end, represents approximately 7 to 27% of the representative site LLW
loads (see Appendix C, Table C.3). The U3O8 conversion facility waste input would represent less
than 1% of DOE LLW generation. The U3O8 conversion facility would generate approximately
1.1 m3/yr of LLMW, which is less than 1% of the LLMW generation at the representative sites
(ranging from 100 to 5,000 m3/yr LLMW) (see Appendix C, Table C.3). The U3O8 conversion
facility would generate approximately 7 m3/yr of hazardous waste, which would result in an increase
of about 1 to 10% of the hazardous waste loads at the representative sites; and about 60,000 to
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90,000 m3/yr of wastewater, representing between 9 and 17% of the current loads for wastewater at
the representative sites. 

The CaF2 potentially produced in the U3O8 conversion process was assumed to have a |
uranium content of less than 1 ppm (LLNL 1997). It is currently unknown whether this CaF2 could
be sold (e.g., as feedstock for commercial production of anhydrous HF) or whether the low uranium
content would require disposal as either a nonhazardous solid waste or as LLW. The nonhazardous
solid waste generation estimates for conversion to U3O8 and UO2, as shown in Table F.25, are based
on the assumption that CaF2 would be disposed of as nonhazardous solid waste, generating approxi-
mately 380 to 11,000 m3/yr of nonhazardous solid waste (from 18 to 500% of the current
nonhazardous solid waste loads at the representative sites, depending on the conversion technology
chosen). If CaF2 were considered to be LLW, it would represent an additional 3 to 480% of the
current LLW loads at the representative sites. The upper end of the range of nonhazardous and LLW
volume increases (which correspond to the HF neutralization process) would constitute a potentially
large impact to either nonhazardous or LLW management activities at an actual site. Disposal as
LLW might require the CaF2 to be grouted, generating up to 21,300 m3/yr of grouted waste. The
maximum volume of LLW generated would still represent less than 10.4% of the projected DOE
complexwide LLW disposal volume, constituting a moderate impact with respect to complexwide
LLW management. It is also unknown whether CaF2 LLW would be considered DOE waste if the
conversion were conducted by a private commercial enterprise. If CaF2 could be sold, the
nonhazardous solid waste or LLW management impacts would be reduced to a low level for U3O8

conversion technologies. 

The impacts from normal operation of the U3O8 conversion facility would range from
negligible to large, depending upon the choice of technology and the ultimate generation volumes
and disposition of CaF2 for the facility. Overall, the waste input resulting from normal operations
at the U3O8 conversion facility would be expected to have a moderate impact on waste management.
If CaF2 were disposed of as nonhazardous solid waste, the increased input could be managed by
expanding the capacity of the nonhazardous solid waste disposal facilities at the actual site. 

F.3.7.2  Conversion to UO2

Construction of a facility to convert UF6 into UO2 would generate approximately the same
quantity of hazardous wastes as conversion to U3O8. Construction would generate approximately
1,300 m3 of solid nonhazardous wastes and up to 24,000 m3 of wastewater (see Table F.25). These
waste loads are well below the representative site waste inputs for comparable wastes. No radio-
active waste would be generated during the construction phase of the facility. Overall, only minimal
waste management impacts would result from construction-generated wastes.

Operations at the facility to convert UF6 into UO2 would generate radioactive, hazardous,
and nonhazardous wastes (Table F.25). The conversion facility would generate about 9 to 33% of
the representative site LLW loads (see Appendix C, Table C.3). The UO2 conversion facility would
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generate up to 465 m3/yr of a solid, grouted LLW that would require off-site disposal. The conver-
sion facility LLW input would represent less than 1% of the projected annual DOE LLW treatment
volume. The UO2 conversion facility would generate from 1 to 9% of the LLMW generation for the
representative sites (see Appendix C, Table C.3). The UO2 conversion facility would generate 7 to
17 m3/yr of hazardous waste, which would result in a minor increase to the hazardous waste load
from routine operations at the representative site. The UO2 conversion facility would add 520 to
30,600 m3/yr of nonhazardous solid waste and about 80,000 to 500,000 m3/yr of wastewater (see
Table F.25). 

As in the U3O8 conversion option, it is currently unknown whether CaF2 generated in the
conversion to UO2 option could be sold or whether the low uranium content (less than 1 ppm) would
require disposal as either a nonhazardous solid waste or as LLW. The nonhazardous solid waste
generation estimates for conversion to UO2 shown in Table F.25 are based on the assumption that
CaF2 would be disposed of as nonhazardous solid waste, generating about 240 to 11,000 m3/yr of
nonhazardous solid waste (up to 500% of the current nonhazardous solid waste loads at the represen-
tative sites, depending on the conversion technology chosen). If CaF2 were considered to be LLW,
it would represent up to 480% of the current LLW loads at the representative sites. The upper end
of the range of nonhazardous and LLW volume increases (which correspond to the HF neutralization
process) would constitute a potentially large impact to either nonhazardous or LLW management
activities at an actual site. Disposal as a LLW might require the CaF2 to be grouted, generating up
to 21,300 m3/yr of grouted waste. However, the maximum volume of LLW generated would still
represent less than 10.4% of the projected DOE complexwide LLW disposal volume, constituting
a moderate impact with respect to complexwide LLW management, if the CAF2 were considered
DOE waste. If CaF2 could be sold, the nonhazardous solid waste or LLW management impacts
would be reduced to a low level for UO2 conversion technologies. 

The large range in the expected volume of nonhazardous solid waste and wastewater is also
a result of differences in UO2 conversion technologies. The gelation technology would result in the
highest nonhazardous waste generation volumes. The range of 520 to 30,600 m3/yr for nonhazardous
solid wastes represents an approximate range of 2 to 1,500% (15 times) the annual nonhazardous
solid waste production at the representative sites. The estimated range for wastewater generation
represents a range of about 13 to 115% of the annual wastewater generation at the representative
sites. 

The impacts from normal operation of the UO2 conversion facility would range from
negligible to large, depending upon the choice of technology for this facility. Overall, the waste input
resulting from normal operations at the UO2 conversion facility would be expected to have a
moderate impact on waste management. The increased solid waste input could be managed by
expanding the capacity of the solid nonhazardous waste disposal facilities at the sites. The increased
wastewater input would be handled by existing site wastewater capabilities of the representative
sites. 
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F.3.7.3  Conversion to Metal

Construction of the facility to convert UF6 into uranium metal would generate approxi-
mately the same quantity of hazardous and nonhazardous wastes as conversion to U3O8 or UO2

(Table F.25). No radioactive waste would be generated during the construction phase of the facility.
Overall, only minimal waste management impacts would result from construction-generated wastes.

Operations at the facility to convert UF6 into uranium metal would generate radioactive,
hazardous, and nonhazardous wastes (Table F.25). The conversion facility would generate about 23
to 85% of the representative site LLW loads (see Appendix C, Table C.3). A metal conversion
facility LLW input would represent less than 3% of the projected annual DOE LLW treatment
volume. The metal conversion facility would generate less than 1% of the LLMW generation at the
representative sites (see Appendix C, Table C.3) and less than 12% of the hazardous waste load from
routine operations at the three representative sites. The metal conversion facility would add from 25
to 325% of the existing representative site solid waste load and from 12 to 20% of the load for
wastewater. The increased solid waste input could be managed by expanding the disposal capacity
of the solid nonhazardous waste disposal facilities at the actual site. 

It is possible that the MgF2 waste generated in the conversion to metal option would be
sufficiently contaminated with uranium to require disposal as LLW rather than as solid nonhazardous
waste. The uranium level in the MgF2 is estimated to be about 90 ppm (LLNL 1997). Such disposal
might require the MgF2 waste to be grouted, generating about 6,150 to 12,300 m3/yr of grouted waste
for LLW disposal. This volume range represents about 72 to 560% of the current LLW generation
for the representative three sites (see Appendix C, Table C.3). However, it would represent less than
6% of the projected DOE complexwide LLW disposal volume, constituting a low impact with
respect to complexwide LLW management, if the MgF2 were considered a DOE waste. 

Neutralization of HF to CaF2 was not explicitly analyzed in the engineering analysis report
for the conversion to metal options (LLNL 1997). However, the process could be implemented and
would produce approximately one-third as much CaF2 as would be produced under the conversion
to oxide with neutralization options (i.e., approximately 3,500 m3/yr of CaF2). If this CaF2 waste
were disposed of as LLW, it would constitute less than 3% of the DOE complexwide LLW disposal
volume, representing a low impact with respect to complexwide LLW management. 

Overall, the waste input resulting from normal operations at the uranium metal conversion
facility would have a moderate impact on waste management. 

F.3.7.4  Cylinder Treatment Facility

All of the conversion options would require the removal of depleted UF6 from the storage
cylinders, resulting in a large number of empty cylinders. These empty UF6 cylinders from the
conversion facility would be decontaminated at the cylinder treatment facility and then prepared for
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disposal as scrap metal. It was assumed for this assessment that the cylinder treatment facility would
be washing the empty cylinders with water to remove the “heels” of depleted UF6. The resulting
aqueous wash solution would be evaporated and converted to solid U3O8 and HF. The U3O8 would
be packaged and sent for disposal. The HF would be neutralized to CaF2 and separately packaged
for either disposal or sale.

Construction of the cylinder treatment facility would generate both hazardous and
nonhazardous wastes. These waste quantities — hazardous, 18 m3; solid nonhazardous, 300 m3; and
sanitary and other nonhazardous liquids, 28,000 m3 — all represent only minimal waste management
impacts at any of the three potential sites. No radioactive waste would be generated during
construction of this facility. 

The amounts of waste generated annually during operation of the cylinder treatment facility
are given in Table F.26. Included are crushed old cylinders and wastes obtained (U3O8 and CaF2)
from disposal of the “heels.” All of these wastes, except the crushed old cylinders, represent only
negligible impacts to the waste management system. Over 20 years of operations, the crushed old
cylinders (2,322 cylinders/yr) would generate about 125,000 m3 (6,190 m3/yr × 20 years) of waste
volume for disposal. It was assumed that the treated cylinders with a very low residual radiation level

TABLE F.26  Annual Waste Generation during Operation 
of the Cylinder Treatment Facility

Volume
Waste Category (m

3
/yr)

Low-level waste

Combustible solids 31

Contaminated metal and other noncombustible solids 11

U3O8 6.3

Low-level mixed waste 0.2 |

Hazardous waste 2 |

Nonhazardous waste

Solids 100

Wastewater 6,400

CaF2 14

Sanitary waste 2,300

Crushed cylinders 6,190 |
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would become part of the DOE scrap metal inventory. If a disposal decision were made, the treated
cylinders would be disposed of as LLW, representing a 3% addition to the projected DOE
complexwide LLW disposal volume. 

F.3.7.5  Summary

The impacts from the uranium metal conversion facility would be greater than the waste
management impacts resulting from operations of U3O8 conversion, unless CaF2 required disposal
as a waste. In the latter case, the impacts to waste management facilities for U3O8 conversion would
probably exceed those for uranium metal conversion. The largest waste volumes would result from
conversion to UO2. 

F.3.8  Resource Requirements

Utilities and materials required for constructing the conversion facility for UF6 to U3O8,
UO2, or uranium metal are listed in Table F.27. The equipment for conversion processes would be
purchased from equipment vendors. The total quantities of commonly used materials of construction
(e.g, carbon steel, stainless steel) for equipment would be minor compared to the quantities required
for facility construction, as listed in Table F.27. The primary specialty materials required for
fabricating process equipment include Monel and Inconel (LLNL 1997). Utilities and materials
required for operating the three conversion facilities are shown in Table F.28.

F.3.9  Land Use 

F.3.9.1  Conversion to U3O8 

Impacts to land use from the construction and operation of a U3O8 conversion facility would
be negligible. Such impacts would be limited to the clearing of required land, minor and temporary
disruptions to contiguous land parcels, and a slight increase in vehicular traffic. Under this
conversion option, a conversion facility would require approximately 20 acres (8 ha) for construction
and about 13 acres (5 ha) for operation (see Table F.29). The construction phase requires more land
because space is needed for material excavation storage, equipment staging, and construction
material laydown areas. 

The amount of land required for this conversion option would not be great enough to
require major land modification. However, it should be noted that siting a conversion facility at a
location that is already dedicated to similar use could result in fewer land-use impacts because
immediate access to infrastructure and utility support would be possible with only minor
disturbances to existing land use. 
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TABLE F.27  Resource Requirements for Constructing a Conversion Facility

Total Consumption

Conversion Conversion Conversion
Utilities/Materials Unit to U3O8 to UO2 to Metal

Utilities
Electricity

a
MWh 30,000 35,000 35,000 – 45,000

Solids
Concrete yd

3
15,000 – 18,000 21,000 – 44,300 20,000 – 23,000

Steel (carbon or mild) ton 6,000 – 7,000 8,000 – 8,800 9,000 – 10,000

Liquids
Diesel fuel million gal 0.75 0.45 – 0.80 0.80 – 1.0
Gasoline million gal 0.75 0.40 – 0.80 0.80 – 1.0

Gases
Industrial gases
(propane)

gal 4,000 4,400 4,400 – 5,500

Specialty materials
Monel ton 15 – 30 25 – 88 20 – 100
Inconel ton 10 10 – 88 0 – 4
Titanium ton NA

b
0 – 33 0 – 10

a
The peak electricity demand during any hour would be as follows: conversion to U3O8, about
1.5 MW; conversion to UO2, about 1.5 MW; conversion to metal, from 1.5 to 2.5 MW.

b
NA = not applicable.

Source: LLNL (1997).

Impacts to land use outside the boundaries of a conversion facility would include negligible |
and temporary traffic impacts associated with project construction peaks. Also, because of the |
handling of UF6 at the facility, NUREG-1140 (McGuire 1985) suggests that a 1-mile protective |
action distance be established around such a facility, which would cover an area of about 960 acres. |
The protective action distance is the recommended distance for which emergency planning would |
be appropriate to mitigate off-site exposure to accidental releases. |

F.3.9.2  Conversion to UO2

Impacts to land use from the UO2 conversion option would be only slightly greater than
those associated with other conversion options. The areal requirements for this option range from
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TABLE F.28  Resource Requirements for Operating a Conversion Facility

Average Annual Requirement

Conversion Conversion Conversion
Utilities/Materials Unit to U3O8 to UO2 to Metal

Utilities
Electricity

a
GWh 11.0 24 – 29 25 – 44

Liquid fuel gal 6,000 3,040 – 7,000 6,500 – 9,500
Natural gas million scf

b
102 – 118 38 – 116 100 – 167

Solids
Calcium hydroxide (hydrated lime) million lb 0.388 – 1.27 0.388 – 1.27 0.247
Calcium oxide (quicklime) million lb 0 – 29 0 – 29 NA

c

Cement lb 0 – 862,000 0 – 862,000 0 – 940,000
Detergent lb 500 600 600 – 700
Iron million lb NA NA 0 – 1.3
Magnesium million lb NA NA 8.4 – 8.6
Sodium chloride lb NA NA 0 – 514,000
Pelletizing lubricant lb NA 236,000 NA

Liquids
Ammonia million lb 0 – 0.662 2.9 2.4
Hydrochloric acid lb 11,100 – 18,200 8,900 – 13,600 5,300 – 9,500
Nitric acid lb NA NA 0 – 230,000
Sodium hydroxide lb 8,800 – 14,400 7,000 – 10,700 4,200 – 7,500

a
Peak electricity demand during any hour would be as follows: conversion to U3O8, about 1.5 MW;
conversion to UO2, from 3.2 to 4.0 MW; conversion to metal, from 3.3 to 6.0 MW.

b
scf = standard cubic feet measured at 14.7 psia and 60�F.

c
NA = not applicable.

Source: LLNL (1997).

22 to 31 acres (9 to 13 ha) for construction and from 14 to 20 acres (5.5 to 8 ha) for operations
(Table F.29). Siting a conversion facility at a location that is already dedicated to similar use could
result in fewer land-use impacts because immediate access to infrastructure and utility support would
be possible with only minor disturbances to existing land use. 

Impacts to local traffic patterns outside potential UO2 conversion plant sites could be greater
than those expected under the conversion to U3O8 option due to the potential for increased traffic
volume associated with greater construction workforce demands. However, such impacts would be
temporary and would be expected to diminish during the operations phase. The protective
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TABLE F.29  Land Requirements 
for the Conversion Options

|
Land Requirement (acres)

a |

Option Construction Operation

Conversion to U3O8 20 13

Conversion UO2 22 – 31 14 – 20

Conversion to metal 23 – 26 15 – 16

a
NUREG-1140 (McGuire 1985) suggests that each |
conversion facility establish a protective action |
distance for emergency planning, which would |
incorporate an area of about 960 acres around each|
facility. |

Source: LLNL (1997).

action distance described in Section F.3.9.1 would be applicable to an area of about 960 acres around |
the facility. |

F.3.9.3  Conversion to Metal 

Land-use impacts from the conversion to uranium metal option would be minimal. Land
requirements (Table F.29) would be similar to those discussed for the conversion to UO2 option, and
impacts related to construction traffic outside the conversion plant sites would be negligible. The |
protective action distance would be applicable to an area of about 960 acres around the facility. |

F.3.9.4  Cylinder Treatment Facility

Impacts to land use from the construction and operation of a cylinder treatment facility
would be negligible and of a lesser magnitude than those generated under any of the conversion
options. Although the cylinder treatment facility could be a stand-alone facility, it is likely to be
integrated into a depleted UF6 conversion facility. If the cylinder treatment facility were incorporated
into a conversion facility, it would require less than 1 acre (0.4 ha) of land, regardless of the
conversion option. Such a small areal requirement would account for much less than 1% of the land
available for development at the representative sites. If construction of a cylinder treatment facility
and conversion facility occurred simultaneously, the peak construction labor force of 230 for the
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cylinder treatment facility could slightly increase the magnitude (expected to be negligible) of
off-site traffic impacts associated with the conversion facility construction. 

As a stand-alone facility, the cylinder treatment facility would require 8.7 acres (3.5 ha) of
land for construction and 4.5 acres (2 ha) for operations. The areal requirement would probably not
be large enough to result in land-use impacts, particularly if the facility were sited at a location
already dedicated to a similar industrial-type use.

F.3.10  Other Impacts Considered But Not Analyzed in Detail

Other impacts that could potentially occur if the conversion options considered in this PEIS
were implemented include impacts to cultural resources and environmental justice, as well as
impacts to the visual environment (e.g., aesthetics), recreational resources, and noise levels, and
impacts associated with decontamination and decommissioning of the conversion facilities. These
impacts, although considered, were not analyzed in detail for one or both of the following reasons: |

• The impacts could not be determined at the programmatic level without
consideration of specific sites (e.g., impacts on cultural resources, threatened
and endangered species, wetlands, and environmental justice). These impacts
would be more appropriately addressed in the second-tier NEPA documenta-
tion when specific sites are considered. |

• Consideration of these impacts would not contribute to differentiation among
the alternatives and, therefore, would not affect the decisions to be made in the
Record of Decision to be issued following publication of this PEIS. |

|
|
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NOTATION  (APPENDIX G)

The following is a list of acronyms and abbreviations, including units of measure, used in this
document. Some acronyms used only in tables are defined in those tables.

ACRONYMS AND ABBREVIATIONS

General

ALARA as low as reasonably achievable
CFR Code of Federal Regulations
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
LCF latent cancer fatality
LLNL Lawrence Livermore National Laboratory
LLMW low-level mixed waste
LLW low-level radioactive waste
MEI maximally exposed individual
NEPA National Environmental Policy Act
NPDES National Pollutant Discharge Elimination System
NRC U.S. Nuclear Regulatory Commission
PEIS programmatic environmental impact statement
PM10 particulate matter with a mean diameter of 10 µm or less
ROI region of influence

Chemicals

CaF2 calcium fluoride
CO carbon monoxide
HC hydrocarbons
HF hydrogen fluoride
NOx nitrogen oxides
SOx sulfur oxides
UF6 uranium hexafluoride
UO2 uranium dioxide
UO2F2 uranyl fluoride
U3O8 triuranium octaoxide (uranyl uranate)



Long-Term Storage Depleted UF6 PEIS

G-viii

UNITS OF MEASURE

cm centimeter(s)
cm3 cubic centimeter(s)
ft foot (feet)
ft2 square foot (feet)
g gram(s)
gal gallon(s)
gpm gallon(s) per minute
ha hectare(s)
in. inch(es)
kg kilogram(s)
km kilometer(s)
L liter(s)
lb pound(s)

µg microgram(s)
m meter(s)
m3 cubic meter(s)
min minute(s)
mrem millirem(s)
MWh megawatt hour(s)
MWyr megawatt year(s)
rem roentgen equivalent man
s second(s)
scm standard cubic meter(s)
yd3 cubic yard(s)
yr year(s)
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Storage Options

Depleted uranium could be stored until use at a later
date. Storage options are defined by the chemical form
of the uranium and the type of storage facility. The
following storage options are considered in the PEIS:

Storage as UF6.  Storage of UF6 could take place in
cylinders similar to those currently used. Storage
facilities considered include yards, buildings, and an
underground mine.

Storage as U3O8.  Depleted uranium could be stored in
drums as U3O8 following conversion. Storage facilities
considered for U3O8 include buildings, belowground
vaults, and an underground mine.

Storage as UO2.  Similar to options for U3O8, depleted
uranium could be stored in drums as UO2 in buildings,
belowground vaults, and an underground mine.

APPENDIX G:

ENVIRONMENTAL IMPACTS OF OPTIONS FOR LONG-TERM STORAGE
AS UF6 AND URANIUM OXIDE

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites near Paducah, Kentucky; Portsmouth, Ohio; and Oak Ridge, Tennessee. This programmatic
environmental impact statement (PEIS) describes alternative strategies that could be used for the
long-term management of this material and analyzes the potential environmental consequences of
implementing each strategy for the period
1999 through 2039. This appendix
provides detailed information describing
the long-term storage options for
DOE-generated UF6 cylinders and uranium |
oxide considered in the PEIS. The
discussion provides background informa-
tion for these options, as well as a
summary of the estimated environmental
impacts associated with each option.

Storage is defined as holding
material for a temporary period, after
which the material is either converted to
another chemical form, used, disposed of,
or stored elsewhere. Storage options would
preserve access to the depleted uranium
for use at a later date by storing it in a
retrievable form in a facility designed for
indefinite, low-maintenance operation. 

The storage options in the PEIS
are defined by the chemical form of the depleted uranium stored and the type of storage facility.
Depleted uranium could be stored as UF6, or, following chemical conversion, as triuranium
octaoxide (U3O8) or uranium dioxide (UO2). Storage as UF6 would take place in cylinders similar
to those currently used, whereas U3O8 or UO2 would be stored in drums. Several different types of
storage facilities are considered for each chemical form (summarized in Table G.1). For storage of
UF6 cylinders, the storage options considered include outdoor yards, aboveground buildings, and an
underground mine. For storage of U3O8 and UO2 in drums, the storage options include aboveground
buildings, belowground vaults, and an underground mine. Each type of storage facility is described
in Section G.3.
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TABLE G.1  Summary of Depleted Uranium Chemical
Forms and Storage Options Considered

Storage Option Considered

Chemical Form Yards Buildings Vaults Mines

UF6 Yes Yes No Yes

U3O8 No Yes Yes Yes

UO2 No Yes Yes Yes

The choice of the chemical form of the depleted uranium for storage would depend in part
on the desired end use or disposition of the material. For instance, storage in the form of UF6 would
provide maximum flexibility for future uses; however, UF6 is not as chemically stable as other
chemical forms because it becomes a gas at relatively low temperatures and is soluble in water.
Storage in the form of UO2 or U3O8 is attractive in view of their long-term stability, and may be the
form of the material preferred for use as shielding or for disposal.

All storage facilities would be stand-alone, single-purpose facilities consisting of a central
receiving building/warehouse surrounded by storage areas, all within a security fence. The storage
facility would be capable of receiving containers of depleted uranium by truck or railcar, inspecting
the containers, repackaging the material if necessary, and placing the containers into storage.
Depending on the option, containers would be stored in a series of yards, buildings, vaults, or
underground mine tunnels (called drifts). Once placed in storage, the containers of depleted uranium
would require only routine monitoring and maintenance activities. The containers would be routinely
inspected for damage or corrosion, the air would be monitored for indications of releases that would
signify the presence of damaged containers, and any damaged containers would be repaired or
replaced. The storage facilities would be designed to protect the stored material from the
environment and prevent potential releases of material to the environment. 

In general, potential environmental impacts would occur during (1) construction of a storage
facility, (2) routine storage facility operations, and (3) potential storage accidents. The potential
impacts during construction are generally limited to the duration of the construction period and result
from typical land-clearing and construction activities. Potential impacts during operations would
result primarily from the handling and inspection of containers. Impacts could also occur from
potential accidents that release hazardous materials to the environment.

In general, the environmental impacts from the storage options were evaluated on the basis
of information described in the engineering analysis report (Lawrence Livermore National
Laboratory [LLNL] 1997). For each storage option except storage as UF6 in yards, the engineering
analysis report provides preconceptual facility design data, including descriptions of facility layouts,
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resource requirements, estimates of effluents, wastes, and emissions, and estimates of potential
accident scenarios. The design of facilities required for UF6 storage in yards was partially based on
current yard storage practices (Parks 1997), as well as the designs for building and mine storage of
UF6 presented in the engineering analysis report (LLNL 1997). The assessment considers storage of
depleted uranium through the year 2039. Storage facilities were assumed to receive containers of
DOE-generated depleted uranium over a 20-year period beginning in 2009 and store the material for |
a period of 11 years after receipt of the last container.

G.1  SUMMARY OF STORAGE OPTION IMPACTS

Potential environmental impacts for the storage options are summarized in Table G.2. The
potential environmental impacts from the storage options are not site-specific because the location
of a storage facility will not be decided until sometime in the future (see Chapter 3). Instead, for
assessment purposes, the environmental impacts were determined for a storage facility at
representative sites. A more detailed assessment of specific storage technologies and site conditions
will be conducted as appropriate as part of the second tier of the National Environmental Policy Act
(NEPA) process.

The following general conclusions can be drawn from the summary table:

• The environmental impacts from storage tend to be small for all chemical
forms and types of storage facilities.

• For storage as UF6, yard storage has slightly greater environmental impacts
than storage in buildings or a mine.

• For storage as U3O8, the environmental impacts tend to be similar among
buildings, vaults, and a mine.

• For storage as UO2, the environmental impacts tend to be similar among
buildings, vaults, and a mine.

• The differences in impacts among chemical forms are partially related to
differences in material bulk densities, with denser material, such as UO2,
requiring less storage space. UF6 storage impacts also consider the greater
reactivity of this form and the small potential for release of HF gas. However,
differences in environmental impacts among the forms tend to be small.
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TABLE G.2  Summary of Long-Term Storage Option Impacts

A. UF6 |

Impacts from Storage Impacts from Storage Impacts from Storage
 as UF6 in Yards as UF6 in Buildings as UF6 in a Mine

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose:  

680 person-rem |

Total number of LCFs:  
0.3 LCF

Noninvolved Workers:
Negligible impacts

General Public:
Negligible impacts

Involved Workers:  
Total collective dose:  

240 person-rem

Total number of LCFs:  
0.1 LCF

Noninvolved Workers:
Negligible impacts

General Public:
Negligible impacts

Involved Workers:  
Total collective dose:  

240 person-rem |

Total number of LCFs:  
0.1 LCF

Noninvolved Workers:
Negligible impacts

General Public:
Negligible impacts

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Human Health – Accidents: Radiological

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  7.5 person-rem      

Number of LCFs:  3 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI: 0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  

56 person-rem        

Number of LCFs in population 
within 50 miles:  

3 × 10
-2  LCF

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  7.5 person-rem      

Number of LCFs:  3 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  

56 person-rem        

Number of LCFs in population 
within 50 miles:  

3 × 10
-2  LCF

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.02 rem

Risk of LCF to MEI:  8 × 10
-6

Collective dose:  7.5 person-rem      

Number of LCFs:  3 × 10
-3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.015 rem

Risk of LCF to MEI:  7 × 10
-6

Collective dose to population 
within 50 miles:  

56 person-rem        

Number of LCFs in population 
within 50 miles: 

 3 × 10
-2

 LCF
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TABLE G.2  (Cont.)

Impacts from Storage Impacts from Storage Impacts from Storage
as UF6 in Yards as UF6 in Buildings as UF6 in a Mine

Human Health – Accidents: Chemical

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential for
adverse effects (bounding accident
frequency: 1 in 100 years to 1 in
10,000 years):

520 persons

Number of persons with potential
for irreversible adverse effects:

440 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

2,500 persons

Number of persons with potential
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential for
adverse effects (bounding accident
frequency: 1 in 100 years to 1 in
10,000 years):

520 persons

Number of persons with potential
for irreversible adverse effects:

440 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

2,500 persons

Number of persons with potential
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons potential for 
adverse effects (bounding accident
frequency: 1 in 100 years to 1 in
10,000 years):

520 persons

Number of persons with potential
for irreversible adverse effects:

 440 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

2,500 persons

Number of persons with potential
for irreversible adverse effects:

0 persons

Human Health — Accidents: Physical Hazards

Construction and Operations:
All Workers:  
Less than 1 (0.1) fatality, 
approximately 92  injuries

Construction and Operations:
All Workers:  
Less than 1 (0.25) fatality, 
approximately 150 injuries

Construction and Operations:
All Workers:  
Less than 1 (0.36) fatality, 
approximately 187 injuries

Air Quality

Construction:
24-hour PM10 concentration potentially as
large as 20% of standard; concentrations of
other criteria pollutants all below 2% of
respective standards

Operations:
Concentrations of all criteria pollutants 
below 0.03% of respective standards

Construction:
Annual NOx concentration potentially as
large as 3% of standard; concentrations of
other criteria pollutants 1% or less of
respective standards

Operations:
Annual NOx  concentration potentially as
large as 0.5% of standard; all other criteria
pollutant concentrations 0.2% or less of
respective standards

Construction:
All pollutant concentrations less than those
for storage in buildings

Operations:
All pollutant concentrations less than those
for storage in buildings
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TABLE G.2  (Cont.)

Impacts from Storage Impacts from Storage Impacts from Storage
as UF6 in Yards as UF6 in Buildings as UF6 in a Mine

Water

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Soil

Construction:
Moderate, but temporary, impacts

Operations:
No impacts

Construction:
Moderate, but temporary, impacts

Operations:
No impacts

Construction:
Moderate, but temporary, impacts

Operations:
No impacts

Socioeconomics

Construction:
Negligible to low impacts to ROI 
employment and population growth rates,
vacant housing, and public finances

Construction:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Construction:
Potentially moderate impacts on
employment and income

Operations:
Negligible to low impacts to ROI 
employment and population growth rates,
vacant housing, and public finances

Operations:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Operations:
Potentially moderate impacts on
employment and income

Ecology

Loss of 77-144 acres; potentially moderate to
large impacts to vegetation and wildlife

Loss of 62-131 acres; potentially moderate
to large impacts to vegetation and wildlife

Loss of 32-96 acres; potentially moderate to
large impacts to vegetation and wildlife

Waste Management

Construction:
Negligible to moderate, but temporary,
impacts (solid waste)

Operations:
Negligible impacts (all waste forms)

Construction:
Negligible to moderate, but temporary,
impacts (solid waste)

Operations:
Negligible impacts (all waste forms)

Construction:
Negligible to moderate, but temporary,
impacts (solid waste)

Operations:
Negligible impacts (all waste forms)

Resource Requirements

No impacts from resource requirements 
(such as electricity or materials) on the 
local or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the 
local or national scale are expected

Land Use

Use of approximately 144 acres; potential
moderate impacts

Use of approximately 131 acres; potential
moderate impacts

Use of approximately 96 acres; potential
moderate impacts, including impacts from
disposal of excavated material
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TABLE G.2  (Cont.)

B.  U3O8 |

Impacts from Storage Impacts from Storage Impacts from Storage
as U3O8 in Buildings as U3O8 in Vaults as U3O8 in a Mine

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose:  

940 person-rem

Total number of LCFs:  
0.4 LCF

Noninvolved Workers:
Negligible impacts

General Public:
Negligible impacts

Involved Workers:  
Total collective dose:  

940 person-rem

Total number of LCFs:  
0.4 LCF

Noninvolved Workers:
Negligible impacts

General Public:
Negligible impacts

Involved Workers:  
Total collective dose:  

950 person-rem

Total number of LCFs:  
0.4 LCF

Noninvolved Workers:
Negligible impacts

General Public:
Negligible impacts

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Human Health – Accidents: Radiological

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  7.4 rem

Risk of LCF to MEI:  3 × 10
-3

Collective dose:  670 person-rem      

Number of LCFs:  0.3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.22 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose to population 
within 50 miles:  

16 person-rem        

Number of LCFs in population 
within 50 miles:  

8 × 10
-3

 LCF

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  7.4 rem

Risk of LCF to MEI:  3 × 10
-3

Collective dose:  670 person-rem      

Number of LCFs:  0.3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.22 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose to population 
within 50 miles:  

16 person-rem        

Number of LCFs in population 
within 50 miles:  

8 × 10
-3

 LCF

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  7.4 rem

Risk of LCF to MEI:  3 × 10
-3

Collective dose:  670 person-rem      

Number of LCFs:  0.3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.22 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose to population 
within 50 miles:  

16 person-rem        

Number of LCFs in population 
within 50 miles:  

8 × 10
-3

 LCF
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TABLE G.2  (Cont.)

Impacts from Storage Impacts from Storage Impacts from Storage
as U3O8 in Buildings as U3O8 in Vaults as U3O8 in a Mine

Human Health – Accidents: Chemical

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Human Health — Accidents: Physical Hazards

Construction and Operations:
All Workers:  
Less than 1 (0.29) fatality, 
approximately 165 injuries

Construction and Operations:
All Workers:  
Less than 1 (0.26) fatality, 
approximately 151 injuries

Construction and Operations:
All Workers:  
Less than 1 (0.43) fatality, 
approximately 222 injuries

Air Quality

Construction:
Annual NOx concentration potentially as
large as 2.2% of standard; all other criteria
pollutant concentrations less than 0.7% of
respective standards

Operations:
Annual NOx concentration potentially as
large as 0.6% of standard; all other criteria
pollutant concentrations less than 0.2% of
respective standards

Construction:
Annual NOx concentration potentially as
large as 13% of standard; all other criteria
pollutant concentrations less than 3% of
respective standards

Operations:
Annual NOx concentration potentially as
large as 1% of standard; all other criteria
pollutant concentrations less than 0.3% of
respective standards

Construction:
All pollutant concentrations less than those
for storage in buildings

Operations:
All pollutant concentrations less than those
for storage in buildings
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TABLE G.2  (Cont.)

Impacts from Storage Impacts from Storage Impacts from Storage
as U3O8 in Buildings as U3O8 in Vaults as U3O8 in a Mine

Water

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface
water and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface
water and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Soil

Construction:
Moderate, but temporary, impacts

Operations:
No impacts

Construction:
Moderate, but temporary, impacts

Operations:
No impacts

Construction:
Moderate, but temporary, impacts

Operations:
No impacts

Socioeconomics

Construction:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Construction:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Construction:
Potentially moderate impacts on
employment and income

Operations:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Operations:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Operations:
Potentially moderate impacts on
employment and income

Ecology

Loss of 72-148 acres; potentially moderate
to large impacts to vegetation and wildlife

Loss of 86-212 acres; potentially
moderate to large impacts to vegetation
and wildlife

Loss of 54-124 acres; potentially moderate
to large impacts to vegetation and wildlife

Waste Management

Construction:
Minimal to moderate, but temporary,
impacts (solid waste)

Operations:
Negligible impacts (all waste forms)

Construction:
Minimal to moderate, but temporary,
impacts (solid waste)

Operations:
Negligible impacts (all waste forms)

Construction:
Minimal to moderate, but temporary,
impacts (solid waste)

Operations:
Negligible impacts (all waste forms)

Resource Requirements

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the local
or national scale are expected

Land Use

Use of approximately 148 acres; potential
moderate impacts

Use of approximately 213 acres; potential
large impacts, including impacts from
disposal of excavated material

Use of approximately 120 acres; potential
moderate impacts, including impacts from
disposal of excavated material
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TABLE G.2  (Cont.)

C.  UO2 |

Impacts from Storage Impacts from Storage Impacts from Storage
as UO2 in Buildings as UO2 in Vaults as UO2 in a Mine

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose:  

540 person-rem

Total number of LCFs:  
0.2 LCF

Noninvolved Workers:
Negligible impacts

General Public:
Negligible impacts

Involved Workers:  
Total collective dose:  

540 person-rem

Total number of LCFs:  
0.2 LCF

Noninvolved Workers:
Negligible impacts

General Public:
Negligible impacts

Involved Workers:  
Total collective dose:  

540 person-rem

Total number of LCFs:  
0.2 LCF

Noninvolved Workers:
Negligible impacts

General Public:
Negligible impacts

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Human Health – Accidents: Radiological

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  7.7 rem

Risk of LCF to MEI:  3 × 10
-3

Collective dose:  700 person-rem      

Number of LCFs:  0.3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.23 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose to population 
within 50 miles:  

17 person-rem

Number of LCFs in population 
within 50 miles:  

9 × 10
-3

 LCF

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  7.7 rem

Risk of LCF to MEI:  3 × 10
-3

Collective dose:  700 person-rem      

Number of LCFs:  0.3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.23 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose to population 
within 50 miles:  

17 person-rem

Number of LCFs in population 
within 50 miles:  

9 × 10
-3

 LCF

Bounding accident frequency:  
1 in 10,000 years to 1 in 1 million years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  7.7 rem

Risk of LCF to MEI:  3 × 10
-3

Collective dose:  700 person-rem      

Number of LCFs:  0.3

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.23 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose to population 
within 50 miles:  

17 person-rem

Number of LCFs in population 
within 50 miles:  

9 × 10
-3

 LCF



Long-Term Storage G-11 Depleted UF6 PEIS

TABLE G.2  (Cont.)

Impacts from Storage Impacts from Storage Impacts from Storage
as UO2 in Buildings as UO2 in Vaults as UO2 in a Mine

Human Health – Accidents: Chemical
Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Human Health — Accidents: Physical Hazards
Construction and Operations:
All Workers:  
Less than 1 (0.16) fatality,
approximately 111 injuries

Construction and Operations:
All Workers:  
Less than 1 (0.14) fatality, 
approximately 104 injuries

Construction and Operations:
All Workers:  
Less than 1 (0.24) fatality, 
approximately 143 injuries

Air Quality
Construction:
Annual NOx concentration potentially as
large as 2% of standard; all other criteria
pollutant concentrations 0.5% or less of
respective standards

Operations:
Annual NOx concentration potentially as
large as 0.4% of standard; all other criteria
pollutant concentrations 0.1% 
or less of respective standards

Construction:
Annual NOx concentration potentially as
large as 11% of standard; all other criteria
pollutant concentrations 3% or less of
respective standards

Operations:
Annual NOx concentration potentially as
large as 0.8% of standard; all other
criteria pollutant concentrations 0.2% or
less of respective standards

Construction:
All pollutant concentrations less than
those for storage in buildings

Operations:
All pollutant concentration less than those
for storage in buildings

Water
Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface
water and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface
water and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface
water and groundwater
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TABLE G.2  (Cont.)

Impacts from Storage Impacts from Storage Impacts from Storage
as UO2 in Buildings as UO2 in Vaults as UO2 in a Mine

Soil

Construction:
Moderate, but temporary, impacts

Operations:
No impacts

Construction:
Moderate, but temporary, impacts

Operations:
No impacts

Construction:
Moderate, but temporary, impacts

Operations:
No impacts

Socioeconomics

Construction:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Construction:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Construction:
Potentially moderate impacts on
employment and income

Operations:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Operations:
Negligible to low impacts to ROI
employment and population growth rates,
vacant housing, and public finances

Operations:
Potentially moderate impacts on
employment and income

Ecology

Potentially moderate impacts to vegetation
and wildlife

Potentially large impacts to vegetation
and wildlife

Potentially moderate impacts to vegetation
and wildlife

Waste Management

Construction:
Minimal to moderate, but temporary,
impacts (solid waste)

Operations:
Negligible impacts (all waste forms)

Construction:
Minimal to moderate, but temporary,
impacts (solid waste)

Operations:
Negligible impacts (all waste forms)

Construction:
Minimal to moderate, but temporary,
impacts (solid waste)

Operations:
Negligible impacts (all waste forms)

Resource Requirements

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

Land Use

Use of approximately 79 acres; potential
moderate impacts

Use of approximately 114 acres; potential
moderate impacts

Use of approximately 74 acres; potential
moderate impacts, including impacts from
disposal of excavated material

Notation: LCF = latent cancer fatality; MEI = maximally exposed individual; NOx = nitrogen oxides; PM10 = particulate matter
with a mean diameter of 10 µm or less; ROI = region of influence.
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G.2  DESCRIPTION OF OPTIONS

This section provides a brief summary of the different storage options considered in the
assessment of storage impacts. The information is based on preconceptual design data provided in
the engineering analysis report (LLNL 1997). That report includes detailed information, such as
descriptions of facility layouts, resource requirements, estimates of effluents, wastes, and emissions,
and descriptions of potential accident scenarios. 

The chemical form of the depleted uranium (i.e., whether it is UF6, U3O8, or UO2)
determines the type of storage container, the total number of containers required, and the storage
configuration (the way containers would be stacked). For storage of UF6, U3O8, and UO2, the
following assumptions would apply to all storage facilities:

• The analysis of storage impacts for UF6 was based on the assumption that UF6

would be stored in cylinders meeting all applicable storage requirements,
either the current cylinders or new cylinders. Cylinder preparation for
transportation to a long-term storage site would require thorough inspection
of the cylinders to determine that they meet transportation requirements; |
cylinders not meeting these requirements would be placed in overcontainers
for shipment or would have their contents transferred to new cylinders.
Cylinder preparation activities were assumed to be carried out so that the
cylinders could be delivered to the long-term storage site and placed into
storage without further preparation. However, a certain number of cylinders
were assumed to be damaged during transport and handling, and the contents
of these cylinders were assumed to be transferred to new cylinders at the long-
term storage site. 

• Depleted UF6 cylinders would be stacked two high, as is the current practice |
for outside storage of these cylinders, in rows 1.2 m (4 ft) apart. 

• U3O8 would be stored in powdered form in 55-gal (210-L) drums, consistent
with current practice. Based on a bulk density of about 3 g/cm3, the weight of
a filled drum would be about 700 kg (1,600 lb). Approximately 714,000
55-gal drums would be required. The drums would be stored in rows of four-
drum pallets, two pallets high. The width of each row would be about 1.2 m
(4 ft), with 1 m (3 ft) between rows to allow for drum inspections.

• UO2 would be stored in a sintered form in 30-gal (110-L) drums. Based on a
bulk density of sintered UO2 of about 9 g/cm3, a filled 30-gal drum weighs
about 1,100 kg (2,400 lb). Approximately 420,000 30-gal drums would be
required. As with U3O8, the drums would be stored in rows of four-drum
pallets, two pallets high. The width of each row would be about 1 m (3 ft),
with 1 m (3 ft) between rows, to allow for drum inspections.
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• For UF6 cylinders and U3O8 and UO2 drums, the contents of containers
damaged during handling and storage would be transferred to new containers
(0.7% of the drums containers received annually were assumed to require
replacement [LLNL 1997]). 

In these configurations, the total area required for storage would range from 96 to 144 acres
(39 to 58 ha) for UF6, from 124 to 212 acres (50 to 86 ha) for U3O8, and from 74 to 114 acres (30 to
46 ha) for UO2. The storage areas differ primarily because the bulk densities differ between the
chemical forms. Although the total storage area required differs among chemical forms, the basic
designs of the storage facilities — buildings, vaults, and mines — would be similar for each. For
instance, buildings of similar type would be used for the storage of UF6, U3O8, and UO2; however,
17 buildings would be required for storage of UF6 cylinders, 20 buildings for storage of U3O8 drums,
and only 9 buildings for storage of UO2 drums. Because UF6 is currently stored in cylinder yards at
the three storage sites, long-term storage of UF6 in cylinder yards at a single, centralized location was
also examined.

The following sections provide a summary description of each of the storage options. Note
that in addition to the primary storage units, each facility also would have an administration building,
a receiving warehouse, a repackaging building (attached to the receiving warehouse), and a
workshop. Storage facilities for UF6 would require a cylinder washing facility to recover the heels
from damaged cylinders after the removal of the UF6.

G.2.1  Storage in Yards

Only depleted UF6 would be stored in outdoor yards. Yard construction would be similar
to current practice; the yards would consist of an 8-in. (20-cm) stabilized base under a 12-in. (30-cm)
nonreinforced concrete pad. Twenty pads with dimensions of approximately 160 m × 80 m would
be required. Additional facilities required for yard storage include a receiving warehouse and
repackaging building, a cylinder washing building, and an administration building. Maintenance
activities assessed for long-term yard storage are similar to those associated with the continued
storage strategy (Parks 1997), and include routine inspections, ultrasonic inspections, valve
monitoring and maintenance, and regular painting of the cylinders. The contents of any of the |
cylinders damaged during handling or storage would be subsequently transferred to new cylinders;
the old cylinders would be washed and sent for further disposition.

G.2.2  Storage in Buildings

Storage in buildings is considered for UF6, U3O8, and UO2. Aboveground buildings would
be built on-grade and consist of a concrete slab covered by a steel, preengineered, single-span
structure. This type of building is commonly called a “Butler” building. Each building would be
approximately 840 ft (260 m) long and 160 ft (50 m) wide, with a height of approximately 20 ft
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(6 m). The number of buildings required for storage of UF6, U3O8, and UO2 would be 17, 20, and 9,
respectively. Construction would follow generally accepted practices. Additional facilities are
provided which combine receiving/inspection operations with administration, shipping/unloading
capabilities, and permanent monitoring capabilities (to ensure the integrity of the stored containers).

G.2.3  Storage in Vaults

Storage in vaults is considered for U3O8 and UO2. Belowground vaults are subsurface
reinforced concrete structures, 131 ft (40 m) wide × 266 ft (81 m) long, with a height of approxi-
mately 20 ft (6 m). The concrete walls are 1 ft (0.3 m) thick, with a floor slab thickness of 2 ft
(0.6 m). The majority of the structure is located underground, with only the roof area above grade.
A steel roof supported by trusses is used which can be removed to allow access to the vault by a
mobile crane outside the structure. A total of 79 vaults would be required for storage of U3O8, and
35 for storage of UO2.

G.2.4  Storage in a Mine

Storage in a mine is considered for UF6 (dry mine only), U3O8, and UO2. A belowground
mine facility consists of surface buildings where the depleted uranium is inspected and prepared for
storage, access shafts from the surface to the belowground drifts, and mined storage drifts. Storage
drifts are lateral extensions of belowground tunnels in which depleted uranium can be stored. The
dimensions of the drifts are 35 ft (11 m) wide × 330 ft (100 m) long and 18 ft (5 m) high. Each drift
would contain two rows of UF6 cylinders stored side-by-side, five rows of 30-gal UO2 drums on
pallets, or four rows of 55-gal U3O8 drums on pallets. The number of drifts required for storage of
UF6, U3O8, and UO2 would be 180, 215, and 105, respectively.

G.2.5  Storage Technologies and Chemical Forms Considered But Not Analyzed

Storage of UF6 in the potentially moist environment of a belowground vault or a mine was
not considered due to potential accelerated corrosion of the steel cylinders. In addition, storage as
depleted uranium metal was not considered because uranium metal is not as stable as U3O8 or UO2,
it is subject to surface oxidation.

G.3  IMPACTS OF OPTIONS

This section provides a summary of the potential environmental impacts associated with
the storage options, including impacts from construction and facility operations. Information related
to the assessment methodologies for each area of impact is provided in Appendix C. 
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The environmental impacts from the storage options were evaluated based primarily on the
information described in the engineering analysis report (LLNL 1997). The following general
assumptions apply to storage facility operations:

• The assessment considers storage of depleted uranium through the year 2039.

• Two phases of facility operations are considered. Phase I beginning in 2009
corresponds to the first 20 years, when the facilities would receive UF6

cylinders or UO2 or U3O8 drums from off-site and place them into storage.
Phase II corresponds to the next 11 years, when passive storage of cylinders
or drums would take place. 

• Construction of support buildings and initial storage facilities would begin
about 2007, and additional storage facilities would be built as needed
throughout Phase I.

• All storage containers would be routinely inspected, and any damaged
containers would be replaced.

• UF6 cylinder content transfers and empty cylinder washing activities would be
the only sources of emissions associated with normal (nonaccident)
operations. All U3O8 and UO2 drum content transfers would be enclosed
mechanical operations that would not involve material releases.

As described in Chapter 3, the potential environmental impacts from the storage options
were not determined on a site-specific basis because the location of a storage facility would not be
decided until sometime in the future. Instead, for yards, buildings, and vaults, the environmental
impacts were calculated using the site conditions at the three current depleted UF6 storage sites.
These three representative sites were used to provide a reasonable range of environmental conditions.
For assessment of mine storage, a representative dry location was assumed (storage in a wet mine
environment was not considered reasonable due to potential corrosion of containers). A more
detailed assessment of site considerations would be addressed, as appropriate, as part of the second
phase (tier) of the programmatic NEPA approach.

G.3.1  Human Health — Normal Operations

G.3.1.1  Radiological Impacts

Radiation doses and the associated cancer risks were estimated for exposed individuals and
collective populations. Radiation doses to the involved workers would result mainly from external
radiation during handling of containers of uranium and during routine inspection activities. Radiation
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doses to noninvolved workers and the general public would result from release of uranium
compounds to the environment. According to the engineering analysis report (LLNL 1997), airborne
emissions of depleted uranium would be negligible during normal operations of the storage facilities.
Results from water quality analyses (Section G.3.4) also showed that potential impacts to surface
water would be negligible. Therefore, radiological impacts to noninvolved workers and the off-site
general public would be negligible for all storage options.

Discussion of the methodologies used in radiological impact analysis is provided in
Appendix C and Cheng et al. (1997). The estimated results for involved workers are presented in
Table G.3 and G.4 for all storage options. The results indicate that average radiation exposure to
involved workers would be less than 1,200 mrem/yr.

G.3.1.1.1  Storage as UF6 

Radiation exposures for involved workers from storage as UF6 would result mainly from
cylinder handling, painting (for storage in yards), repackaging, and surveillance activities. Collective
radiological impacts from storage in yards would be more than twice that from storage in buildings
and mines. Compared with buildings and mines, storage in yards would require more cylinder
inspection and cylinder maintenance (painting) activities to control corrosion in an outdoor
environment. Radiological impacts would be similar for storage in buildings and storage in a mine.
The collective dose would range from about 7.6 to 22 person-rem/yr (considering Phase I and
Phase II) for a worker population of 19 to 26 individuals. The corresponding number of latent cancer
fatalities (LCFs) among the involved workers would range from 0.003 to 0.009 per year (1 to 3 LCFs
over a 300-year period). 

The average annual individual doses were obtained by dividing the collective dose by the
number of workers. To provide a conservative estimate of doses, the calculations did not consider
the implementation of as low as reasonably achievable (ALARA) practices to minimize exposures.
Because the exact number of workers required to conduct all types of activities is uncertain at this
preliminary stage, the estimated average individual doses also involve a large degree of uncertainty.
The estimated average individual dose ranges from 290 to 920 mrem/yr for the storage options, with
a corresponding individual risk of a latent cancer fatality of 0.0001 to 0.0004 per year (a chance of
about 1 to 4 in 10,000 per year). The average individual dose would be well below the regulatory
limit of 5,000 mrem/yr (10 Code of Federal Regulations [CFR] Part 835) and would be smaller than
the DOE administrative control limit of 2,000 mrem/yr (DOE 1992).

G.3.1.1.2  Storage as U3O8

For storage as U3O8, the worker activities would be expected to be similar among the three
storage options — buildings, vaults, and mines. Therefore, radiological impacts to involved workers
would be similar among these options. For all three options, the estimated collective dose is about
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TABLE G.3  Radiological Doses from Long-Term Storage Options under Normal Operations

Dose to Receptor

Involved Worker
a

Noninvolved Worker
b

General Public
c

Average Dose Collective Dose MEI Dose Collective Dose MEI Dose Collective Dose
Option (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr)

Storage as UF6
Yards 920  22 ~ 0 ~ 0 ~ 0 ~ 0
Buildings 290 7.6 ~ 0 ~ 0 ~ 0 ~ 0
Mine 420 7.6 ~ 0 ~ 0 ~ 0 ~ 0

Storage as U3O8
Buildings 880 30 ~ 0 ~ 0 ~ 0 ~ 0
Vaults 910 30 ~ 0 ~ 0 ~ 0 ~ 0
Mine 1,200 30 ~ 0 ~ 0 ~ 0 ~ 0

Storage as UO2
Buildings 810 17 ~ 0 ~ 0 ~ 0 ~ 0
Vaults 670 17 ~ 0 ~ 0 ~ 0 ~ 0
Mine 920 17 ~ 0 ~ 0 ~ 0 ~ 0

a
Involved workers are those workers directly involved with the handling of materials. Impacts are presented as average individual dose
and collective dose for the worker population. Radiation doses to individual workers would be monitored by a dosimetry program and
maintained below applicable standards, such as the DOE administrative control limit of 2,000 mrem/yr.

b
Noninvolved workers are individuals who do not participate in material handling activities and individuals who work on-site but not
within the facility. Because negligible airborne emission of radioactive materials would be expected from the storage facility (LLNL
1997), radiation doses to noninvolved workers would be negligible.

c
The off-site general public is defined as residents who live within a radius of 50 miles (80 km) around the storage site. Radiation doses
to the off-site public would be negligible because airborne emission of radioactive materials (LLNL 1997) and impacts to surface water
quality would be negligible (Section G.3.4).
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TABLE G.4  Latent Cancer Risks from Long-Term Storage Options under Normal Operations

Latent Cancer Risk to Receptor

Involved Worker
a

Noninvolved Workers
b

General Public
c

Average Risk Collective Risk MEI Risk Collective Risk MEI Risk Collective Risk
Option (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr)

Storage as UF6
Yards 4 × 10

-4
9 × 10

-3
~ 0 ~ 0 ~ 0 ~ 0

Buildings 1 × 10
-4

3 × 10
-3

~ 0 ~ 0 ~ 0 ~ 0
Mine 2 × 10

-4
3 × 10

-3
~ 0 ~ 0 ~ 0 ~ 0

Storage as
U3O8

Buildings 4 × 10
-4

1 × 10
-2

~ 0 ~ 0 ~ 0 ~ 0
Vaults 4 × 10

-4
1 × 10

-2
~ 0 ~ 0 ~ 0 ~ 0

Mine 5 × 10
-4

1 × 10
-2

~ 0 ~ 0 ~ 0 ~ 0

Storage as UO2
Buildings 3 × 10

-4
7 × 10

-3
~ 0 ~ 0 ~ 0 ~ 0

Vaults 3 × 10
-4

7 × 10
-3

~ 0 ~ 0 ~ 0 ~ 0
Mine 4 × 10

-4
7 × 10

-3
~ 0 ~ 0 ~ 0 ~ 0

a
Involved workers are those workers directly involved with the handling of materials. Impacts are presented as average
individual risk and collective risk for the worker population.

b
Noninvolved workers are individuals who do not participate in material handling activities and individuals who work on-site
but not within the facility. Because negligible airborne emission of radioactive materials would be expected from the storage
facility (LLNL 1997), cancer risks to noninvolved workers would be negligible.

c
The off-site general public is defined as residents who live within a radius of 50 miles (80 km) around the storage site. Cancer
risks to the off-site public would be negligible because airborne emission of radioactive materials (LLNL 1997) and impacts to
surface water quality would be negligible (Section G.3.4).
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30 person-rem/yr for 25 to 34 workers. The corresponding number of LCFs among workers would
be about 0.01 per year (about 1 LCF over a 100-year period).

The estimated average individual dose ranges from about 880 to 1,200 mrem/yr for the
U3O8 storage options, with a corresponding individual risk of a latent cancer fatality of 0.0004 to
0.0005 per year (a chance of about 1 in 2,000). The average dose would be well below the regulatory
dose limit of 5,000 mrem/yr.

Storage as U3O8 would result in greater collective exposures for involved workers than
storage as UF6 or UO2 because a larger number of containers would be needed for U3O8 than for UF6
and UO2. Consequently, the number of operations for transferring containers, retrieving damaged
containers, and surveying the stored inventory would be the greatest for U3O8 among the three
chemical forms for depleted uranium. 

G.3.1.1.3  Storage as UO2

The storage practices for UO2 drums would be similar to those for U3O8 drums; however,
the total number of UO2 drums would be less than the number of U3O8 drums. As a result, the
estimated collective exposures to involved workers from drum handling and inspection activities
would be less for UO2 than for U3O8. On the other hand, the number of UO2 drums would be greater
than the number of UF6 cylinders. Therefore, collective exposures for storage in buildings and in a
mine would be greater for UO2 than for UF6.

Radiological impacts to workers would be similar among the UO2 storage options. The
collective dose to involved workers would be about 17 person-rem/yr for 19 to 26 workers. The
corresponding number of latent cancer fatalities among workers would be about 0.007 per year
(about 1 LCF over a 140-year period). 

The estimated average individual dose ranges from 800 to 920 mrem/yr, with a corres-
ponding individual risk of an LCF of about 0.0003 to 0.0004 per year (a chance of about 1 in 2,500).
The average dose would be well below the regulatory dose limit.

G.3.1.2  Chemical Impacts

Chemical impacts to the maximally exposed individual (MEI) were assessed for
noninvolved workers and the public. However, according to the engineering analysis report (LLNL
1997), no airborne emissions of uranium would be expected for long-term storage facilities and only
small quantities of hydrogen fluoride (HF) would be emitted under the UF6 storage option.
Therefore, the only potential chemical exposures for noninvolved workers and the public that were
considered are those that would result from airborne emissions of HF emitted from the cylinder
transfer and washing operations. In addition, potential chemical exposures resulting from the storage
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facilities wastewater emissions were considered for the off-site general public; however, results from
water quality analyses (Section G.3.4.1) showed that potential impacts to surface water bodies would
be negligible. Information on the methodologies used for the chemical impact analysis is provided
in Appendix C and Cheng et al. (1997).

The results of the analysis of hazardous chemical human health impacts from long-term
storage options are summarized in Table G.5. No impacts on human health from chemical exposures
would be expected during normal operations of storage facilities.

For the long-term storage option, the engineering analysis report (LLNL 1997) assumed that
a low percentage of cylinders and drums would require repackaging annually due to handling or

TABLE G.5  Chemical Impacts to Human Health for Long-Term Storage Options 
under Normal Operationsa

Impacts to Receptor

Noninvolved Workers
a

General Public
b

Hazard Index Collective Risk
d

Hazard Index Collective Risk
d

Option Type for MEI
c

(ind. at risk/yr)  for MEI
c

(ind. at risk/yr)

Storage as UF6 Yards ~ 0 – ~ 0 –
Buildings ~ 0 – ~ 0 –
Mines ~ 0 – ~ 0 –

Storage as U3O8 Buildings ~ 0 – ~ 0 –
Vaults ~ 0 – ~ 0 –
Mines ~ 0 – ~ 0 –

Storage as UO2 Buildings ~ 0 – ~ 0 –
Vaults ~ 0 – ~ 0 –
Mines ~ 0 – ~ 0 –

a
Noninvolved workers include individuals who work at the facility but are not involved in hands-on
activities and individuals who work on-site but not within the facility. Because no airborne emission of
uranium and/or very low levels of HF are expected from the storage facility, there would essentially be no
noncarcinogenic health impacts to the noninvolved workers.

b
The off-site general public is defined as residents who live with a radius of 50 miles (80 km) around the
storage site. There would essentially be no noncarcinogenic health impacts to the general public because no
airborne emission of uranium and/or very low levels of HF are expected from the storage facility, there
would essentially be no noncarcinogenic health impacts to the noninvolved workers.

c
The hazard index is an indicator for potential health effects other than cancer; a hazard index greater than 1
indicates a potential for adverse health effects and a need for further evaluation. 

d
Calculation of population risk is not applicable when the corresponding hazard index for the MEI is less
than 1.
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corrosion damage. These repackaging operations would result in the only potential releases and
exposures to uranium and fluoride compounds for the storage options. For drum repackaging,
electrically powered transfer equipment would pour the contents of the damaged drums into new
drums, minimizing involved worker contact with the drum contents. The transfer equipment would
operate in such a way as to keep the operation enclosed and eliminate dust generation for the U3O8

and UO2 storage forms. 

For storage as UF6, repackaging would require heating the cylinder in an autoclave and
transferring the contents to a new cylinder. A small “heel” of UF6 (approximately 22 lb [10 kg])
would remain in the emptied cylinder; this material would be removed in the cylinder washing
building, converted to uranyl fluoride (UO2F2) and calcium fluoride (CaF2), and disposed of. Small
amounts of HF would be released from the cylinder washing building stack from the conversion of
the UF6 heels to UO2F2. The maximum annual emission of HF for the Phase I and Phase II
operational periods of long-term UF6 storage would be about 0.10 kg/yr (in yards). In comparison,
the maximum estimated annual emission of HF for any of the depleted UF6 conversion options
would be 408 kg/yr. Therefore, the maximum estimated annual emission of HF from any of the UF6

storage facilities would be more than 4,000 times lower than the maximum annual emission of HF
from conversion facilities. Because the results of the conversion analyses (Appendix F) did not
indicate any human health impacts and the atmospheric release and transport of HF would occur
under similar conditions, the small quantities of HF present in the storage facility emissions would
also not result in human health impacts.

For storage as UF6, it should also be noted that emissions due to breaches were not assumed
because all cylinders would be inspected once every 4 years and would be repackaged immediately
if any handling or corrosion damage was identified. Additionally, yard storage assumes that rigorous
maintenance would take place, such as ultrasonic test inspections, valve monitoring, and regular
painting.

Airborne emissions of depleted uranium are not expected during normal operations of the
storage facilities, according to data provided in the engineering analysis report (LLNL 1997).
Therefore, no matter which chemical form of depleted uranium is selected, chemical impacts to
noninvolved workers and the off-site general public would be negligible. 

G.3.2  Human Health — Accident Conditions

For long-term storage as U3O8 and UO2, a range of accidents covering the spectrum of high-
frequency/low-consequence accidents to low-frequency/high-consequence accidents was presented
in the engineering analysis report (LLNL 1997). Accidents analyzed for long-term storage in yards
were consistent with those analyzed for continued cylinder storage (Appendix D), as given in the |
safety analysis reports (LMES 1997a-c). These accidents are listed in Table G.6. The following
sections present the results for radiological and chemical health impacts of the highest consequence
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TABLE G.6  Accidents Considered for the Long-Term Storage Options

Chemical Amount Duration Release
Option/Accident Scenario Accident Description Form (lb) (min) Level

a

Storage as UF6

Likely Accidents (frequency: 1 or more times in 100 years)

Corroded cylinder spill, 
dry conditions

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the dry ground.

UF6 24 60
(continuous)

Ground

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years) |
|

Corroded cylinder spill, 
wet conditions – rain

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area on the wet ground.

HF 96 60
(continuous)

Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Corroded cylinder spill, 
wet conditions – water pool

A 1-ft hole results during handling, with solid UF6
forming a 4-ft

2
 area into a 0.25-in. deep water pool.

HF 150 60
(continuous)

Ground

Vehicle-induced fire, 
3 full 48G cylinders

Three full 48G UF6 cylinders hydraulically rupture
during a fire resulting from the ignition of fuel and/or
hydraulic fluid from the transport vehicle, etc.

UF6 0
11,500
8,930
3,580

0 to 12
12

12 to 30
30 to 121

Ground

Incredible Accidents (frequency: less than 1 in 1 million years)

Small plane crash, 
2 full 48G cylinders

A small plane crash affects two full 48G UF6 cylinders.
One cylinder hydraulically ruptures during a fire
resulting from the ignition of aviation fuel.

UF6 0
3,840
2,980
1,190

0 to 12
12

12 to 30
30 to 121

Ground

The second cylinder is initially breached due to impact
with aircraft debris, followed by sublimation due to fire.

UF6 4,240
1,190

0 to 30
30 to 121

Ground

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

Storage as U3O8

Likely Accidents (frequency: 1 or more times in 100 years)

Mishandling/drop of drum/
billet inside the repackaging
building

A single U3O8 drum is damaged by a forklift and spills
its contents onto the ground inside the repackaging
building.

U3O8 0.00028 Puff Stack

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Earthquake The repackaging building is damaged during a design-
basis earthquake, resulting in failure of the structure and
confinement systems.

U3O8 33 30 Ground

Tornado A major tornado and associated tornado missiles result
in failure of the repackaging building structure and its
confinement systems.

U3O8 33 0.5 Ground
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TABLE G.6  (Cont.)

Chemical Amount Duration Release
Option/Accident Scenario Accident Description Form (lb) (min) Level

a

Storage as U3O8 (Cont.)

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Fire or explosion inside the
repackaging building

A fire or explosion within the repackaging facility
affects the contents of a single pallet of drums.

U3O8 0.0011 Puff Stack

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

Storage as UO2

Likely Accidents (frequency: 1 or more times in 100 years)

Mishandling/drop of drum/
billet inside the repackaging
building

A single UO2 drum is damaged by a forklift and spills
its contents onto the ground inside the repackaging
building.

UO2 0.00011 Puff Stack

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Earthquake The repackaging building is damaged during a design-
basis earthquake, resulting in failure of the structure and
confinement systems.

UO2 33 30 Ground

Tornado A major tornado and associated tornado missiles result
in failure of the repackaging building structure and its
confinement systems.

UO2 33 0.5 Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Fire or explosion inside the
repackaging building

A fire or explosion within the repackaging facility
affects the contents of a single pallet of drums.

UO2 0.00045 Puff Stack

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

a
Ground-level releases were assumed to occur outdoors on concrete pads in the cylinder storage yards. To prevent contaminant migration,
cleanup of residuals was assumed to begin immediately after the release was stopped. 
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accident in each frequency category. Results for all accidents listed in Table G.6 are presented in
Policastro et al. (1997). Detailed descriptions of the methodology and assumptions used in these
calculations are also provided in Appendix C and Policastro et al. (1997).

G.3.2.1  Radiological Impacts

The radiological doses to various receptors for the accidents that would result in the highest
dose from each frequency category are listed in Table G.7. The LCF risks for these accidents are
given in Table G.8. The doses and the risks are presented as ranges (maximum and minimum)
because two different meteorological conditions and three representative sites were considered for
each long-term storage option (see Appendix C). The doses and risks presented here were obtained
by assuming that the accidents would occur. The probability of occurrence for each accident is
indicated by the frequency category to which it belongs. For example, accidents in the extremely
unlikely category have a probability of occurrence between 1 in 10,000 and 1 in 1 million in any
1 year. The following conclusions may be drawn from the radiological health impact results:

• No cancer fatalities would be predicted from any of the accidents.

• The maximum radiological dose to noninvolved worker and general public
MEIs (assuming an accident occurred) would be 7.7 rem. This dose is less
than the 25 rem dose recommended for assessing the adequacy of protection |
of public health and safety from potential accidents by the U.S. Nuclear |
Regulatory Commission (NRC 1994). |

• The overall radiological risk to noninvolved worker and general public MEI
receptors (estimated by multiplying the risk per occurrence [Table G.8] by the
annual probability of occurrence by the number of years of operations) would
be less than 1 for all accidents.

G.3.2.2  Chemical Impacts

The accidents considered in this section are listed in Table G.6. The results of the accident
consequence modeling in terms of chemical impacts are presented in Tables G.9 and G.10. The
results are presented as (1) number of people with potential for adverse effects and (2) number of
people with potential for irreversible adverse effects. The tables present the results for the accident
within the frequency category that would affect the largest number of people (total of noninvolved
workers and off-site population) (Policastro et al. 1997). The numbers of noninvolved workers and
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TABLE G.7  Estimated Radiological Doses per Accident Occurrence for the Long-Term Storage Options

 
Maximum Dose

c
Minimum Dose

c

Noninvolved Workers General Public Noninvolved Workers General Public

Frequency MEI Population MEI Population MEI Population MEI Population
Option/Accident

a
Category

b
(rem) (person-rem) (rem) (person-rem) (rem) (person-rem) (rem) (person-rem)

Storage as UF6
Corroded cylinder spill, dry conditions L 7.7 × 10

-2
7.1 2.3 × 10

-3
3.0 × 10

-1
3.3 × 10

-3
8.1 × 10

-2
7.8 × 10

-5
7.4 × 10

-3

Vehicle-induced fire, 3 full 48G cylinders EU 2.0 × 10
-2

7.5 1.5 × 10
-2

5.6 × 10
1

3.7 × 10
-3

5.2 × 10
-1

1.9 × 10
-3

5.2 × 10
-1

Small plane crash, 2 full 48G cylinders I 6.6 × 10
-3

2.5 4.9 × 10
-3

2.7 × 10
-1

8.7 × 10
-4

2.2 × 10
-1

6.2 × 10
-4

2.5 × 10
-2

Storage as U3O8
Mishandling/drop of drum inside the

repackaging building
L 9.4 × 10

-9
3.0 × 10

-6
9.7 × 10

-9
1.8 × 10

-6
2.8 × 10

-12
8.1 × 10

-25
4.8 × 10

-10
5.2 × 10

-8

Earthquake U 7.4 6.7 × 10
2

2.2 × 10
-1

1.6 × 10
1

3.1 × 10
-1

7.8 7.4 × 10
-3

6.4 × 10
-1

Fire or explosion inside the repackaging 
building

EU 3.6 × 10
-8

1.2 × 10
-5

3.7 × 10
-8

6.7 × 10
-6

1.1 × 10
-11

3.1 × 10
-24

1.8 × 10
-9

2.0 × 10
-7

Storage as UO2
Mishandle/drop of drum inside the

repackaging building
L 3.7 × 10

-9
1.2 × 10

-6
3.8 × 10

-9
7.0 × 10

-7
1.1 × 10

-12
3.2 × 10

-25
1.9 × 10

-10
2.1 × 10

-8

Earthquake U 7.7 7.0 × 10
2

2.3 × 10
-1

1.7 × 10
1

3.2 × 10
-1

8.1 7.7 × 10
-3

6.7 × 10
-1

Fire or explosion inside the repackaging
building

EU 1.5 × 10
-8

4.8 × 10
-6

1.5 × 10
-8

2.8 × 10
-6

4.4 × 10
-12

1.3 × 10
-24

7.5 × 10
-10

8.3 × 10
-8

a
The bounding accident chosen to represent each frequency category is the one that would result in the highest dose to the general public MEI. Health impacts in that row represent that
accident only and not the range of accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not result in a release of
radioactive material.

b
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and

once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations
(10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

c
Maximum and minimum doses reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum doses would occur
under meteorological conditions of F stability with 1 m/s wind speed, whereas minimum doses would occur under D stability with 4 m/s wind speed. 
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TABLE G.8  Estimated Radiological Health Risks per Accident Occurrence for the Long-Term Storage Options
a

Maximum Risk
d
 (LCFs) Minimum Risk

d
 (LCFs)

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI Population MEI Population MEI Population MEI Population

Storage as UF6
Corroded cylinder spill, dry conditions L 3 × 10

-5
3 × 10

-3
1 × 10

-6
2 × 10

-4
1 × 10

-6
3 × 10

-5
4 × 10

-8
4 × 10

-6

Vehicle-induced fire, 3 full 48G cylinders EU 8 × 10
-6

3 × 10
-3

7 × 10
-6

3 × 10
-2

1 × 10
-6

2 × 10
-4

1 × 10
-6

3 × 10
-4

Small plane crash, 2 full 48G cylinders I 3 × 10
-6

1 × 10
-3

2 × 10
-6

1 × 10
-4

3 × 10
-7

9 × 10
-5

3 × 10
-7

1 × 10
-5

Storage as U3O8
Mishandle/drop of drum inside the 

repackaging building
L 4 × 10

-12
1 × 10

-9
5 × 10

-12
9 × 10

-10
1 × 10

-15
3 × 10

-28
2 × 10

-13
3 × 10

-11

Earthquake EU 3 × 10
-3

3 × 10
-1

1 × 10
-4

8 × 10
-3

1 × 10
-4

3 × 10
-3

4 × 10
-6

3 × 10
-4

Fire or explosion inside the repackaging
building

I 1 × 10
-11

5 × 10
-9

2 × 10
-11

3 × 10
-9

4 × 10
-15

1 × 10
-27

9 × 10
-13

1 × 10
-10

Storage as UO2
Mishandle/drop of drum inside the

repackaging building
L 1 × 10

-12
5 × 10

-10
2 × 10

-12
3 × 10

-10
4 × 10

-16
1 × 10

-28
9 × 10

-14
1 × 10

-11

Earthquake EU 3 × 10
-3

3 × 10
-1

1 × 10
-4

9 × 10
-3

1 × 10
-4

3 × 10
-3

4 × 10
-6

3 × 10
-4

Fire or explosion inside the repackaging
building

I 6 × 10
-12

2 × 10
-9

8 × 10
-12

1 × 10
-9

2 × 10
-15

5 × 10
-28

4 × 10
-13

4 × 10
-11

a Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (LCFs) times the estimated frequency times 20 years of operations. The
estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one that would result in the highest risk to the general public MEI. Health impacts in that row represent that
accident only and not the range of accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not result in a release of
radioactive material.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years 

and once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility
operations (10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum risks would occur
under meteorological conditions of F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. 
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TABLE G.9  Number of Persons with Potential for Adverse Effects from Accidents under the Long-Term Storage Options
a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Storage as UF6
Yard

Corroded cylinder spill, dry conditions L Yes 240 No 0 Yes 2 No 0
Corroded cylinder spill, wet conditions – rain U Yes 520 Yes 10 Yes 52 No 0
Vehicle-induced fire, three full 48G cylinders EU Yes 310 Yes 2,500 Yes

f
0 Yes 3

Small plane crash, 48G cylinders I Yes 290 Yes 53 Yes
f

0 No 0

Buildings/Mine
Corroded cylinder spill, dry conditions L Yes 240 No 0 Yes 2 No 0
Corroded cylinder spill, wet conditions – rain U Yes 520 Yes 10 Yes 52 No 0
Vehicle-induced fire, 3 full 48G cylinders EU Yes 310 Yes 2,500 Yes

f
0 Yes 3

Small plane crash, 2 full 48G cylinders I Yes 290 Yes 53 Yes
f

0 No 0

Storage as U3O8
Mishandle/drop of drum/ cylinder inside

g
L No 0 No 0 No 0 No 0

Earthquake U Yes 1 No 0 No 0 No 0
Fire or explosion involving reagent inside

g
EU No 0 No 0 No 0 No 0

Storage as UO2
Mishandle/drop of drum/ cylinder inside

g
L No 0 No 0 No 0 No 0

Earthquake U Yes 1 No 0 No 0 No 0
Fire or explosion involving reagent inside

g
EU No 0 No 0 No 0 No 0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 31 years of
operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site people) would be affected. Health impacts in
that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and

once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations
(10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum values reflect different meteorological conditions at the time of the accident. In general, maximum risks would occur under meteorological conditions of
F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. 

e
At the MEI location, the determination is either “Yes” or “No” for potential adverse effects to an individual.

f
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the population
risks are 0 because the worker and general public population distributions for the representative sites were used, which did not show receptors at the MEI locations.

g
These accidents would result in the largest plume sizes, although no people would be affected.
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TABLE G.10  Number of Persons with Potential for Irreversible Adverse Effects from Accidents under the Long-Term 
Storage Options

a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Storage as UF6
Yard

Corroded cylinder spill, dry conditions L Yes 5 No 0 No 0 No 0
Corroded cylinder spill, wet conditions – rain U Yes 370 Yes

f
0 Yes 3 No 0

Corroded cylinder spill, wet conditions – water pool EU Yes 440 Yes
f

0 Yes 4 No 0
Small plane crash, 2 full 48G cylinders I Yes 2 No 0 No 0 No 0

Buildings/Mine
Corroded cylinder spill, dry conditions L Yes 5 No 0 No 0 No 0
Corroded cylinder spill, wet conditions – rain U Yes 370 Yes

f
0 Yes 3 No 0

Corroded cylinder spill, wet conditions – water pool EU Yes 440 Yes
f

0 Yes 4 No 0
Small plane crash, 2 full 48G cylinders I Yes 2 No 0 No 0 No 0

Storage as U3O8
Mishandle/drop of drum/cylinder inside

g
L No 0 No 0 No 0 No 0

Earthquake U Yes
f

0 No 0 No 0 No 0
Fire or explosion involving reagent inside

g
EU No 0 No 0 No 0 No 0

Storage as UO2
Mishandle/drop of drum/cylinder inside

g
L No 0 No 0 No 0 No 0

Earthquake U Yes
f

0 No 0 No 0 No 0
Fire or explosion involving reagent inside

g
EU No 0 No 0 No 0 No 0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 20 years of
operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site people) would be affected. Health impacts
in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and

once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations
(10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum values reflect different meteorological conditions at the time of the accident. In general, maximum risks would occur under meteorological conditions of
F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. 

e
At the MEI location, the determination is either “Yes” or “No” for potential irreversible adverse effects to an individual.

f
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the population
risks are 0 because the worker and general public population distributions for the representative sites were used, which did not show receptors at the MEI locations.

g
These accidents would result in the largest plume sizes, although no people would be affected.
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members of the off-site public represent the impacts if the associated accident was assumed to occur.
The accidents listed in Tables G.9 and G.10 are not identical because an accident with the largest
impacts for the adverse effects endpoint might not lead to the largest impacts for the irreversible
adverse effects endpoint. The results of the chemical impacts analysis may be summarized as
follows: 

• If the accidents identified in Tables G.9 and G.10 did occur, the number of
persons in the off-site population with potential for adverse effects would
range from 0 to 2,500 (maximum corresponding to vehicle-induced fire
accident involving three full 48G cylinders), and the number of off-site
persons with potential for irreversible adverse effects was estimated to be 0.

• If the accidents identified in Tables G.9 and G.10 did occur, the number of
noninvolved workers with potential for adverse effects would range from 0 to
520 (maximum corresponding to the corroded cylinder spill accident with rain
conditions), and the number of noninvolved workers with potential for
irreversible adverse effects would range from 0 to 440 (maximum
corresponding to corroded cylinder spill accident with pooling). 

• The noninvolved worker population would receive the majority of the severe
impacts and the off-site population much less, except for the vehicle-induced
fire accident involving three full 48G cylinders. In such case, the plume would
rise and hit the ground at distances downwind. The overall risk (fre-
quency times consequence), however, is very low due to the low frequency of
occurrence. 

• The impacts resulting from the vehicle-induced fire involving three full 48G
UF6 cylinders would be large for members of the general public in terms of
potential adverse effects because of the considerable source terms associated
with such an accident.

• The overall impact for accidents associated with long-term storage as UF6 in
buildings/mines would be about the same as that associated with storage in a
yard. Storage as U3O8 would have almost the same impacts as storage as UO2,
with both options having very small impacts compared with the potential
impacts for storage as UF6.

• Stack releases would have much lower impacts than ground-level releases. 

• The maximum risk was computed as the product of the consequence (number
of people) times the frequency of occurrence (per year) times the number of
years in operations (31 years, 2009 through 2039). The results indicated that
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the maximum risk values would be less than 1 for all accidents except the
following:

- Potential Adverse Effects:

Corroded cylinder spill, dry conditions (L, likely): Workers
Corroded cylinder spill, wet conditions – rain (U, unlikely): Workers

- Potential Irreversible Adverse Effects:

Corroded cylinder spill, dry conditions (L, likely): Workers
Corroded cylinder spill, wet conditions – rain (U, unlikely): Workers

These risk values are conservative because the numbers of people affected
were based on assuming (1) meteorological conditions that would result in the
maximum reasonably foreseeable plume size (i.e., F stability and 1 m/s wind
speed) and (2) wind in the direction that would lead to maximum numbers of
individuals exposed for noninvolved workers or for the general population.

To aid in the interpretation of accident analysis results, the number of fatalities potentially
associated with the estimated potential irreversible adverse effects was estimated. All the bounding
case accidents shown in Table G.10 would involve releases of UF6 and potential exposure to HF and
uranium compounds. These exposures would likely be high enough to result in death for 1% or less
of the persons experiencing irreversible adverse effects (Policastro et al. 1997). This would mean
that for noninvolved workers experiencing a range of 0 to 440 irreversible adverse effects, 0 to about
4 deaths would be expected. No deaths would be expected among the general public. These are the
maximum potential consequences of the accidents, the upper ends of the ranges assume worst-case
weather conditions and that the wind would be blowing in the direction where the highest numbers
of people would be exposed. 

G.3.2.3  Physical Hazards

The risk of on-the-job fatalities and injuries to all long-term storage facility workers is
calculated using industry-specific statistics from the Bureau of Labor Statistics, as reported by the
National Safety Council (1995). Construction and manufacturing annual fatality and injury rates
were used respectively for the duration of the construction and operational phases of the facility.
 

No on-the-job fatalities are predicted for any of the storage options analyzed (range of 0.10
for UF6 yard storage to 0.43 for U3O8 mine storage, for the total construction, Phase I operations, and
Phase II operations). The range of predicted injuries is about 92 to 222 for the entire facility
lifetimes. Physical hazard risks of fatality and injury are presented in Table G.11 by construction,
Phase I, and Phase II components. The largest component of physical hazard risks generally results
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TABLE G.11  Potential Impacts to Human Health from Physical Hazards under Accident
Conditions for the Long-Term Storage Options

Impacts to All Long-Term Storage Facility Workers
a

Incidence of Fatalities
b

Incidence of Injuries
b

Phase I Phase II Phase I Phase II
Option Construction Operations Operations Construction Operations Operations

Storage as UF6 0.04 – 0.30 0.04 0.02 16 – 110 48 – 53 24 – 29

Storage as U3O8 0.20 – 0.36 0.04 – 0.05 0.02 83 – 132 55 – 64 25 – 27

Storage as UO2 0.09 – 0.18 0.04 0.02 33 – 66 50 – 53 22 – 24

a
Impacts are reported as ranges, which result from variations in the employment requirements for the different long-term
storage chemical forms and facility types. All construction and operational workers at the storage facilities are included in
physical hazard risk calculations.

b
Fatality and injury incidence rates used in the calculations were taken from National Safety Council (1995). 

from construction; except for UF6 yard storage, construction physical hazard risks are 3 to 4 times
greater than risks from Phase I and II operations combined. The maximum impacts are predicted for
storage as U3O8 in mines; the differences in predicted impacts result from the increased work effort
required to construct mines and to inspect the greater number of U3O8 containers during the
operational phases. However, the overall differences in ranges of physical hazard risks between
chemical forms and storage types are fairly small.

For storage as UF6, the probability of an on-the-job fatality ranges from 0.10 for storage in
yards to 0.36 for storage in mines — including construction, Phase I, and Phase II of storage. The
predicted injury incidence ranges from about 92 to 187 injuries over the lifetime of the facility.

For storage as U3O8, the probability of an on-the-job fatality ranges from 0.29 for storage
in vaults to 0.43 for storage in mines — including construction, Phase I, and Phase II of storage. The
predicted injury incidence ranges from about 151 to 222 injuries over the lifetime of the facility.

For storage as UO2, the probability of an on-the-job fatality ranges from 0.16 for storage
in buildings to 0.24 for storage in mines — including construction, Phase I, and Phase II of storage.
The predicted injury incidence ranges from about 104 to 143 injuries over the lifetime of the facility.

G.3.3  Air Quality

The methodology used to analyze impacts of the long-term storage options is described in
Appendix C and Tschanz (1997). The storage site was assumed to be centered within a larger
facility, and pollutant concentrations — carbon monoxide (CO), hydrocarbons (HC), nitrogen oxides
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(NOx), sulfur oxides (SOx), and PM10 (particulate matter with a mean diameter of 10 µm or
less) — were estimated for the boundaries of that facility. Screening modeling of construction
emissions was used to estimate hourly pollutant concentrations under very conservative meteoro-
logical conditions at the boundary point that would be the shortest distance from the center of the
facility. The maximum 1-hour concentrations for the representative facilities examined are shown
in Table G.12. These impacts would occur when construction was under way at the corner of the
storage site nearest the chosen boundary point. Concentrations from construction at the center of the
storage site would be 1.5 to 2 times smaller than the ones listed in the table. Among the listed results,
the PM10 values might require close consideration in actual construction of any sites similar to the
assumed preconceptual ones. Based on the size of the estimated 1-hour concentrations, it is possible
that, under particularly unfavorable conditions, concentrations could exceed the 24-hour PM10

standard of 150 µg/m3. 

Air quality impacts associated with storage in a mine were not analyzed in detail because
the potential emissions associated with mine storage would be smaller than those for the other
storage options considered. For example, during construction of facilities for long-term storage of
U3O8, CO emissions for mine construction would be about 30% of those for aboveground buildings
and only about 10% of those for belowground vaults. Similar ratios would apply for comparisons
of emissions during operations associated with placing the uranium compounds in the storage
facilities.

The maximum impacts of CO and NOx at the facility boundaries during operations to place
depleted uranium in storage are shown in Table G.13 for the averaging periods for which standards

TABLE G.12  Maximum 1-Hour Pollutant Concentrations at Long-Term
Storage Facility Boundaries as a Result of Construction Emissions 
under Worst-Case Meteorological Conditions

Maximum 1-Hour Concentration (µg/m
3
)

Aboveground Building Storage Belowground Vault Storage

Pollutant UF6 U3O8 UO2 U3O8 UO2

CO 77 94 54 280 140

HC 34 38 21 110 55

NOx 390 450 250 1,300 670

SOx 26 30 17 85 44

PM10
a

370 420 240 460 250

a
Fugitive dust emissions from land disturbance have been included with PM10
emissions from construction equipment to estimate total PM10 concentrations.



Long-Term Storage G-34 Depleted UF6 PEIS

TABLE G.13  Maximum Pollutant Concentrations at Facility Boundaries from Operations
Emissions during Long-Term Storage

CO NOx

1-Hour Average 8-Hour Average Annual Average

Pollutant Percent Pollutant Percent Pollutant Percent
Concentration of Standard Concentration of Standard Concentration of Standard

Option (µg/m
3
) at Maximum (µg/m

3
) at Maximum (µg/m

3
) at Maximum

Aboveground Buildings
Storage as UF6 6.2 – 7.9 0.02 1.6 – 1.9 0.02 0.18 – 0.48 0.5

Storage as U3O8 6.8 – 7.5 0.02 1.8 – 2.3 0.02 0.24 – 0.57 0.6

Storage as UO2 5.4 – 6.9 0.02 1.1 – 1.7 0.02 0.13 – 0.39 0.4

Belowground Vaults
Storage as U3O8  9.3 – 12.9 0.03 2.6 – 3.2 0.03 0.40 – 0.95 1.0

Storage as UO2 10.0 – 10.7 0.03 2.1 – 3.1 0.03 0.27 – 0.82 0.8

exist. In all cases, the concentrations due to the storage operations are 1% or less of the standards.
Although not shown, the comparisons between SOx concentrations and the corresponding standards
are similar to those for CO.

The results of comparing the impacts from CO and NOx emissions for simultaneously
conducted construction and operations activities are shown in Table G.14. The maximum construc-
tion impacts would result when construction took place at the corner of the storage site nearest the
facility boundary point closest to the facility center. The operations emissions were assumed to be
distributed uniformly over the entire storage site. Although the annual construction emissions are
comparable to the corresponding operations emissions for both buildings and vaults, the construction
impacts shown are considerably larger. Basically, this is the effect of concentrating the construction
emissions in a small area closer to the boundary receptor point than is the average distance for the
operations emissions. During most years, the construction would be farther from the boundary and
have less impact. Even for the results shown in Table G.14, the combined construction and
operations impacts are less than the applicable air quality standards.

The emissions from routine monitoring and maintenance following completion of the
storage operations in all cases would be less than 25% as large as the operations emissions. Thus,
in all cases, the maintenance air quality impacts would be less than 25% of the operations impacts
alone.

Some of the estimated criteria pollutant impacts during the operations phase of long-term
storage of UF6 in yards, when both construction and operations would occur simultaneously, are
shown in Table G.15. Construction would be the dominant contributor to most of the impacts,
accounting for between 85% of the total for CO to nearly 100% for PM10. The combined impacts 
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TABLE G.14  Maximum Air Quality Impacts from Construction
Emissions for Long-Term Aboveground Building and Belowground
Vault Storage of U3O8 Compared with Impacts from Operations
Emissions

Pollutant/
Storage Option Averaging Period

Maximum
Concentration

from Construction
Emissions
(µg/m

3
)

Operations
Concentration
as Percent of
Construction
Concentration

CO
Building 1-hour average 49 15

8-hour average 8.1 22

Vault 1-hour average 170 8

8-hour average 37 7

NOx
Building Annual average 2.2 21

Vault Annual average 12.4 7

TABLE G.15  Maximum Pollutant Concentrations at Facility Boundaries
during Operations for the Long-Term Storage of Depleted UF6 in Yards

Pollutant Concentration Maximum of
(µg/m

3
) Construction

Averaging and Operations as
Pollutant Time Construction Operations Percent of Standard

CO 1 hour 8.2 –36 3.1 – 6.2 0.1
8 hours 1.4 – 5.1 1.0 – 1.2 0.06

NOx Annual 0.14 – 1.4 0.014 – 0.026 1.4

PM10 24 hours 7.5 – 31 0.012 – 0.013 21
Annual 0.42 – 4.1 0.0014 – 0.0026 8
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of construction and operations would be below the relevant standards, although closer examination
of the likely PM10 impacts might be required if this option were to be implemented.

In the maintenance phase of UF6 storage in yards, the impacts would be similar to those of
operations without construction. The maintenance impacts for CO, NOx, and PM10 would be 0.71,
0.76, and 0.77, respectively, of those listed for operations in Table G.15.

Only small quantities of HF would be released from the process stack, averaging 0.06 kg/yr
during the operations phase and 0.012 kg/yr during the maintenance phase. The estimated maximum
average annual HF concentration is about 3 × 10-6 µg/m3.

No quantitative estimate was made of the impacts on the criterion pollutant ozone. Ozone
formation is a regional issue that would be affected by emissions data for the entire area around a
proposed long-term storage site. The pollutants most related to ozone formation that would result
from the long-term storage of depleted UF6 are HC and NOx. In later Phase II studies, when specific
technologies and sites would be selected, the potential effects on ozone of these pollutants at a
proposed site could be put in perspective by comparing them with the total emissions of HC and NOx

in the surrounding area. Small additional contributions to the totals would be unlikely to alter the
ozone attainment status of the region. 

G.3.4  Water and Soil

The methodology used to determine water and soil impacts is presented in Appendix C and
Tomasko (1997). 

G.3.4.1  Surface Water

To evaluate construction impacts, it was conservatively assumed that construction would
be completed in 1 year. Essentially negligible impacts to surface water would be expected for all
long-term storage options. 

G.3.4.1.1  Buildings

The total land requirements for aboveground storage in buildings would be greatest for
storing depleted uranium as U3O8 (148 acres [60 ha]) (Table G.16). Of this area, about 70 acres
(29 ha) would be disturbed, and 6 acres (2.4 ha) would be paved. This alteration of soil would impact
surface waters by increasing the amount of runoff. On a sitewide scale, however, this amount of
increased impermeable land would have a negligible impact on nearby rivers (0.1 to 0.4% of the and
representative site areas available for runoff). In addition, there would be no measurable impacts to
the existing floodplains. 
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TABLE G.16  Summary of Environmental Parameters 
for Long-Term Storage in Buildings

Requirements

Storage Storage Storage
Option Unit as UF6 as U3O8 as UO2

Total land area acres 131 148 79

Total disturbed land acres 62 72 35

Total paved area acres 5 6 4

Construction water million gal/yr 0.5 0.6 0.3

Excavation yd
3

157,000 183,000 81,000

Water million gal/yr

Phase I 1.2 1.4 1.1

Phase II 1.0 1.0 0.9

Wastewater million gal/yr

Construction 0.05 0.06 0.03

Phase I 1.1 1.2 1.1

Phase II 0.9 0.9 0.8

Water would be needed for constructing the storage buildings. As indicated in Table G.16,
the total quantity of water ranges from about 0.3 million gal/yr (0.6 gpm) for the UO2 storage option
to about 0.6 million gal/yr (1.1 gpm) for storing depleted uranium as U3O8. If this water were
obtained from a nearby river, the impact would be negligible (less than 0.00005% of the average
flow). 

During construction, wastewater would be discharged to nearby surface waters. About
0.05 million gal/yr (0.1 gpm) of water would be discharged for the U3O8 option (see Table G.16).
The primary contaminants of concern would be construction chemicals, organics, and some
suspended solids. By following good engineering practices (e.g., stockpiling materials away from
surface water drainages, covering construction piles with tarps, and cleaning small chemical spills
as soon as they occurred), concentrations in the wastewater would be expected to be very small and
well within any regulatory standards. In addition, once in the nearby surface water, dilution would
occur in excess of 20 million:1 for average flows. Because the levels of contamination from
construction would be very low, impacts to sediment would also be negligible.

During Phase I, annual water use would range from 1.1 to 1.4 million gal/yr for the three
storage forms (UF6, UO2, and U3O8) (Table G.16). For a constant rate of use, the maximum
withdrawal from nearby surface water would be about 55 gpm. This amount of withdrawal
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corresponds to less than 0.0001% of the average river flows. The impact of this increase in
withdrawal on the flow system (particularly floodplains) would be negligible. 

Impacts to surface water quality could also occur during Phase I and II. These impacts
would result from releasing water containing chemicals or radionuclides. The maximum wastewater
release of 1.2 million gal/yr (2.3 gpm) would occur during Phase I (Table G.16). This wastewater
would contain low concentrations of pollutants that would be within National Pollutant Discharge
Elimination System (NPDES) guidelines. Additional large dilution would occur in the receiving
water. 

Impacts to surface waters during Phase II would be even less than the impacts produced by
Phase I operations because of smaller volumes of raw water used and wastewater released
(Table G.16). Impacts to surface water would, therefore, be negligible.

None of the accident scenarios presented in LLNL (1997) would produce impacts to surface
water. Accidents occurring within the concrete-bottomed buildings would be contained and isolated
from surface water, and accidents in which the building fails would primarily produce potential
impacts via the air pathway.

G.3.4.1.2  Vaults

The total land requirements for vault storage would be roughly similar to the requirements
for building storage (Table G.17). The amount of increased impermeable land would have a
negligible impact on nearby rivers. In addition, there would be no measurable impacts to floodplains.

The quantity of water needed for construction would be similar to that for constructing
buildings (Table G.17). If this water were obtained from a nearby river, the impact would be
negligible for any of the storage forms (less than 0.00001% of the average flows). During con-
struction, wastewater volumes similar to the building option would be discharged to surface waters
(U3O8 option; see Table G.17), and the impacts to surface waters would also be negligible.

During Phase I and Phase II operations, annual water use would be about two times greater
than for the building option (Table G.17). The impact of this withdrawal on the flow system
(particularly floodplains) would be negligible, as would the impacts to surface water. 

None of the accident scenarios presented in LLNL (1997) would produce impacts to surface
water. If an accident occurred within the vault it would be contained and isolated from surface water.
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TABLE G.17  Summary of Environmental Parameters 
for Long-Term Storage in Vaults

Physical Needs

Storage Storage
Option Unit as U3O8 as UO2

Total land area acres 212 114

Total disturbed area acres 86 40

Total paved area acres 21 10

Excavation million yd
3

1.7 0.75

Water

Phase I million gal/yr 1.1 1.2

Phase II million gal/yr 0.8 0.9

Wastewater

Construction million gal/yr 0.8 0.4

Phase I million gal/yr 1.1 1.0

Phase II million gal/yr 0.9 0.8

Construction water million gal/yr 0.8 0.4

G.3.4.1.3  Mine

Requirements for long-term storage in a mine are listed in Table G.18. These parameters
are all similar to those for vault storage, and all potential impacts would be similar. 

G.3.4.1.4  Yards

For long-term storage of depleted uranium as UF6 in yards, 144 acres (58 ha) of land would
be disturbed and 13 acres (5.3 ha) would be paved. This alteration of soil would impact local surface
waters by increasing the amount of runoff. The amount of increased runoff, however, would be
negligible on a sitewide scale because the land area affected would range from 0.25 to 1.5% of the
representative site land areas available. In addition there would be no measurable impacts to the
existing floodplains.

Water would be needed for constructing the long-term storage yards. Approximately
6.4 million gal/yr of water would be required. This amount of withdrawal would represent less than
0.000033% of average flows. The impact of this increase in withdrawal on the flow system
(particularly floodplains) would be negligible.
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TABLE G.18  Summary of Environmental Parameters 
for Long-Term Storage in a Mine

Physical Needs

Storage Storage Storage
Option Unit as UF6 as U3O8 as UO2

Total land area acres 96 124 74

Total disturbed area acres 32 54 25

Total paved area acres 3 3 3

Excavation million yd
3

1.8 2.2 1.2

Water

Phase I million gal/yr 1.2 1.3 1.2

Phase II million gal/yr 0.9 1.0 0.9

Wastewater

Construction million gal/yr 0.1 0.1 0.07

Phase I million gal/yr 1.1 1.3 1.1

Phase II million gal/yr 0.9 0.9 0.8

Underground area acres 114 138 77

Construction water million gal/yr 1.1 1.3 0.7

During construction of the storage yard, surface water quality could be impacted. The
primary contaminants of concern would be chemicals used in construction, organic compounds, and
some suspended solids. By following good engineering practices, concentrations in the wastewater
would be expected to be very small and less than applicable U.S. Environmental Protection Agency
(EPA) guidelines. Once the construction water mixed with surface water, dilution would occur.
Depending on the volumetric release of water during construction, dilution would be about
1 million:1. 

During normal operations, there would be no emissions that would impact surface water
because all cylinders are assumed to be new at the start of the storage option, they would be
inspected once every 4 years, and they would be replaced if any handling damage occurred. In
addition, no impacts to surface water would result from accidents because no accidents are identified
in LLNL (1997) that would produce emissions that would interact directly or indirectly with surface
water. 
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G.3.4.2  Groundwater

The only groundwater impacts for long-term storage in buildings, vaults, or mines would
occur during construction. Phase I and Phase II operations would produce no impacts because
groundwater would not be used as a source for operations and there would be no direct discharges
of wastewater to the aquifers. For vault construction, drains would be provided on the upgradient
side of the facility to prevent groundwater from entering the facility and mobilizing any spilled
contaminants. Accident sequences described in LLNL (1997) would also have no impacts on
groundwater because the building, vault, or mine would isolate contaminants and eliminate any
direct pathways to the underlying aquifers.

At any site, groundwater quality could be impacted by construction. For example, chemicals
stored on the ground could be mobilized by precipitation and infiltrate to the underlying aquifers.
By adopting good engineering and construction practices (e.g., covering material to prevent
interaction with rain, promptly cleaning any chemical spills, and providing retention basins to catch
and hold contaminated runoff), groundwater concentrations would be kept below EPA (1996)
guidelines. Overall, impacts from construction would, therefore, be negligible. Phase I and Phase II
operations would have no impacts because groundwater would not be used as a source for operations
and there would be no direct discharges of wastewater to the aquifers. 

The only groundwater impacts for long-term storage in yards would occur during
construction. These impacts would primarily be to groundwater quality; impacts to the depth of
groundwater, recharge, and flow direction would not be measurable on a sitewide scale because of
the limited size of the facility. Impacts could, however, affect quality. For example, chemicals stored
on the ground could be mobilized by precipitation and infiltrate to the underlying aquifers. By
adopting good engineering and construction practices, impacts to quality would be minimized, and
groundwater concentrations would be kept below EPA (1996) guidelines. 

As with surface water, there would be no emissions that would impact groundwater during
normal operations because all cylinders were assumed to be in good condition at the start of the
storage option, they would be inspected once every 4 years, and they would be replaced if any
handling damage occurred. In addition, no accident scenarios identified in LLNL (1997) would lead
to direct or indirect groundwater contamination.

G.3.4.3  Soil

G.3.4.3.1  Buildings

The only impacts to soil from long-term storage in buildings would occur during
construction. The maximum impact would occur for construction of the U3O8 building (Table G.16).
Up to 148 acres (60 ha) of land (4.4 to 29% of the representative site land areas available) would be
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disturbed, and 183,000 yd3 (140,000 m3) of soil would be excavated. These impacts would include
modifications in the local topography, increased permeability and erosion potential in areas where
the land surface is plowed, decreased permeability and erosion potential in areas where the soil is
compacted by heavy equipment, and decreased soil quality in areas exposed to chemical alteration.
On a sitewide scale, the impacts would be moderate; however, the impacts would be temporary. That
is, with time the disturbed soil conditions would return to previous conditions everywhere except
in paved lots. As discussed in Section G.3.4.1.1, this area would be about 6 acres (2.4 ha) (0.2 to
0.4% of the total land area available). On a sitewide scale, this impact would be negligible.

By following good engineering practices (e.g., disturbing as little soil as possible,
contouring and reseeding disturbed land, scheduling activities to minimize land disturbance, con-
trolling runoff, using tarps to prevent chemical/rainfall interaction, and cleaning any spills as soon
as they occur), impacts to soils would be minimized.

G.3.4.3.2  Vaults

The only impacts to soil from long-term storage in vaults would occur during construction.
The largest impact to soils would occur for construction of the U3O8 vault (Table G.16). Up to
212 acres (86 ha) of land (6 to 13% of the land area available) would be disturbed, and up to
1.7 million yd3 (1.3 million m3) of soil would be excavated. These impacts would include
modifications in the local topography. If the excavated soil were spread evenly over the 212-acre
(86-ha) facility, a mound 5 ft (1.5 m) deep would be created. This impact could be mitigated by
trucking the soil off-site. Other impacts would include increased permeability and erosion potential
in areas where the land surface is plowed or mounded, decreased permeability and erosion potential
in areas where the soil is compacted by heavy equipment, and decreased soil quality in areas exposed
to chemical alteration. On a sitewide scale, the impacts would be moderate; however, the impacts
would, to a large extent, be temporary and readily mitigated. With time the disturbed soil conditions
would be returned to existing conditions everywhere except in paved lots. As discussed in
Section G.3.4.1.2, this area would be a maximum of 21 acres (8.5 ha) (0.6 to 1.2% of the total land
area available). On a sitewide scale, this impact would be minor. By following good engineering
practices, impacts to soils would be kept to a minimum. 

G.3.4.3.3  Mine

The only impacts to soils from long-term storage in a mine would occur during
construction. The maximum impact to soils would occur for construction of the U3O8 mine facility
(Table G.16). Up to 124 acres (50 ha) of land (3.3 to 7.3% of the representative site land areas
available) would be disturbed, and up to 2.4 million yd3 (1.8 million m3) of soil and rock would be
excavated. These impacts would include modifications in topography (e.g., if the excavated material
were spread evenly over the 124-acre (50-ha) facility, a mound 12 ft (3.7 m) high would be created;
however, this impact could be mitigated by trucking the material off-site), increased permeability
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and erosion potential in areas where the land surface is plowed or mounded, decreased permeability
and erosion potential in areas where the soil is compacted by heavy equipment, and decreased soil
quality in areas exposed to chemical alteration. Impacts would be moderate; however, the impacts
would, to a large extent, be temporary and readily mitigated. That is, with time, the disturbed soil
would be returned to previous conditions everywhere except in paved lots. This area would be about
3 acres (1.2 ha) (0.1 to 0.4% of the total land area available) and would result in a minor impact to
soils. By following good engineering practices, impacts to soils would be kept to a minimum.

G.3.4.3.4  Yards

About 144 acres (58 ha) of land would be disturbed by construction of the long-term storage
yard facility (3.8 to 8.5% of the land area available. Of this area, 13 acres (5.3 ha) would be paved
(0.4 to 0.8% of the land area available). In addition, about 250,000 yd3 (192,000 m3) of soil would
be excavated. Impacts from construction would include modifications in topography, increased
permeability and erosion potential in areas where the soil would be broken, decreased permeability
and erosion potential in areas where the soil would be compacted by heavy equipment or paving, and
decreased soil quality in areas subjected to chemical loading. On a sitewide basis, the impacts would
be moderate, but they would be mostly temporary. That is, with time, soil conditions would return
to previous conditions everywhere except beneath paved lots, the 20 UF6 storage pads, and
associated buildings. By following good engineering practices, impacts to soils would be kept to a
minimum.

There would be no emissions that would impact soils during normal operations because all
cylinders would be inspected once every 4 years, and they would be replaced if any handling damage
occurred. In addition, there are no identified accident scenarios that would lead to direct or indirect
contamination.

G.3.5  Socioeconomics

Calculations for the analysis of socioeconomic impacts were based on detailed cost data
developed for trial storage facilities, including the impacts of facility construction, operation and
maintenance, emplacement and closure, and surveillance and monitoring activities. Impacts for each
facility are presented for the peak year of construction and the first year of operations.

The potential socioeconomic impacts of long-term storage in yards, buildings, and vaults
were estimated using the three representative sites. Because the sites that would be chosen for
long-term storage in mines are not known, the analysis estimated the impacts of these facilities for
a generic site. The impacts of long-term storage at the representative sites on regional economic
activity was estimated for a region of influence (ROI): these impacts are presented in detail in
Section G.3.5.1. The impacts of long-term storage at a generic site are presented in Section G.3.5.2.
The methodology for assessing socioeconomic impacts is discussed in Appendix C.
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Long-term storage would probably have a small impact on socioeconomic conditions in the
ROIs surrounding the three sites described in Chapter 3, Sections 3.1.8, 3.2.8, and 3.3.8. This is |
partly because a major proportion of expenditures associated with procurement for the construction
and operation of each technology option would flow outside of the ROI to other locations in the
United States, reducing the concentration of local economic effects of the long-term storage yard.

Slight changes in employment and income would occur in each ROI as a result of local
spending of personal consumption expenditures derived from employee wages and salaries, local
procurement of goods and services required to construct and operate a long-term storage facility, and
other local investment associated with construction and operation. In addition to creating new
(direct) jobs at each site, the facility would also create indirect employment and income in the ROI
as a result of jobs and procurement expenditures at each site. Jobs and income created directly by
a long-term storage facility, together with indirect activity in the ROI, would contribute slightly to
reduction in unemployment in the ROI surrounding each site. Minimal impacts are expected on local
population growth and, consequently, on local housing markets and local fiscal conditions.

The effects of constructing and operating long-term storage facilities were assessed with
regard to regional economic activity (measured in terms of employment and personal income) and
population, housing, and local public revenues and expenditures. The results are presented as ranges
to include impacts that would occur for a storage facility at each of the representative sites. Impacts
for the three sites are presented for the peak year of construction and during the first year of
operations. Table G.19 presents the potential range of impacts for long-term storage at the three
representative sites.

G.3.5.1  Long-Term Storage as UF6

During the peak year of construction of a UF6 long-term storage yard or building, 100 to |
200 direct jobs would be created at the site, and 80 to 310 additional jobs would be indirectly created |
in the ROI surrounding a representative site (Table G.19) as a result of the spending of employee
wages and salaries and procurement-related expenditures. Overall, between 180 and 510 jobs would |
be created. Construction activity would also produce direct and indirect income in the ROI, with total
income of $7 million to $15 million produced during the peak year. In the first year of operations of
the facility, between 80 and 100 direct and indirect jobs would be created. Direct and indirect income
would also be produced in the ROI surrounding each site, with total income of $4 million in the first |
year. Construction and operation of a UF6 storage facility would result in an increase in the projected
baseline compound annual average growth rate in employment in the representative site ROI of
0.001 to 0.006 percentage points from 2006 through 2039. 

Construction of a UF6 storage facility would be expected to generate direct in-migration of
130 to 280 in the peak year of construction. Additional indirect job in-migration would be expected |
into the site ROIs, bringing the total number of in-migrants to between 170 and 430 in the |
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TABLE G.19  Potential Socioeconomic Impacts of the Long-Term Storage Options for Yards, Buildings, and Vaults |

Long-Term Storage as UF6 Long-Term Storage as UO2 Long-Term Storage as U3O8

Parameter Construction
a

Operations
b

Construction
a

Operations
b

Construction
a

Operations
b

Economic activity in the ROI
Direct jobs |100 – 200 50 120 – 140 70 170 – 210 60
Indirect jobs |80 – 310 30 – 50 100 – 190 30 – 60 140 – 280 40 – 70
Total jobs |180 – 510 80 – 100 220 –330 100 – 130 310 – 490 100 – 130

Income ($ million) |
Direct income |5 – 9 3 5 – 6 3 8 – 9 3 – 4
Total income |7 – 15 4 7 – 10 4 11 – 15 5 – 8

Population in-migration into the ROI |170 – 430 50 – 70 210 – 280 70 – 100 300 – 420 80 – 100

Housing demand
Number of units in the ROI |60 – 160 20 – 30 80 – 100 30 – 40 110 – 150 30 – 40

Public finances
Change in ROI fiscal balance (%) |<0.1 – 0.3 <0.01 0.1 – 0.2 <0.1 – 0.1 0.1 – 0.3 <0.1 – 0.1

a
Impacts are for peak year of construction, either 2007 or 2008. Socioeconomic impacts from construction were assessed for 2007 through 2028. |

b
Impacts are the annual averages for the emplacement period (2009–2028). Annual averages for the surveillance and maintenance period |
(2029–2039) were estimated to be equal to or less than these values. |
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peak year (Table G.19). Operation of the facility would be expected to generate direct job
in-migration of 40 in the first year. Additional indirect job in-migration into the ROI would also be
expected, bringing the total number of in-migrants to between 50 and 70 in the first year of |
operations. Construction and operation of a UF6 storage facility would result in an increase in the
projected baseline compound annual average growth rate in representative site ROI populations of
0.001 to 0.01 percentage points from 2006 through 2039. 

A UF6 storage facility would generate a demand for 60 to 160 additional rental housing |
units during the peak year of construction (Table G.19), representing an impact of 3.5 to 8% on the |
projected number of vacant rental housing units at the representative sites. A demand for 20 to |
30 additional owner-occupied housing units would be expected in the first year of operations,
representing an impact of 0.2 to 0.5% on the number of vacant owner-occupied housing units at each
site.

During the peak year of construction, between 170 and 430 persons would in-migrate into |
the ROI at each site, leading to an increase of less than 0.1 to 0.3% over ROI-forecasted baseline |
revenues and expenditures at the representative sites (Table G.19). In the first year of operations, 50
to 60 in-migrants would be expected, leading to an increase of less than 0.01% in local revenues and |
expenditures at the three sites. 

G.3.5.2  Long-Term Storage as UO2

During the peak year of construction of a UO2 long-term storage building or vault, 120 to |
140 direct jobs would be created at the site and 100 to 190 additional jobs indirectly in the ROI
surrounding each site (Table G.19) as a result of the spending of employee wages and salaries and
procurement-related expenditures. Overall, between 220 and 330 jobs would be created.
Construction activity would also produce direct and indirect income in the ROI, with total income
of $7 million to $10 million produced during the peak year. In the first year of operations of the
facility, between 100 and 130 direct and indirect jobs would be created. Direct and indirect income |
would also be produced in the ROI surrounding the site, with total income of $4 million in the first
year. Construction and operation of a UO2 storage facility would result in an increase in the projected
baseline compound annual average growth rate in employment in the ROI of 0.01 to 0.02 percentage
points from 2006 to 2039.

Construction of a UO2 storage facility would be expected to generate direct in-migration
of 160 to 190 in the peak year of construction. Additional indirect job in-migration would be |
expected into the site ROIs, bringing the total number of in-migrants to between 210 and 280 in the |
peak year (Table G.19). Operation of the facility would be expected to generate direct job
in-migration of between 11 and 70 in the first year. Additional indirect job in-migration into the ROI |
would also be expected, bringing the total number of in-migrants to between 70 and 100 in the first |
year of operations. Construction and operation of a UO2 storage facility would result in an increase
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in the projected baseline compound annual average growth rate in ROI population of 0.01 percentage
points from 2006 to 2039.

A UO2 storage facility would generate a demand for 80 to 100 additional rental housing
units during the peak year of construction, representing an impact of 1.4 to 6.5% on the projected |
number of vacant rental housing units at the representative sites (Table G.19). A demand for 30 to
40 additional owner-occupied housing units would be expected in the first year of operations,
representing an impact of 0.2 to 0.7% on the number of vacant owner-occupied housing units at each
site.

During the peak year of construction, between 210 and 280 persons would in-migrate into |
the ROI for the site, leading to an increase of 0.1 to 0.2% over ROI-forecasted baseline revenues and |
expenditures at the representative sites (Table G.19). In the first year of operations, 70 to |
100 in-migrants would be expected, leading to an increase of less than 0.1 to 0.1% in local revenues |
and expenditures at the sites. 

G.3.5.3  Long-Term Storage as U3O8

During the peak year of construction of a U3O8 long-term storage building or vault, 170 to |
210 direct jobs would be created at the site and 140 to 280 additional jobs indirectly in the ROI |
surrounding the site (Table G.19) as a result of the spending of employee wages and salaries and
procurement-related expenditures. Overall, between 310 and 490 jobs would be created. Con- |
struction activity would also produce direct and indirect income in the ROI, with total income of
$11 million to $15 million produced during the peak year. In the first year of operations of the |
facility, between 100 and 130 direct and indirect jobs would be created. Direct and indirect income
would also be produced in the ROI surrounding the site, with total income of $5 million to |
$8 million in the first year. Construction and operation of a U3O8 storage facility would result in an |
increase in the projected baseline compound annual average growth rate in employment in the ROI
of 0.001 to 0.003 percentage points from 2006 through 2039. 

Construction of a U3O8 storage facility would be expected to generate direct in-migration
of 230 to 290 in the peak year of construction. Additional indirect job in-migration would be |
expected into the site ROIs, bringing the total number of in-migrants to between 300 and 420 in the |
peak year (Table G.19). Operation of the facility would be expected to generate direct job
in-migration of 60 to 70 in the first year. Additional indirect job in-migration into the ROI would
also be expected, bringing the total number of in-migrants to between 80 and 100 in the first year
of operations. Construction and operation of a U3O8 storage facility would result in an increase in
the projected baseline compound annual average growth rate in ROI population of 0.001 to
0.005 percentage points from 2006 through 2039. 

A U3O8 storage facility would generate a demand for 110 to 150 additional rental housing |
units during the peak year of construction, corresponding to an impact of 1.3 to 8.2% on the |
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projected number of vacant rental housing units at the representative sites (Table G.19). A demand
for 30 to 40 additional owner-occupied housing units would be expected in the first year of
operations, corresponding to an impact of 0.3 to 0.8% on the number of vacant owner-occupied
housing units at the site. 

During the peak year of construction, between 300 and 420 persons would in-migrate into |
the ROI at each site, leading to an increase of 0.1 to 0.3% over ROI-forecasted baseline revenues and |
expenditures at the representative sites (Table G.19). In the first year of operations, 80 to
100 in-migrants would be expected, leading to an increase of between less than 0.1 to 0.1% in local |
revenues and expenditures at the sites. 

G.3.5.4  Long-Term Storage in a Mine

Construction-related impacts (engineering, construction, project management, and site
preparation and restoration activities) and operations-related impacts (operation, emplacement and
closure, and surveillance and maintenance activities) are shown in Table G.20 for storage in a mine.
The location of a long-term storage mine has not yet been determined. The socioeconomic impacts
of long-term storage in a mine were analyzed on a non-site-specific basis for a generic site. Impacts
at the generic site are presented in terms of the impact of each storage option on direct (on-site)
employment and income of construction and operation activities. Estimation of the indirect impacts
that would occur off-site in the ROI around each facility would require site-specific information on

TABLE G.20  Potential Socioeconomic Impacts of Long-Term
Storage in a Mine

Option/Parameter Construction
a

Operations
b

Storage as UF6
Direct jobs |500 60
Direct income ($ million 1996) |  29     3

Storage as U3O8
Direct jobs |410 60
Direct income ($ million 1996) |  19     3

Storage as UO2
Direct jobs |340 60
Direct income ($ million 1996) |  20     4

a
Impacts are for peak year of construction, 2007. Socioeconomic impacts
from construction were assessed for 2007 through 2028.

b
Impacts are the annual averages for the emplacement period (2009–2028).|
Annual averages for the surveillance and maintenance period (2029–2039)|
were estimated to be equal to or less than these values. |
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a variety of regional economic, demographic, housing, and jurisdictional characteristics and were
therefore not included in the analysis. In addition, estimates of the relative impacts of direct
employment and income at each facility compared with the local economic baseline are not provided
(see Allison and Folga 1997). 

G.3.6  Ecology

Moderate to large adverse impacts to ecological resources could result from construction
of a facility for long-term storage as UF6, U3O8, or UO2. Impacts could include mortality of
individual organisms, habitat loss, or changes in biotic communities. Impacts due to operation of a
storage facility would be negligible.

G.3.6.1  Storage as UF6

Site preparation for the construction of a facility to store UF6 in buildings would require the
disturbance of approximately 131 acres (53 ha), including the permanent replacement of about
62 acres (25 ha) of current land cover with structures and paved areas. Existing vegetation would be
destroyed during land-clearing activities. The vegetation communities that would be eliminated by
site preparation would depend on the location of the facility. Communities occurring on undeveloped
land at the representative sites are relatively common and well represented in the vicinity of the sites;
however, impacts to high-quality native plant communities might occur if facility construction
required disturbance to vegetation communities outside of the currently fenced areas (see
Section G.3.9 for a discussion of land use). Construction of the storage facility would not be
expected to threaten the local population of any species. The loss of up to 131 acres (53 ha) of
undeveloped land would constitute a large adverse impact to vegetation. Erosion of exposed soil at
construction sites could reduce the effectiveness of restoration efforts and create sedimentation
downgradient of the site. The implementation of standard erosion control measures, installation of
storm-water retention ponds, and immediate replanting of disturbed areas with native species would
help minimize impacts to vegetation. Impacts due to facility construction are shown in Table G.21.

Wildlife would be disturbed by land clearing, noise, and human presence. Wildlife with
restricted mobility, such as burrowing species or juveniles of nesting species, would be destroyed
during land clearing activities. More mobile individuals would relocate to adjacent available areas
with suitable habitat. Population densities and competition would increase in these areas, potentially
reducing the chances of survival or reproductive capacity of displaced individuals. Some wildlife
species would be expected to quickly recolonize replanted areas near the storage facility following
completion of construction. The permanent loss of 62 acres (25 ha) to 131 acres (53 ha) of habitat
would not be expected to threaten the local population of any wildlife species since similar habitat
would be available in the vicinity of the representative sites. However, habitat use in the vicinity of
the facility may be reduced for some species due to the construction of a perimeter fence enclosing
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TABLE G.21  Impacts to Ecological Resources from Construction of Long-Term Storage
Facilities for Depleted Uranium

Option/Resource Buildings Vaults Mine Yards

Storage as UF6
Vegetation Loss of 131 acres

Large adverse impact
Not applicable

a
Loss of 96 acres
Moderate to large adverse  
   impact

Loss of 144 acres
Large adverse impact

Wildlife Loss of 62 to 131 acres
Moderate to large adverse

impact

Not applicable Loss of 32 to 96 acres
Moderate adverse impact

Loss of 77 to 144 acres
Large adverse impact

Aquatic species Negligible impact Not applicable Negligible impact Negligible impact

Wetlands Potential adverse impact Not applicable Potential adverse impact Potential adverse impact

Protected species Potential adverse impact Not applicable Potential adverse impact Potential adverse impact

Storage as U3O8
Vegetation Loss of 148 acres

Large adverse impact
Loss of 212 acres
Large adverse impact

Loss of 124 acres
Large adverse impact

Not applicable
a

Wildlife Loss of 72 to 148 acres
Large adverse impact

Loss of 86 to 212 acres
Large adverse impact

Loss of 54 to 124 acres
Large adverse impact

Not applicable

Aquatic species Negligible impact Negligible impact Negligible impact Not applicable

Wetlands Potential adverse impact Potential adverse impact Potential adverse impact Not applicable

Protected species Potential adverse impact Potential adverse impact Potential adverse impact Not applicable

Storage as UO2
Vegetation Loss of 79 acres

Moderate adverse impact
Loss of 114 acres
Large adverse impact

Loss of 74 acres
Moderate adverse impact

Not applicable
a

Wildlife Loss of 35 to 79 acres
Moderate adverse impact

Loss of 40 to 114 acres
Large adverse impact

Loss of 25 to 74 acres
Moderate adverse impact

Not applicable

Aquatic species Negligible impact Negligible impact Negligible impact Not applicable

Wetlands Potential adverse impact Potential adverse impact Potential adverse impact Not applicable

Protected species Potential adverse impact Potential adverse impact Potential adverse impact Not applicable

a
Long-term storage as UF6 in vaults and long-term storage as U3O8 or UO2 in yards were not considered.
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a 131-acre (53-ha) area. Overall, construction of a facility for UF6 storage would be considered a
moderate to large adverse impact to wildlife. 

Impacts to surface water and groundwater quality during construction are expected to be
negligible (Section G.3.4). Thus, construction derived impacts to aquatic biota would also be
expected to be negligible. Wetlands could potentially be filled or drained during construction. In
addition, impacts to wetlands due to alteration of surface water runoff patterns, soil compaction, or
groundwater flow could occur if the storage facility were located immediately adjacent to wetland
areas. However, impacts to wetlands would be minimized by maintaining a buffer area around
wetlands during construction of the facility. Unavoidable impacts to wetlands would require a Clean
Water Act Section 404 permit, which might stipulate mitigative measures. Additional permitting
might be required by state agencies. 

Critical habitat has not been designated for any state or federally listed threatened or
endangered species at any of the representative sites. Prior to construction of a storage facility, a
survey for state and federally listed threatened, endangered, or candidate species, or species of
special concern would be conducted so that, if possible, impacts to these species could be avoided.
Where impacts were unavoidable, appropriate mitigation could be developed.

Small releases of HF would be expected to occur during operation of the building storage
facility. The air concentration of HF from facility operations would be 0.00031 to 0.00081 µg/m3,
well below levels injurious to wildlife. Resulting impacts to wildlife would be negligible.

Impacts due to construction of a facility to store UF6 in a mine would be similar to impacts
from storage in buildings, although a smaller area would be affected. Facility construction would
require the disturbance of approximately 96 acres (39 ha), including the permanent replacement of
approximately 32 acres (13 ha) of current land cover with structures and paved areas (including rock
spoil). A larger proportion of the mine storage facility would be available for wildlife habitat in
comparison with the building storage facility. Species diversity and abundance, however, would be
expected to be low because of human presence, proximity of buildings, and the relatively poor
habitat quality of landscaped areas. Construction of a facility to store UF6 in a mine would constitute
a moderate to large adverse impact to vegetation and a moderate adverse impact to wildlife. Impacts
due to facility construction are shown in Table G.21. Releases of contaminants are not expected to
occur during operation of the mine storage facility, therefore, impacts to wildlife due to facility
operation would be negligible.

Impacts due to construction of a facility to store UF6 in yards would be similar to impacts
from storage in buildings, although a larger area would be affected. Facility construction would
require the disturbance of approximately 144 acres (58 ha), including the permanent replacement of
approximately 90 acres (37 ha) with buildings and paved areas. Compared with the building storage
facility, a smaller proportion of the yard storage facility would be available for wildlife habitat.
Construction of a facility to store UF6 in yards would constitute a large adverse impact to vegetation
and wildlife. Potential impacts associated with facility construction are shown in Table G.21.
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Small releases of HF, UO2F2, and U3O8 would be expected to occur during operation of the
yard storage facility due to transfers of UF6 from defective cylinders. The maximum annual average
air concentration at a storage site boundary from operation of a yard storage facility would be
approximately 2.7 × 10-6 µg/m3 for HF, 5.3 × 10-7 µg/m3 for UO2F2, and 1.8 × 10-9 µg/m3 for U3O8.
Impacts to wildlife from these emissions are expected to be negligible.

Storage facility accidents, as discussed in Section G.3.2, could result in adverse impacts to
ecological resources. The affected species and degree of impact would depend on such factors as
location of the accident, season, and meteorological conditions.

G.3.6.2  Storage as U3O8

The construction of a facility to store U3O8 in buildings would generally result in the types
of impacts associated with UF6 building storage. Site preparation for the construction of a facility
to store U3O8 in buildings would require the disturbance of approximately 148 acres (60 ha),
including the permanent replacement of approximately 72 acres (29 ha) of current land cover with
structures and paved areas. Construction of the storage facility would not be expected to threaten the
local population of any species. The loss of up to 148 acres (60 ha) of undeveloped land would
constitute a large adverse impact to vegetation. Releases of contaminants are not expected to occur
during operation of the storage facility, therefore, impacts to biotic resources due to facility operation
would be negligible. Impacts due to facility construction are shown in Table G.21.

The permanent loss of 72 to 148 acres (29 to 60 ha) of habitat would not be expected to
threaten the local population of any wildlife species since similar habitat would be available in the
vicinity of the representative sites. However, habitat use in the vicinity of the facility might be
reduced for some species due to the construction of a perimeter fence enclosing a 148-acre (60-ha)
area. Therefore, construction of a facility for U3O8 storage in buildings would be considered a large
adverse impact to wildlife.

Impacts to surface water and groundwater quality during construction are expected to be
negligible (Section G.3.4). Thus, construction derived impacts to aquatic biota would also be
expected to be negligible.

Impacts due to construction of a facility to store U3O8 in vaults would be similar to impacts
from storage in buildings, although a larger area would be affected. Facility construction would
require the disturbance of approximately 212 acres (86 ha), including the permanent replacement of
approximately 86 acres (35 ha) with structures and paved areas. A larger proportion of the vault
storage facility would be available for wildlife habitat in comparison with the building storage
facility. Species diversity and abundance, however, would be expected to be low because of human
presence, proximity of buildings, and the relatively poor habitat quality of landscaped areas.
Construction of a facility to store U3O8 in vaults would constitute a large adverse impact to
vegetation and wildlife. The larger size of the facility also would increase the potential for
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unavoidable direct and indirect impacts to wetlands due to facility location. Impacts due to facility
construction are shown in Table G.21. Releases of contaminants are not expected to occur during
operation of the vault storage facility, therefore, impacts to biotic resources due to facility operation
would be negligible.

Impacts due to construction of a facility to store U3O8 in a mine would be similar to impacts
from storage in buildings or vaults, although a smaller area would be affected. Facility construction
would require the disturbance of approximately 124 acres (50 ha), including the permanent
replacement of approximately 54 acres (22 ha) of current land cover with structures and paved areas
(including rock spoil). A larger proportion of the mine storage facility would be available for wildlife
habitat in comparison with the building storage facility. Species diversity and abundance, however,
would be expected to be low because of human presence, proximity of buildings, and the relatively
poor habitat quality of landscaped areas. Construction of a facility to store U3O8 in a mine would
constitute a large adverse impact to vegetation and wildlife. Impacts due to facility construction are
shown in Table G.21. Releases of contaminants are not expected to occur during operation of the
mine storage facility, therefore, impacts to biotic resources due to facility operation would be
negligible.

G.3.6.3  Storage as UO2

The construction of a facility to store UO2 in buildings would generally result in the types
of impacts associated with UF6 building storage. Site preparation for the construction of a facility
to store UO2 in buildings would require the disturbance of approximately 79 acres (32 ha), including
the permanent replacement of approximately 35 acres (14 ha) with structures, including paved areas.
Construction of the storage facility would not be expected to threaten the local population of any
species. The loss of up to 79 acres (32 ha) of undeveloped land would constitute a moderate adverse
impact to vegetation. Impacts due to facility construction are shown in Table G.21.

The permanent loss of 35 to 79 acres (14 to 32 ha) of habitat would not be expected to
threaten the local population of any wildlife species because similar habitat would be available in
the vicinity of the representative sites. However, habitat use in the vicinity of the facility might be
reduced for some species due to the construction of a perimeter fence enclosing a 79-acre (32-ha)
area. Therefore, construction of a facility for UO2 storage would be considered a moderate adverse
impact to wildlife.

Impacts to surface water and groundwater quality during construction are expected to be
negligible (Section G.3.4). Thus, construction derived impacts to aquatic biota would also be
expected to be negligible.

Impacts due to construction of a facility to store UO2 in vaults would be similar to impacts
from storage in buildings, although a larger area would be affected. Facility construction would
require the disturbance of approximately 114 acres (46 ha), including the permanent replacement of
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approximately 40 acres (16 ha) of current land cover with structures and paved areas. A larger
proportion of the vault storage facility would be available for wildlife habitat in comparison with the
building storage facility. However, species diversity and population densities would be expected to
be low because of human presence, proximity of buildings, and the relatively low habitat quality of
landscaped areas. Construction of a facility to store UO2 in vaults would constitute a large adverse
impact to vegetation and wildlife. The larger size of the facility would also increase the potential for
unavoidable proximity to wetlands and consequent direct and indirect impacts. Impacts due to
facility construction are shown in Table G.21. Releases of contaminants are not expected to occur
during operation of the vault storage facility, therefore, impacts to biotic resources due to facility
operation would be negligible.

Impacts due to construction of a facility to store UO2 in a mine would be similar to impacts
from storage in buildings or vaults, although a smaller area would be affected. Facility construction
would require the disturbance of approximately 74 acres (30 ha), including the permanent
replacement of approximately 25 acres (10 ha) of current land cover with structures and paved areas
(including rock spoil). A larger proportion of the mine storage facility would be available for wildlife
habitat in comparison with the building storage facility. Species diversity and abundance, however,
would be expected to be low because of human presence, proximity of buildings, and the relatively
poor habitat quality of landscaped areas. Construction of a facility to store UO2 in a mine would
constitute a moderate adverse impact to vegetation and wildlife. Impacts due to facility construction
are shown in Table G.21. Releases of contaminants are not expected to occur during operation of the
mine storage facility, therefore, impacts to biotic resources due to facility operation would be
negligible.

G.3.7  Waste Management

Impacts on waste management from wastes generated during the long-term storage of
depleted UF6 would be caused by the potential overload of waste treatment and/or disposal
capabilities either at a site or on a regional or national scale. 

G.3.7.1  Storage of UF6 in Yards, Buildings, and Mines

G.3.7.1.1 Yards

Construction of the storage pads and associated support facilities would generate
nonhazardous solid waste and sanitary wastewater. Construction would generate about 3,500 yd3

(2,700 m3) of concrete and other solid wastes. Because solid waste disposal facilities can generally
be expanded as required, the impact of the construction wastes would be minimal at any site. 
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The operations to maintain and store depleted UF6 cylinders would consist of inspections,
stripping and repainting of the external coating of cylinders, and disposal of scrap metal from old
steel cylinders. These operations would generate three primary radioactive waste streams: uranium-
contaminated scrap metal (low-level radioactive waste [LLW]) from replaced cylinders, UO2F2 from
replaced cylinders (LLW), and solid process residue (low-level mixed waste [LLMW]) from cylinder
painting. In addition, long-term yard storage operations would generate nonhazardous solid CaF2

waste and sanitary wastewater. The amount of waste generated would depend upon the time when
the activities occurred. For each waste type, the amount of waste generated annually would be larger
during Phase I of the operations (see Table G.22). The waste totals from Phase I were generally used
for comparison with the site waste loads.

The 109 yd3/yr (83 m3/yr) of scrap metal LLW and the 0.17 yd3/yr (0.13 m3/yr) of uranyl
fluoride generated during Phase I would add from 1 to 3.8% to representative site LLW generation
(Table G.22). The maximum amount of LLW generated annually during the continued storage of
depleted UF6 at all three sites would represent less than 1% of the projected annual DOE LLW
generation. The 46 yd3/yr (35 m3/yr) of LLMW generated during long-term yard storage of depleted
UF6 would add from less than 1 to 35% to the LLMW loads at the representative sites, but UF6

would be less than 1% of the total nationwide LLMW load.

TABLE G.22  Estimated Annual Waste Loads from Long-Term
Storage of UF6 in Yards

Waste Load of Depleted UF6

Annual Load Total Load
(m

3
/yr) (m

3
)

Waste Type 2009-2028 2029-2039 2009-2039

Low-level waste
Scrap metal 83 44 2,144

UO2F2 0.13 0.07 3.37

Low-level mixed waste 
(inorganic process residue)

8.8 35 561

Nonhazardous waste (CaF2) 0.08 0.05 2.15

Sanitary wastewater 6,500 6,700 204,000

a
NA = not applicable; NR = not reported.

Source: DOE (1997).
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The 0.11 yd3/yr (0.08 m3/yr) of solid nonhazardous waste generated during Phase I would
represent less than 1% of the annual waste loads at the representative sites. The 8,700 yd3/yr
(6,700 m3/yr) of sanitary wastewater would represent less than 1.5% of the annual wastewater load
of the sites.

Overall, the waste input resulting from the long-term yard storage of depleted UF6 would
have negligible impact on radioactive waste management capabilities at the representative sites. The
impact on nonradioactive site waste management would also be negligible. The impacts of waste
resulting from the long-term yard storage of depleted UF6 on national waste management capabilities
would be negligible.

G.3.7.1.2  Buildings and Mines

The wastes generated during construction of any of the different types of storage facilities
would be typical of a large construction project. The only wastes would be construction debris and
the sanitary wastes of the labor force. Estimates for the wastewater generated during construction
of the different types of UF6 storage facilities are shown in Table G.23. 

Operation of the UF6 storage facility would be divided into two phases. Phase I (2009-2028)
would involve the receipt, inspection, and repackaging of the depleted uranium containers and
relocation of these containers to the storage facility. The wastes generated during this operation
would be sanitary wastes of the labor force and the empty containers from the repacking process.

Phase II operations (2029-2039) would involve cylinder inspection, removal, repackaging
and replacing of damaged containers. Damaged cylinders were assumed to be LLW. Waste generated
during this phase of operations would be sanitary wastes of the labor force and the empty failed

TABLE G.23  Estimated Total Wastewater
Volumes from Construction of Long-Term
Storage Facilities for UF6, U3O8, and UO2

Wastewater Volume
(million L)

Uranium
Compound Buildings Vaults Mine Yards

UF6 4.0 N/A
a

8.5 24.0

U3O8 4.7 6.2 10 N/A

UO2 2.1 2.7 5.0 N/A

a
N/A = data not available.
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cylinders. The conversion of “heels” of UF6 in damaged cylinders would result in UO2F2 waste
(LLW) and a CaF2 waste. The wastes expected from the storage of UF6 are listed in Table G.24.

G.3.7.2  Storage of U3O8 and UO2 in Buildings, Mines, and Vaults

The discussion of waste generation during construction and operations given in Sec-
tion G.3.7.1.2 on storage of depleted UF6 also applies to the storage of U3O8 and UO2. Estimates of
wastewater generation during construction of U3O8 and UO2 long-term storage facilities are given
in Table G.23. Estimates of waste generation during storage of U3O8 and UO2 are given in
Table G.24. No UO2F2 or CaF2 wastes would be generated in the storing of these waste forms.

G.3.7.3  Summary

Overall, the LLW generated annually during the operation of the different types of storage
facilities (buildings and vaults) would be small (less than 1%) compared with the expected annual
LLW generation at the representative sites. The waste input resulting from the long-term storage of
any of the three types of uranium forms would have minimal impact on radioactive waste manage-
ment capabilities at the representative sites. The impact on nonradioactive waste management would
also be minimal. The impacts of waste resulting from the long-term storage of any of the final
uranium forms on national waste management capabilities would be negligible. 

The impacts of the LLW resulting from long-term storage of any of the final uranium waste
forms in a mine would be negligible (less than 1%) compared with national DOE LLW management
capabilities. 

G.3.8  Resource Requirements

Resource requirements include all materials necessary to construct and operate the storage
facilities. The requirements discussed in this section are for the storage of the three chemical forms
of depleted uranium only and do not include resources required for conversion to U3O8 or UO2,
which would be required for storage as an uranium oxide. Resource requirements for the conversion
options are presented in Appendix F, Section F.3.8.

In general, the amount of resources is directly related to the magnitude of construction, with
the greatest resources required for the development of an underground mine, and the least required
for UF6 storage in yards. Materials required could include concrete, sand, cement, and steel. In
general, none of the construction resources identified are in short supply, and any impacts on the
local economies would be small. No strategic and critical materials are projected to be consumed for
either construction or operations phases. 
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TABLE G.24  Annual Waste Loads from Long-Term Storage of UF6, U3O8, 
and UO2 in Buildings, Vaults, and Mines

CaF2
Low-Level Waste UO2F2 (LLW) (Nonhazardous) Wastewater

Time Period (m
3
/yr) (kg/yr) (kg/yr) (million L/yr)

Storage as UF6

Phase I
Buildings 2.95 140 71 4.2
Vaults NA

a
NA NA NA

Mine 2.95 140 70 4.25

Phase II
Buildings 0.2 8.8 4.4 3.4
Vaults NA NA NA NA
Mine 0.185 9.0 4.45 3.2

Storage as U3O8

Phase I
Buildings 1.05 NA NA 4.4
Vaults 1.1 NA NA 4.3
Mine 1.05 NA NA 4.75

Phase II
Buildings 0.05 NA NA 3.4
Vaults 0.05 NA NA 3.3
Mine 0.05 NA NA 3.55

Storage as UO2

Phase I
Buildings 0.75 NA NA 4.0
Vaults 0.8 NA NA 3.9
Mine 0.75 NA NA 4.25

Phase II
Buildings 0.04 NA NA 3.1
Vaults 0.04 NA NA 2.9
Mine 0.037 NA NA 3.15

a
NA = not applicable.
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Energy resources during construction and operations would include the consumption of
diesel fuel and gasoline for construction equipment and transportation vehicles. The anticipated
requirements would appear to be small and not impact local or national supplies.

Significant quantities of electrical energy are projected to be required during construction
of the mine storage facility because the majority of the construction equipment utilized in the
underground portion are powered by electricity to avoid polluting the air in the underground work
area. Similarly, a relatively higher annual consumption of electricity is projected during underground
operations, compared with the other storage facility options. The required electricity would
presumably be purchased from commercial utilities. 

During the operations phase, no chemicals are projected to be required. The amount of
natural gas would be relatively small and would be expected to be readily available. 

Estimated utilities and materials required for constructing storage facilities for UF6, U3O8,
and UO2 are listed in Table G.25 for the storage options. Estimated utilities and materials required
for operating the storage facilities for UF6, U3O8, and UO2 are shown in Table G.26. The resource
requirements are presented separately for Phase I operations, which would be concurrent with the
construction period, and for Phase II operations. 

G.3.9  Land Use

Land area requirements for each uranium chemical form and relevant storage option are
presented in Table G.27. These data do not include acreage required for the construction phase for
any of the storage options because development of land would be incremental and space required
for material excavation storage, equipment staging, and construction material laydown areas would
be available on adjacent undeveloped parcels. Consequently, areal needs for construction would not
be greater than that for operations.

Although no site has been chosen for the storage of UF6, UO2, or U3O8, selection of a
storage facility site at or near a location that is already dedicated to similar use could result in
reduced land use impacts because immediate access to infrastructure and utility support would be
possible with only minor disturbances to existing land use.

G.3.9.1  Storage as UF6

Except for potential impacts from disposal of rock spoil and excavated material in a mine,
impacts to land use from the construction and operation of facilities dedicated to storage of depleted
uranium in a UF6 chemical form would be negligible and limited to clearing of required land,
potential minor and temporary disruptions to contiguous land parcels, and a slight increase in
vehicular traffic.
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TABLE G.25  Resource Requirements for Constructing UF6,
U3O8, and UO2 Storage Facilities

Total Consumption

Utilities/Material Unit
Yards/
Vaults

a
Buildings Mines

UF6 Storage Facility

Utilities
Electricity MWyr 0.40 5.4 840

Solids
Concrete m

3
59,000 69,000 140,000

Cement metric tons 12,000 14,000 29,000
Macadam m

3
3,100 3,100 1,600

Steel metric tons 1,000 29,000 50,000

Liquids
Diesel fuel million L 0.06 10 340
Gasoline thousand L 53 8.6 11

U3O8 Storage Facility

Utilities
Electricity MWyr 6.3 5.4 1,000

Solids
Concrete m

3
82,000 110,000 170,000

Cement metric tons 16,000 22,000 34,000
Macadam m

3
3,400 12,000 1,700

Steel metric tons 34,000 37,000 59,000

Liquids
Diesel fuel million L 12 150 410
Gasoline thousand L 11 11 15

UO2 Storage Facility

Utilities
Electricity MWyr 3.0 2.5 490

Solids
Concrete m

3
37,000 48,000 85,000

Cement metric tons 7,500 9,700 17,000
Macadam m

3
2,200 5,600 1,500

Steel metric tons 16,000 17,000 29,000

Liquids
Diesel fuel million L 5.3 66 200
Gasoline thousand L 3.5 3.7 6.0

a
UF6 options include yards, buildings, and mines. U3O8 and UO2 options include |
vaults, buildings and mines. |

Sources: LLNL (1997); Folga (1996).
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TABLE G.26  Resource Requirements for Operating UF6, U3O8, and UO2 Storage Facilities

Annual Requirement

Yards Buildings Mines

Utilities/Material Unit Phase I Phase II Phase I Phase II Phase I Phase II

UF6 Storage Facility

Electricity MWh 1,700 1,700 1,600 1,600 1,500 1,500

Natural gas million scm 0.31 0.31 0.31 0.31 0.10 0.10

Diesel fuel thousand L 57 60 52 0.02  25 0.01

Gasoline thousand L 1.7 2.4 10 8 2.9 2.2

U3O8 Storage Facility

Electricity MWh 1,700 1,700 1,700 1,700 1,700 1,700

Natural gas million scm 0.35 0.38 0.10 0.10 0.10 0.10

Diesel fuel thousand L 65 0.02 120 0.04 14 0.004

Gasoline thousand L 13 8.5 13 10 3.6 2.7

UO2 Storage Facility

Electricity MWh 1,200 1,200 1,100 1,100 1,200 1,200

Natural gas million scm 0.21 0.21 0.10 0.10 0.10 0.10

Diesel fuel thousand L 39 0.01 93 0.04 14 0.005

Gasoline thousand L 8.0 5.7 8.5 6.3 2.5 1.9

Source: LLNL (1997).

A storage building option would require 131 acres (53 ha) of land (see Table G.27). The
storage yard option would require 144 acres (58 ha). The storage option utilizing a mine would
require 96 acres (39 ha). The mine storage option would result in 1,990,000 yd3 (1,520,000 m3) of
excavated material from the displacement of 114 underground acres (54 ha). Depending upon the
location of the mine, disposal of such a large volume of material could result in land-use impacts
ranging from changes in on-site topography to conflicts with existing local land-use plans. The
amount of land required for the storage building option could result in potential land disturbance
impacts, particularly if the site location featured land that was heavily wooded.
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TABLE G.27  Land Requirements for the Long-Term Storage Options

Land Requirement
a
 (acres)

Mine

Option Yards Buildings Vaults Aboveground Underground

Storage as UF6 144 131 N/A
b

96 114

Storage as U3O8 N/A 148 212 124 138

Storage as UO2 N/A 79 114 74 77

a
There is no distinction between construction and operations because the storage areas would
be cleared incrementally on the basis of need. Consequently, the acreage requirements listed
here are the total number of acres required to meet the capabilities of the option.

b N/A = not applicable (option does not include this method of storage).

Source: LLNL (1997).

Road and rail access within a storage site, regardless of storage option, would be designed
to minimize on-site traffic conflicts. For off-site traffic, potential impacts associated with
construction vehicles could be encountered. The maximum labor force required for operation at a
long-term storage facility, regardless of the storage option, would not be great enough to generate
traffic impacts. 

G.3.9.2  Storage as U3O8 

Storage as U3O8 would require the greatest amount of land per option (see Table G.27) and
would result in the greatest amount (2,350,000 yd3 [1,800,000 m3]) of excavated material and rock
spoils. Disposal of the excavation material from a mine could result in minor land-use impacts that
range from temporary disruptions of local traffic to minor land modification at the disposal site.
Areal requirements for storage as U3O8 would range from 120 to 213 acres (48 to 86 ha). Conse-
quently, the potential for land disturbance impacts would be greater than that expected for storage
as either UF6 or UO2. 

Road and rail access within a storage site, regardless of storage option, would be designed
to minimize on-site traffic conflicts. For off-site traffic, only temporary minor impacts associated
with construction vehicles could be encountered. The maximum labor force required for operation,
regardless of the storage option, would not be great enough to generate traffic impacts. 
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G.3.9.3  Storage as UO2

Storage as UO2 would require the least amount of land per option (see Table G.27) and
would result in the least amount (1,200,000 yd3 [900,000 m3]) of excavated material and rock spoils.
Disposal of the excavation material from a mine could result in land-use impacts, but such impacts
are expected to be negligible and of a lesser magnitude than would occur under storage as U3O8 or
UF6. Less land would have to be cleared for storage facilities (between 25 and 40 acres [10 and
16 ha]). Consequently, the potential for land disturbance impacts would be less than that expected
for storage in either UF6 or U3O8. The maximum labor force required for operations would not be
great enough to generate off-site traffic impacts.

G.3.10  Other Impacts Considered But Not Analyzed in Detail

Other impacts that could potentially occur if the storage options considered in this PEIS
were implemented include impacts to cultural resources and environmental justice, as well as
impacts to the visual environment (e.g., aesthetics), recreational resources and noise levels, and
impacts associated with decontamination and decommissioning of the storage facilities. These
impacts, although considered, were not analyzed in detail for one or more of the following reasons:

• The impacts could not be determined at the programmatic level without
consideration of specific sites. These impacts would be more appropriately
addressed in the second-tier NEPA documentation when specific sites are
considered.

• Consideration of these impacts would not contribute to differentiation among
the alternatives and, therefore, would not affect the decisions to be made in the
Record of Decision to be issued following publication of this PEIS. |

|
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NOTATION  (APPENDIX H)

The following is a list of acronyms and abbreviations, including units of measure, used in this
document.  Some acronyms used only in tables are defined in those tables.

ACRONYMS AND ABBREVIATIONS

General

CFR Code of Federal Regulations
DOE U.S. Department of Energy
HEPA high-efficiency particulate air (filter)
HLW high-level radioactive waste
LCF latent cancer fatality
LLNL Lawrence Livermore National Laboratory
LLW low-level radioactive waste
MEI maximally exposed individual
NEPA National Environmental Policy Act
NRC U.S. Nuclear Regulatory Commission
PEIS programmatic environmental impact statement
PM10 particulate matter with a mean diameter of 10 µm or less

Chemicals

CO carbon monoxide
HC hydrocarbons
NOx nitrogen oxides
UF6 uranium hexafluoride
UO2 uranium dioxide
U3O8 triuranium octaoxide (uranyl uranate)

UNITS OF MEASURE

ft foot (feet)
g gram(s)
gal gallon(s)
gpm gallon(s) per minute
ha hectare(s)
km kilometer(s)
km2 square kilometer(s)

lb pound(s)
µg microgram(s)
µm micrometer(s)
m meter(s)
m3 cubic meter(s)
mi2 square mile(s)
min minute(s)
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H-vii

mrem millirem(s)
MW megawatt(s)
MWyr megawatt year(s)
rem roentgen equivalent man
s second(s)
scf standard cubic foot (feet)
ton(s) short ton(s)
yd3 cubic yard(s)
yr year(s)
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Manufacture and Use Options

The representative manufacture and use options analyzed
in detail in the PEIS consider using depleted uranium as
radiation shielding material. Even though uranium is
radioactive itself, it can be used effectively to shield
gamma radiation from highly radioactive material —
such as spent nuclear fuel — because it is very dense.
Two representative options are considered:

Uranium Oxide Shielding Option.  This option
considers the manufacture and use of uranium oxide
storage casks for spent nuclear fuel using a uranium
concrete material similar to conventional concrete but
containing high-density uranium oxide (UO2) in place of
normal aggregate (typically gravel).

Uranium Metal Shielding Option.  This option
considers the manufacture and use of uranium metal
casks for the storage, transport, and disposal of spent
nuclear fuel (sometimes called a multi-purpose unit).

APPENDIX H:

ENVIRONMENTAL IMPACTS OF OPTIONS FOR THE MANUFACTURE
AND USE OF URANIUM OXIDE AND URANIUM METAL

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites in Paducah, Kentucky; Portsmouth, Ohio; and Oak Ridge, Tennessee. This programmatic
environmental impact statement (PEIS) describes alternative strategies that could be used for the
long-term management of this material
and analyzes the potential environmental
consequences of implementing each
strategy for the period 1999 through
2039. This appendix provides detailed |
information describing the manufacture
and use options considered in the PEIS.
The discussion provides background |
information for the manufacture and use
of oxide and metal, as well as a summary |
of the estimated environmental impacts
associated with each option.

Several current and potential
uses exist for depleted uranium. Depleted
uranium could be mixed with highly
enriched uranium from retired nuclear
weapons to produce nuclear reactor fuel.
This process is called blending, and, to
date, only natural uranium has been
considered for this application. Depleted
uranium is currently used as a
counterweight in high-performance air-
craft. Such uses can be expected in the
future, and there are other potential uses as counterweights on forklifts and as flywheels. Military
applications of depleted uranium include use as tank armor, armor piercing projectiles (antitank
weapons), and counterweights in missiles.

The two use alternatives evaluated in detail in the PEIS, use as uranium oxide and use as |
uranium metal as radiation shielding, were selected as representative options for the purposes of |
comparing the potential environmental impacts of broad alternative management strategies. These |
options were selected in part because a recent market study suggests that the largest potential market |
for depleted uranium currently appears to be in shielding applications (Kaplan 1995). However, the |
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selection of these use options for analysis in the PEIS was not intended to imply that the PEIS will
be used to select a specific end use or preclude other potential uses in the future. If a use strategy is |
selected in the Record of Decision, specific uses would be considered and evaluated in more detail |
in future planning and environmental analyses, as appropriate. |

Shielding is any material that is placed between a source of radiation and people, equipment,
or other objects, in order to absorb the radiation and thereby reduce radiation exposure. Common
shielding materials include concrete, steel, water, and lead. For shielding gamma radiation sources,
the more dense a material is, the more effective it is as a shield. Therefore, even though uranium is
radioactive itself, it can be used effectively to shield more highly penetrating radiation because of its
density. Uranium is one of the most dense materials known, being 1.6 times more dense than lead.

The PEIS evaluates two options for the manufacture and use of depleted uranium shielding:
(1) the uranium oxide option, which is based on the use of dense uranium dioxide (UO2); and (2) the
uranium metal option, based on the use of uranium metal. Both options assume that the depleted
uranium would be used as the primary shielding material in containers (called "casks") used to store
spent nuclear fuel. Spent nuclear fuel is the highly radioactive "used" fuel produced in nuclear power
plants. Although spent nuclear fuel is most commonly shielded by water in large storage pools, there
is a growing need for heavily shielded storage casks. A typical storage cask is a cylindrical container
about 15 ft (4.5 m) high and 5 ft (1.5 m) in diameter (see Figure H.1). For both options, the cask
designs are based on existing designs, and assume that the uranium shielding material would be
enclosed between stainless steel (or equivalent) shells (Lawrence Livermore National Laboratory
[LLNL] 1997). 

The uranium oxide option assumes that depleted uranium in the form of high density UO2
would be used for the manufacture of depleted uranium concrete for shielding in spent nuclear fuel
storage casks. This uranium concrete material, which substitutes dense UO2 for the coarse aggregate
(typically gravel) in conventional concrete, is known as DUCRETE. As a shielding material,
DUCRETE offers size and weight advantages compared to conventional concrete. Shielding made
of DUCRETE would typically require less than half the thickness of shielding made from concrete
to obtain the same effect. 

The uranium metal option assumes that depleted uranium in the form of metal would be used
for the manufacture of shielding in a spent nuclear fuel cask that could be used not only for storage,
but also for transportation and disposal. This type of cask is commonly called a multi-purpose unit.
No assumptions were made regarding the fate of the uranium oxide or uranium metal casks after use. |
The empty casks could be recycled, stored, or disposed of as low-level radioactive waste (LLW).

For assessment purposes, the manufacture of depleted uranium shielded casks was assumed
to take place at a stand-alone industrial plant dedicated to the cask fabrication process. In general,
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the air and water. Impacts might also occur from potential manufacturing accidents that may result
in the release of hazardous materials to the environment. Impacts during the use of depleted uranium
shielded casks were not quantified in the PEIS. In general, the potential impacts associated with any
structural components of a depleted uranium cask would be negligible compared with the potential
impacts associated with the spent nuclear fuel stored within the casks during use. Excluding
accidents, no release of depleted uranium material would occur during use. 

The potential environmental impacts presented in this chapter were evaluated based on the
information described in the engineering analysis report (LLNL 1997). For each manufacture and use
option, the engineering analysis report provides preconceptual manufacturing facility design data,
including descriptions of facility layouts; shielding cask design details; resource requirements;
estimates of effluents, wastes, and emissions; and descriptions of potential accident scenarios. 

H.1  SUMMARY OF MANUFACTURE AND USE OPTION IMPACTS

This section provides a summary of the potential environmental impacts associated with two
manufacture and use options: (1) a uranium oxide shielding option and (2) a uranium metal shielding
option. The assessment of impacts was limited to the potential impacts from construction and
operation of cask manufacturing facilities. Additional discussion and details related to the assessment
results for individual areas of impact are provided in Section H.3. 

Potential environmental impacts from the two manufacture and use options are summarized
in Table H.1. Based on the information in Table H.1 and Section H.3, the following conclusions can
be drawn:

• For both manufacture and use options, potential human health and safety
impacts to workers and the public would be small during construction and
normal operations. The consequences of accidents involving release of
radioactive or chemical materials would be low. About 1 fatality during
construction and operations was estimated from an on-the-job occupational
accident. 

• For both options, potential impacts other than human health and safety tend to
be small and similar between the options. 

H.2  DESCRIPTION OF OPTIONS

This section provides a brief summary of the options considered in the assessment of
manufacture and use impacts. The information is based on preconceptual design data provided in the
engineering analysis report (LLNL 1997). The engineering analysis report contains much more
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TABLE H.1  Summary of Manufacture and Use Option Impacts

Impacts from Manufacture and Use
of Oxide Shielding

Impacts from Manufacture and Use
of Uranium Metal Shielding

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose:  460 person-rem

Total number of LCFs:  0.2

Noninvolved Workers:
Annual dose to MEI :  

6.1 × 10
-5

 – 2.8 × 10
-4

 mrem/yr

Annual cancer risk to MEI:  

2 × 10
-11 – 1 × 10

-10
 per year

Total collective dose:  

2.0 × 10
-5 – 2.5 × 10

-4
 person-rem

Total number of LCFs:  
8 × 10-9 – 1 × 10

-7
 LCF

General Public:
Annual dose to MEI:  

1.9 × 10
-4

 – 8.7 × 10
-4

 mrem/yr

Annual cancer risk to MEI:  
1 × 10

-10
 – 4 × 10

-10
 per year

Total collective dose to population 
within 50 miles:  

0.00098 – 0.12 person-rem

Total number of LCFs in population 
within 50 miles:  

5 × 10
-7

 – 6 × 10
-5

 LCF 

Involved Workers:  
Total collective dose:  100 person-rem

Total number of LCFs:  0.04

Noninvolved Workers:
Annual dose to MEI :  

1.3 × 10
-4

 – 6.4 × 10
-4

 mrem/yr

Annual cancer risk to MEI:  
5 × 10

-11
 – 3 × 10

-10
 per year

Total collective dose :  
1.2 × 10-4 – 1.5 × 10

-3
 person-rem

Total number of LCFs:  
5 × 10

-8
 – 6 × 10

-7
 LCF

General Public:
Annual dose to MEI:  

3.8 × 10
-4

 – 1.9 × 10
-3

 mrem/yr

Annual cancer risk to MEI:  
2 × 10

-10
 – 1 × 10

-9
 per year

Total collective dose to population 
within 50 miles: 

 0.0059 – 0.73 person-rem

Total number of LCFs in population 
within 50 miles:  

3 × 10
-6

 – 4 × 10
-4

 LCF 

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts
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TABLE H.1  (Cont.)

Impacts from Manufacture and Use
of Oxide Shielding

Impacts from Manufacture and Use
of Uranium Metal Shielding

Human Health – Accidents: Radiological

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence): 

Dose to MEI:  0.077 rem

Risk of LCF to MEI:  0.00003 per year

Collective dose:  0.029 person-rem      

Number of LCFs: 0.00001

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.0023 rem

Risk of LCF to MEI:  1 × 10
-6

 per year

Collective dose to population within 50 miles:
0.32 person-rem

Number of LCFs among population within 50 miles: 
0.0002 LCF

Bounding accident frequency:  
less than 1 in 1,000,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence): 

Dose to MEI:  0.23 rem

Risk of LCF to MEI:  0.00009 per year

Collective dose:  0.087 person-rem      

Number of LCFs:  0.00003

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.007 rem

Risk of LCF to MEI: 4 × 10
-6

 per year

Collective dose to population within 50 miles:
1.9 person-rem

Number of LCFs among population within 50 miles: 
0.001 LCF

Human Health – Accidents: Chemical

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

0 persons

Number of persons with potential
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

0 persons

Number of persons with potential
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
less than 1 in 1,000,000 years 

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

4 persons

Number of persons with potential
for irreversible adverse effects:

2 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential
for adverse effects:

1 person

Number of persons with potential
for irreversible adverse effects:

1 person
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TABLE H.1  (Cont.)

Impacts from Manufacture and Use
of Oxide Shielding

Impacts from Manufacture and Use
of Uranium Metal Shielding

Human Health — Accidents: Physical Hazards

Construction and Operations: 
All Workers: 
Approximately 1 fatality, 
approximately 640 injuries

Construction and Operations: 
All Workers: 
Approximately 1 fatality, 
approximately 670 injuries

Air Quality

Construction:
Concentrations of criteria pollutants all 9% or less of respective
standards 

Operations:
Pollutant concentrations 4% or less of values during construction

Construction:
Concentrations of criteria pollutants all 9% or less of respective
standards

Operations:
Pollutant concentrations 4% or less of values during construction

Water
a

Construction:
Negligible impacts to surface water and groundwater

Operations:
None to negligible impacts to surface water and groundwater

Construction:
Negligible impacts to surface water and groundwater

Operations:
None to negligible impacts to surface water and groundwater

Soil 

a

Construction:
Negligible but temporary impacts

Operations:
No impacts

Construction:
Negligible but temporary impacts

Operations:
No impacts

Socioeconomics

Construction:
Potentially moderate impacts on employment and income

Operations:
Potentially moderate impacts on employment and income

Construction:
Potentially moderate impacts on employment and income

Operations:
Potentially moderate impacts on employment and income

Ecology

Construction:
Potential moderate impacts to vegetation and wildlife

Operations:
Negligible impacts

Construction:
Potential moderate impacts to vegetation and wildlife

Operations:
Negligible impacts

Waste Management

Negligible impacts on regional or national waste management
operations

Negligible impacts on regional or national waste management
operations
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TABLE H.1  (Cont.)

Impacts from Manufacture and Use
of Oxide Shielding

Impacts from Manufacture and Use
of Uranium Metal Shielding

Resource Requirements

No impacts from resource requirements (such as electricity or
materials) would be expected on the local or national scale

No impacts from resource requirements (such as electricity or
materials) would be expected on the local or national scale

Land Use

Use of approximately 90 acres; potential moderate impacts,
including traffic impacts

Use of approximately 90 acres; potential moderate impacts,
including traffic impacts

a
Impacts if the generic site was large relative to the proposed facility and was located near a river where minimum flow was large
relative to water use.

Notation: LCF = latent cancer fatality; MEI = maximally exposed individual; PM10 = particulate matter with a mean diameter of
10 µm or less; ROI = region of influence.

detailed information, including descriptions of manufacturing facility layouts; shielding cask design
details; resource requirements; estimates of effluents, wastes, and emissions; and descriptions of
potential accident scenarios. The manufacture and use options assume that depleted uranium in the
form of UO2 or metal would be shipped to the manufacturing plant from a conversion facility. The
environmental impacts associated with the conversion process are provided in Appendix F.

H.2.1  Uranium Oxide Shielding Option

The uranium oxide shielding option would require a total site area of about 90 acres (37 ha),
of which 32 acres (13 ha) would be disturbed or cleared. The manufacturing facility would receive
high-density UO2 from a conversion plant, and the partially fabricated stainless steel shells and other
shielding cask components from a supplier. The steel cask shell would be fabricated using
conventional industry practices, including welding, machining and final assembly. At the cask
manufacturing facility, uranium oxide shielding would be prepared using high-shear mixing for evenly
combining the high-density UO2 and concrete components. The mixture would then be poured
between an inner and outer steel cask shell. Final assembly of the shielding cask would be performed
after the mixture cured. The oxide shielding composition would be nominally 74% UO2, 11% sand,
10% cement and additives, and the remainder water. Each cask would contain about 50 tons
(45 metric tons) of UO2, with about 480 casks being manufactured each year. The casks would then
be sent to a user, such as a nuclear power plant.
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H.2.2  Uranium Metal Shielding Option

The metal shielding option would require a total site area of about 90 acres (37 ha), of which
36 acres (15 ha) would be disturbed or cleared. The manufacturing facility would receive uranium
metal ingots (or alloy) from a conversion plant, and partially fabricated stainless steel or titanium alloy
shells and other shielding cask components from a supplier. The inner and outer steel shells of the
casks would be assembled using standard operations, such as welding, machining and final assembly.
In a separate building, the uranium metal would be melted and directly cast between the inner and
outer shells of the assembled cask. After cooling, final assembly of the shielding cask would be carried
out. Each finished shielding cask would contain about 47 tons (43 metric tons) of uranium metal, with
about 453 casks being manufactured each year.

H.2.3  Manufacture and Use Options Considered But Not Analyzed

Several manufacture and use options were not analyzed in depth in the engineering analysis
report: (1) use of depleted uranium in light water reactor fuel, (2) use of depleted uranium as fuel in
advanced breeder reactors, and (3) dense material applications other than radiation shielding. As |
discussed more fully in Section 2.3.2 of the PEIS, these uses are either too uncertain at this time for |
full analysis or are represented by the options analyzed in the PEIS. |

H.3  IMPACTS OF OPTIONS

This section provides a summary of the potential environmental impacts associated with the
manufacture and use options, including impacts from construction and facility operations. Information
related to the assessment methodologies for each area of impact is provided in Appendix C. 

The environmental impacts from the manufacture and use options were evaluated based on
the information described in the engineering analysis report (LLNL 1997). The following general
assumptions apply to the assessment of impacts:

• Shielding cask manufacturing facilities would operate over a 20-year period,
from 2009 through 2028, using either depleted uranium oxide or metal from |
the DOE-generated inventory. Preoperation of manufacturing facilities would |
occur between 1999 and 2008, with actual construction requiring 7 years.

• The uranium oxide and uranium metal cask manufacturing plants would
produce 480 and 453 casks per year, respectively, over the operational period.

• The cask manufacturing facilities were assumed to be stand-alone facilities
built for the specific purpose of fabricating casks. The manufacturing facilities
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would receive depleted uranium in the form of UO2 or metal from a conversion
facility.

• Potential impacts from a manufacturing facility were analyzed for generic dry
and wet environmental settings and for generic rural and urban settings. The
historical meteorological conditions for five actual “dry” locations in the
southwestern United States and five actual “wet” locations in the central and
southeastern United States were averaged to develop estimates for the generic
settings. The generic rural setting was assumed to have a population density
corresponding to 15 persons/mi2 (6 persons/km2); the generic urban setting
was assumed to have a population density corresponding to 700 persons/mi2

(275 persons/km2). 

• The assessment of impacts was limited to potential impacts from the construc-
tion and operation of a cask manufacturing facility. Impacts during the use of
depleted uranium shielded casks have not been estimated in the PEIS because
the impacts associated with the depleted uranium cask components would be
negligible compared with the potential impacts associated with the spent
nuclear fuel within a cask and because no release of depleted uranium material
would occur during use. Use of spent nuclear fuel storage casks would be |
subject to DOE or U.S. Nuclear Regulatory Commission (NRC) review and |
approval. |

• The impacts presented herein for manufacturing of oxide- and metal-shielded
containers would be representative of any impacts associated with manufacture
of other products that contain depleted uranium because none of the other
potential uses would consume as much depleted UF6 inventory as the oxide
and metal container use.

• Because of existing regulations in the United States, it is highly unlikely that |
products containing depleted uranium would be available for unrestricted use
at this time. Impacts to the general public from restricted use applications
would be negligible. Impacts to the workers from uranium oxide or uranium
metal casks at the user locations (e.g., commercial nuclear power generators)
would depend largely on the particular application but would be less than those
to workers at the manufacturing facilities. Any commercial use of depleted
uranium would take place under an NRC license or a waiver from the NRC.
Potential impacts from such use would have to be analyzed before a license or
waiver could be obtained. 
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H.3.1  Human Health — Normal Operations

H.3.1.1  Radiological Impacts

Radiological impacts were assessed for involved workers, noninvolved workers, and the
general public. Impacts to involved workers would result primarily from exposures to external
radiation in the vicinity of uranium material for both options considered. The average radiation dose
would be less than 110 mrem/yr. Impacts to noninvolved workers and the general public would result
from release of uranium compounds to the environment. The maximum radiation dose would be very
small, less than 0.002 mrem/yr. The estimated radiation doses and cancer risks are listed in Tables H.2
and H.3, respectively. Detailed discussions of the methodologies used in radiological impact analyses
are provided in Appendix C and Cheng et al. (1997).

TABLE H.2  Radiological Doses from Manufacture and Use Options under Normal Operations

Dose to Receptor
a

Involved Worker
b

Noninvolved Worker
c

General Public

Average Collective Collective Collective
Shielding Dose Dose MEI Dose

d
Dose MEI Dose

e
Dose

f

Option (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr)

Uranium oxide
casks

110 23 6.1 × 10
-5

 –
2.8 × 10

-4 1.0 × 10
-6 –

1.2 × 10
-5

1.9 × 10
-4 –

8.7 × 10
-4

4.9 × 10
-5

 –
6.1 × 10

-3

Uranium metal
casks

23 5.0 1.3 × 10
-4

 –
6.4 × 10

-4
6.2 × 10

-6
 –

7.5 × 10
-5 3.8 × 10

-4 –
1.9 × 10

-3
3.0 × 10

-4 –
3.7 × 10

-2

a
Impacts are reported as ranges, which result from differences for five generic dry and wet environmental settings. 

b
Involved workers are those workers directly involved with the handling of materials. Results are presented as average individual
dose and collective dose for the worker population. Radiation doses to individual workers would be monitored by a dosimetry
program and maintained below applicable standards, such as the DOE administrative control limit of 2,000 mrem/yr.

c
Noninvolved workers are individuals who do not participate in material-handling activities, such as managers and secretaries. The
number of noninvolved workers would be about 200 for both uranium oxide casks and uranium metal casks.

d
The MEI for the noninvolved workers was assumed to be located on-site at the location that would yield the largest dose from
airborne emissions, including doses from inhalation, external radiation, and incidental ingestion of soil.

e
The MEI for the general public was assumed to be located off-site at the point that would yield the largest dose from exposures
through inhalation, external radiation, and ingestion of plant foods, meat, milk, soil, and drinking water.

f
The collective dose was estimated for the off-site population within a 50-mile (80-km) radius around the facility. The range of
collective doses results from differences in dry and wet locations surrounded by a rural (about 120,000 people) or urban (about
5,600,000 people) population. The exposure pathways considered were inhalation, external radiation, and ingestion of plant foods,
meat, milk and soil.
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TABLE H.3  Latent Cancer Risks from Manufacture and Use Options 
under Normal Operations

Risk to Receptor
a

Involved Worker
b

Noninvolved Worker
c

General Public

Shielding
Option

Average Risk
(risk/yr)

Collective Risk
(fatalities/yr)

MEI Risk
d

(risk/yr)
Collective Risk
(fatalities/yr)

MEI Risk
e

(risk/yr)
Collective Risk

f

(fatalities/yr)

Uranium oxide
casks

4 × 10
-5

9 × 10
-3

2 × 10
-11

 –
1 × 10

-10
4 × 10

-10
 –

5 × 10
-9

1 × 10
-10

 –
4 × 10

-10
2 × 10

-8
 –

3 × 10
-6

Uranium metal
casks

9 × 10
-6

2 × 10
-3

5 × 10
-11

 –
3 × 10

-10
2 × 10

-9

3 × 10
-8

2 × 10
-10

 –
1 × 10

-9
2 × 10

-7 
–

2 × 10
-5

a
Impacts are reported as ranges, which result from differences for five generic dry and wet environmental settings. 

b
Involved workers are those workers directly involved with the handling of materials. Results are presented as average individual
risk and collective risk for the worker population.

c
Noninvolved workers are individuals who do not participate in material-handling activities, such as managers and secretaries.
The number of noninvolved workers is about 200 for both uranium oxide casks and uranium metal casks.

d
The MEI for the noninvolved workers was assumed to be located on-site at the location that would yield the largest risk from
airborne emissions, including risks from inhalation, external radiation, and incidental ingestion of soil.

e
The MEI for the general public was assumed to be located off-site at the point that would yield the largest risk from exposures
through inhalation, external radiation, and ingestion of plant foods, meat, milk, soil, and drinking water.

f
The collective risk was estimated for the population within a 50-mile (80-km) radius around the facility. The range of collective
risks results from differences in dry and wet locations surrounded by a rural (about 120,000 people) or urban (about
5,600,000 people) population. The exposure pathways considered were inhalation, external radiation, and ingestion of plant
foods, meat, milk and soil.

H.3.1.1.1 Impacts from Manufacturing

Uranium Oxide.  For the uranium oxide option, the collective dose to involved workers
was estimated to be approximately 23 person-rem/yr for a total of 220 workers, which corresponds
to about 0.009 additional latent cancer fatality (LCF) per year among workers (i.e., 1 LCF would be
expected in 110 years of operation). The average involved worker dose was estimated to be about
110 mrem/yr, well below the regulatory limit of 5,000 mrem/yr specified for workers (10 Code of
Federal Regulations [CFR] Part 835). The average risk to an involved worker of developing an LCF
would be about 4 × 10-5 per year (one chance in 25,000 per year).

Radiation doses to noninvolved workers and members of the general public would depend
on the location of the facility and would be very small because of the small amount of uranium
released. The radiation dose to the maximally exposed individual (MEI) of noninvolved workers
would be less than 2.8 × 10-4 mrem/yr, whereas the dose to the MEI of the general public would be
less than 8.7 × 10-4 mrem/yr.
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Uranium Metal.  Because of the smaller volume handled and better self shielding
characteristics of uranium metal (the density of uranium metal is about twice that of uranium oxide),
the manufacturing of uranium metal casks would result in less radiation exposures to involved
workers than the manufacturing of uranium oxide casks. The collective dose to involved workers was
estimated to be about 5.0 person-rem/yr for approximately 220 workers. The average dose received
by an involved worker would be about 23 mrem/yr, corresponding to an LCF risk of 9 × 10-6 per year
(1 chance in 110,000 per year).

Radiation exposures to noninvolved workers and members of the general public from the
uranium metal facility would be greater than those from the uranium oxide facility because of the
higher emission rate of uranium. However, the radiation doses to the MEIs would be very small, less
than 6.4 × 10-4 mrem/yr for noninvolved workers and less than 1.9 × 10-3 mrem/yr for the general
public.

H.3.1.1.2  Impacts from Use

The spent nuclear fuel shielding casks made with uranium metal or uranium oxide would
have the same shielding capability as conventional casks made with concrete, lead, or other shielding
material. Although depleted uranium would be incorporated into the manufactured casks, the
resulting exposure to personnel from the depleted uranium would be negligible when compared with
the exposures from the spent nuclear fuel stored in the cask.

H.3.1.2  Chemical Impacts

Potential chemical impacts to human health from normal operations would result primarily
from uranium releases from the manufacturing facilities. Risks from normal operations were
quantified on the basis of calculated hazard indexes. Information on the exposure assumptions, health
effects assumptions, reference doses used for uranium compounds, and calculational methods used
in the chemical impact analysis is provided in Appendix C and Cheng et al. (1997).

H.3.1.2.1  Impacts from Manufacturing

Airborne emissions of uranium compounds from the metal facility would be more than
5 times greater than uranium emissions from the uranium oxide facility (LLNL 1997). Therefore,
chemical exposures for the noninvolved workers and off-site general public would be higher due to
releases from the metal facility. However, human health impacts would still be negligible for the
noninvolved workers and off-site public for both manufacture and use options.

Uranium Oxide.  Estimates of the impacts to human health from hazardous chemicals
during operations at the uranium oxide facility are summarized in Table H.4. The overall hazard
indices for chemical impacts to the noninvolved worker MEI were estimated to be less than
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TABLE H.4  Chemical Impacts to Human Health from Manufacture and Use Options
under Normal Operations

Impacts to Receptor
a

Noninvolved Workers
b

General Public

Shielding Option
Hazard Index

for MEI
c,d

Collective Risk
e

(ind. at risk/yr)
Hazard Index

for MEI
c,f

Collective Risk
e

(ind. at risk/yr)

Uranium oxide casks 7.7 × 10
-9 – 3.4 × 10

-8 – 6.2 × 10
-7 – 2.9 × 10

-6 –

Uranium metal casks 1.6 × 10
-8 – 7.9 × 10

-8 – 1.4 × 10
-6 

– 6.7 × 10
-6

–

a
Impacts are reported as ranges, which result from differences for five generic dry and wet environmental settings. 

b
Noninvolved workers are individuals who do not participate in material-handling activities, such as managers and
secretaries. 

c
The hazard index is an indicator for potential health effects other than cancer; a hazard index greater than 1 indicates
a potential for adverse health effects and a need for further evaluation. 

d
The MEI for the noninvolved workers was assumed to be located on-site at the location that would yield the largest
exposure from airborne emissions, including exposures through inhalation and incidental ingestion of soil.

e
Calculation of collective risk is not applicable when the corresponding hazard index for the MEI is less than 1.

f
The MEI for the general public was assumed to be located off-site at the point that would yield the largest exposures
through inhalation and ingestion of soil and drinking water.

3.4 × 10-8 for all dry and wet representative locations. Because these values are considerably below
the threshold for adverse effects (i.e., the ratio of intake to reference dose is less than 1), no health
effects would be expected. The overall hazard indices for chemical impacts to the general public MEI
are estimated to be less than 2.9 × 10-6 for all dry and wet representative sites. These values are also
considerably below the threshold for adverse effects.

Uranium Metal.  Estimates of the hazardous chemical human health impacts resulting from
operations at the uranium metal facility are summarized in Table H.4. Hazard indices are
approximately 2 times higher for the uranium metal option than for the uranium oxide option but still
many orders of magnitude below the threshold for adverse effects. 

H.3.1.2.2  Impacts from Use

Only the operations of the two types of manufacturing facilities would result in airborne and
waterborne emissions of uranium; the use of shielding casks made with uranium metal or uranium
oxide would not be expected to release any materials and, therefore, would not result in any impacts
to the noninvolved workers and general public.
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H.3.2  Human Health — Accident Conditions

A range of accidents covering the spectrum of high-frequency/low-consequence accidents
to low-frequency/high-consequence accidents has been presented in the engineering analysis report
(LLNL 1997). These accidents are listed in Table H.5. The following sections present the results for
the radiological and chemical health impacts of the highest consequence accident in each frequency
category. Results for all accidents listed in Table H.5 are presented in Policastro et al. (1997). A
detailed description of the methodology and assumptions used in the calculations is also provided in
Appendix C and Policastro et al. (1997).

H.3.2.1  Radiological Impacts

The radiological doses to various receptors for the accidents that give the highest dose from
each frequency category are listed in Table H.6. The LCF risks for these accidents are given in
Table H.7. The doses and the risks are presented as ranges (maximum and minimum) because two
different meteorological conditions (wet and dry) and two different population distributions (rural and
urban) were considered for each manufacture and use option. The doses and risks presented here
were obtained by assuming that the accidents would occur. The probability of occurrence for each
accident is indicated by the frequency category to which it belongs. For example, accidents in the
extremely unlikely category have a probability of occurrence between 1 in 10,000 and 1 in 1 million
in any 1 year. The following conclusions may be drawn from the radiological health impact results:

• No cancer fatalities would be predicted from any of the accidents. 

• The maximum radiological dose to noninvolved worker and general public
MEIs (assuming an accident occurred) would be 230 mrem. This dose is less
than the 25-rem dose recommended for assessing the adequacy of protection |
of public health and safety from potential accidents by the NRC (1994). |

• The overall radiological risk to noninvolved worker and general public MEI
receptors (estimated by multiplying the risk per occurrence [Table H.7] by the
annual probability of occurrence by the number of years of operations) would
be less than 1 for all of the manufacture and use accidents. 

H.3.2.2  Chemical Impacts

The accidents considered in this section are listed in Table H.5. The results of the accident
consequence modeling in terms of chemical impacts are presented in Tables H.8 and H.9. The results
are expressed as (1) number of persons with potential for adverse effects and (2) number of persons
with potential for irreversible adverse effects. The tables present the results for the accident within
each frequency category that would affect the largest number of people (total of noninvolved workers
and population) (Policastro et al. 1997). The numbers of noninvolved workers and members of the
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TABLE H.5  Accidents Considered for the Manufacture and Use Options

Chemical Amount Duration Release
Option/Accident Scenario Accident Description Form (lb) (min) Level

a

Manufacture and Use as Oxide Shielding

Likely Accidents (frequency: 1 or more times in 100 years)

Mishandling/drop of drum/billet
inside the plant

A single UO2 drum is damaged by a forklift and spills its
contents onto the ground inside the UO2 cask
manufacturing plant.

UO2 7.3 × 10
-

7
Puff Stack

Mixer/melter charge accident Mishandling of the input load to the oxide mixer results
in an airborne release of the input drum contents.

UO2 0.000073 Puff Stack

Mixer/melter operational
accident

Failure of the oxide mixer during operation results in an
airborne release of the mixer contents.

UO2 0.00015 Puff Stack

Mixer/melter discharge accident Failure during discharge of the oxide mixers results in an
airborne release.

UO2 0.00044 Puff Stack

Shield failure after casting After the cask annulus has been filled with depleted
uranium, it fails due to rupture or chemical reactivity.

UO2 9.7 × 10
-

6
Puff Stack

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Earthquake The UO2 cask manufacturing plant is damaged during a
design-basis earthquake, resulting in failure of the
structure and confinement systems.

UO2 0.33 30 Ground

Tornado A major tornado and associated tornado missiles result in
failure of the UO2 cask manufacturing plant structure
and confinement systems.

UO2 1.6 0.5 Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Fire/explosion/chemical reagent
contact inside the mixers

A leak or rupture of the oxide mixers results in a fire
and/or explosion, but the HEPA filtration system is not
affected.

UO2 0.00044 Puff Stack

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA
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TABLE H.5  (Cont.)

Chemical Amount Duration Release
Option/Accident Scenario Accident Description Form (lb) (min) Level

a

Manufacture and Use as Metal Shielding

Likely Accidents (frequency: 1 or more times in 100 years)

Mishandling/drop of drum/billet
inside the plant

A pallet of uranium metal billets is damaged by a forklift
and spills its contents onto the ground inside the uranium
metal cask manufacturing plant.

U3O8 0.0012 Puff Stack

Mixer/melter charge accident Mishandling of the input load to the uranium furnace
results in an airborne release of the input billets.

U3O8 0.00009 Puff Stack

Mixer/melter operational
accident

Failure of the uranium furnace during operation results
in an airborne release of the furnace contents.

U3O8 0.0004 Puff Stack

Mixer/melter discharge accident Failure during discharge of the uranium furnace results
in an airborne release.

U3O8 0.0004 Puff Stack

Shield failure after casting After the cask annulus has been filled with molten
depleted uranium it fails due to rupture or chemical
reactivity.

U3O8 0.00059 Puff Stack

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Earthquake The uranium metal cask manufacturing plant is damaged
during a design-basis earthquake, resulting in failure of
the structure and confinement systems.

U3O8 0.05 30 Ground

Tornado A major tornado and associated tornado missiles result in
failure of the uranium metal cask manufacturing plant
structure and confinement systems.

U3O8 0.05 0.5 Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Fire/explosion/chemical reagent
contact inside the cask annulus

The molten uranium within a cask annulus is oxidized,
resulting in a fire and/or explosion, but the HEPA
filtration system is not affected.

U3O8 0.0059 Puff Stack

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

Uranium metal furnace failure A large seismic event or beyond-design-basis event
causes failure of eight furnaces feeding one cask.

UO2 35 Puff Ground

a
Ground-level releases were assumed to occur outdoors on concrete pads in the cylinder storage yards. To prevent contaminant migration,
cleanup of residuals was assumed to begin immediately after the release was stopped. 

Notation: HEPA = high-efficiency particulate air; NA = not applicable; UO2 = uranium dioxide; U3O8 = triuranium octaoxide.



M
anufacture and U

se
H

-18
D

epleted U
F

6  P
E

IS

TABLE H.6  Estimated Radiological Doses per Accident Occurrence for the Manufacture and Use Options

Maximum Dose
c

Minimum Dose
c

Noninvolved Workers General Public Noninvolved Workers General Public

Option/Accident
a

Frequency
Category

b
MEI
(rem)

Population
(person-

rem)
MEI
(rem)

Population
(person-

rem)
MEI
(rem)

Population
(person-

rem)
MEI
(rem)

Population
(person-

rem)

Manufacture and Use as Oxide Shielding

   Mixer/melter discharge accident L 1.5 × 10
-8

1.3 × 10
-7

1.5 × 10
-8

2.7 × 10
-5

4.5 × 10
-12

3.6 × 10
-11

7.6 × 10
-10

2.7 × 10
-7

   Earthquake U 7.7 × 10
-2

2.9 × 10
-2

2.3 × 10
-3

3.2 × 10
-1

3.2 × 10
-3

1.2 × 10
-3

9.2 × 10
-5 |1.1 × 10

-3

   Fire/explosion/chemical reagent contact
      inside the mixers

EU 1.5 × 10
-8

1.2 × 10
-7

1.5 × 10
-8

2.7 × 10
-5

4.4 × 10
-12

3.6 × 10
-11

7.5 × 10
-10

2.7 × 10
-7

Manufacture and Use as Metal Shielding

   Mishandling/drop of drum/billet inside L 3.9 × 10
-8

3.3 × 10
-7

4.0 × 10
-8

7.0 × 10
-5

1.2 × 10
-11

9.4 × 10
-11

2.0 × 10
-9

7.1 × 10
-7

   Earthquake U 1.1 × 10
-2

4.3 × 10
-3

3.4 × 10
-4

4.6 × 10
-2

4.7 × 10
-4 |1.8 × 10

-4
1.3 × 10

-5 |1.6 × 10
-4

   Fire/explosion/chemical reagent contact
      inside the cask annulus

EU 1.9 × 10
-7

1.6 × 10
-6

2.0 × 10
-7

3.5 × 10
-4

5.8 × 10
-11

4.7 × 10
-10

9.8 × 10
-9

3.5 × 10
-6

   Uranium metal furnace failure I 2.3 × 10
-1

8.7 × 10
-2

7.0 × 10
-3

1.9 2.3 × 10
-1

8.7 × 10
-2

5.5 × 10
-3

4.2 × 10
-2

a
The bounding accident chosen to represent each frequency category is the one that would result in the highest dose to the general public MEI. Health impacts in that row represent that accident
only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not result in a release of radioactive
material.

b
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (>10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and once in

10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations (10
-4

 – 10
-6

/yr);
incredible (I), estimated to occur less than one time in 1 million years of facility operations (<10

-6
/yr).

c
Maximium and minimum doses reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum doses would occur under
meteorological conditions of F stability with 1 m/s wind speed, whereas minimum doses would occur under D stability with 4 m/s wind speed.
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TABLE H.7  Estimated Radiological Health Risks per Accident Occurrence for the Manufacture and Use Options
a

Maximum Risk
d (LCFs) Minimum Risk

d (LCFs)

Noninvolved Workers General Public Noninvolved Workers General Public

Option/Accident
b

Frequency
Category

c
MEI Population MEI Population MEI Population MEI Population

Manufacture and Use as Oxide Shielding

Mixer/melter discharge accident L 6 × 10
-12

5 × 10
-11

8 × 10
-12

1 × 10
-8

2 × 10
-15

1 × 10
-14

4 × 10
-13

1 × 10
-10

Earthquake U 3 × 10
-5

1 × 10
-5

1 × 10
-6

2 × 10
-4

1 × 10
-6

5 × 10
-7

5 × 10
-8 |5 × 10

-7

Fire/explosion/chemical reagent contact
   inside the mixers

EU 6 × 10
-12

5 × 10
-11

8 × 10
-12

1 × 10
-8

2 × 10
-15

1 × 10
-14

4 × 10
-13

1 × 10
-10

Manufacture and Use as Metal Shielding

Mishandling/drop of drum/billet inside L 2 × 10
-11

1 × 10
-10

2 × 10
-11

4 × 10
-8

5 × 10
-15

4 × 10
-14

1 × 10
-12

4 × 10
-10

Earthquake U 4 × 10
-6 |2 × 10

-6
2 × 10

-7
2 × 10

-5
2 × 10

-7
7 × 10

-8
7 × 10

-9 |8 × 10
-8

Fire/explosion/chemical contact reagent 
   inside the cask annulus

EU 8 × 10
-11

7 × 10
-10

1 × 10
-10

2 × 10
-7

2 × 10
-14

2 × 10
-13

5 × 10
-12

2 × 10
-9

Uranium metal furnace failure I 9 × 10
-5

3 × 10
-5

4 × 10
-6

1 × 10
-3

9 × 10
-5

3 × 10
-5

3 × 10
-6

2 × 10
-5

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (LCF) times the estimated frequency times 20 years of operations. The estimated
frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one that would result in the highest risk to the general public MEI. Health impacts in that row represent that
accident only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not result in a release of
radioactive material.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and once in

10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations (10
-4

 –
10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum risks would occur under
meteorological conditions of F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. 
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TABLE H.8  Number of Persons with Potential for Adverse Effects from Accidents under the Manufacture and Use Options
a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Manufacture and Use as Oxide Shielding
Mixer/melter discharge accident

f
L No 0 No/No 0/0 No 0 No/No 0/0

Tornado
f,g

U No 0 No/No 0/0 NA NA NA NA
Fire/explosion/chemical reagent contact 
   inside mixers

f
EU No 0 No/No 0/0 No 0 No/No 0/0

Manufacture and Use as Metal Shielding
Mishandle/drop of drum/billet inside

f
L No 0 No/No 0/0 No 0 No/No 0/0

Earthquake U No 0 No/No 0/0 No 0 No/No 0/0
Fire/explosion/chemical reagent contact 
   inside cask annulus

f
EU No 0 No/No 0/0 No 0 No/No 0/0

Uranium metal furnace failure I Yes 4 No/Yes 0/1 Yes
h

0 No/Yes
h

0/0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 20 years of
operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site people) would be affected. Health
impacts in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years

and once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility
operations (10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum values reflect different meteorological conditions at the time of the accidents. In general, maximum risks would occur under meteorological conditions of
F stability and 1 m/s wind speed, whereas minimum risks would occur under D stability and 4 m/s wind speed. Results for the general public MEI are for rural/urban locations,
respectively.

e
At the MEI location, the determination is either "Yes" or "No" for potential adverse effects to an individual.

f
These accidents would result in the largest plume sizes, although no people would be affected.

g
Meteorological conditions for the tornado scenario were considered to be D stability with 20 m/s wind speed. NA = not applicable.

h
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the
population risks are 0 because generic worker and general public population distributions were used, which did not show receptors at the MEI locations.
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TABLE H.9  Number of Persons with Potential for Irreversible Adverse Effects from Accidents under the Manufacture 
and Use Options

a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Manufacture and Use as Oxide Shielding
Mixer/melter discharge accident

f
L No 0 No/No 0/0 No 0 No/No 0/0

Tornado
f,g

U No 0 No/No 0/0 NA NA NA NA
For/explosion/chemical reagent contact
   inside mixers

f
EU No 0 No/No 0/0 No 0 No/No 0/0

Manufacture and Use as Metal Shielding
Mishandle/drop of drum/billet inside

f
L No 0 No/No 0/0 No 0 No/No 0/0

Earthquake
f

U No 0 No/No 0/0 No 0 No/No 0/0
Fire/explosion/chemical reagent contact 
   inside cask annulus

f
EU No 0 No/No 0/0 No 0 No/No 0/0

Uranium metal furnace failure I Yes 2 No/Yes 0/0 No 0 No/Yes
h

0/0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times 20 years of
operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (workers plus off-site people) would be affected. Health
impacts in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years

and once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility
operations (10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum values reflect different meteorological conditions at the time of the accidents. In general, maximum risks would occur under meteorological conditions of
F stability and 1 m/s wind speed, whereas minimum risks would occur under D stability and 4 m/s wind speed. Results for the general public MEI are for rural/urban locations,
respectively.

e
At the MEI location, the determination is either "Yes" or "No" for potential irreversible adverse effects to an individual.

f
These accidents would result in the largest plume sizes, although no people would be affected.

g
Meteorological conditions for the tornado scenario were considered to be D stability with 20 m/s wind speed. NA = not applicable. 

h
MEI locations were evaluated at 100 m from ground-level releases for workers and at the location of highest off-site concentration for members of the general public; the
population risks are 0 because generic worker and general public population distributions were used, which did not show receptors at the MEI locations.
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off-site public represent the impacts if the associated accident was assumed to occur. These results
of the chemical impact analysis may be summarized as follows:

• If the accidents identified in Tables H.8 and H.9 did occur, the number of
persons in the off-site population with potential for adverse effects would
range from 0 to 1, and the number of off-site persons with potential for
irreversible adverse effects would range from 0 to 1 (maximums corresponding
to failure of the uranium metal furnace). 

• If the accidents identified in Tables H.8 and H.9 did occur, the number of
noninvolved workers with potential for adverse effects would range from 0 to
4, and the number of nonvinvolved workers with potential for irreversible
adverse effects would range from 0 to 2 (maximums corresponding to failure
of the uranium metal furnace). 

• The impacts for the uranium metal shielding option would be slightly higher
than those for uranium oxide applications. However, the overall impacts for
the manufacture and use options would be very small compared with other
options. 

• For the most severe accident (uranium metal furnace failure), the noninvolved
worker MEI would experience potential adverse effects and potential
irreversible adverse effects, whereas the general public MEI would experience
no adverse impacts at the rural site. If an urban site were chosen for this
activity, a small number of both the noninvolved worker and the public MEIs
could be affected in terms of both health criteria. The reduced impacts to the
public MEI compared with the worker MEI were based on dispersion of the
chemical release with downwind distance. For the other accidents assessed,
neither the worker nor the public MEI would experience adverse effects.

• The maximum risk was computed as the product of the consequence (number
of people) times the frequency of occurrence (per year) times the number of
years of operations (20 years, 2009–2028). The results indicated that the
maximum risk values would be less than 1 for all accidents.

To aid in the interpretation of accident analysis results, the number of fatalities potentially
associated with the estimated potential irreversible adverse effects was estimated. All the bounding
case accidents shown in Table H.9 would involve small releases of uranium oxide and potential
exposure to uranium compounds. If the accidents occurred, exposures are estimated to result in death
for 1% or less of the persons experiencing irreversible adverse effects (Policastro et al. 1997). Thus,
for workers and members of the general public experiencing ranges of 0 to 2 and 0 to 1 irreversible
adverse effects, respectively, 0 deaths would be expected. 
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H.3.2.3  Physical Hazards

The risk of on-the-job fatalities and injuries to all manufacturing facility workers from the
fabrication of uranium oxide and uranium metal shielding was calculated using industry-specific
statistics from the U.S. Bureau of Labor Statistics, as reported by the National Safety Council (1995).
Construction and manufacturing annual fatality and injury rates were used for the construction and
operational phases, respectively, of the manufacturing facility lifetime. 

Because manufacturing activities would be quite labor-intensive, relatively high injury
incidence rates are predicted, with about one fatality expected over the lifetime of facility operations.
There is little difference in impacts between the uranium oxide and metal shielding options, although
the fatality and incidence rates for the metal option would be slightly higher.

The estimated number of worker fatalities for the uranium oxide shielding option is 0.76 for
the construction and operational phases combined (Table H.10). The estimated number of injuries
over the lifetime of the uranium oxide facility is about 640. 

The estimated number of worker fatalities for the uranium metal shielding option is 0.85 for
the construction and operational phases combined (Table H.10). The estimated number of injuries
over the lifetime of the metal facility is about 670. 

TABLE H.10  Potential Impacts to Human Health from Physical Hazards
under Accident Conditions for the Manufacture and Use Options

Impacts to All Manufacturing Facility Workers
a

Incidence of Fatalities
b

Incidence of Injuries
b

Shielding Option Construction Operations Construction Operations

Uranium oxide casks 0.38 0.38 140 500

Uranium metal casks 0.48 0.37 180 490

a
All construction and operational workers at the manufacturing facilities were included in
physical hazard risk calculations. 

b
The incidence of fatalities and incidence of injuries were calculated as the number of full-
time-equivalent employees times the annual fatality rate times the number of years. Only
injuries involving lost workdays were estimated. Injury and fatality incidence rates used in
the calculations were taken from National Safety Council (1995). 
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H.3.3  Air Quality

The methodology used to analyze the air quality impacts from both uranium oxide and
uranium metal manufacturing and use options is provided in Appendix C and Tschanz (1997). The
pollutant concentrations at several distances from the center of the facility were estimated because
of uncertainty regarding the size and location of the generic manufacturing facility. Estimates at
750 m from the center of the manufacturing facilities are comparable to estimates for options based
on representative environmental settings (i.e., conversion and long-term storage options using the
three current storage sites as representative of those settings). 

For both options, by far the largest emissions, and hence impacts on air quality, would occur
during construction of the manufacturing facility. Table H.11 presents a comparison of some of the
pollutant impacts from construction of the two types of manufacturing facilities at a generic wet
environmental setting. The estimated pollutant concentrations — carbon monoxide (CO), nitrogen
oxides (NOx), and PM10 (particulate matter with a mean diameter of 10 µm or less) — are all 9% or
less of the applicable air quality standards, even at the closest distance from the emissions point. The
ranges of impacts for the generic wet setting (as represented by the results in Table H.11) are greater
than those estimated for a generic dry setting, and the uncertainties of the wet setting impacts are also
greater. 

The area source emissions during operation of the manufacturing facility for either option
would be smaller than during construction. For both types of facility, operations would emit about
4% as much CO and NOx and about 1.4% as much PM10 as would be emitted during construction.
The impacts from these low emissions would be negligible.

The quantities of uranium oxide emitted during operation of either manufacturing facility
are estimated to be quite small. The uranium oxide facility would emit only 8 g/yr of uranium as UO2,
which corresponds to an annual average concentration of about 1.6 × 10-7 µg/m3 at a distance of
3,300 ft (1,000 m). The approximately 50 g/yr of uranium in triuranium octaoxide (U3O8) emitted
by the uranium metal facility would produce an annual average uranium concentration of
9.9 × 10-7 µg/m3 at 3,300 ft (1,000 m). Impacts on air quality would be negligible for both options.

No quantitative estimate was made of the impacts of operations on ozone conditions in the
atmosphere. Ozone formation is a regional issue that would be affected by emissions for the entire
area around a proposed manufacturing site. The pollutants most relevant to ozone formation that
would result from the manufacturing options are hydrocarbons (HC) and NOx. In later Phase II
studies, when specific technologies and sites would be selected, the potential effects of these
pollutants released from a proposed facility at a specific site could be evaluated relative to the total
emissions of HC and NOx in the surrounding area. Small additional contributions to the total regional
emissions would be unlikely to alter the ozone attainment status of the region. 
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TABLE H.11  Estimated Pollutant Emissions during Construction of a Shielding Manufacturing
Facility in a Wet Environmental Setting

a

Estimated Maximum Pollutant Emissions
b

Option/ 1-Hour Average 8-Hour Average 24-Hour Average Annual Average
Pollutant
Distance/ Range Fraction Range Fraction Range Fraction Range Fraction

from Source (µg/m
3

) of Standard
c

(µg/m
3

) of Standard
c

(µg/m
3

) of Standard
c

(µg/m
3

) of Standard
c

Uranium oxide

CO

   750 m 78 – 150 0.0038 13 – 30 0.0030 – – – –

1,000 m 71 –120 0.0030 10 – 23 0.0023 – – – –

1,500 m 58 – 89 0.0022 6.5 – 14 0.0014 – – – –

NOx
   750 m – – – – – – 3.3 – 8.5 0.085

1,000 m – – – – – – 1.8 – 4.6 0.046

1,500 m – – – – – – 0.60 – 2.2 0.022

PM10
   750 m – – – – 1.8 – 4.6 0.031 0.25 – 0.61 0.012

1,000 m – – – – 1.4 – 3.3 0.022 0.13 – 0.33 0.0066

1,500 m – – – – 0.81 – 2.2 0.015 0.062 – 0.16 0.0032

Uranium metal

CO

   750 m 83 – 160 0.0040 14 – 32 0.0032 – – – –

1,000 m 76 – 128 0.0032 11 – 24 0.0024 – – – –

1,500 m 62 – 95 0.0024 6.9 – 15 0.0015 – – – –

NOx
   750 m – – – – – – 3.5 – 9.1 0.091

1,000 m – – – – – – 1.9 – 4.9 0.049

1,500 m – – – – – – 0.64 – 2.3 0.023

PM10
   750 m – – – – 1.8 – 4.7 0.031 0.26 – 0.62 0.012

1,000 m – – – – 1.4 – 3.4 0.023 0.13 – 0.34 0.0068

1,500 m – – – – 0.83 – 2.3 0.015 0.063 – 0.16 0.0032

a
Results for a generic wet setting bound the results for a generic dry setting. 

b
A hyphen (–) indicates that no standard is available for that averaging period.

c
Ratio of the upper end of the concentration range divided by the respective air quality standard. A ratio of less than 1 indicates that the standard
would not be exceeded. 



Manufacture and Use H-26 Depleted UF6 PEIS

H.3.4  Water and Soil

The methodology used to determine water and soil impacts is presented in Appendix C and
Tomasko (1997).

The environmental resource needs for the manufacturing options are summarized in
Table H.12. The resource requirements (in particular, the paved area, volume of excavated material,
and water usage) would be greater for the uranium metal option than for the uranium oxide option.
Because the manufacture and use option is based on a generic site without a specified location and
description, impacts could not be assessed on a site-specific basis; however, the impacts to surface

TABLE H.12  Summary of Environmental Parameters 
for the Manufacture and Use Options

Requirements

Shielding Option Unit Construction Operations
a

Uranium oxide

Land area acres 90 –

Disturbed land acres 54 – 

Building area acres 14 – 

Paved area acres 15 – 

Pond area acres 2.7 – 

Excavated material yd
3

175,000 – 

Hauled material yd
3

85,500 – 

Annual water million gal/yr 35 7.5

Wastewater million gal/yr 7.9 4.8

Uranium metal

Land area acres 90 –

Disturbed land acres 54 – 

Building area acres 15 – 

Paved area acres 18 – 

Pond area acres 2.7 – 

Excavated material yd
3

180,000 – 

Hauled material yd
3

88,000 – 

Annual water million gal/yr 43 7.4

Wastewater million gal/yr 8.5 5.0

a
A hyphen (–) indicates no environmental resource needs.
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water, groundwater, and soil would be smaller for the uranium oxide option because of its smaller
resource requirements.

If the manufacture and use facility were located on a site having an area that was large
compared with the size of the facility, and if the facility was near a river having a minimum flow that
was large compared with annual water use and wastewater discharge, impacts to surface water,
groundwater, and soil would be negligible. Negligible impacts would occur because a large site and
large river could provide sufficient resource buffering to mitigate the effects produced by construction
and operation of the facility. 

On the other hand, if the site or the minimum flow in the river were small relative to the
resource requirements, impacts would be larger. For example, if the minimum flow in the river was
500 gpm, the net annual water withdrawal would be about 15% of the flow. The impact of this
relative withdrawal could produce moderate to large impacts to existing floodplains. 

Similarly, if the facility was located in an urban area, paving 18 acres (7 ha) and constructing
buildings on another 15 acres (6 ha) could seriously impact the local carrying capacity of storm-water
runoff and produce local flooding. In addition, the paving and construction of the facility on a 90-acre
(36-ha) site would produce moderate to large impacts to local soil permeability and erosion potential.

No process water effluents would be anticipated from the manufacturing facility (LLNL
1997), so no impacts to surface water quality would be expected. There are no accidents identified
in the engineering analysis report (LLNL 1997) that would directly impact surface water. Secondary
impacts resulting from deposition of airborne contaminants would not be measurable because of the
low concentrations of deposited material. 

H.3.5  Socioeconomics

Because the location of a shielding manufacturing facility has not yet been determined, the
socioeconomic impacts of the shielding manufacturing options were analyzed on a non-site-specific
basis for a generic site. The potential impacts of each facility on direct employment and direct income
in the peak year of construction and in first year of operations are shown in Table H.13. Discussion
of the assessment methodology is presented in Appendix C and Allison and Folga (1997).

Construction of a UO2 shielding manufacturing facility would create 160 direct jobs and
$7 million in direct income during the peak year of construction. Operation of the facility would
create 470 direct jobs and produce $33 million in direct income in each year of facility operations. |
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TABLE H.13  Potential Socioeconomic Impacts 
from Construction and Operation of the Shielding
Manufacturing Facilities

Option/Parameter Construction
a

Operations
b

Manufacture from UO2

Direct employment |160 470

Direct income ($ million |
1996) |

7 33

Manufacture from metal

Direct employment |190 470

Direct income ($ million |
1996) |

9 33

a
Impacts during the peak year of construction, 2007. |
Preoperations were assumed to occur from 1999 through 2008,
with actual construction requiring 7 years.

b
Impacts are the annual averages for operations for the period |
2009 through 2028. |

Construction of a metal shielding manufacturing facility would create 190 direct jobs and
$9 million in direct income during the peak year of construction. Operation of the facility would
create 470 direct jobs and produce $33 million in direct income in each year of facility operations. |

H.3.6  Ecology

Moderate adverse impacts to ecological resources could result from construction of a
shielding manufacturing facility. Impacts could include mortality of individual organisms, habitat loss,
or changes in biotic communities. Impacts due to facility operation would be negligible. Discussion
of the methodology used to assess ecological impacts is presented in Appendix C.

H.3.6.1  Uranium Oxide

Site preparation for the construction of a uranium oxide shielding manufacturing facility
would require the disturbance of approximately 54 acres (22 ha), including the permanent replace-
ment of approximately 32 acres (13 ha) with structures, paved areas, and a storm-water pond.
Existing vegetation would be destroyed during land-clearing activities. The facility would be included
within a 90-acre (36-ha) area consisting of buildings, roads, and landscaped areas, which would be
maintained as a controlled access area. The specific vegetation communities that would be eliminated
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by site preparation would depend on the location selected for the facility. The loss of 54 acres (22 ha)
of undeveloped land and limited vegetation community development on the remainder of the 90-acre
site would constitute a moderate adverse impact to vegetation. Erosion of exposed soil at
construction sites could reduce the effectiveness of restoration efforts and create sedimentation
downgradient of the site. The implementation of standard erosion control measures, installation of
storm-water retention ponds, and immediate replanting of disturbed areas with native species would
help minimize impacts to vegetation. Impacts from facility construction are summarized in
Table H.14.

Wildlife would be disturbed by land clearing, noise, and human presence. Wildlife with
restricted mobility, such as burrowing species or juveniles of nesting species, would be destroyed
during land clearing activities. Mobile individuals would relocate to adjacent available areas with
suitable habitat. Population densities, and thus competition for food and nesting sites, would increase
in these areas, potentially reducing the survivability or reproductive capacity of displaced individuals.
Some wildlife species would be expected to recolonize replanted areas near the manufacturing facility
following completion of construction. The permanent loss of 32 to 90 acres (13 to 36 ha) of habitat
due to the construction of a facility for manufacture of uranium oxide shielding would be considered
a moderate adverse impact to wildlife.

Wetlands could potentially be eliminated or otherwise impacted during construction. Impacts
to wetlands and aquatic habitats due to alteration of surface water runoff patterns, soil compaction,
or groundwater flow could occur. Unavoidable impacts to wetlands would require a

TABLE H.14  Impacts to Ecological Resources from Construction 
of the Manufacturing Facility

Option/Resource Type of Impact Degree of Impact

Uranium oxide

Vegetation Loss of 54 acres Moderate adverse impact

Wildlife Loss of 32 to 90 acres Moderate adverse impact

Wetlands Potential loss, degradation Potential adverse impact

Aquatic species Water quality, habitat reduction Potential adverse impact

Protected species Potential destruction, habitat loss Potential adverse impact

Uranium metal

Vegetation Loss of 54 acres Moderate adverse impact

Wildlife Loss of 36 to 90 acres Moderate adverse impact

Wetlands Potential loss, degradation Potential adverse impact

Aquatic species Water quality, habitat reduction Potential adverse impact

Protected species Potential destruction, habitat loss Potential adverse impact
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Clean Water Act Section 404 permit, which might stipulate mitigative measures. Additional
permitting might be required by state agencies.

Prior to construction of a manufacturing facility, a survey for state and federally listed
threatened, endangered, or candidate species, or species of special concern would be conducted.
Impacts to these species could thus be avoided, or, where impacts were unavoidable, mitigation could
be developed.

Ecological resources in the vicinity of the manufacturing facility would be exposed to
atmospheric emissions from the boiler stack and process stack; however, emission levels would be
expected to be extremely low (Section H.3.3). The maximum annual air concentration of UO2 would
be approximately 1.6 × 10-7 µg/m3. Consequent impacts to biota would be expected to be negligible.

The manufacturing process would require withdrawal of water from surface waters or
groundwater, as well as discharge of wastewater. Depending on the facility location, such withdrawal
and discharge could potentially alter water levels (Section H.3.4). The altered water levels could, in
turn, impact aquatic ecosystems, including wetlands, especially those located along the periphery of
the affected surface water bodies. 

Facility accidents, as discussed in Section H.3.2, could result in adverse impacts to
ecological resources. The affected species and degree of impact would depend on a number of
factors, such as location of the accident, season, and meteorological conditions.

H.3.6.2  Uranium Metal

The construction of a facility for the manufacture of depleted uranium metal shielding would
generally result in the types of impacts associated with the manufacture of uranium oxide shielding.
However, site preparation for the construction of a metal shielding manufacturing facility would
require the disturbance of approximately 54 acres (22 ha), including the permanent replacement of
approximately 36 acres (15 ha) of current land cover with structures, paved areas, and a storm-water
pond. The facility would be included within a 90-acre (36-ha) area consisting of buildings, roads, and
landscaped areas, which would be maintained as a controlled access area. The loss of 54 acres (22 ha)
of undeveloped land and limited vegetation community development on the remainder of the 90-acre
(36-ha) site would constitute a moderate adverse impact to vegetation.

The permanent loss of 36 to 90 acres (15 to 36 ha) of habitat would be considered a
moderate adverse impact to wildlife. Impacts to ecological resources from operation of the uranium
metal manufacturing facility would be similar to those due to operation of the uranium oxide facility.
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H.3.7  Waste Management |

For both options, the construction and operation of a depleted uranium shielding manu-
facture facility would generate LLW, hazardous waste, and nonhazardous waste. The LLW would
consist of surface contaminated metals; noncombustible, noncompactible solids; dry active wastes;
spent high-efficiency particulate air (HEPA) filters; and incinerator ash. Hazardous wastes generated
would include paints, thinners, solvents, phenol, mercury (lamps), sulfuric acid, naphtha, lead
(batteries), and pesticides.

Because the uranium oxide or uranium metal facility was assumed to be constructed at a
generic, uncontaminated site, no radioactive waste would be generated during construction. About
94 and 105 yd3 (72 and 80 m3) of hazardous waste would be generated during construction for the
uranium oxide and metal shielding facilities, respectively. These wastes would be sent to existing
commercial treatment and disposal facilities. Nonhazardous waste generated during construction
would be expected to total about 78,000 and 92,000 yd3 (60,000 and 70,000 m3), respectively, for
the two options.

All radioactive wastes generated during operation of the uranium oxide or uranium metal
facility would be routed to the facility waste management station. This part of the facility would
include a grouting station and an incinerator. Failed mixers from a uranium oxide facility would be
sent directly to disposal; all other facility wastes would be grouted. Spent HEPA filters would be
drummed for disposal, and dry active waste would be incinerated, with the resulting ash grouted for
disposal. Table H.15 lists expected LLW generation. The annual generation of 165 and 850 yd3 (126
and 650 m3) of LLW requiring disposal represents about 600 and 3,200 drums, respectively, per year
and would represent about 0.2 and 1% of the projected annual LLW treatment volume for all DOE
facilities nationwide (see Appendix C, Section C.10). All of the radioactive waste would be
categorized as Class A by the NRC and would be suitable for near-surface disposal. Unlike the
uranium oxide option, solidified ash waste from the uranium metal facility might require disposal in
a special cell or mine. Hazardous wastes generated during operations are expected to be about
4 times the volume generated during construction. About 275 to 330 tons (250 to 300 metric tons)
of nonhazardous waste would be generated annually and would be sent to commercial landfills.

No assumptions were made regarding the fate of the oxide- and metal-shielded casks after
use. The empty casks could be recycled, stored, or disposed of as LLW. |



Manufacture and Use H-32 Depleted UF6 PEIS

TABLE H.15  Summary of Waste Volumes from the Manufacture 
of Depleted Uranium Shielding

Waste Volume

Waste Type Unit Uranium Oxide Uranium Metal

Construction
a

Hazardous m
3

71.6 79.5

Nonhazardous m
3

60,000 70,000

Operations
b

Low-level waste m
3
/yr 126 650

Hazardous m
3
/yr 286 318

Nonhazardous metric tons/yr 250 300

a
Total volumes generated during the entire 7-year construction period.

b
Annual volumes generated over normal operating lifetime of 20 years.

H.3.8  Resource Requirements

Resource requirements for the two manufacture and use options are presented in this
section. These resource requirements are for the manufacturing of depleted uranium shielding only
and do not include resources required for conversion to uranium oxide or uranium metal. Resource
requirements for conversion are presented in Appendix F, Section F.3.8. 

Estimated utilities and materials required for constructing a shielding manufacturing facility
are listed in Table H.16 for the uranium oxide and uranium metal options (LLNL 1997). These
required materials and chemicals are readily available and are not considered rare or unique. The total
quantities of commonly used construction materials is not expected to be significant. No strategic and
critical materials (e.g., Monel or Inconel) are projected to be consumed during construction. Energy
resources used during construction would include diesel fuel and gasoline for construction equipment
and transportation vehicles. The required electricity would presumably be purchased from commercial
utilities.

Energy resources required for operating the two types of shielding manufacturing facilities
are shown in Table H.17. No strategic and critical materials (e.g., Monel or Inconel) are projected
to be consumed for either construction or operations phases. Energy resources during operations
would include the consumption of diesel fuel for operations equipment (including backup electrical
generators) and natural gas for space heating. Small amounts of diesel fuel and natural gas are
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TABLE H.16  Resource Requirements for Construction 
of Shielding Manufacturing Facilities

Requirements

Utility/Resource Unit
Uranium

Oxide
Uranium

Metal

Utilities

Electricity MW-yr 4.7 4.9

Solids

Concrete yd
3

60,000 62,000

Steel tons 11,600 12,000

Liquids

Diesel fuel million gal 0.61 0.63

Gasoline million gal 0.2 0.2

Source: LLNL (1997).

TABLE H.17  Resource Requirements for Operation 
of Shielding Manufacturing Facilities

Annual Requirement

Resource Unit Uranium Oxide Uranium Metal

Electricity MW 3.8 4.7

Diesel fuel gal 2,000 2,000

Natural gas million scf 20 32

Source: LLNL (1997).
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projected to be used. The required electricity would presumably be purchased from commercial
utilities.

H.3.9  Land Use

The assessment of potential land-use impacts for the manufacturing and use options was
based on a determination of areal requirements for each option and the potential for incompatibility.
The uranium oxide and uranium metal options would result in similar moderate land-use impacts.
Both facilities would have a total site requirement of 90 acres (36 ha), of which 54 acres (22 ha)
would be disturbed or cleared (LLNL 1997). Although the uranium oxide facility would produce a
slightly smaller volume of excavated material than the uranium metal facility, topographical
modifications of on-site land could result under both options.

No site has been chosen for a uranium oxide or uranium metal facility, but selection of a site
at or near a location that is already dedicated to or zoned for similar use could result in reduced  land-
use impacts because immediate access to infrastructure and utility support would be possible with
only minor disturbances to existing land. Traffic patterns could experience potentially moderate
level-of-service impacts from the peak year construction labor force. Any such traffic impacts,
however, would be greatly reduced once post-construction operations begin. 

H.3.10  Other Impacts Considered But Not Analyzed in Detail

Other impacts that could potentially occur if the manufacture and use options considered
in this PEIS were implemented include impacts to cultural resources and environmental justice, as
well as the visual environment (e.g., aesthetics), recreational resources, and noise levels, and  impacts
associated with decontamination and decommissioning of the manufacturing facilities. These impacts,
although considered, were not analyzed in detail for one or more of the following reasons:

• The impacts could not be determined at the programmatic level without
consideration of specific sites. These impacts would be more appropriately
addressed in the second-tier National Environmental Policy Act (NEPA)
documentation when specific sites are considered;

• Consideration of these impacts would not contribute to differentiation among
the alternatives and, therefore, would not affect the decisions to be made in the |
Record of Decision to be issued following publication of this PEIS. |
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NOTATION  (APPENDIX I)

The following is a list of acronyms and abbreviations, including units of measure, used in this
document. Some acronyms used only in tables are defined in those tables.

ACRONYMS AND ABBREVIATIONS

General

BEMR The 1996 Baseline Environmental Management Report
CFR Code of Federal Regulations
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
HEPA high-efficiency particulate air (filter)
LCF latent cancer fatality
LLMW low-level mixed waste
LLNL Lawrence Livermore National Laboratory
LLW low-level radioactive waste
MCL maximum contaminant level
MEI maximally exposed individual
NEPA National Environmental Policy Act
NRC U.S. Nuclear Regulatory Commission
PEIS programmatic environmental impact statement
PM10 particulate matter with a mean diameter of 10 µm or less
Rf retardation factor
WM PEIS Waste Management Programmatic Environmental Impact Statement 

for Managing Treatment, Storage, and Disposal of Radioactive and 
Hazardous Waste

Chemicals

CO carbon monoxide
HC hydrocarbons
NOx nitrogen oxides
SOx sulfur oxides
UF6 uranium hexafluoride
UO2 uranium dioxide
UO3�H2O schoepite (hydrous uranium oxide)
U3O8 triuranium octaoxide (uranyl uranate)
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UNITS OF MEASURE

cm centimeter(s)
d day(s)
ft foot (feet)
ft3 cubic foot (feet)
g gram(s)
gal gallon(s)
gpm gallon(s) per minute
ha hectare(s)
in. inch(es)
kg kilogram(s)
km kilometer(s)
km2 square kilometer(s)
L liter(s)
lb pound(s)
µg microgram(s)
µm micrometer(s)

m meter(s)
m3 cubic meter(s)
mi2 square mile(s)
min minute(s)
mrem millirem(s)
MWh megawatt-hour(s)
pCi picocurie(s)
ppm part(s) per million
rad radiation absorbed dose(s)
rem roentgen equivalent man
s second(s)
scf standard cubic foot (feet)
ton(s) short ton(s)
yd3 cubic yard(s)
yr year(s)
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Disposal Options

Depleted uranium material would be disposed of as low-
level radioactive waste. The disposal options assessed in
the PEIS were defined on the basis of  the chemical form
of the uranium and the type of disposal facility. The
following disposal options were considered:

Disposal as U3O8.  Depleted uranium could be disposed
of as U3O8, either ungrouted (bulk) or grouted U3O8,
following conversion. The disposal facilities considered
included shallow earthen structures, belowground
vaults, and an underground mine.  

Disposal as UO2.  Similar to U3O8, depleted uranium
could be disposed of as UO2 following conversion,
either in ungrouted or grouted form. The disposal
facilities considered were the same as those considered
for U3O8: shallow earthen structures, belowground
vaults, and an underground mine.

APPENDIX I:

ENVIRONMENTAL IMPACTS OF OPTIONS
FOR DISPOSAL OF OXIDE

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites in Paducah, Kentucky; Portsmouth, Ohio; and Oak Ridge, Tennessee. This programmatic
environmental impact statement (PEIS) describes alternative strategies that could be used for the
long-term management of this material
and analyzes the potential environmental
consequences of implementing each
strategy for the period 1999 through 2039.
This appendix provides detailed
information describing the disposal
options considered in the PEIS. The
discussion provides background informa-
tion for these options, as well as a
summary of the estimated environmental
impacts associated with each option.

Disposal is defined as the
emplacement of material in a manner
designed to ensure its isolation for the
foreseeable future. For the PEIS disposal
options, depleted uranium was assumed
to be disposed of belowground as low-
level radioactive waste beginning in 2009.
Compared with long-term storage,
disposal is considered permanent, with no
intent to retrieve the material for future
use. In fact, considerable and deliberate
effort would be required to regain access to the material following disposal. Low-level radioactive
waste disposal in burial facilities has been practiced in the United States for over 50 years.

The disposal options considered in the PEIS are defined by the chemical form of the
depleted uranium to be disposed of and by the type of disposal facility. Two chemical forms of
uranium oxides were evaluated: triuranium octaoxide (U3O8) and uranium dioxide (UO2). These
forms were considered because of their chemical stability; UF6 and uranium metal are not considered
acceptable forms because they are chemically reactive (Lawrence Livermore National Laboratory
[LLNL] 1997). Three types of disposal facilities were considered for each chemical form: (1) shallow
earthen structures (engineered “trenches”), (2) vaults, and (3) an underground mine. The chemical
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forms and disposal options are summarized in Table I.1. Each type of disposal facility is described
in Section I.2.

For each of the uranium oxides, two physical waste forms were considered in the PEIS,
ungrouted and grouted. Ungrouted waste refers to U3O8 or UO2 in the powder or pellet form pro-
duced during the conversion process. This bulk material would be disposed of in either 55-gal
(208-L) drums for U3O8 or 30-gal (110-L) drums for UO2. Grouted waste refers to the solid material
obtained by mixing the uranium oxides with cement and repackaging it in drums. Grouting is
intended to increase structural strength and stability of the waste, and reduce the leaching rate of the
waste in water. However, because cement is added to the uranium oxide, grouting would increase
the total volume requiring disposal. Grouting of waste was assumed to occur at the disposal facility.

In general, disposal facilities would be stand-alone, single-purpose facilities consisting of
a central receiving building/warehouse (called the wasteform facility) and several disposal units.
Depending on the option, the disposal units would be a series of shallow earthen structures, vaults,
or underground mine tunnels (called drifts). Activities at the disposal facility would include receipt
of containers of depleted uranium oxide by truck or railcar, inspection of the containers, grouting the
material if necessary, and placement of the containers into the disposal units. The disposal unit
would then be backfilled with soil, sand, gravel, or other material and covered with multiple layers
of natural material (such as clay) designed to minimize infiltration of water for long periods of time.
The disposal facilities would be designed to protect the waste from the environment and prevent
potential releases of material to the environment. Following disposal of the last containers, the
disposal facility would be closed and then monitored and maintained for a period of time consistent |
with regulatory and license requirements. |

The potential environmental impacts from the disposal options were evaluated on the basis
of information provided in the engineering analysis report (LLNL 1997). For each disposal option,
the engineering analysis report provides preconceptual facility design data, including descriptions
of facility layouts, resource requirements, estimates of effluents, wastes, and emissions, and

TABLE I.1  Summary of Depleted Uranium
Chemical Forms and Disposal Options Considered

Disposal Option Considered

Physical/ Shallow Earthen
Chemical Form Structure Vault Mine

Grouted U3O8 Yes Yes Yes

Ungrouted U3O8 Yes Yes Yes

Grouted UO2 Yes Yes Yes

Ungrouted UO2 Yes Yes Yes
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descriptions of potential accident scenarios. This report also contains additional discussion of issues
related to low-level radioactive waste (LLW) disposal and discusses the results of previous
assessments of the long-term impacts of uranium disposal.

The potential environmental impacts from disposal would differ from those for the other
options considered in the PEIS. Whereas the impacts from the other options would generally occur
during the operational period of the facilities considered (40 years or less), the impacts from disposal
might occur hundreds to thousands of years after the facility had ceased operating. Thus, disposal
impacts were estimated for two phases: (1) the operational phase, which includes construction of the
facility and the period in which waste would be actively placed into disposal units, and (2) the post-
closure phase, which considers hundreds of years in the future, beyond the time that any engineered
disposal facilities would be expected to function as designed. The environmental impacts for the
operational phase are presented in Section I.3, and those for the post-closure phase are presented in
Section I.4.

Potential impacts during the operational phase, which would include construction activities |
and the handling of waste containers as they were placed into disposal units, would primarily affect
workers. In addition, some potential impacts to the public would occur from air emissions during
grouting of the waste. The potential impacts during the post-closure phase would affect only the
public and would follow the eventual release of material from the disposal facility to the
environment. For assessment purposes, all disposal facilities were assumed to fail, or release waste
to the environment, at the end of an institutional control period (failure was assumed to occur around
the year 2140, 100 years after site closure). Because of the infiltration of water, uranium would |
ultimately migrate through the soil, eventually contaminating the groundwater and potentially
exposing members of the public. Post-closure impacts were estimated at 1,000 years after the
disposal facilities were assumed to fail. 

The potential environmental impacts from the disposal options were not determined on a
site-specific basis because the location of a disposal facility would not be decided until sometime
in the future. Instead, for assessment purposes, two generic environmental settings were defined, a
generic dry setting and a generic wet setting. The conditions of the dry setting would be typical of
a site in the arid western United States, and the conditions of the wet setting would be typical of a
site in the eastern United States.

The estimated impacts associated with the disposal options are subject to a great deal of
uncertainty, especially for the post-closure period. The degree of uncertainty in the disposal impacts
is greater than that for the other categories of options in the PEIS, because disposal impacts consider
an extremely long period of time and depend on predicting the behavior of the waste material as it
interacts with soil and water in a complex and changing environment. Consequently, the estimated
disposal impacts are very dependent on the assumptions made for the assessment, including such key
factors as soil characteristics, water infiltration rates, depth to underlying groundwater table,
chemistry of different uranium compounds, and locations of future human receptors. These factors
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could vary widely depending on site-specific conditions. Therefore, a range of these factors was
selected for analysis to represent the range of actual conditions that could occur. 

I.1  SUMMARY OF DISPOSAL OPTION IMPACTS

This section provides a summary of the potential environmental impacts associated with
the disposal of depleted uranium oxides in shallow earthen structures, vaults, and a mine during two
distinct phases: (1) the operational phase and (2) the post-closure phase. Analysis of the operational
phase included facility construction and the time during which waste would be actively placed in
disposal units (2009 through 2028). Analysis of the post-closure phase considered potential impacts
1,000 years after the disposal units fail (i.e., release uranium material to the environment). For each
phase, impacts were estimated for both generic wet and dry environmental settings. Additional
discussion and details related to the assessment methodologies and results for each area of impact
are provided in Section I.3 for the operational phase and Section I.4 for the post-closure phase.

For the operational phase, the potential environmental impacts for disposal of U3O8 and
UO2 are summarized in Tables I.2 and I.3, respectively. Within each table, the potential impacts are
presented first for the grouted form and then for the ungrouted form. The following is a general
summary of potential environmental impacts during the operational phase:

• Potential Adverse Impacts. Potential adverse impacts during the operational
phase would be small and generally similar for all options. Minor to moderate
impacts would occur during construction activities, although these impacts
would be temporary and easily mitigated by common engineering and
construction practices. Impacts during waste emplacement activities also
would be small and limited to involved and noninvolved workers.

• Wet or Dry Environmental Setting. In general, potential impacts would be
similar for generic wet and dry environmental settings during the operational |
phase. |

• U3O8 or UO2. The potential disposal impacts tend to be slightly larger for
U3O8 than for UO2 because the volume of U3O8 would be greater and most
environmental impacts tend to be proportional to the volume.

• Grouted or Ungrouted Waste. For both U3O8 and UO2, the disposal of grouted
waste would result in larger impacts than disposal of ungrouted waste during
the operational phase for two reasons: (1) grouting increases the volume of
waste requiring disposal (by about 50%) and (2) grouting operations result in
small emissions of uranium material to the air and water.
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TABLE I.2  Summary of Disposal Option Impacts for U3O8 during the Operational Phasea

A.  Grouted |

Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose:  

480 person-rem

Total number of LCFs:
0.2 LCF

Noninvolved Workers:
Annual dose to MEI :  

0.0021 – 0.0088 mrem/yr

Annual cancer risk to MEI:  
8 × 10

-10
 – 4 × 10

-9
 per year

Total collective dose:  
0.00054 – 0.0035 person-rem

Total number of LCFs:  
2 × 10

-7
 – 1 × 10

-6
  LCF

General Public:
Annual dose to MEI:  

0.0061 – 0.026 mrem/yr

Annual cancer risk to MEI:  
3 × 10

-9
  – 1 × 10

-8
 per year

Total collective dose to population 
within 50 miles:  

0.037 – 0.11 person-rem

Total number of LCFs in population 
within 50 miles:  

2 × 10
-5

 – 6 × 10
-5

 LCF

Involved Workers:  
Total collective dose:  

520 person-rem

Total number of LCFs:
0.2 LCF

Noninvolved Workers:
Annual dose to MEI :  

0.0021 – 0.0088 mrem/yr

Annual cancer risk to MEI:  
8 × 10

-10
 – 4 × 10

-9
 per year

Total collective dose:  
0.00059 – 0.0038 person-rem

Total number of LCFs:  
2 × 10

-7
 – 2 × 10

-6
  LCF

General Public:
Annual dose to MEI:  

0.0060 – 0.020 mrem/yr

Annual cancer risk to MEI:  
3 × 10

-9
 – 1 × 10

-8
 per year

Total collective dose to population 
within 50 miles: 

 0.037 – 0.11 person-rem

Total number of LCFs in population 
within 50 miles: 

 2 × 10
-5

 – 6 × 10
-5

 LCF

Involved Workers:  
Total collective dose:  

720 person-rem |

Total number of LCFs:
0.3 LCF

Noninvolved Workers:
Annual dose to MEI :  

0.00084 – 0.0085 mrem/yr

Annual cancer risk to MEI:  
3 × 10

-10
 –  3 × 10

-9
 per year

Total collective dose:  
0.00057 – 0.0036 person-rem

Total number of LCFs:  
2 × 10

-7
 – 1 × 10

-6
  LCF

General Public:
Annual dose to MEI:  

0.0061 – 0.026 mrem/yr

Annual cancer risk to MEI:  
3 × 10

-9
 – 1 × 10

-8
 per year

Total collective dose to population 
within 50 miles:  

0.037 – 0.11 person-rem

Total number of LCFs in population 
within 50 miles:  

2 × 10
-5

 – 6 × 10
-5

 LCF

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts
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TABLE I.2  (Cont.)

Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Human Health – Accidents: Radiological

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  140 rem

Risk of LCF to MEI:  0.06

Collective dose: 6.1 person-rem      

Number of LCFs: 0.002

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  1.1 rem

Risk of LCF to MEI:  5 × 10
-4

Collective dose to population 
within 50 miles: 

1.5 person-rem        

Number of LCFs in population 
within 50 miles:  

0.0007 LCF

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  140 rem

Risk of LCF to MEI:  0.06

Collective dose: 6.1 person-rem      

Number of LCFs: 0.002

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  1.1 rem

Risk of LCF to MEI:  5 × 10
-4

Collective dose to population 
within 50 miles: 

1.5 person-rem        

Number of LCFs in population 
within 50 miles:  

0.0007 LCF

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  140 rem

Risk of LCF to MEI:  0.06

Collective dose: 6.1 person-rem      

Number of LCFs: 0.002

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  1.1 rem

Risk of LCF to MEI:  5 × 10
-4

Collective dose to population 
within 50 miles: 

1.5 person-rem        

Number of LCFs in population 
within 50 miles:  

0.0007 LCF

Human Health – Accidents: Chemical

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential
for irreversible adverse effects:

1 person

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects: 

1 person

Number of persons with potential
for irreversible adverse effects:

1 person

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential
for irreversible adverse effects:

1 person

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential
for irreversible adverse effects:

0 persons



Disposal I-7 Depleted UF6 PEIS

TABLE I.2  (Cont.)

Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Human Health — Accidents: Physical Hazards

Construction and Operations:
All Workers:  
Less than 1 (0.26) fatality, 
approximately 210 injuries

Construction and Operations: 
All Workers:
Less than 1 (0.44) fatality, 
approximately 300 injuries

Construction and Operations: 
All Workers
Approximately 1 fatality, 
approximately 450 injuries

Air Quality

Construction:
Annual NOx concentration potentially as
large as 3% of standard; other criteria
pollutant concentrations between 0.2 and
2% of respective standards

Operations:
Annual NOx concentration potentially as
large as 7% of standard; other criteria
pollutant concentrations between 0.3 and
3% of respective standards

Construction:
Annual NOx concentration potentially as
large as 13% of standard; other criteria
pollutant concentration between 0.3 and
4% of respective standards

Operations:
Annual NOx concentration potentially as
large as 37% of standard; other criteria
pollutant concentrations between 0.8 and
10% of respective standards

Construction:
All pollutant concentrations below 0.1% of
respective standards

Operations:
All pollutant concentrations below 0.02% of
respective standards

Water
b

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface
water and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

 Soil 
b

Construction:
Negligible, but temporary, impacts

Operations:
No impacts

Construction:
Moderate to large, but temporary, impacts

Operations:
No impacts

Construction:
Moderate to large, but temporary, impacts

Operations:
No impacts

Socioeconomics

Construction:
Potential moderate impacts on employment
and income

Operations:
Potential moderate impacts on employment
and income

Construction:
Potential moderate impacts on employment
and income

Operations:
Potential moderate impacts on employment
and income

Construction:
Potential moderate impacts on employment
and income

Operations:
Potential moderate impacts on employment
and income



Disposal I-8 Depleted UF6 PEIS

TABLE I.2  (Cont.)

Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Ecology

Construction:
Potential moderate impacts to vegetation
and wildlife

Operations:
Potential adverse impacts to aquatic biota

Construction:
Potential large impacts to vegetation and
wildlife

Operations:
Potential adverse impacts to aquatic biota

Construction:
Potential large impacts to vegetation and
wildlife

Operations:
Potential adverse impacts to aquatic biota

Waste Management

Negligible to low impacts on  national
waste management operations

Negligible to low impacts on national
waste management operations

Negligible to low impacts on national waste
management operations

Resource Requirements

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the
local or national scale are expected

No impacts from resource requirements on
the local or national scale are expected;
impacts of electrical requirements for mine
excavation depend on site location

Land Use

Use of approximately 85 acres; potential
moderate impacts

Use of approximately 149 acres; potential
moderate impacts

Use of approximately 471 acres; potential
large impacts, including impacts from
disposal of excavated material and potential
off-site traffic impacts during construction

B.  Ungrouted |

Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose:  

280 person-rem

Total number of LCFs:  
0.1 LCF

Noninvolved Workers:
No impacts

General Public:
No impacts

Involved Workers:  
Total collective dose:  

300 person-rem

Total number of LCFs:  
0.1 LCF

Noninvolved Workers:
No impacts

General Public:
No impacts

Involved Workers:  
Total collective dose:  

360 person-rem |

Total number of LCFs:  
0.1 LCF

Noninvolved Workers:
No impacts

General Public:
No impacts

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts
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TABLE I.2  (Cont.)

Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Human Health – Accidents: Radiological

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  130 rem

Risk of LCF to MEI:  0.05

Collective dose: 5.6 person-rem      

Number of LCFs: 0.002

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  1 rem

Risk of LCF to MEI:  5 × 10
-4

Collective dose to population 
within 50 miles: 

1.3 person-rem        

Number of LCFs in population 
within 50 miles: 

0.0007 LCF

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  130 rem

Risk of LCF to MEI:  0.05

Collective dose: 5.6 person-rem      

Number of LCFs: 0.002

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  1 rem

Risk of LCF to MEI:  5 × 10
-4

Collective dose to population 
within 50 miles: 

1.3 person-rem        

Number of LCFs in population 
within 50 miles: 

0.0007 LCF

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  130 rem

Risk of LCF to MEI:  0.05

Collective dose: 5.6 person-rem      

Number of LCFs: 0.002

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  1 rem

Risk of LCF to MEI:  5 × 10
-4

Collective dose to population 
within 50 miles: 

1.3 person-rem        

Number of LCFs in population 
within 50 miles: 

0.0007 LCF

Human Health – Accidents: Chemical

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

1 person

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

1 person

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

1 person

Number of persons with potential 
for irreversible adverse effects:

1 person

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons
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TABLE I.2  (Cont.)

Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Human Health — Accidents: Physical Hazards

Construction and Operations: 
All Workers:
Less than 1 (0.13) fatality, 
approximately 90 injuries

Construction and Operations: 
All Workers:
Less than 1 (0.22) fatality, 
approximately 140 injuries

Construction and Operations: 
All Workers:
Less than 1 (0.53) fatality, 
approximately 240 injuries

Air Quality

Construction:
Annual NOx concentration potentially as
large as 1.3% of standard; all other criteria
pollutant concentrations between 0.07 and
0.6% of respective standards  

Operations:
Annual NOx concentration potentially as
large as 2.3% of standard; all other criteria
pollutant concentrations between 0.1 and
1% of respective standards

Construction:
Annual NOx concentration potentially as
large as 3.5% of standard; all other criteria
pollutant concentrations between 0.1 and
1% of respective standards  

Operations:
Annual NOx concentration potentially as
large as 10% of standard; all other criteria
pollutant concentrations between 0.3 and
3% of respective standards

Construction:
All pollutant concentrations below 0.1% of
respective standards

Operations:
All pollutant concentrations below 0.02% of
respective standards

Water
b

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface
water and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Soil 
b

Construction:
Negligible, but temporary, impacts

Operations:
No impacts

Construction:
Moderate to large, but temporary, impacts

Operations:
No impacts

Construction:
Moderate to large, but temporary, impacts

Operations:
No impacts

Socioeconomics

Construction:
Potential moderate impacts on employment
and income

Operations:
Potential moderate impacts on employment
and income

Construction:
Potential moderate impacts on employment
and income

Operations:
Potential moderate impacts on employment
and income

Construction:
Potential moderate impacts on employment
and income

Operations:
Potential moderate impacts on employment
and income



Disposal I-11 Depleted UF6 PEIS

TABLE I.2  (Cont.)

Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Ecology

Construction:
Potential moderate impacts to vegetation
and wildlife

Operations:
Negligible impacts

Construction:
Potential moderate impacts to vegetation
and wildlife

Operations:
Negligible impacts

Construction:
Potential large impacts to vegetation and 
wildlife

Operations:
Negligible impacts

Waste Management

Negligible to low impacts on national
waste management operations

Negligible to low impacts on national
waste management operations

Negligible to low impacts on national waste
management operations

Resource Requirements

No impacts from resource requirements 
(such as electricity or materials) on the
local or national scale are expected

No impacts from resource requirements 
(such as electricity or materials) on the
local or national scale are expected

No impacts from resource requirements on
the local or national scale are expected;
impacts of electrical requirements for mine
excavation depend on site location

Land Use

Use of approximately 46 acres; negligible
impacts

Use of approximately 75 acres; potential
moderate impacts

Use of approximately 232 acres; potential
large impacts, including impacts from
disposal of excavated material and potential
off-site traffic impacts during construction

a
Impacts presented in the table are for a generic wet setting (typical of the eastern United States). Potential impacts during the
operational phase would be similar for a generic dry setting (typical of the western United States).

b
Impacts are based on a site that would be large compared to the area of the facility, with a nearby river having a minimum flow that
would be large compared to water use and discharge requirements.

Notation: LCF = latent cancer fatality; MEI = maximally exposed individual; NOx = nitrogen oxides; ROI = region of influence.



Disposal I-12 Depleted UF6 PEIS

TABLE I.3  Summary of Disposal Option Impacts for UO2 during the Operational Phasea

A.  Grouted |

Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose:  

420 person-rem

Total number of LCFs:
0.2 LCF

Noninvolved Workers:
Annual dose to MEI :  

0.0032 – 0.017 mrem/yr

Annual cancer risk to MEI:  
1 × 10

-9
 – 7 × 10

-9
 per year

Total collective dose:  
0.00055 – 0.0036 person-rem

Total number of LCFs:  
2 × 10

-7
 – 1 × 10

-6
  LCF

General Public:
Annual dose to MEI:  

0.012 – 0.050 mrem/yr

Annual cancer risk to MEI:  
6 × 10

-9
 – 2 × 10

-8
 per year

Total collective dose to population 
within 50 miles:  

0.071 – 0.21 person-rem

Total number of LCFs in population 
within 50 miles:  

4 × 10
-5

 – 1 × 10
-4

 LCF

Involved Workers:  
Total collective dose:  

440 person-rem

Total number of LCFs:
0.2 LCF

Noninvolved Workers:
Annual dose to MEI :  

0.0037 – 0.017 mrem/yr

Annual cancer risk to MEI:  
1 × 10

-9
 – 7 × 10

-9
 per year

Total collective dose:  
0.00061 – 0.0040 person-rem

Total number of LCFs:  
2 × 10

-7
 – 2 × 10

-6
  LCF

General Public:
Annual dose to MEI:  

0.012 – 0.050 mrem/yr

Annual cancer risk to MEI:  
6 × 10

-9
 – 2 × 10

-8
 per year

Total collective dose to population 
within 50 miles: 

 0.071 – 0.21 person-rem

Total number of LCFs in population 
within 50 miles: 

 4 × 10
-5

 – 1 × 10-
4
 LCF

Involved Workers:  
Total collective dose:  

480 person-rem

Total number of LCFs:
0.2 LCF

Noninvolved Workers:
Annual dose to MEI :  

0.0016 – 0.016 mrem/yr

Annual cancer risk to MEI:  
6 × 10

-10
 – 6 × 10

-9
 per year

Total collective dose:  
0.00055 – 0.0036 person-rem

Total number of LCFs:  
2 × 10

-7
 – 1 × 10

-6
  LCF

General Public:
Annual dose to MEI:  

0.012 – 0.050 mrem/yr

Annual cancer risk to MEI:  
6 × 10

-9
 – 2 × 10

-8
 per year

Total collective dose to population 
within 50 miles:  

0.071 – 0.21 person-rem

Total number of LCFs in population 
within 50 miles:  

4 × 10
-5

 – 1 × 10
-4

 LCF

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts



Disposal I-13 Depleted UF6 PEIS

TABLE I.3  (Cont.)

Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Human Health – Accidents: Radiological

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.27 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose: 0.011 person-rem      

Number of LCFs: 5 × 10
-6

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.0021 rem

Risk of LCF to MEI:  1 × 10
-6

Collective dose to population 
within 50 miles:  

0.0027 person-rem        

Number of LCFs in population 
within 50 miles: 

1 × 10
-6 LCF

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.27 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose: 0.011 person-rem      

Number of LCFs: 5 × 10
-6

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.0021 rem

Risk of LCF to MEI:  1 × 10
-6

Collective dose to population 
within 50 miles:  

0.0027 person-rem        

Number of LCFs in population 
within 50 miles: 

1 × 10
-6

 LCF

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.27 rem

Risk of LCF to MEI:  1 × 10
-4

Collective dose: 0.011 person-rem      

Number of LCFs: 5 × 10
-6

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.0021 rem

Risk of LCF to MEI:  1 × 10
-6

Collective dose to population 
within 50 miles:  

0.0027 person-rem        

Number of LCFs in population 
within 50 miles: 

1 × 10
-6

 LCF

Human Health – Accidents: Chemical

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 10,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons
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TABLE I.3  (Cont.)

Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Human Health — Accidents: Physical Hazards

Construction and Operations: 
All Workers:
Less than 1 (0.23) fatality, 
approximately 180 injuries

Construction and Operations: 
All Workers:
Less than 1 (0.26) fatality, 
approximately 190 injuries

Construction and Operations: 
All Workers:
Less than 1 (0.50) fatality, 
approximately 280 injuries

Air Quality

Construction:
Annual NOx concentration potentially as
large as 0.9% of standard; all other criteria
pollutant concentrations between 0.05 and
0.6% of respective standards

Operations:
Annual NOx concentration potentially as
large as 1.8% of standard; all other criteria
pollutant concentrations between 0.1 and
1.1% of respective standards

Construction:
Annual NOx concentration potentially as
large as 1% of standard; all other criteria
pollutant concentrations between 0.04 and
0.4% of respective standards

Operations:
Annual NOx concentration potentially as
large as 5.6% of standard; all other criteria
pollutant concentrations between 0.2 and 2%
of respective standards

Construction:
All pollutant concentrations less than 10% of
concentrations from shallow earthen structure
construction

Operations:
All pollutant concentrations about 10% of
those from mine construction

Water
b

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Soil 
b

Construction:
Negligible, but temporary, impacts

Operations:
No impacts

Construction:
Moderate to large, but temporary, impacts

Operations:
No impacts

Construction:
Moderate to large, but temporary, impacts

Operations:
No impacts

Socioeconomics

Construction:
Potential moderate impacts on employment
and income

Operations:
Potential moderate impacts on employment
and income

Construction:
Potential moderate impacts on employment
and income

Operations:
Potential moderate impacts on employment
and income

Construction:
Potential moderate impacts on employment
and income

Operations:
Potential moderate impacts on employment
and income
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TABLE I.3  (Cont.)

Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Ecology

Construction:
Potential moderate impacts to vegetation
and wildlife

Operations:
Potential adverse impacts to aquatic biota

Construction:
Potential moderate impacts to vegetation 
and wildlife

Operations:
Potential adverse impacts to aquatic biota

Construction:
Potential large impacts to vegetation and
wildlife

Operations:
Potential adverse impacts to aquatic biota

Waste Management

Negligible to low impacts on national waste
management operations

Negligible to low impacts on national waste
management operations

Negligible to low impacts on national waste
management operations

Resource Requirements

No impacts from resource requirements
(such as electricity or materials) on the 
local or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the 
local or national scale are expected

No impacts from resource requirements on
the local or national scale are expected;
impacts of electrical requirements for mine
excavation depend on site location

Land Use

Use of approximately 39 acres; negligible
impacts

Use of approximately 41 acres; negligible
impacts

Use of approximately 149 acres; potential
moderate impacts, including impacts from
disposal of excavated material and potential
off-site traffic impacts during construction

B.  Ungrouted |

Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Human Health – Normal Operations: Radiological

Involved Workers:  
Total collective dose:  

170 person-rem

Total number of LCFs:  
0.07 LCF

Noninvolved Workers:
No impacts

General Public:
No impacts

Involved Workers:  
Total collective dose:  

220 person-rem

Total number of LCFs:  
0.09 LCF

Noninvolved Workers:
No impacts

General Public:
No impacts

Involved Workers:  
Total collective dose:  

240 person-rem |

Total number of LCFs:  
0.09 LCF

Noninvolved Workers:
No impacts

General Public:
No impacts

Human Health – Normal Operations: Chemical

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts

Noninvolved Workers:  
No impacts

General Public:
No impacts
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TABLE I.3  (Cont.)

Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Human Health – Accidents: Radiological

Bounding accident frequency:  
1 in 100 years to 1 in 100,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.22 rem

Risk of LCF to MEI:  9 × 10
-5

Collective dose:  12 person-rem      

Number of LCFs:  0.005

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.0017 rem

Risk of LCF to MEI:  8 × 10
-7

Collective dose to population 
within 50 miles:  

0.046 person-rem        

Number of LCFs in population 
within 50 miles:  

2 × 10
-5

 LCF

Bounding accident frequency:  
1 in 100 years to 1 in 100,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.22 rem

Risk of LCF to MEI:  9 × 10
-5

Collective dose:  12 person-rem      

Number of LCFs:  0.005

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.0017 rem

Risk of LCF to MEI:  8 × 10
-7

Collective dose to population 
within 50 miles:  

0.046 person-rem        

Number of LCFs in population 
within 50 miles:  

2 × 10
-5

 LCF

Bounding accident frequency:  
1 in 100 years to 1 in 100,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.22 rem

Risk of LCF to MEI:  9 × 10
-5

Collective dose:  12 person-rem      

Number of LCFs:  0.005

General Public:
Bounding accident consequences 
(per occurrence):

Dose to MEI:  0.0017 rem

Risk of LCF to MEI:  8 × 10
-7

Collective dose to population 
within 50 miles:  

0.046 person-rem        

Number of LCFs in population 
within 50 miles:  

2 × 10
-5

 LCF

Human Health – Accidents: Chemical

Bounding accident frequency:  
1 in 100 years to 1 in 100,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 100,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

Bounding accident frequency:  
1 in 100 years to 1 in 100,000 years

Noninvolved Workers: 
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons

General Public:
Bounding accident consequences 
(per occurrence):

Number of persons with potential 
for adverse effects:

0 persons

Number of persons with potential 
for irreversible adverse effects:

0 persons
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TABLE I.3  (Cont.)

Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Human Health — Accidents: Physical Hazards

Construction and Operations: 
All Workers:
Less than 1 (0.13) fatality, 
approximately 90 injuries

Construction and Operations: 
All Workers:
Less than 1 (0.15) fatality, 
approximately 110 injuries

Construction and Operations: 
All Workers:
Less than 1 (0.33) fatality, 
approximately 170 injuries

Air Quality

Construction:
Annual NOx concentration potentially as
large as 0.6% of standard; all other criteria
pollutant concentrations between 0.04 and
0.4% of respective standards

Operations:
Annual NOx concentration potentially as
large as 1.3% of standard; all other criteria
pollutant concentrations between 0.08 and
0.8% of respective standards

Construction:
Annual NOx concentration potentially as
large as 0.6% of standard; all other criteria
pollutant concentrations between 0.03 and
0.3% of respective standards

Operations:
Annual NOx concentration potentially as
large as 3.3% of standard; all other criteria
pollutant concentrations between 0.1 and
1.3% of respective standards

Construction:
All pollutant concentrations less than 10% of
concentration from shallow earthen structure
construction

Operations:
All pollutant concentrations about 10% of
those from mine construction

Water
b

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Construction:
Negligible impacts to surface water and
groundwater

Operations:
None to negligible impacts to surface water
and groundwater

Soil 
b

Construction:
Negligible, but temporary, impacts

Operations:
No impacts

Construction:
Moderate to large, but temporary, impacts

Operations:
No impacts

Construction:
Moderate to large, but temporary, impacts

Operations:
No impacts

Socioeconomics

Potential moderate impacts on employment
and income

Potential moderate impacts on employment
and income

Potential moderate impacts on employment
and income

Ecology

Construction:
Potential moderate impacts to vegetation 
and wildlife

Operations:
Negligible impacts

Construction:
Potential moderate impacts to vegetation and
wildlife

Operations:
Negligible impacts

Construction:
Potential large impacts to vegetation and
wildlife

Operations:
Negligible impacts
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TABLE I.3  (Cont.)

Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Waste Management

Negligible to low impacts on national waste
management operations

Negligible to low impacts on national waste
management operations

Negligible to low impacts on national waste
management operations

Resource Requirements

No impacts from resource requirements
(such as electricity or materials) on the 
local or national scale are expected

No impacts from resource requirements
(such as electricity or materials) on the 
local or national scale are expected

No impacts from resource requirements on
the local or national scale are expected;
impacts of electrical requirements for mine
excavation depend on site location

Land Use

Use of approximately 28 acres; negligible
impacts

Use of approximately 28 acres; negligible
impacts

Use of approximately 102 acres; potential
moderate impacts, including impacts from
disposal of excavated material and potential
off-site traffic impacts during construction

a
Impacts presented in the table are for a generic wet setting (typical of the eastern United States). Potential impacts during the operational
phase would be similar for a generic dry setting (typical of the western United States).

b
Impacts are based on a site that would be large compared to the area of the facility, with a nearby river having a minimum flow that
would be large compared to water use and discharge requirements.

Notation: LCF = latent cancer fatality; MEI = maximally exposed individual; NOx = nitrogen oxides; ROI = region of influence.
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• Shallow Earthen Structure, Vault, or Mine. The potential impacts are
essentially similar for disposal in a shallow earthen structure, vault, or mine.
However, disposal in a mine could create slightly larger potential impacts if
excavation of the mine was required (use of an existing mine would minimize
impacts).

For the post-closure phase, the potential environmental impacts for disposal of U3O8 and
UO2 are summarized in Tables I.4 and I.5, respectively. Impacts were calculated for a post-failure
time of 1,000 years. The potential impacts estimated for the post-closure phase are subject to a great
deal of uncertainty because of the extremely long time period considered and the dependence of
predictions on the behavior of the waste material as it interacts with soil and water in a distant future
environment. The post-closure impacts would depend greatly on the specific disposal facility design
and site-specific characteristics. Because of these uncertainties, the assessment assumptions are
generally selected to produce conservative estimates of impact, that is, they tend to overestimate the
expected impact. Changes in key disposal assumptions could yield significantly different results (see
Section I.4).

The following is presented as a general summary of potential environmental impacts during
the post-closure phase (from information in Tables I.4 and I.5 and Section I.4):

• Potential Adverse Impacts. For all disposal options, potentially large impacts
to human health and groundwater quality could occur within 1,000 years after
failure of a facility in a wet setting, whereas essentially no impacts would
occur for a dry setting in the same time frame. Potential impacts would result
primarily from the contamination of groundwater. The maximum dose to an
individual assumed to live at the edge of the disposal site and use the contami- |
nated water was estimated to be about 110 mrem/yr, which would exceed the |
25-mrem/yr limit specified in 10 Code of Federal Regulations [CFR] Part 61 |
and DOE Order 5820.2A. (For comparison, the average dose to an individual |
from background radiation is about 360 mrem/yr.) Possible exposures (on the |
order of 10 rem/yr) could occur for shallow earthen structures and vaults if the
cover material were to erode and expose the uranium material; however, this
would not occur until several thousand years later, and the exposure could be
eliminated by adding new cover material to the top of the waste area.

• Wet or Dry Environmental Setting. The potential impacts would be signifi-
cantly greater in a wet setting than a dry setting. Essentially no impacts would
be expected in a dry setting for more than 1,000 years because of the low
water infiltration rate and greater depth to the water table.
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TABLE I.4  Summary of Disposal Option Impacts for U3O8 during the 
Post-Closure Phasea,b

A.  Grouted |

Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8 Impacts from Disposal as Grouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Human Health: Radiological

General Public:
Annual dose to MEI:  

49 – 72 mrem/yr

Annual cancer risk to MEI:  

2 × 10
-5 – 4 × 10

-5
 per year

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

General Public:
Annual dose to MEI:  

57 – 84 mrem/yr

Annual cancer risk to MEI:  

3 × 10
-5 – 4 × 10

-4
 per year 

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

General Public:
Annual dose to MEI:  

1 – 110 mrem/yr

Annual cancer risk to MEI:  

4 × 10
-7  – 5 × 10

-5
 per year 

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

Human Health: Chemical

Potential impacts to MEI of the general
public from groundwater

Potential impacts to MEI of the general
public from groundwater

Potential impacts to MEI of the general
public from groundwater

Water

Potential large impact to groundwater
quality from uranium contamination

Potential large impact to groundwater
quality from uranium contamination

Potential large impact to groundwater
quality from uranium contamination

Ecology

Potential moderate impacts to wetlands
and aquatic biota from surface water and
groundwater contamination

Potential moderate impacts to wetlands and
aquatic biota from surface water and
groundwater contamination

Potential moderate impacts to wetlands
and aquatic biota from surface water and
groundwater contamination

B.  Ungrouted |

Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Human Health: Radiological

General Public:
Annual dose to MEI:  

41 – 60 mrem/yr

Annual cancer risk to MEI:
2 × 10

-5
 – 3 × 10

-5
 per year

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

General Public:
Annual dose to MEI:  

48 – 70 mrem/yr

Annual cancer risk to MEI:  
2 × 10

-5
 – 4 × 10

-5
 per year

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

General Public:
Annual dose to MEI:  

1 – 93 mrem/yr |

Annual cancer risk to MEI:  
4 × 10

-7
 – 5 × 10

-5
 per year

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined
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TABLE I.4  (Cont.)

Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8 Impacts from Disposal as Ungrouted U3O8
in Shallow Earthen Structures in Vaults in a Mine

Human Health: Chemical

Potential impacts to MEI of the general
public from groundwater

Potential impacts to MEI of the general
public from groundwater

Potential impacts to MEI of the general
public from groundwater

Water

Potential large impact to groundwater
quality from uranium contamination

Potential large impact to groundwater
quality from uranium contamination

Potential large impact to groundwater
quality from uranium contamination

Ecology

Potential moderate impacts to wetlands
and aquatic biota from surface water and
groundwater contamination

Potential moderate impacts to wetlands and
aquatic biota from surface water and
groundwater contamination

Potential moderate impacts to wetlands
and aquatic biota from surface water and
groundwater contamination

a
Impacts for the post-closure phase were calculated for a time 1,000 years after each disposal facility was assumed to fail. Impacts are
presented for a generic wet setting; no impacts would be expected within 1,000 years in a dry setting.

b
All disposal facilities would be designed to contain the waste material for at least hundreds of years. Shallow earthen structures
would be expected to last several hundred years before failure; vaults and mines would be expected to last several hundreds to
thousands of years before failure.

Notation: LCF = latent cancer fatality; MEI = maximally exposed individual.
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TABLE I.5  Summary of Disposal Option Impacts for UO2 during the 
Post-Closure Phasea,b

A.  Grouted |

Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2 Impacts from Disposal as Grouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Human Health: Radiological

General Public:
Annual dose to MEI:  

37 – 54 mrem/yr

Annual cancer risk to MEI:  
2 × 10

-5
 – 3 × 10

-5
 per year

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

General Public:
Annual dose to MEI:  

38 – 56 mrem/yr

Annual cancer risk to MEI:  
2 × 10

-5
 – 3 × 10

-5
 per year

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

General Public:
Annual dose to MEI:  

1 – 84 mrem/yr |

Annual cancer risk to MEI:  
3 × 10

-7
 – 4 × 10

-5
 per year |

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

Human Health: Chemical

Potential impacts to MEI of the general
public from groundwater

Potential impacts to MEI of the general
public from groundwater

Potential impacts to MEI of the general
public from groundwater

Water

Potential large impact to groundwater
quality from uranium contamination

Potential large impact to groundwater
quality from uranium contamination

Potential large impact to groundwater
quality from uranium contamination

Ecology

Potential moderate impacts to wetlands
and aquatic biota from surface water and
groundwater contamination

Potential moderate impacts to wetlands and
aquatic biota from surface water and
groundwater contamination

Potential moderate impacts to wetlands
and aquatic biota from surface water and
groundwater contamination

B.  Ungrouted |

Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Human Health: Radiological

General Public:
Annual dose to MEI:  

34 – 50 mrem/yr

Annual cancer risk to MEI:  
2 × 10

-5
 –3 × 10

-5
 per year

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

General Public:
Annual dose to MEI:  

34 – 50 mrem/yr

Annual cancer risk to MEI:  
2 × 10

-5
 – 3 × 10

-5
 per year

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined

General Public:
Annual dose to MEI:  

1 – 77 mrem/yr |

Annual cancer risk to MEI:  
2 × 10

-7
 – 4 × 10

-5
 per year |

Collective dose to population 
within 50 miles:  

not determined

Number of LCFs in population 
within 50 miles:  

not determined
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TABLE I.5  (Cont.)

Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2 Impacts from Disposal as Ungrouted UO2
in Shallow Earthen Structures in Vaults in a Mine

Human Health: Chemical

Potential impacts to MEI of the general
public from groundwater

Potential impacts to MEI of the general
public from groundwater

Potential impacts to MEI of the general
public from groundwater

Water

Potential large impact to groundwater
quality from uranium contamination

Potential large impact to groundwater
quality from uranium contamination

Potential large impact to groundwater
quality from uranium contamination

Ecology

Potential moderate impacts to wetlands
and aquatic biota from surface water and
groundwater contamination

Potential moderate impacts to wetlands and
aquatic biota from surface water and
groundwater contamination

Potential moderate impacts to wetlands
and aquatic biota from surface water and
groundwater contamination

a
Impacts for the post-closure phase were calculated for a time 1,000 years after each disposal facility was assumed to fail. Impacts
are presented for a generic wet setting; no impacts would be expected within 1,000 years in a dry setting.

b
All disposal facilities would be designed to contain the waste material for at least hundreds of years. Shallow earthen structures
would be expected to last several hundred years before failure; vaults and mines would be expected to last several hundreds to
thousands of years before failure.

Notation: LCF = latent cancer fatality; MEI = maximally exposed individual.
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• U3O8 or UO2. Overall, the potential environmental impacts tend to be slightly
larger for U3O8 than for UO2 because the volume of U3O8 requiring disposal
would be greater than that for UO2. A larger volume essentially exposes a
greater area of waste to infiltrating water.

• Grouted or Ungrouted Waste. For both U3O8 and UO2, the disposal of grouted
waste would have larger environmental impacts than disposal of ungrouted
waste once the waste was exposed to the environment because grouting would
increase the waste volume. However, further studies using site-specific soil
characteristics are necessary to determine the effect of grouting on long-term
waste mobility. Grouting might reduce the dissolution rate of the waste and
subsequent leaching of uranium into the groundwater in the first several
hundred years after failure. However, over longer periods the grouted form
would be expected to deteriorate and, because of the long half-life of uranium,
the performance of grouted and ungrouted waste would be essentially the
same. Depending on soil properties and characteristics of the grout material,
it is also possible that grouting could increase the solubility of the uranium
material by providing a carbonate-rich environment.

• Shallow Earthen Structure, Vault, or Mine. Because of the long time periods
considered and the fact that the calculations were performed for a time of
1,000 years after each facility was assumed to fail, the potential impacts are
very similar for disposal in a shallow earthen structure, vault, or mine.
However, shallow earthen structures would be expected to contain the waste
material for a period of at least several hundred years before failure, whereas
vaults and a mine would be expected to last even longer — from several
hundred years to a thousand years or more. Therefore, vault and mine disposal
would provide greater protection of waste in a wet environment. In addition,
a vault and a mine would be expected to provide additional protection against
erosion of the cover material (and possible surface exposure of the waste
material) compared to shallow earthen structures. The exact time that any
disposal facility would perform as designed would depend on the specific
facility design and site characteristics.

I.2  DESCRIPTION OF OPTIONS

This section provides a brief summary of the different disposal options considered in the
assessment of disposal impacts. The information is based on preconceptual design data provided in
the engineering analysis report (LLNL 1997). The engineering analysis report includes much more
detailed information, such as descriptions of facility layouts, resource requirements, estimates of
effluents, wastes, and emissions, and descriptions of potential accident scenarios. 
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The three disposal options considered are (1) shallow earthen structures (engineered
“trenches”), (2) vaults, and (3) an underground mine. For each option, the U3O8 and UO2 would be
packaged for disposal as follows:

• U3O8 would be disposed of in 55-gal (208-L) drums. If ungrouted,
approximately 714,000 drums would be required; if grouted, approximately
1,500,000 drums would be required.

• UO2 would be disposed of in 30-gal (110-L) drums. These small drums would
be used because of the greater density of UO2 — a filled 30-gal (110-L) drum
would weigh about 2,350 lb (1,070 kg). If ungrouted, approximately
420,000 drums would be required; if grouted, approximately 630,000 drums
would be required.

All disposal options would include a central wasteform facility where drums of uranium
oxide would be received from the conversion facility and prepared for disposal. The wasteform
facility would include an administration building, a receiving warehouse, and cementing/curing/
short-term storage buildings (if necessary). Grouting of waste would be performed by mechanically
mixing the uranium oxide with cement in large tanks and then pouring the mixture into drums. Once
prepared for disposal (if necessary), drums would be moved into disposal units. For the grouted U3O8

option, the area of the wasteform facility would be approximately 9 acres (3.6 ha); for the grouted
UO2 option, the area would be about 6 acres (2.4 ha). For ungrouted disposal options, only about
4 acres (1.6 ha) would be required because the facilities for grouting, curing, and additional short-
term storage would not be needed. The unique features of each disposal option are described in
Sections I.2.1 through I.2.3. 

I.2.1  Disposal in Shallow Earthen Structures

Shallow earthen structures, commonly referred to as engineered trenches, are among the
most commonly used forms of low-level waste disposal, especially in dry climates. Shallow earthen
structures would be excavated to a depth of about 26 ft (8 m), with the length and width determined
by site conditions and the annual volume of waste to be disposed of. Disposal in shallow earthen
structures would consist of placing waste on a stable structural pad with barrier walls constructed
of compacted clay. Clay would be used because it prevents the walls from collapsing or caving in,
and it presents a relatively impermeable barrier to waste migration. The waste containers
(i.e., drums) would be tightly stacked three pallets high in the bottom of the structure with forklifts.
Any open space between containers would be filled with earth, sand, gravel, or other similar material
as each layer of drums was placed. After the structure was filled, a 6 ft (2 m) thick cap composed of
engineered fill dirt and clay would be placed on top and compacted. The cap would be mounded at
least 3 ft (1 m) above the local grade and sloped to minimize the potential for water infiltration.
Disposal of ungrouted and grouted U3O8 would require about 42 acres (17 ha) and 76 acres (31 ha),
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respectively. Disposal of ungrouted and grouted UO2 would require about 24 acres (10 ha) and
33 acres (14 ha), respectively. |

I.2.2  Disposal in Vaults

Vaults for disposal would be similar to those described previously for the storage options
(Appendix G, Section G.2.3), except that each vault would be divided into five sections, each section
approximately 66 ft (20 m) long by 26 ft (8 m) wide and 13 ft (4 m) tall. As opposed to shallow
earthen structures, the walls and floor of a vault would be constructed of reinforced concrete. A crane
would be used to place drums within each section. Once a vault was full, any open space between
containers would be filled with earth, sand, gravel, or other similar material. A permanent roof slab
of reinforced concrete that completely covers the vault would be installed after all five sections were
filled. A cap of engineered fill dirt and clay would be placed on top of the concrete cover and
compacted. The cap would be mounded above the local grade and sloped to minimize the potential
for water infiltration. Disposal of ungrouted and grouted U3O8 would require about 71 and 140 acres
(28 and 56 ha), respectively. Disposal of ungrouted and grouted UO2 would require about 24 and
35 acres (10 and 15 ha), respectively. |

I.2.3  Disposal in a Mine

An underground mine disposal facility would be a repository for permanent deep geological
disposal. A mined disposal facility could possibly use a previously existing mine, or be constructed
for the sole purpose of waste disposal. For purposes of comparing alternatives, the conservative
assumption of constructing a new mine was assessed for this PEIS. A mine disposal facility would
consist of surface facilities that provide space for waste receiving and inspection (the wasteform
facility), and shafts and ramps for access to and ventilation of the underground portion of the
repository. The underground portion would consist of tunnels (called “drifts”) for the transport and
disposal of waste underground. The dimensions of the drifts would be similar to those described
previously for the storage options (Section G.2.4), except that each drift would have a width of 21 ft
(6.5 m). Waste containers would be placed in drifts and backfilled. Disposal of ungrouted and
grouted U3O8 would require about 228 acres (91 ha) and 462 acres (185 ha) of underground disposal
space, respectively. Disposal of ungrouted and grouted UO2 would require about 98 acres (39 ha)
and 143 acres (57 ha), respectively.

I.2.4  Disposal Technologies and Chemical Forms Considered But Not Analyzed

Disposal of depleted uranium metal was not considered because uranium metal is not as
chemically stable as U3O8 or UO2. Uranium metal is subject to surface oxidation. Similarly, disposal
of UF6 and UF4 were not considered because they react with water to form HF, which is a hazardous
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and corrosive chemical that would degrade the containment for the waste material. These
characteristics are considered unacceptable for disposal.

I.3  IMPACTS OF OPTIONS — OPERATIONAL PHASE

Potential impacts analyzed for the operational phase of the disposal options included
impacts occurring during facility construction and during the 20-year period when the waste material
would be actively placed into disposal units. (The potential environmental impacts for the post-
closure period, after the disposal facility ceased operations, are presented in Section I.4). The
estimated impacts are discussed for each area of impact. Information related to the assessment
methodologies is provided in Appendix C. 

The environmental impacts from the operational phase were evaluated based on the
information described in the engineering analysis report (LLNL 1997). The following general
assumptions apply to the assessment of impacts:

• Impacts during the operational phase include those from preliminary facility
construction and the 20-year period (2008 to 2028) when waste material (i.e., |
depleted uranium oxide from the DOE-generated inventory) would be actively |
placed into disposal units. Construction of disposal units would continue over
the 20-year period while waste material was being received. 

• Ungrouted U3O8 and ungrouted UO2 would be disposed of directly without
additional processing at the disposal facility. Consequently, no air or water
emissions would be associated with normal (nonaccident) operations, except
for exhaust emissions from equipment used during disposal.

• Grouting of U3O8 and UO2 would occur at the disposal facility and consist of
mixing the uranium material with cement and pouring it into drums. Grouting
operations would result in the release of small amounts of uranium material
to the air and water during normal operations.

• The potential impacts from disposal were analyzed for generic dry and wet
environmental settings. The historical meteorological conditions for five
actual “dry” locations in the southwestern United States and five actual “wet”
locations in the central and southeastern United States were used to develop
estimates for the generic sites. It was assumed that a disposal facility would
not be located in an urban area. Therefore, analyses for both dry and wet
environmental settings assumed a rural population density corresponding to
15 persons/mi2 (6 persons/km2). 
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The potential environmental impacts from the disposal options were not evaluated on a site-
specific basis because the location of a disposal facility would not be chosen until sometime in the
future (see Chapter 3). A more detailed assessment of site considerations would be addressed, as
appropriate, as part of the Phase II reviews of the programmatic National Environmental Policy Act
(NEPA) approach.

I.3.1  Human Health — Normal Operations

I.3.1.1  Radiological Impacts

Radiological impacts during normal operations of the facility were estimated for involved
workers, noninvolved workers, and members of the general public. External radiation resulting from
the handling and shipping of uranium materials would be the major source of exposure for involved
workers. Because grouted waste would increase the total volume of waste substantially, thereby
increasing the number of waste containers for handling and shipping, impacts to involved workers
would be greater from grouted waste than ungrouted waste. Variations in exposures for the three
disposal types considered (shallow earthen structures, vaults, or mine) would be caused by different
practices for different technologies. Disposal in a mine would require transport of waste containers
from the ground surface to the underground cavities, whereas disposal in shallow earthen structures
and vaults would require filling and capping efforts to cover the waste containers with dirt, cement,
and/or other engineering materials. In general, average radiation exposure of involved workers would
be less than 630 mrem/yr.

Exposures for noninvolved workers and the general public would result from releases of
uranium compounds from the grouting facility. Radiation doses from both airborne and waterborne
pathways would be less than 0.05 mrem/yr and would tend to be similar between dry and wet
environmental settings. 

The estimated results for different disposal options are listed in Tables I.6 and I.7. Detailed
discussions of the methodology used in the radiological impact analyses are provided in Appendix C
and Cheng et al. (1997).

I.3.1.1.1  Disposal as U3O8

The total collective doses to involved workers from grouted waste would be nearly twice
those from ungrouted waste, ranging from approximately 24 person-rem/yr for 85 workers for
shallow earthen structures to 36 person-rem/yr for 87 workers for a mine. The corresponding
collective cancer risks for grouted waste would be about 1 × 10-2 fatalities per year (1 additional
latent cancer fatality [LCF] in 100 years). The estimated average individual doses to involved
workers range from 210 mrem/yr (disposal in vaults) to 410 mrem/yr (disposal in a mine) for grouted
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TABLE I.6  Radiological Doses from Disposal Options for Normal Operations

Dose to Receptor

Involved Worker
b

Noninvolved Worker
c

General Public
d

Average Dose Collective Dose MEI Dose Collective Dose MEI Dose Collective Dose
Option/Location

a
(mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr)

Disposal as Grouted U3O8

Shallow earthen structure
Dry 290 24 3.2 × 10

-3
 –

5.1 × 10
-3

8.1 × 10
-5

 –
1.2 × 10

-4 9.0 × 10
-3 –

1.6 × 10
-2

2.1 × 10
-3 –

3.9 × 10
-3

Wet 290 24 2.1 × 10
-3

 –
8.8 × 10

-3
2.7 × 10

-5
 –

1.7 × 10
-4

6.1 × 10
-3

 –
2.6 × 10

-2
1.9 × 10

-3
 –

5.4 × 10
-3

Vault
Dry 210 26 3.2 × 10

-3
 –

5.1 × 10
-3

8.9 × 10
-5

 –
1.3 × 10

-4
4.7 × 10

-3
 –

1.4 × 10
-2

2.1 × 10
-3 

–
3.9 × 10

-3

Wet 210 26 2.1 × 10
-3

 –
8.8 × 10

-3
3.0 × 10

-5
 –

1.9 × 10
-4

6.0 × 10
-3

 –
2.0 × 10

-2
1.9 × 10

-3
 –

5.4 × 10
-3

Mine
Dry 410 36 3.0 × 10

-3
 –

4.7 × 10
-3

8.5 × 10
-5

 –
1.3 × 10

-4
6.7 × 10

-3
 –

1.6 × 10
-2

2.1 × 10
-3

 –
3.9 × 10

-3

Wet 410 36 8.4 × 10
-4

 –
8.5 × 10

-3
2.8 × 10

-5
 –

1.8 × 10
-4

6.1 × 10
-3

 –
2.6 × 10

-2
1.9 × 10

-3
 –

5.4 × 10
-3

Disposal as Ungrouted U3O8

Shallow earthen structure
Dry 550 14 0 0 0 0
Wet 550 14 0 0 0 0

Vault
Dry 330 15 0 0 0 0
Wet 330 15 0 0 0 0

Mine
Dry 630 18 0 0 0 0
Wet 630 18 0 0 0 0
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TABLE I.6  (Cont.)

Dose to Receptor

Involved Worker
b

Noninvolved Worker
c

General Public
d

Average Dose Collective Dose MEI Dose Collective Dose MEI Dose Collective Dose
Option/Location

a
(mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr) (mrem/yr) (person-rem/yr)

Disposal as Grouted UO2

Shallow earthen structure
Dry 300 21 6.0 × 10

-3
 –

9.8 × 10
-3

8.3 × 10
-5

 –
1.2 × 10

-4
1.7 × 10

-2
 –

3.0 × 10
-2

3.9 × 10
-3

 –

7.5 × 10
-3 

Wet 300 21 3.2 × 10
-3

 –
1.7 × 10

-2
2.8 × 10

-5
 –

1.8 × 10
-4

1.2 × 10
-2 –

5.0 × 10
-2

3.6 × 10
-3 –

1.0 × 10
-2

Vault
Dry 300 22 6.0 × 10

-3
 –

9.8 × 10
-3

9.1 × 10
-5

 –
1.4 × 10

-4
1.3 × 10

-2
 –

3.0 × 10
-2

3.9 × 10
-3

 –
7.5 × 10

-3

Wet 300 22 3.7 × 10
-3

 –
1.7 × 10

-2
3.0 × 10

-5
 –

2.0 × 10
-4

1.2 × 10
-2

 –
5.0 × 10

-2
3.6 × 10

-3
 –

1.0 × 10
-2

Mine
Dry 330 24 5.7 × 10

-3 –
8.9 × 10

-3
8.3 × 10

-5
 –

1.2 × 10
-4

1.3 × 10
-2

 –
3.0 × 10

-2
3.9 × 10

-3
 –

7.5 × 10
-3

Wet 330 24 1.6 × 10
-3

 –
1.6 × 10

-2
2.8 × 10

-5
 –

1.8 × 10
-4

1.2 × 10
-2

 –
5.0 × 10

-2
3.6 × 10

-3
 –

1.0 × 10
-2

Disposal as Ungrouted UO2

Shallow earthen structure
Dry 360 8.3 0 0 0 0
Wet 360 8.3 0 0 0 0

Vault
Dry 430 11 0 0 0 0
Wet 430 11 0 0 0 0

Mine
Dry 470 12 0 0 0 0
Wet 470 12 0 0 0 0

a
Two generic environmental settings were considered for each option, corresponding to a dry environment and wet
environment, respectively.

b
Involved workers are those workers directly involved with the handling of materials. Impacts are presented as average
individual dose and collective dose for the worker population. Radiation doses to individual workers would be monitored
by a dosimetry program and maintained below applicable standards, such as the DOE administrative control limit of
2,000 mrem/yr.

c
Noninvolved workers are individuals who do not participate in material-handing activities, such as employees in the
administration building. The number of noninvolved workers would be approximately 44.

d
The off-site general public is defined as residents who live within a radius of 50 miles (80 km) around the disposal site. A
rural environment with a population density of 6 persons/km

2
 and a total population of 120,000 was assumed. Impacts to

the MEI were assessed from both airborne and waterborne emissions; impacts to the total population were assessed from
airborne emissions only.
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TABLE I.7  Latent Cancer Risks from Disposal Options for Normal Operations

Risk to Receptor

Involved Worker
b

Noninvolved Worker
c

General Public
d

Average Risk Collective Risk MEI Risk Collective Risk MEI Risk Collective Risk
Option/Location

a
(risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr)

Disposal as Grouted U3O8

Shallow earthen structure
Dry 1 × 10

-4
1 × 10

-2
1 × 10

-9
 –

2 × 10
-9

3 × 10
-8

 –
5 × 10

-8
4 × 10

-9
 –

8 × 10
-9

1 × 10
-6

 –
2 × 10

-6

Wet 1 × 10
-4

1 × 10
-2

8 × 10
-10

 –
4 × 10

-9
1 × 10

-8
 –

7 × 10
-8

3 × 10
-9

 –
1 × 10

-8
9 × 10

-7
 –

3 × 10
-6

Vault
Dry 8 × 10

-5
1 × 10

-2
1 × 10

-9
 –

2 × 10
-9

4 × 10
-8

 –
5 × 10

-8
2 × 10

-9
 –

7 × 10
-9

1 × 10
-6 –

2 × 10
-6

Wet 8 × 10
-5

1 × 10
-2

8 × 10
-10

 –
4 × 10

-9
1 × 10

-8
 –

8 × 10
-8

3 × 10
-9

 –
1 × 10

-8
9 × 10

-7
 –

3 × 10
-6

Mine
Dry 2 × 10

-4
1 × 10

-2
1 × 10

-9
 –

2 × 10
-9

3 × 10
-8

 –
5 × 10

-8
3 × 10

-9
 –

8 × 10
-9

1 × 10
-6

 –
2 × 10

-6

Wet 2 × 10
-4

1 × 10
-2

3 × 10
-10

 –
3 × 10

-9
1 × 10

-8
 –

7 × 10
-8

3 × 10
-9

 –
1 × 10

-8
9 × 10

-7
 –

3 × 10
-6

Disposal as Ungrouted U3O8

Shallow earthen structure
Dry 2 × 10

-4
6 × 10

-3
0 0 0 0

Wet 2 × 10
-4

6 × 10
-3

0 0 0 0

Vault
Dry 1 × 10

-4
6 × 10

-3
0 0 0 0

Wet 1 × 10
-4

6 × 10
-3

0 0 0 0

Mine
Dry 3 × 10

-4
7 × 10

-3
0 0 0 0

Wet 3 × 10
-4

7 × 10
-3

0 0 0 0
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TABLE I.7  (Cont.)

Risk to Receptor

Involved Worker
b

Noninvolved Worker
c

General Public
d

Average Risk Collective Risk MEI Risk Collective Risk MEI Risk Collective Risk
Option/Location

a
(risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr) (risk/yr) (fatalities/yr)

Disposal as Grouted UO2

Shallow earthen structure
Dry 1 × 10

-4
8 × 10

-3
2 × 10

-9

4 × 10
-9

3 × 10
-8

 –
5 × 10

-8
9 × 10

-9
 –

2 × 10
-8

2 × 10
-6

 –
4 × 10

-6

Wet 1 × 10
-4

8 × 10
-3

1 × 10
-9

 –
7 × 10

-9
1 × 10

-8
 –

7 × 10
-8

6 × 10
-9

 –
2 × 10

-8
2 × 10

-6
 –

5 × 10
-6

Vault
Dry 1 × 10

-4
9 × 10

-3
2 × 10

-9
 –

4 × 10
-9

4 × 10
-8

 –
5 × 10

-8
6 × 10

-9
 –

2 × 10
-8

2 × 10
-6

 –
4 × 10

-6

Wet 1 × 10
-4

9 × 10
-3

1 × 10
-9

 –
7 × 10

-9
1 × 10

-8
 –

8 × 10
-8

6 × 10
-9

 –
2 × 10

-8
2 × 10

-6
 –

5 × 10
-6

Mine
Dry 1 × 10

-4
1 × 10

-2
2 × 10

-9
 –

4 × 10
-9

3 × 10
-8

 –
5 × 10

-8
6 × 10

-9
 –

2 × 10
-8

2 × 10
-6

 –
4 × 10

-6

Wet 1 × 10
-4

1 × 10
-2

6 × 10
-10

 –
6 × 10

-9
1 × 10

-8
 –

7 × 10
-8

6 × 10
-9

 –
2 × 10

-8
2 × 10

-6
 –

5 × 10
-6

Disposal as Ungrouted UO2

Shallow earthen structure
Dry 1 × 10

-4
3 × 10

-3
0 0 0 0

Wet 1 × 10
-4

3 × 10
-3

0 0 0 0

Vault
Dry 2 × 10

-4
4 × 10

-3
0 0 0 0

Wet 2 × 10
-4

4 × 10
-3

0 0 0 0

Mine
Dry 2 × 10

-4
5 × 10

-3
0 0 0 0

Wet 2 × 10
-4

5 × 10
-3

0 0 0 0

a
Two generic environmental settings were considered for each option, corresponding to a dry environment and wet
environment, respectively.

b
Involved workers are those workers directly involved with the handling of materials. Impacts are presented as average
individual risk and collective risk for the worker population. 

c
Noninvolved workers are individuals who do not participate in material-handling activities, such as employees in the
administration building. The number of noninvolved workers would be approximately 44.

d
The off-site general public is defined as residents who live within a radius of 50 miles (80 km) around the disposal site. A
rural environment with a population density of 6 persons/km

2
 and a total population of 120,000 was assumed. Impacts to

the MEI were assessed from both airborne and waterborne emissions; impacts to the total population were assessed from
airborne emissions only.
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waste. Average worker doses for ungrouted waste range from 330 to 630 mrem/yr. Potential
exposures of involved workers would be well below the radiation dose limit of 5,000 mrem/yr
(10 CFR Part 835).

Radiation exposures of noninvolved workers would occur only for disposal of grouted
waste. The radiation dose to the maximally exposed individual (MEI) would be less than
0.0088 mrem/yr, a small fraction of the dose limit of 10 mrem/yr from airborne emissions (10 CFR
Part 61). The collective dose for noninvolved workers would be less than 0.0002 person-rem/yr for
a total of approximately 43 workers. 

The estimated maximum individual dose to the off-site general public is less than
0.026 mrem/yr for grouted waste, which corresponds to a cancer risk of 1 in 80 million per year. For
a collective population of 120,000 persons within 50 miles (80 km) of the site, the estimated number
of LCFs is less than 3 × 10-6 per year (1 fatality in 300,000 years).

I.3.1.1.2  Disposal as UO2

Compared with the disposal of U3O8, disposal of UO2 would result in less collective
exposures of involved workers because of the smaller volume of waste involved. Grouted UO2

would result in larger collective worker doses than ungrouted UO2, with the collective dose ranging
from 21 to 24 person-rem/yr for approximately 72 workers. The average individual dose to involved
workers for grouted waste ranges from 300 to 330 mrem/yr. Although ungrouted waste would result
in less collective exposure, the number of involved workers (about 25) would also be less. As a
result, the average worker dose would be greater for ungrouted waste than grouted waste. The
estimated average individual worker dose ranges from 360 mrem/yr to 470 mrem/yr. For all disposal
types considered, the average radiation doses to involved workers would be well below the dose limit
of 5,000 mrem/yr. The estimated maximum individual dose to noninvolved workers is less than
0.017 mrem/yr, and the estimated collective dose is less than 0.0002 person-rem/yr. The number of
noninvolved workers would be approximately 44. 

The maximum individual dose to the off-site general public would be less than
0.050 mrem/yr, which corresponds to a cancer risk of 1 in 40 million per year. For the assumed rural
collective population of 120,000 persons within 50 miles (80 km) of the site, the number of LCFs
would be less than 5 × 10-6 per year (1 fatality in 200,000 years of operation).

I.3.1.2  Chemical Impacts

Potential chemical impacts to human health from normal operations at the disposal facilities
would result primarily from exposure to the insoluble uranium compounds, UO2 and U3O8. Risks
from normal operations were quantified on the basis of calculated hazard indices. Additional
information on the exposure assumptions, health effects assumptions, reference doses used for
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uranium compounds, and calculational methods used in the chemical impact analysis are provided
in Appendix C and Cheng et al. (1997).

Chemical impacts during the operational phase of the disposal facilities were calculated for
noninvolved workers and the general public. Exposures of noninvolved workers and the general
public to low levels of airborne emissions could occur from mixing uranium with cement and other
grouting materials in the wasteform facility. Three disposal types (shallow earthen structures, vaults,
and mines) were considered for U3O8 and UO2 as both grouted and ungrouted wastes in generic dry
and wet environmental settings. 

Human health impacts from exposures to hazardous chemicals during normal operations
of the U3O8 or UO2 disposal facilities are summarized in Table I.8. Two waste forms were evaluated
for U3O8 and UO2: grouted and ungrouted. For grouted wastes, the range of chemical exposures to
the noninvolved workers and general public would result primarily from differences between the
locations and types of disposal facilities. The hazard indices for all disposal options are four orders
of magnitude less than 1, the level for which potential adverse health effects could occur from
normal operations. No impacts would occur for disposal of ungrouted U3O8 or UO2 because airborne
emissions would not be expected (LLNL 1997).

I.3.2  Human Health — Accident Conditions

A range of accidents covering the spectrum of high-frequency/low-consequence accidents
to low-frequency/high-consequence accidents has been presented in the engineering analysis report
(LLNL 1997). These accidents are listed in Table I.9. The following sections present the results for
radiological and chemical health impacts of the highest consequence accident in each frequency
category. Results for all accidents listed in Table I.9 are presented in Policastro et al. (1997).
Detailed descriptions of the methodology and assumptions used in these calculations are also
provided in Appendix C and Policastro et al. (1997). 

I.3.2.1  Radiological Impacts

The radiological doses to various receptors for the accidents that give the highest dose from
each frequency category are listed in Table I.10. The LCF risks for these accidents are given in
Table I.11. The doses and the risks are presented as ranges (maximum and minimum) because two
different meteorological conditions (wet and dry) were evaluated for each disposal option (see
Appendix C). The doses and risks presented here were obtained by assuming that the accidents
would occur. The probability of occurrence for each accident is indicated by the frequency category
to which it belongs. For example, accidents in the extremely unlikely category have a probability of
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TABLE I.8  Chemical Impacts to Human Health for the Disposal Options 
under Normal Operations

Impacts to Receptor
a

Noninvolved Workers
b

General Public

Hazard Index Population Risk
d

Hazard Index Population Risk
d

Option for MEI
c

(ind. at risk/yr) for MEI
c

(ind. at risk/yr)

Disposal as Grouted U3O8

Shallow earthen structure
Dry 3.9 × 10

-7
 –

6.3 × 10
-7

– 3.1 × 10
-5

 –
5.3 × 10

-5
–

Wet 2.5 × 10
-7

 –
1.1 × 10

-6
– 2.1 × 10

-5 
 –

8.9 × 10
-5

–

Vault
Dry 3.9 × 10

-7
 –

6.3 × 10
-7

– 1.6 × 10
-5

 –
3.8 × 10

-5
–

Wet 3.1 × 10
-7

 –
1.1 × 10

-6
– 2.0 × 10

-5
 –

6.6 × 10
-5

–

Mine
Dry 3.6 × 10

-7
 –

5.4 × 10
-7

– 3.3 × 10
-5

 –
5.3 × 10

-5
–

Wet 1.0 × 10
-7

 –
1.1 × 10

-6
– 2.1 × 10

-5 –
9.1 × 10

-5
–

Disposal as Ungrouted U3O8

Shallow earthen structure
Dry ~ 0 – ~ 0 –
Wet ~ 0 – ~ 0 –

Vault
Dry ~ 0 – ~ 0 –
Wet ~ 0 – ~ 0 –

Mine
Dry ~ 0 – ~ 0 –
Wet ~ 0 – ~ 0 –
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TABLE I.8  (Cont.)

Impacts to Receptor
a

Noninvolved Workers
b

General Public

Hazard Index Population Risk
d

Hazard Index Population Risk
d

Option for MEI
c

(ind. at risk/yr) for MEI
c

(ind. at risk/yr)

Disposal as Grouted UO2

Shallow earthen structure
Dry 7.2 × 10

-7
 –

1.2 × 10
-6

– 5.7 × 10
-5

 –
9.7 × 10

-5
–

Wet 3.8 × 10
-7

 –
2.0 × 10

-6
– 3.9 × 10

-5
 –

1.6 × 10
-4

–

Vault
Dry 7.2 × 10

-7
 –

1.2 × 10
-6

– 6.0 × 10
-5

 –
9.7 × 10

-5
–

Wet 4.6 × 10
-7

 –
2.0 × 10

-6
– 3.9 × 10

-5
 –

1.7 × 10
-4

–

Mine
Dry 6.5 × 10

-7
 –

9.9 × 10
-7

– 6.0 × 10
-5

 –
9.7 × 10

-5
–

Wet 1.9 × 10
-7

 –
1.8 × 10

-6
– 3.9 × 10

-5
 –

1.7 × 10
-4

–

Disposal as Ungrouted UO2

Shallow earthen structure
Dry ~ 0 – ~ 0 –
Wet ~ 0 – ~ 0 –

Vault
Dry ~ 0 – ~ 0 –
Wet ~ 0 – ~ 0 –

Mine
Dry ~ 0 – ~ 0 –
Wet ~ 0 – ~ 0 –

a
The range of impacts represent variations in meteorological conditions at the generic wet and dry
environmental settings.

b
Noninvolved workers are individuals who do not participate in material-handling activities, such as
employees in the administration building.

c
The hazard index is an indicator for potential health effects other than cancer; a hazard index greater than 1
indicates a potential for adverse health effects and a need for further evaluation. 

d
Calculation of population risk is not applicable when the corresponding hazard index for the MEI is less
than 1.
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TABLE I.9  Accidents Considered for the Disposal Options

Chemical Amount Duration Release
Option/Accident Scenario Accident Description Form (lb) (min) Level

a

Disposal as Grouted U3O8

Likely Accidents (frequency: 1 or more times in 100 years)

Mishandling/drop of drum/
billet inside the product
receiving area

A single U3O8 drum is damaged by a forklift and spills
its contents onto the ground inside the product
receiving area.

U3O8 0.00028 Puff Stack

Mishandling/drop of drum/
billet outside

A single U3O8 drum is damaged by a forklift and spills
its contents outside without HEPA filtration.

U3O8 0.000066 Puff Ground

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Earthquake The product receiving area and cement mixing area are
damaged during a design-basis earthquake, resulting in
failure of the structure and confinement systems.

U3O8 400 Puff Ground

Tornado A major tornado and associated tornado missiles result
in failure of the product receiving area and cement
mixing area structures and confinement systems.

U3O8 770 Puff Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Fire/explosion inside the
product mixing area

A fire or explosion within the product mixing area
affects the contents of a single pallet of drums.

U3O8 0.0017 Puff Stack

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

Disposal as Ungrouted U3O8

Likely Accidents (frequency: 1 or more times in 100 years)

Mishandling/drop of drum/
billet inside the product
receiving area

A single U3O8 drum is damaged by a forklift and spills
its contents onto the ground inside the product
receiving area.

U3O8 0.00028 Puff Stack

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Earthquake The product receiving area is damaged during a
design-basis earthquake, resulting in failure of the
structure and confinement systems.

U3O8 370 Puff Ground

Tornado A major tornado and associated tornado missiles result
in failure of the product receiving structure and con-
finement systems.

U3O8 740 Puff Ground

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA
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TABLE I.9  (Cont.)

Chemical Amount Duration Release
Option/Accident Scenario Accident Description Form (lb) (min) Level

a

Disposal as Grouted UO2

Likely Accidents (frequency: 1 or more times in 100 years)

Mishandling/drop of drum/
billet inside the product
receiving area

A single UO2 drum is damaged by a forklift and spills
its contents onto the ground inside the product
receiving area.

UO2 0.00011 Puff Stack

Mishandling/drop of drum/
billet outside

A single UO2 drum is damaged by a forklift and spills
its contents outside without HEPA filtration.

UO2 0.00015 Puff Stack

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Earthquake The product receiving area and cement mixing area are
damaged during a design-basis earthquake, resulting in
failure of the structure and confinement systems.

UO2 0.73 Puff Ground

Tornado A major tornado and associated tornado missiles result
in failure of the product receiving area and cement
mixing area structures and confinement systems.

UO2 2.1 Puff Ground

Extremely Unlikely Accidents (frequency: 1 in 10,000 years to 1 in 1 million years)

Fire/explosion inside the
product mixing area

A fire or explosion within the product mixing area
affects the contents of a single pallet of drums.

UO2 0.00068 Puff Stack

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

Disposal as Ungrouted UO2

Likely Accidents (frequency: 1 or more times in 100 years)

Mishandling/drop of drum/
billet inside product receiving
area

A single UO2 drum is damaged by a forklift and spills
its contents onto the ground inside the product
receiving area.

UO2 0.00011 Puff Stack

Unlikely Accidents (frequency: 1 in 100 years to 1 in 10,000 years)

Earthquake The product receiving area is damaged during a
design-basis earthquake, resulting in failure of the
structure and confinement systems.

UO2 0.59 Puff Ground

Tornado A major tornado and associated tornado missiles result
in failure of the product receiving structure and con-
finement systems.

UO2 1.2 Puff Ground

Incredible Accidents (frequency: less than 1 in 1 million years)

Flood The facility would be located at a site that would
preclude severe flooding.

No
release

NA NA NA

a
Ground-level releases were assumed to occur outdoors on concrete pads in the cylinder storage yards. To prevent contaminant migration,
cleanup of residuals was assumed to begin immediately after the release was stopped.

Notation: HEPA = high-efficiency particulate air; NA = not applicable; UO2 = uranium dioxide; U3O8 = triuranium octaoxide. 
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TABLE I.10  Estimated Radiological Doses per Accident Occurrence for the Disposal Options

Maximum Dose
c

Minimum Dose
c

Noninvolved Workers General Public Noninvolved Workers General Public

Frequency MEI Population MEI Population MEI Population MEI Population
Option/Accident

a
Category

b
(rem) (person-rem) (rem) (person-rem) (rem) (person-rem) (rem) (person-rem)

Disposal as Grouted U3O8
Mishandling/drop of drum/billet outside L 4.1 × 10

-7
3.7 × 10

-8
1.3 × 10

-8
7.6 × 10

-8
4.1 × 10

-7
3.7 × 10

-8
1.0 × 10

-8
7.6 × 10

-8

Earthquake U 1.4 × 10
2

6.1 1.1 1.5 1.3 × 10
1

1.1 2.9 × 10
-1

8.7 × 10
-1

Fire or explosion inside the product 
mixing area

EU 5.5 × 10
-8

1.1 × 10
-7

5.7 × 10
-8

2.2 × 10
-6

1.6 × 10
-11

3.1 × 10
-11

2.8 × 10
-9

1.0 × 10
-6

Disposal as Ungrouted U3O8
Mishandling/drop of drum inside the

product receiving area 
L 9.0 × 10

-9
1.8 × 10

-8
9.3 × 10

-9
3.6 × 10

-7
2.7 × 10

-12
5.1 × 10

-12
4.6 × 10

-10
1.6 × 10

-7

Earthquake U 1.3 × 10
2

5.6 1.0 1.3 1.2 × 10
1

9.8 × 10
-1

2.7 × 10
-1

8.0 × 10
-1

Disposal as Grouted UO2
Mishandling/drop of drum/billet outside L 9.8 × 10

-7
8.7 × 10

-8
3.0 × 10

-8
1.8 × 10

-7
9.8 × 10

-7
8.7 × 10

-8
2.4 × 10

-8
1.8 × 10

-7

Earthquake U 2.7 × 10
-1

1.1 × 10
-2

2.1 × 10
-3

2.7 × 10
-3

2.4 × 10
-2

2.0 × 10
-3

5.5 × 10
-4

1.6 × 10
-3

Fire or explosion inside the product
mixing area

EU 2.3 × 10
-8

4.5 × 10
-8

2.4 × 10
-8

9.1 × 10
-7

6.8 × 10
-12

1.3 × 10
-11

1.2 × 10
-9

4.2 × 10
-7

Disposal as Ungrouted UO2
Mishandling/drop of drum inside the

product receiving area 
L 3.7 × 10

-9
7.3 × 10

-9
3.8 × 10

-9
1.5 × 10

-7
1.1 × 10

-12
2.1 × 10

-12
1.9 × 10

-10
6.7 × 10

-8

Earthquake U 2.2 × 10
-1

9.3 × 10
-3

1.7 × 10
-3

2.2 × 10
-3

1.9 × 10
-2

1.6 × 10
-3

4.4 × 10
-4

1.3 × 10
-3

a
The bounding accident chosen to represent each frequency category is the one that would result in the highest dose to the general public MEI. Health impacts in that row represent that
accident only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident would not result in a
release of radioactive material.

b
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in 100 years and

once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million years of facility operations
(10

-4
 – 10

-6
/yr). 

c
Maximum and minimum doses reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum doses would occur
under meteorological conditions of F stability with 1 m/s wind speed, whereas minimum doses would occur under D stability with 4 m/s wind speed. 
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TABLE I.11  Estimated Radiological Health Risks per Accident Occurrence for the Disposal Options
a

Maximum Risk
d (LCFs) Minimum Risk

d (LCFs)

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI Population MEI Population MEI Population MEI Population

Disposal as Grouted U3O8
Mishandling/drop of drum/billet outside L 2 × 10

-10
1 × 10

-11
6 × 10

-12
4 × 10

-11
2 × 10

-10
1 × 10

-11
5 × 10

-12
4 × 10

-11

Earthquake U 6 × 10
-2

2 × 10
-3

5 × 10
-4

7 × 10
-4

5 × 10
-3

4 × 10
-4

1 × 10
-4

4 × 10
-4

Fire or explosion inside the product
mixing area

EU 2 × 10
-11

4 × 10
-11

3 × 10
-11

1 × 10
-9

7 × 10
-15

1 × 10
-14

1 × 10
-12

5 × 10
-10

Disposal as Ungrouted U3O8
Mishandling/drop of drum inside the

product receiving area 
L 4 × 10

-12
7 × 10

-12
5 × 10

-12
2 × 10

-10
1 × 10

-15
2 × 10

-15
2 × 10

-13
8 × 10

-11

Earthquake U 5 × 10
-2

2 × 10
-3

5 × 10
-4

7 × 10
-4

5 × 10
-3

4 × 10
-4

1 × 10
-4

4 × 10
-4

Disposal as Grouted UO2
Mishandling/drop of drum/billet outside L 4 × 10

-10
3 × 10

-11
1 × 10

-11
9 × 10

-11
4 × 10

-10
3 × 10

-11
1 × 10

-11
9 × 10

-11

Earthquake U 1 × 10
-4

5 × 10
-6

1 × 10
-6

1 × 10
-6

1 × 10
-5

8 × 10
-7

3 × 10
-7

8 × 10
-7

Fire or explosion inside the product
mixing area

EU 9 × 10
-12

2 × 10
-11

1 × 10
-11

5 × 10
-10

3 × 10
-15

5 × 10
-15

6 × 10
-13

2 × 10
-10

Disposal as Ungrouted UO2
Mishandling/drop of drum inside the

product receiving area 
L 1 × 10

-12
3 × 10

-12
2 × 10

-12
7 × 10

-11
4 × 10

-16
8 × 10

-16
9 × 10

-14
3 × 10

-11

Earthquake U 9 × 10
-5

4 × 10
-6

8 × 10
-7

1 × 10
-6

8 × 10
-6

7 × 10
-7

2 × 10
-7

7 × 10
-7

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (LCF) times the estimated frequency times 20 years of operations.
The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one that would result in the highest risk to the general public MEI. Health impacts in that row
represent that accident only and not the range of impacts among accidents in that category. Absence of an accident in a certain frequency category indicates that the accident
would not result in a release of radioactive material.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10-2/yr); unlikely (U), estimated to occur between once in
100 years and once in 10,000 years of facility operations (10

-2
 – 10

-4
/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million

years of facility operations (10
-4

 – 10
-6

/yr).
d

Maximum and minimum risks reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum risks would
occur under meteorological conditions of F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed. 
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occurrence between 1 in 10,000 and 1 in 1 million in any 1 year. The following conclusions may be
drawn from the radiological health impact results:

• No cancer fatalities would be predicted from any of the accidents. 

• Except for the impacts to a noninvolved worker MEI from an earthquake
accident, the maximum radiological dose to noninvolved worker and general
public MEIs (assuming an accident occurred) would be 1.1 rem. This dose is
less than the 25-rem dose recommended for assessing the adequacy of |
protection of public health and safety from potential accidents by the |
U.S. Nuclear Regulatory Commission (NRC 1994). |

• For an earthquake accident, the potential dose to the noninvolved worker MEI
would range from 0.22 to 140 rem, depending on the option implemented for
uranium disposal. The NRC recommendations are not directly applicable to |
workers but are used in this instance as a guideline to indicate potential for
health effects. A dose of 140 rem could result in temporary adverse health
effects to the MEI worker.

• The overall radiological risk to worker and general public MEI receptors
(estimated by multiplying the risk per occurrence [Table I.11] by the annual
probability of occurrence by the number of years of operations) would be less
than 1 for all of the disposal accidents. 

I.3.2.2  Chemical Impacts

The accidents assessed in this section are listed in Table I.9. The results of the accident
consequence modeling in terms of chemical impacts are presented in Tables I.12 and I.13. Results
are presented as (1) number of people with the potential for adverse effects and (2) number of people
with the potential for irreversible adverse effects. The tables present the results for the accident
within each frequency category that would affect the largest number of people (total of noninvolved
workers and off-site population) (Policastro et al. 1997). The number of workers and members of
the off-site public represent the impacts if the associated accident was assumed to occur. These
impacts may be summarized as follows:

• If the accidents identified in Tables I.12 and I.13 did occur, the number of
persons in the off-site population with potential for adverse effects and
irreversible adverse effects would range from 0 to 1 (MEI), the maximum
corresponding to an earthquake accident. The number of workers with
potential for adverse effects and irreversible adverse effects would range
from 0 to 1, the maximum also corresponding to the earthquake accident. 
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TABLE I.12  Number of Persons with Potential for Adverse Effects from Accidents under the Disposal Options
a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Disposal as Grouted U3O8
Mishandle/drop of drum/billet outside

f
L No 0 No 0 No 0 No 0

Earthquake U Yes 1 Yes
g

0 Yes 1 No 0
Fire/explosion inside

f
EU No 0 No 0 No 0 No 0

Disposal as Grouted UO2
Mishandle/drop of drum/billet outside

f
L No 0 No 0 No 0 No 0

Earthquake
f

U No 0 No 0 No 0 No 0
Fire/explosion inside

f
EU No 0 No 0 No 0 No 0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times
20 years of operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (noninvolved workers plus off-site people) would be
affected. Health impacts in that row represent that accident only and not the range of impacts among accidents in that category.

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in

100 years and once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million
years of facility operations (10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect different meteorological conditions at the time of the accident. In general, maximum risks would occur under meteorological
conditions of F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed.

e
At the MEI location, the determination is either “Yes” or “No” for potential adverse effects to an individual. 

f
These accidents would result in the largest plume sizes, although no people would be affected.

g
MEI locations were evaluated at 100 m from ground-level releases for noninvolved workers and at the location of highest off-site concentration for members of the
general public; the population risks are 0 because generic worker and general public population distributions were used, which did not show receptors at the MEI
locations.
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TABLE I.13  Number of Persons with Potential for Irreversible Adverse Effects from Accidents under the Disposal Options
a

Maximum Number of Persons
d

Minimum Number of Persons
d

Noninvolved Workers General Public Noninvolved Workers General Public
Frequency

Option/Accident
b

Category
c

MEI
e

Population MEI
e

Population MEI
e

Population MEI
e

Population

Disposal as Grouted U3O8
Mishandle/drop of drum/billet outside

f
L No 0 No 0 No 0 No 0

Earthquake U Yes 1 Yes
g

0 No 0 No 0
Fire/explosion inside

f
EU No 0 No 0 No 0 No 0

Disposal as Grouted UO2
Mishandle/drop of drum/billet outside

f
L No 0 No 0 No 0 No 0

Earthquake
f

U No 0 No 0 No 0 No 0
Fire/explosion inside

f
EU No 0 No 0 No 0 No 0

a
Values shown are the consequences if the accident did occur. The risk of an accident is the consequence (number of persons) times the estimated frequency times
20 years of operations. The estimated frequencies are as follows: likely (L), 0.1; unlikely (U), 0.001; extremely unlikely (EU), 0.00001; incredible (I), 0.000001. 

b
The bounding accident chosen to represent each frequency category is the one in which the largest number of people (noninvolved workers plus off-site people) would be
affected. Health impacts in that row represent that accident only and not the range of impacts among accidents in that category. 

c
Accident frequencies: likely (L), estimated to occur one or more times in 100 years of facility operations (> 10

-2
/yr); unlikely (U), estimated to occur between once in

100 years and once in 10,000 years of facility operations (10
-2

 – 10
-4

/yr); extremely unlikely (EU), estimated to occur between once in 10,000 years and once in 1 million
years of facility operations (10

-4
 – 10

-6
/yr); incredible (I), estimated to occur less than one time in 1 million years of facility operations (< 10

-6
/yr).

d
Maximum and minimum risks reflect different meteorological conditions at the time of the accident. In general, maximum risks would occur under meteorological
conditions of F stability with 1 m/s wind speed, whereas minimum risks would occur under D stability with 4 m/s wind speed.

e
At the MEI location, the determination is either “Yes” or “No” for potential irreversible adverse effects to an individual. 

f
These accidents would result in the largest plume sizes, although no people would be affected. 

g
MEI locations were evaluated at 100 m from ground-level releases for noninvolved workers and at the location of highest off-site concentration for members of the
general public; the population risks are 0 because generic worker and general public population distributions were used, which did not show receptors at the MEI
locations.
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• There would be no difference in accident consequences for disposal as UO2

or U3O8 in shallow earthen structures, vaults, or a mine.

• The largest impacts would be caused by an earthquake in the product
receiving and cement mixing areas. Accidents involving stack emissions
would have very small impacts compared with accidents involving releases at
ground level due to the large dilution (and lower source terms) involved with
the stack emissions.

• For the earthquake accident, the noninvolved worker and the public MEIs
could experience potential for both adverse effects and irreversible adverse
effects. For all other accidents, the worker and general public MEIs would
experience neither potential adverse effects nor potential irreversible adverse
effects. 

• The maximum risk was computed as the product of the consequence (number
of people) times the frequency of occurrence (per year) times the number of
years of operations (20 years, 2009 through 2028). The results indicated that
the maximum risk values would be less than 1 for all accidents. These risk
values are conservative because the numbers of people affected were based on
assuming (1) meteorological conditions that would result in the maximum
reasonably foreseeable plume size (i.e., F stability and 1 m/s wind speed) and
(2) wind in the direction that would lead to maximum numbers of individuals
exposed for workers or for the general population.

To aid in the interpretation of accident analysis results, the number of fatalities potentially
associated with the estimated potential irreversible adverse effects was estimated. The bounding case
accidents shown in Table I.13 would involve releases of uranium oxide and potential exposure to
uranium compounds. If the accident occurred, exposures are estimated to result in death for 1% or
fewer of the persons experiencing irreversible adverse effects (Policastro et al. 1997). Thus, for
noninvolved workers and members of the general public experiencing a range of 0 to 1 irreversible
adverse effects, 0 deaths would be expected. 

I.3.2.3  Physical Hazards

The risk of on-the-job fatalities and injuries to all disposal facility workers is calculated
using industry-specific statistics from the Bureau of Labor Statistics, as reported by the National
Safety Council (1995). Construction and manufacturing annual fatality and injury rates were used,
respectively, for the construction and operational components of the disposal facility activities. 

One fatality due to accidental physical trauma would be predicted under the grouted U3O8

mine disposal option. The risk of a fatality for this option is almost twice as great as the risk for the
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other options; this difference is due mainly to the increased risk associated with construction of the
large mine that would be needed for the entire inventory of grouted U3O8. Mitigation of risks from
construction, loading, and closure of mines can be accomplished to a certain extent by instituting
safety measures and by conducting thorough safety training programs for personnel.

Estimated fatalities range from 0.13 to 0.94, and injury incidences range from 90 to 450 (see
Table I.14). Except for the grouted U3O8 mine disposal option discussed above, the other options are
fairly comparable with respect to predicted fatalities and injuries due to physical trauma.

I.3.3  Air Quality

The methodology used to analyze air quality impacts from disposal options is provided in
Appendix C and Tschanz (1997). The pollutant concentrations at several distances from the center
of the facility were estimated because of uncertainty regarding the size and location of the generic
disposal facility. Estimates at 2,460 ft (750 m) from the center of the disposal facilities are
comparable to the estimates for options based on representative environmental settings (i.e.,
conversion and long-term storage options using the three current storage sites as representative of
those settings). The shortest distances from the centers of the representative sites to their boundaries
range from 2,300 to 2,600 ft (700 to 800 m). 

Pollutant emissions would result from construction of the wasteform facility and con-
struction of the disposal areas/facilities. The annual emissions of carbon monoxide (CO), hydro-
carbons (HC), nitrogen oxides (NOx), sulfur oxides (SOx), and particulate matter (PM10), with a mean
diameter of 10 µm or less) resulting from construction of the wasteform facility and from
construction of disposal areas/facilities are shown in Table I.15 for disposal of grouted U3O8 in either
shallow earthen structures or vaults. The criteria pollutant emissions from construction of facilities
for the other disposal options and for operation of the facilities are related to those in Table I.15 by
the scaling factors listed in Table I.16. For example, the CO emissions from operations for disposal
of grouted UO2 in shallow earthen structures would be 0.74 × 1.55 tons/yr, or 1.14 tons/yr
(1.05 metric tons/yr). Operation of the wasteform facility would also produce 1.08 and 0.59 lb/yr
(0.50 and 0.27 kg/yr) of uranium emissions for the grouted UO2 and grouted U3O8 options,
respectively. 

The largest pollutant concentrations would result from the operation of vaults for disposal
of grouted U3O8. The estimated NOx concentrations for operation of this option are shown in the
bottom half of Table I.17. The concentrations of CO, HC, SOx, and PM10 are 0.21, 0.075, 0.065, and
0.070 times as large, respectively, as those for NOx. The results show that the ranges of impacts
would be larger for a wet environmental setting than for a dry setting, and in fact the ranges of dry
setting impacts fall within those for the wet setting. At 2,460 ft (750 m), the maximum annual NOx

concentration during operations might be as large as 37% of the 100 µg/m3 standard. The other
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TABLE I.14  Potential Impacts to Human Health from Physical Hazards under Accident
Conditions for the Disposal Options

Impacts to All Disposal Facility Workers
a

Fatality Incidence
b

Injury Incidence
b

Wasteform Disposal Wasteform Disposal
Option Facility Facility Total Facility Facility Total

Disposal as Grouted U3O8

Shallow earthen structure 0.15 0.11 0.26 130 80 210

Vault 0.15 0.29 0.44 130 170 300

Mine 0.15 0.78 0.94 130 320 450

Disposal as Ungrouted U3O8

Shallow earthen structure 0.06 0.08 0.13 50 40 90

Vault 0.06 0.17 0.22 50 90 140

Mine 0.06 0.47 0.53 50 190 240

Disposal as Grouted UO2
Shallow earthen structure 0.15 0.08 0.23 120 50 180

Vault 0.15 0.11 0.26 120 70 190

Mine 0.15 0.36 0.50 120 160 280

Disposal as Ungrouted UO2
Shallow earthen structure 0.06 0.07 0.13 50 40 90

Vault 0.06 0.10 0.15 50 60 110

Mine 0.06 0.27 0.33 50 120 170

a
Values are rounded to two significant figures. All construction and operations workers at the disposal facilities were included
in the physical hazard risk calculations.

b
Fatality incidence and injury incidence were calculated as the number of full-time-equivalent employees times the annual
fatality rate times the number of years. Only injuries involving lost workdays were included. Injury and fatality incidence
rates used in the calculations were taken from National Safety Council (1995).

criteria pollutant concentrations are smaller fractions of their standards than is NOx relative to its
standard.

The NOx concentrations for construction of the grouted U3O8 vault disposal option would
be 0.35 times those for operation of the vaults and approximately the same as the estimated NOx

concentrations during operations for the disposal of grouted U3O8 in shallow earthen structures,
shown in Table I.18. During operations for shallow earthen structure disposal of grouted U3O8, the
CO, HC, SOx, and PM10 impacts would be 0.22, 0.075, 0.066, and 0.070 times as large, respectively,
as those for NOx. The impacts of all of these other pollutants relative to their standards would be less
than that of NOx.
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TABLE I.15  Pollutant Emissions from Construction
Activities Associated with Disposal Facilities for
Grouted U3O8

a

Pollutant Emissions from Construction
Activities (tons/yr)

Wasteform Shallow
Pollutant Facility Earthen Structure Vault

CO 2.11 1.55 2.62

HC 0.739 0.543 0.918

NOx 9.79 7.18 12.2

SOx 0.644 0.473 0.799

PM10 0.688 0.505 0.854

a
Represents emissions from construction of wasteform facility
and from construction of either shallow earthen structures or
vaults.

The NOx concentrations from construction of the wasteform facility for grouted U3O8

disposal, shown in the upper half of Table I.17, would be slightly smaller than the NOx concen-
trations for construction of vaults for grouted U3O8 disposal. However, construction of the wasteform
facility would result in smaller ranges of impacts because the construction would take place only on
a centrally located area; the ranges in this case reflect only the variability due to the different
meteorological data sets used. For construction of the wasteform facility, the CO, HC, SOx, and PM10

impacts relative to the NOx impacts would be the same as those discussed for operation of the
shallow earthen structure disposal of grouted U3O8.

Construction and operation would occur simultaneously for most of the operational phase.
The combined construction and operations emissions might result in annual NOx concentrations as
large as 45 µg/m3 at 2,460 ft (750 m) for the vault disposal of grouted U3O8, approaching 50% of the
standard.

Operation of the wasteform facility would produce 0.6 lb/yr and 1.1 lb/yr of uranium |
emissions from the process stack for grouted U3O8 and grouted UO2 suboptions, respectively, but |
no uranium emissions for the ungrouted suboptions. The impacts of uranium oxides emitted during |
operation of the wasteform facility for grouted disposal options are shown in Table I.19. Comparing
the ranges of concentrations for the wet and dry settings indicates that the uranium emissions from
the central point source would produce a slightly wider range of impacts for the dry setting than for
the wet setting, in contrast to the wider wet setting impact ranges that would result for criteria
pollutants from all the construction and operations area sources. 
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TABLE I.16  Scaling Factors for Criteria Pollutant
Emissions from Construction and Operations for
Disposal Options Relative to Emissions from
Construction Activities Associated with Disposal
Facilities for Grouted U3O8

Scaling Factors

Disposal Facility Construction Operations

Wasteform facility

Grouted U3O8 1.00 0.62

Ungrouted U3O8 0.28 0.0041

Grouted UO2 0.51 0.17

Ungrouted UO2 0.17 0.0041

Shallow earthen structure

Grouted U3O8 1.00 1.85

Ungrouted U3O8 0.51 0.87

Grouted UO2 0.35 0.74

Ungrouted UO2 0.26 0.56

Vault

Grouted U3O8 1.00 2.87

Ungrouted U3O8 0.48 1.38

Grouted UO2 0.21 1.12

Ungrouted UO2 0.14 0.75

No quantitative estimate was made of the impacts on the ozone conditions. Ozone
formation is a regional issue that would be affected by emissions for the entire area around a
proposed disposal site. The pollutants most relevant to ozone formation that would result from the
disposal of depleted uranium oxide are HC and NOx. In later Phase II studies, when specific
technologies and sites would be selected, the potential effects on ozone of releases of these pollutants
at a proposed site could be evaluated by comparing those releases with the total emissions of HC and
NOx in the surrounding area. Small additional contributions to the regional totals would be unlikely
to alter the ozone attainment status of the region. 

I.3.4  Water and Soil

Tables I.20 through I.23 summarize the resource requirements for construction and
operation of the wasteform facility, shallow earthen structure disposal facility, vault disposal facility,
and mine disposal facility, respectively. Examination of these data indicates that the ranking of
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TABLE I.17  Maximum NO x Concentrations at Three Receptor Distances 
from Construction of the Wasteform Facility and Operation of Vaults 
for Disposal of Grouted U3O8

Maximum NOx Concentrations (µg/m
3
) 

Site Environment/
Receptor Distance

1-Hour
Average

3-Hour
Average

8-Hour
Average

24-Hour
Average

Annual
Average

Wasteform Facility: Construction

Dry setting

750 m 160 – 170 59 – 70 27 – 37 11 – 14 1.3 – 2.3

1,000 m 130 – 140 51 – 61 22 – 29 8.4 – 11 0.82 – 1.5

1,500 m 92 – 96 29 – 35 14 – 19 5.5 – 6.9 0.43 – 0.80

Wet setting

750 m 150 – 250 57 – 110 25 – 57 10 – 25 1.1 – 2.7

1,000 m 120 – 220 49 – 96 20 – 45 7.8 – 20 0.67 – 1.7

1,500 m 84 – 150 27 – 57 13 – 29 5.1 – 13 0.35 – 0.92

Vault for Grouted U3O8: Operations

Dry setting

750 m 590 – 980 220 – 470 100 – 260 41 – 110 4.6 – 21

1,000 m 480 – 730 190 – 310 84 – 170 32 – 65 2.9 – 8.5

1,500 m 330 – 450 110 – 160 52 – 96 20 – 37 1.5 – 3.0

Wet setting

750 m 540 – 1,500 210 – 790 95 – 410 38 – 200 3.8 – 37

1,000 m 440 – 1,100 180 – 530 77 – 270 29 – 120 2.4 – 15

1,500 m 310 – 690 110 – 280 48 – 160 19 – 67 1.3 – 5.2

facilities (largest to smallest) on the basis of resource requirements would be as follows: mine, vault,
shallow earthen structure, and wasteform facility. For each facility, a secondary ranking indicates
that the resource requirements would be consistently larger for disposal of U3O8, and grouted forms
would require more resources than ungrouted. 

Because the disposal option is based on a generic site without a specified location and
detailed description, impacts could not be assessed on a site-specific basis; however, the impacts to
surface water, groundwater, and soil would follow the same ranking as that for resource needs. For
example, construction and operation of a mine disposal facility for U3O8 in a grouted form would
produce the greatest impacts to the environment; the least impacts would result from construction
and operation of the shallow earthen structure for disposal of ungrouted UO2. 
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TABLE I.18  Maximum NO x Concentrations at Three Receptor Distances 
from Operation of the Shallow Earthen Structure for Disposal of Grouted U3O8

Maximum NOx Concentrations (µg/m
3
) 

Site Environment/
Receptor Distance

1-Hour
Average

3-Hour
Average

8-Hour
Average

24-Hour
Average

Annual
Average

Dry setting

750 m 220 – 330 93 – 160 44 – 89 17 – 37 1.3 – 3.9

1,000 m 170 – 240 67 – 110 32 – 62 12 – 23 0.82 – 1.8

1,500 m 110 – 140 38 – 60 18 – 34 6.7 – 12 0.38 – 0.81

Wet setting

750 m 200 – 510 90 – 260 41 – 140 16 – 67 1.1 – 6.8

1,000 m 160 – 370 64 – 180 30 – 100 11 – 40 0.68 – 3.2

1,500 m 97 – 220 37 – 100 17 – 55 6.6 – 22 0.35 – 1.3

If the disposal facility was located on a site having an area that was large compared with
the size of the facility, and if it was near a river having a minimum flow that was large compared
with annual water use and wastewater discharge, impacts to surface water, groundwater, and soil
would be negligible. Negligible impacts would occur because a large site and large river could
provide sufficient resource buffering to mitigate the effects produced by construction and operation
of the facility. 

On the other hand, if the site or the minimum flow in the river were small relative to the
resource requirements, impacts would be larger. For example, if the minimum flow in the river was
500 gpm, the net annual water withdrawal for operation of the wasteform facility for disposing of
grouted U3O8 would be about 10% of the flow. The impact of this relative withdrawal could produce
moderate impacts to existing floodplains. Similarly, if the mine disposal facility were located on a
500-acre (200-ha) site, paving 94 acres (38 ha) for disposing of depleted uranium as grouted U3O8

would permanently alter the soil structure of almost 20% of the land available. This disruption could
produce moderate to large impacts to runoff at the site and moderate to large impacts to soil
permeability and erosion potential. 

More detailed calculations would be performed in the next tier of analyses if a disposal
facility option were selected. In general, impacts could be minimized by constructing and operating
a facility that would have the smallest resource requirements. 
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TABLE I.19  Maximum Annual Average Uranium
Concentrations in Air during Operation of the
Wasteform Facility for Disposal of Grouted
Uranium Oxide

Maximum Annual Average
Site Environment/ Uranium Concentration
Receptor Distance (µg/m

3
) 

Disposal as Grouted UO2

Dry setting

750 m 1.7 × 10
-5

 – 3.0 × 10
-5

1,000 m 1.2 × 10
-5

 – 2.1 × 10
-5

1,500 m 0.71 × 10
-5

 – 1.3 × 10
-5

Wet setting

750 m 1.8 × 10
-5

 – 2.7 × 10
-5

1,000 m 1.2 × 10
-5

 – 2.0 × 10
-5

1,500 m 0.76 × 10
-5

 – 1.3 × 10
-5

Disposal as Grouted U3O8

Dry setting

750 m 0.94 × 10
-5

 – 1.6 × 10
-5

1,000 m 0.66 × 10
-5

 – 1.2 × 10
-5

1,500 m 0.39 × 10
-5

 – 0.72 × 10
-5

Wet setting

750 m 0.96 × 10
-5

 – 1.5 × 10
-5

1,000 m 0.68 × 10
-5

 – 1.1 × 10
-5

1,500 m 0.42 × 10
-5

 – 0.70 × 10
-5

I.3.5  Socioeconomics

The socioeconomic impacts of each disposal option were assessed for a generic site because
the location of a disposal facility has not yet been determined. Impacts for each facility are presented
for the peak construction year and the first year of operations. Discussion of the assessment
methodology is presented in Appendix C and Allison and Folga (1997). Table I.24 shows
construction-related impacts (engineering, construction, project management, and site preparation
and restoration activities), and operations-related impacts (operation, emplacement and closure,
surveillance, and maintenance activities). Impacts for each facility are presented separately. Because
the wasteform facility would be utilized to process waste at the disposal site for each disposal option,
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TABLE I.20  Summary of Environmental Parameters for the
Wasteform Facility

Disposal as U3O8 Disposal as UO2

Parameter Unit Grouted Ungrouted Grouted Ungrouted

Land area acres 9.3 4 6.1 4

Disturbed area acres 9.3 4 6.1 4

Paved area acres 1.8 1 1.2 1

Water

Construction million gal/yr 1.1 0.3 0.7 0.2

Operations million gal/yr 19.4 0.1 8.2 0.1

Wastewater

Construction million gal/yr 0.2 0.1 0.2 0.1

Operations million gal/yr 1.1 0.1 0.6 0.1

Excavated material yd
3

32,300 0 21,000 0

TABLE I.21  Summary of Environmental Parameters for the Shallow 
Earthen Structure Disposal Facility

Disposal as U3O8 Disposal as UO2

Parameter Unit Grouted Ungrouted Grouted Ungrouted

Land area |acres 76 42 33 24

Disturbed area |acres 70 38 29 20

Paved area acres 2.7 2.0 1.7 1.5

Water

Construction million gal/yr 0.005 0.005 0.003 0.003

Operations million gal/yr 0.02 0.01 0.01 0.01

Wastewater

Construction million gal/yr 0.005 0.005 0.003 0.003

Operations million gal/yr 0.005 0.005 0.003 0.003

Excavated material |million yd
3

2.6 1.4 1.0 0.7



Disposal I-53 Depleted UF6 PEIS

TABLE I.22  Summary of Environmental Parameters for the Vault 
Disposal Facility

Disposal as U3O8 Disposal as UO2

Parameter Unit Grouted Ungrouted Grouted Ungrouted

Land area |acres 140 71 35 24

Disturbed area |acres 140 71 35 24

Paved area acres 19 11 5 4

Water

Construction million gal/yr 1.7 0.8 0.4 0.2

Operations million gal/yr 0.05 0.02 0.02 0.01

Wastewater

Construction million gal/yr 0.04 0.02 0.008 0.005

Operations million gal/yr 0.05 0.02 0.02 0.01

Excavated material |million yd
3

1.7 0.8 0.4 0.3

TABLE I.23  Summary of Environmental Parameters for the Mine 
Disposal Facility

Disposal as U3O8 Disposal as UO2

Parameter Unit Grouted Ungrouted Grouted Ungrouted

Land area acres 462 228 143 98

Disturbed area acres 462 228 143 98

Paved area acres 94 46 29 20

Water

Construction million gal/yr 0.7 0.5 0.4 0.3

Operations million gal/yr 0.9 0.6 0.5 0.4

Wastewater

Construction million gal/yr 0.2 0.07 0.2 0.07

Operations million gal/yr 0.2 0.1 0.08 0.07

Excavated material |million yd
3

2 1.2 0.9 0.4
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the total impact of each option would be the summation of the impacts of the wasteform facility and
the impact of each separate option.

I.3.5.1  Disposal as U3O8

The impacts of U3O8 disposal options in both grouted and ungrouted form on direct
employment and income are shown in Table I.24. Construction of a wasteform facility for grouted
U3O8 would create 360 direct jobs and $15 million in direct income during the peak year of |
construction in 2006. Operation of the grouted U3O8 wasteform facility would create 90 direct jobs |
and produce $13 million in direct income with the beginning of facility operations in 2009. |
Construction of a wasteform facility for ungrouted U3O8 would create 110 direct jobs and $4 million |
in direct income during the peak year of construction in 2006. Operation of the ungrouted U3O8

wasteform facility would create 40 direct jobs and produce $5 million in direct income annually with
the beginning of facility operations in 2009.

Construction of a shallow earthen structure for grouted U3O8 would create 10 direct jobs
and $1 million in direct income during the peak year of construction in 2008. Waste placement |
operations for a shallow earthen structure for grouted U3O8 would create 50 direct jobs and produce
$3 million in direct income annually with the beginning of facility operations in 2009. Construction
of a shallow earthen structure for ungrouted U3O8 would create less than 5 direct jobs and less than
$500,000 in direct income during the peak year of construction in 2008. Operation of a shallow
earthen structure for ungrouted U3O8 would create 30 direct jobs and produce $2 million in direct |
income annually with the beginning of facility operations in 2009.

Construction of a vault facility for grouted U3O8 would create 180 direct jobs and $8 million |
in direct income during the peak year of construction in 2008. Waste placement operations for a |
vault  facility for grouted U3O8 would create 190 direct jobs and produce $5 million in direct income
annually with the beginning of facility operations in 2009. Construction of a vault facility for |
ungrouted U3O8 would create 90 direct jobs and $4 million in direct income during the peak year of
construction in 2008. Operation of a vault facility for ungrouted U3O8 would create 40 direct jobs |
and produce $3 million in direct income annually with the beginning of facility operations in 2009.

Construction of a mine facility for grouted U3O8 would create 410 direct jobs and |
$27 million in direct income during the peak year of construction in 2005. Waste placement |
operations for a mine facility for grouted U3O8 would create 190 direct jobs and produce $3 million |
in direct income annually with the beginning of facility operations in 2009. Construction of a mine
facility for ungrouted U3O8 would create 300 direct jobs and $20 million in direct income during the |
peak year of construction in 2005. Operation of a mine facility for ungrouted U3O8 would create
30 direct jobs and produce $2 million in direct income with the beginning of facility operations in
2009.
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TABLE I.24  Socioeconomic Impacts of U3O8 and UO2 Disposal Facilities

Disposal of Grouted Form Disposal of Ungrouted Form

Option/Location/Activity Construction
a

Operations
b

Construction
a

Operations
b

U3O8 Disposal Facility

Wasteform facility
Direct employment |360 90 110 40
Direct income ($ million 1996) |  15 13     4   5

Shallow earthen structure
Direct employment |  10 50 < 5   30
Direct income ($ million 1996) |    1   3 < 0.5   2

Vault
Direct employment |180 90   90 40
Direct income ($ million 1996) |    8   5     4   3

Mine
Direct employment |410 40 300 30
Direct income ($ million 1996) |  27   3   20   2

UO2 Disposal Facility

Wasteform facility
Direct employment |220 90   60 40
Direct income ($ million 1996) |    9 12     3   5

Shallow earthen structure
Direct employment |< 5   30 < 5   20
Direct income ($ million 1996) |< 0.5   1 < 0.5   1

Vault
Direct employment |  50 40   30 30
Direct income ($ million 1996) |    2   2     1   2

Mine
Direct employment |270 40 250 30
Direct income ($ million 1996) |  18   2   16   2

a
Impacts in the peak year of construction: 2007 for the wasteform facility; 2009 for the shallow earthen |
structure and the vault; and 2006 for the mine. Preoperations were assumed to occur from 1999 through|
2008, with construction continuing concurrently with waste placement through 2028.

b
Impacts are the annual average for operations for the period 2009–2028 (20 years). |
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I.3.5.2  Disposal as UO2

The impacts of UO2 disposal options in both grouted and ungrouted form on direct
employment and income are shown in Table I.24. Construction of a wasteform facility for grouted
UO2 would create 220 direct jobs and $9 million in direct income during the peak year of |
construction in 2006. Operation of the grouted UO2 wasteform facility would create 90 direct jobs |
and produce $12 million in direct income annually with the beginning of facility operations in 2009. |
Construction of a wasteform facility for ungrouted UO2 would create 60 direct jobs and $3 million
in direct income during the peak year of construction in 2006. Operation of the ungrouted UO2

wasteform facility would create 40 direct jobs and produce $5 million in direct income annually with
the beginning of facility operations in 2009.

Construction of a shallow earthen structure for grouted UO2 would create less than 5 direct
jobs and less than $500,000 in direct income during the peak year of construction in 2008. Waste
placement operations for a shallow earthen structure for grouted UO2 would create 30 direct jobs and
produce $1 million in direct income annually with the beginning of facility operations in 2009. |
Construction of a shallow earthen structure for ungrouted UO2 would create less than 5 direct jobs
and less than $500,000 in direct income during the peak year of construction in 2008. Operation of
a shallow earthen structure for ungrouted UO2 would create 20 direct jobs and produce $1 million
in direct income annually with the beginning of facility operations in 2009. 

Construction of a vault facility for grouted UO2 would create 50 direct jobs and $2 million |
in direct income during the peak year of construction in 2005. Waste placement operations for a
vault facility for grouted UO2 would create 40 direct jobs and produce $2 million in direct income |
annually with the beginning of facility operations in 2009. Construction of a vault facility for
ungrouted UO2 would create 30 direct jobs and $1 million in direct income during the peak year of |
construction in 2005. Operation of a vault facility for ungrouted UO2 would create 30 direct jobs and |
produce $2 million in direct income with the beginning of facility operations in 2009. 

Construction of a mine facility for grouted UO2 would create 270 direct jobs and |
$18 million in direct income during the peak year of construction in 2005. Waste placement |
operations for a mine facility for grouted UO2 would create 40 direct jobs and produce $2 million in |
direct income annually with the beginning of operations in 2009. Construction of a mine facility for
ungrouted UO2 would create 250 direct jobs and $16 million in direct income during the peak year |
of construction in 2005. Operation of a mine facility for ungrouted UO2 would create 30 direct jobs
and produce $2 million in direct income annually with the beginning of facility operations in 2009.

I.3.6  Ecology

Moderate to large impacts to ecological resources could result from construction of a
facility for disposal of U3O8 or UO2. Impacts could include mortality of individual organisms, habitat
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loss, or changes in biotic communities. Discussion of the methodology used to assess ecological
impacts is presented in Appendix C.

I.3.6.1  Disposal as U3O8

I.3.6.1.1  Shallow Earthen Structure

Site preparation for the construction of a facility for the disposal of U3O8 in shallow earthen
structures would require the elimination of approximately 46 acres (18 ha) of habitat for ungrouted
U3O8 and 85 acres (34 ha) for grouted U3O8, including 3 acres (1.1 ha) that would be paved —
including the areas required for construction of the wasteform facility, primarily structures and paved
areas. Existing vegetation would be destroyed during land clearing activities. The vegetative
communities that would be eliminated by site preparation would depend on the actual location of
the facility. Although herbaceous vegetation could be reestablished relatively rapidly in a wet setting
(with at least 40 in./yr [100 cm/yr] precipitation), such as in the eastern United States, a considerable
period of time might be required in a dry setting (less than 10 in./yr [25 cm/yr] precipitation), such
as in the western United States. The loss of 46 to 85 acres (18 to 34 ha) of undeveloped land would
constitute a moderate adverse impact to vegetation. Erosion of exposed soil at construction sites
could reduce the effectiveness of restoration efforts and create sedimentation downgradient of the
site. The implementation of standard erosion control measures, installation of storm-water retention
ponds, and immediate replanting of disturbed areas with native species would help minimize impacts
to vegetation. Impacts due to facility construction are shown in Table I.25.

Wildlife would be disturbed by land clearing, noise, and human presence. Wildlife with
restricted mobility, such as burrowing species or juveniles of nesting species, would be destroyed
during land clearing activities. Mobile individuals would relocate to adjacent available areas with
suitable habitat. Population densities and competition would increase in these areas, potentially
reducing the chances of survival or reproductive capacity of displaced individuals. Some wildlife
species would be expected to recolonize replanted areas near the disposal facility following
completion of construction. However, habitat use in the vicinity of the facility might be reduced for
some species due to the construction of a perimeter fence. Therefore, the loss of 85 acres (34 ha) of
habitat for the construction of a facility for U3O8 disposal in shallow earthen structures would be
considered a moderate adverse impact to wildlife.

Wetlands could potentially be impacted by filling or draining during construction. In
addition, impacts to wetlands and aquatic habitats due to alteration of surface water runoff patterns,
soil compaction, or groundwater flow could occur if the disposal facility was located adjacent to
wetland or aquatic areas. However, impacts would be minimized by maintaining a buffer area around
wetlands and aquatic habitats during construction of the facility. Unavoidable impacts to wetlands
would require a Clean Water Act Section 404 permit, which might stipulate mitigative measures.
Additional permitting might be required by state agencies. Depending on the facility location, water
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TABLE I.25  Impacts to Ecological Resources from Disposal Facility Construction

Impacts from Disposal Facility Construction
a

Option/
Resource Shallow Earthen Structure Vault Mine

Disposal as U3O8

Vegetation Loss of 46 to 85 acres Loss of 75 to 149 acres Loss of 232 to 471 acres
Moderate adverse impact Moderate to large adverse impact Large adverse impact

Wildlife Loss of 46 to 85 acres Loss of 75 to 149 acres Loss of 232 to 471 acres
Moderate adverse impact Moderate to large adverse impact Large adverse impact

Aquatic Potential reduction in water
quality, habitat

Potential reduction in water
quality, habitat

Potential reduction in water
quality, habitat

Wetlands Potential loss, degradation Potential loss, degradation Potential loss, degradation

Protected
species

Potential destruction, habitat loss Potential destruction, habitat loss Potential destruction, habitat loss

Disposal as UO2

Vegetation Loss of 28 to 39 acres Loss of 28 to 41 acres Loss of 102 to 149 acres
Moderate adverse impact Moderate adverse impact Large adverse impact

Wildlife Loss of 28 to 39 acres Loss of 28 to 41 acres Loss of 102 to 149 acres
Moderate adverse impact Moderate adverse impact Large adverse impact

Aquatic Potential reduction in water
quality, habitat

Potential reduction in water
quality, habitat

Potential reduction in water
quality, habitat

Wetlands Potential loss, degradation Potential loss, degradation Potential loss, degradation

Protected
species

Potential destruction, habitat loss Potential destruction, habitat loss Potential destruction, habitat loss

a
 All acreages include the wasteform facility.

withdrawal from surface waters or groundwater, as well as wastewater discharge, could potentially
alter water levels (Section I.3.4), which could in turn affect aquatic ecosystems, including wetlands,
especially those located along the periphery of these surface water bodies.

Prior to construction of a disposal facility, a survey for state and federally listed threatened,
endangered, or candidate species, or species of special concern would be conducted so that, if
possible, impacts to these species could be avoided. Where impacts were unavoidable, appropriate
mitigation could be developed.
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Ecological resources in the vicinity of the wasteform facility would be exposed to
atmospheric emissions from facility operation; however, emission levels would be expected to be
extremely low (Section I.3.3). At 230 ft (750 m) away, the highest annual average air concentration |
of U3O8 due to operation of the facility would be 1.6 × 10-5 µg/m3. Resulting impacts to biota would
be negligible.

Facility accidents, as discussed in Section I.3.2, could result in adverse impacts to
ecological resources. The affected species and degree of impact would depend on a number of
factors, such as location of the accident, season, and meteorological conditions.

I.3.6.1.2  Vault

The construction and operation of a facility for the disposal of U3O8 in vaults would
generally result in impacts similar to those associated with shallow earthen structures. However, the
size of the facility and area of disturbance for vault disposal would be larger. Disposal in vaults
would require the disturbance of approximately 75 to 149 acres (30 to 60 ha) of habitat and 19 acres
(8 ha) for paved areas, including the wasteform facility for grouted U3O8. This disposal option would
also result in elevation of the soil surface by placement of excavated material and in reduction in soil
permeability. The consequent decrease in soil moisture would make reestablishment of vegetation
difficult and delay the establishment of native plant communities. This disposal option would result
in a moderate to large adverse impact to existing vegetation and wildlife. Reestablishment of native
vegetation over such a large area would be especially difficult in a dry environmental setting, and
a considerable period of time might be required. 

I.3.6.1.3  Mine

The construction and operation of a facility for the disposal of U3O8 in a mine would
generally result in impacts similar to those associated with vaults. However, the mine option would
require the disturbance of approximately 232 to 471 acres (93 to 188 ha), including 104 acres (42 ha)
for buildings, paved areas, and the wasteform facility for grouted U3O8. This disposal option would
result in elevation of the soil surface and in reduction in soil permeability. The excavated material
would primarily consist of rock removed from the drifts and ramps. The consequent decrease in
surface soil moisture would make reestablishment of vegetation difficult and delay the establishment
of native plant communities. This disposal option would result in a large adverse impact to existing
vegetation and wildlife. Reestablishment of native vegetation over such a large area would be
especially difficult in a generic dry western environmental setting, and a considerable period of time
might be required. 
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I.3.6.2  Disposal as UO2

The construction and operation of a facility for the disposal of UO2 would generally result
in the types of impacts associated with the disposal of U3O8; however, the facility sizes would be
smaller. A facility for disposal of UO2 in shallow earthen structures would eliminate approximately
28 to 39 acres (11 to 16 ha) of habitat, including the wasteform facility for grouted UO2. This habitat
loss would result in a moderate adverse impact to vegetation and wildlife. A facility for the disposal
of UO2 in vaults would eliminate approximately 28 to 41 acres (11 to 16 ha) of habitat, including the
wasteform facility for grouted UO2. This loss would result in a moderate adverse impact to
vegetation and wildlife. A mine disposal facility for UO2 would result in disturbance of
approximately 102 to 149 acres (41 to 60 ha) of habitat, including the wasteform facility for grouted
UO2. This habitat disturbance would constitute a large adverse impact to vegetation and wildlife.

Atmospheric emissions from wasteform facility operations would be expected to be slightly
lower for grouted UO2 disposal than for grouted U3O8 disposal (Section I.3.3). Emissions would be
similar for ungrouted UO2 and U3O8 disposal. The highest annual average air concentration of UO2,
due to operation of the facility, would be 0.00003 µg/m3 at a distance of  230 ft (750 m) away from
the facility. Resulting impacts to biota would be negligible.

I.3.7  Waste Management

Wastes would be generated during the construction of the wasteform facility. This facility
would be used for the receipt of waste, grouting of the uranium oxide (if necessary), and storage of
both the input and output from the facility. Waste generation would also occur during the
construction of any of the three types of disposal facilities. No radioactive wastes would be generated
during construction of the wasteform facility or any of the three possible disposal facilities because
no radioactive materials would be used and the site would be uncontaminated. Table I.26 lists the
various hazardous materials that would be generated in construction of the different types of disposal
facilities. Only small differences are expected for the generation of waste for these different disposal
options. The waste generated in the construction of any of these disposal facilities represents a
negligible impact to DOE’s waste management capabilities.

In grouting the converted uranium oxide, operation of the wasteform facility would generate
two waste streams: the product (final form of uranium oxide grout) and minor amounts of secondary
waste associated with making the final grout product of uranium. Table I.27 lists the volume
throughputs of this facility as a function of the four different final form options for uranium. For the
ungrouted wasteforms of U3O8 and UO2, this facility would be used only as temporary storage
between the conversion and disposal facilities. Consequently, no secondary waste streams would be
generated at this facility for the ungrouted U3O8 and UO2 final form options. Table I.28 lists the
annual operational wastes from the wasteform facility for each of the four final waste form options
(product waste) as well as the secondary waste streams expected from the two grouted waste options.
The initial volumes of U3O8 and UO2 listed under facility waste in Table I.28 are equivalent to the
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TABLE I.26  Estimated Construction Wastes Generated under the 
Disposal Options

U3O8 (m
3
) UO2 (m

3
)

Facility/Waste Type Grouted Ungrouted Grouted Ungrouted

Wasteform Facility
Hazardous liquids

Paints 6.4 2.6 2.2 0.9
Phenol 1.6 0.6 0.6 0.2
Sulfuric acid 0.8 0.3 0.3 0.1
Total 8.8 3.5 3.1 1.2

Hazardous solids
Mercury lamps 0.8 0.3 0.3 0.1
Lead batteries 0.2 0.1 0.1 0.05

Nonhazardous solids
Conventional waste 600 240 210 90

Shallow Earthen Structure
Hazardous liquids

Paints 1.6 0.6 0.6 0.2
Phenol 0.4 0.2 0.1 0.05
Sulfuric acid 0.2 0.1 0.1 0.05
Total 2.2 0.9 0.8 0.3

Hazardous solids
Mercury lamps 0.2 0.1 0.1 0.05
Lead batteries 0.05 0.03 0.02 0.01

Nonhazardous solids
Conventional waste 150 60 60 30

Vault
Hazardous liquids

Paints 3.2 1.3 1.1 0.4
Phenol 0.8 0.3 0.3 0.1
Sulfuric acid 0.4 0.2 0.1 0.1
Total 4.4 1.8 1.5 0.6

Hazardous solids
Mercury lamps 0.4 0.2 0.2 0.1
Lead batteries 0.1 0.04 0.03 0.01

Nonhazardous solids
Conventional waste 300 120 110 50

Mine
Hazardous liquids

Paints 9.6 3.8 3.4 1.4
Phenol 2.4 1.0 0.8 0.3
Sulfuric acid 1.2 0.5 0.4 0.2
Total 13.2 5.3 4.6 1.9

Hazardous solids
Mercury lamps 16.0 11.2 9.0 7.4
Lead batteries 0.4 0.3 0.2 0.15

Nonhazardous solids
Conventional waste 900 640 500 420
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TABLE I.27  Variations in Wasteform Facility
Operations for the Different Final Forms of Uranium

Throughput Containers
Quantity

Uranium Type    (m
3
) Number Type

Grouted U3O8 312,000 1,560,000 55-gal

Ungrouted U3O8 148,800 714,000 55-gal

Grouted UO2 72,000 630,000 30-gal

Ungrouted UO2 47,600 420,000 30-gal

final waste volumes expected for the two ungrouted wasteforms because no waste processing would
take place in this facility for these two options.

Estimates of the amount of LLW to be disposed of at DOE waste management disposal
facilities depend critically upon the time frame under consideration and the types of waste to be
included. The Waste Management Programmatic Environmental Impact Statement (WM PEIS)
estimates that 1,060,000 m3 of LLW will be disposed of during the time frame 1995-2014 (DOE
1997). This estimate does not include any LLW from environmental restoration activities or facility
stabilization activities. A more appropriate value is reported in The 1996 Baseline Environmental
Management Report (BEMR) (DOE 1996), which estimates the total amount of LLW for treatment
at waste management facilities to be 3,400,000 m3. This estimate is for the next 75 years and
includes contributions from environmental restoration and facility stabilization programs. 

The majority of environmental restoration wastes are expected to be generated between
2003 and 2033, approximately the correct time frame to compare with the depleted UF6 program.
For this reason, the BEMR estimate was used for comparison with the depleted UF6 wastes.
Adjustments must be made to the BEMR estimate to convert treatment volumes into disposal
volumes. Both volume reductions and expansions would occur during waste treatment and grouting,
depending on the relative amounts of the different types of waste. On the basis of the WM PEIS
analysis (DOE 1997), the BEMR estimate was adjusted to 4,250,000 m3 for the estimated disposal
volume. The total LLW disposal volumes from disposal of depleted uranium, as either UO2 or U3O8

(grouted or ungrouted), were compared with the total estimated disposal volume for LLW for all
DOE waste management activities (including environmental restoration waste). Disposal volumes
were compared as total volume (m3) because disposal facilities would typically have no throughput
limitations but rather would be limited by the total volume of waste that could be accepted. 

For the case of grouted U3O8 with a waste volume of 15,600 m3/yr, the total disposal
volume would be [(15,600) × 20 years operation] = 312,000 m3. This would add about 7.3% to the
estimated total DOE LLW disposal volume of about 4,250,000 m3. Using a similar approach for the
other cases would add about 1.7% for grouted UO2, 3.5% for ungrouted U3O8, and 1.1% for
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TABLE I.28  Estimated Annual Radioactive Waste Streams from Wasteform Facility Operations

Initial Volume (m
3
/yr) Final Volume (m

3
/yr)

Uranium
Ungrouted Ungrouted Grouted Grouted Content

Waste Stream Treatment U3O8 UO2 U3O8 UO2 (kg) Treatability Category

Facility waste (product) Cement solidification 7,440 2,380 15,600 3,600 18,900,000
a

Not applicable

HEPA filters Drumming 24 24 24 24 5.7
b

Noncombustible compactible
solid (LLW)

Dry active waste Dewater/Drum 57 24 24 5.5 760
b

Combustible solid (LLW)

Inorganic spray solution
used to clean drums

Neutralize 0.31 0.2 0.18 0.10 < 1 Low-level mixed waste

Cotton waste wipes used
to clean drums

c
Neutralize NA NA 0.0078 m

3

(5 kg)
0.0078 m

3

(5 kg)
< 1 Low-level mixed waste

a
Uranium content determined by stoichiometry, given in the form of U3O8.

b
Determined by analogy to production facilities.

c
Final volume based on bulk density of 40 lb/ft3.
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ungrouted UO2 to the total volume. The amount of low-level mixed waste (LLMW) from depleted
UF6 disposal added to total nationwide LLMW load would be negligible (less than 1%).

Although more secondary wastes would be generated in producing either of the grouted
wasteforms of U3O8 and UO2, compared with the ungrouted wasteforms, the differences are not
significant. The choice of which wasteform would be used should be based on other factors such as
long-term stability of the wasteform, leach rates of the radioactive contaminants, and cost.

Waste generation for the different disposal options is not expected to vary with wet or dry
environments. The choice of which disposal option would be used in a wet or dry environment is
based on considerations other than waste generation.

Overall, the disposal options would generate appreciable amounts of waste for disposal in
DOE facilities. Within the context of the total amount of LLW undergoing disposal in DOE
facilities, these wastes would have a low impact on DOE’s total waste management disposal
capabilities.

I.3.8  Resource Requirements

Resource requirements for the disposal options were estimated for construction and
operations. The materials required for monitoring of the groundwater and disposal cell performance
would be expected to be minor.

Materials and utilities required for construction and operation of the shallow earthen
structure, vault, and mine options are presented in Table I.29. In general, the amount of resources
is directly related to the volume of waste to be disposed, with the greatest resources required for the
grouted U3O8 waste form and least with the ungrouted UO2 waste form. A fixed facility for
solidification is required for the two grouted waste forms, which results in greater construction
requirements. During the operations phase, cement and sand are required for solidification of the
uranium oxides. The total quantities of commonly used construction materials are not expected to
be significant and would be comparable to construction of a multistory building. No specialty
materials (e.g., Monel or Inconel) are projected to be needed for either construction or operations
phases. 

Significant quantities of electrical energy could be required during construction of the mine
option because most of the construction equipment utilized in underground mines is powered by
electricity to avoid polluting the air in the underground work area. Similarly, a relatively higher
annual consumption of electricity is projected during underground operations, compared with the
other disposal facility options.
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TABLE I.29  Resource Requirements for Construction and Operation of Disposal Facilities

Resource Requirements for Disposal Facility

Grouted Ungrouted Grouted Ungrouted
Facility/Activity Resource Unit U3O8 U3O8 UO2 UO2

Shallow Earthen Structure

Construction Utilities
Electricity MWh 7,700 4,000 3,100 2,300

Solids
Concrete yd

3
20,000 5,400 10,000 3,200

Sand yd
3

124,000 59,400 37,000 25,400
Steel tons 1,000 300 600 200

Liquids
Diesel fuel gal 530,000 260,000 200,000 130,000

Operations Utilities
Electricity MWh/yr 3,200 1,300 1,800 1,000

Liquids
Diesel fuel gal/yr 64,000 21,000 23,000 13,000

Gases
Natural gas million scf/yr 14 5.3 14 5.3

Vault

Construction Utilities
Electricity MWh 3,100 1,400 1,000 590

Solids
Concrete yd

3
410,000 190,000 90,000 56,000

Sand yd
3

0 0 0 0
Steel tons 10,000 6,000 3,000 2,000

Liquids
Diesel fuel gal 860,000 400,000 200,000 120,000

Operations Utilities
Electricity MWh/yr 4,900 2,600 2,500 1,100

Liquids
Diesel fuel gal/yr 130,000 55,000 50,000 30,000

Gases
Natural gas million scf/yr 14 5.3 14 5.3
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TABLE I.29  (Cont.)

Resource Requirements for Disposal Facility

Grouted Ungrouted Grouted Ungrouted
Facility/Activity Resource Unit U3O8 U3O8 UO2 UO2

Mine

Construction Utilities
Electricity million MWh

a
10 4.3 2.8 1.9

Solids
Concrete yd

3
180,000 102,000 83,000 62,000

Sand yd
3

0 0 0 0
Steel tons 42,000 17,000 18,000 8,900

Liquids
Diesel fuel gal 300,000 150,000 130,000 90,000

Operations Utilities
Electricity MWh/yr 110,900 6,600 5,900 4,300

Liquids
Diesel fuel gal/yr 23,000 2,000 8,000 2,000

Gases
Natural gas million scf/yr 14 5.3 14 5.3

a
For the mine disposal facility, the unit of electricity is million MWh compared with MWh for the other disposal
options.

I.3.9  Land Use

Land area requirements for each disposal option are presented in Table I.30. These data do
not include acreage required for the construction phase for any of the disposal options because
development of land would be incremental and space required for material excavation storage,
equipment staging, and construction material laydown areas would be available on adjacent
undeveloped parcels. Consequently, areal needs for construction would not be greater than those for
operations. 

Although no site has been chosen for facilities under each disposal option, selection of a
site at or near a location that is already dedicated to similar use could result in reduced land-use
impacts because immediate access to infrastructure and utility support would be possible with only
minor disturbances to existing land use. 

All disposal options would include a central wasteform facility where drums of uranium
oxide would be received from the conversion facility and prepared for disposal. The facility would
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TABLE I.30  Land Requirements and Excavated Material Volumes 
for Disposal Facilities

Land Requirement
a
 (acres)

Disposal as U3O8 Disposal as UO2

Facility Grouted Ungrouted Grouted Ungrouted

Shallow earthen structure 85 46 39 28

Vault 149 75 41 28

Mine 471 232 149 102

a
Values include the wasteform facility areas, as follows: grouted U3O8 options, 9 acres,
ungrouted U3O8 options, 4 acres; grouted UO2 options, 6 acres; ungrouted UO2
options, 4 acres. 

Source:  LLNL (1997).

include a grouting/cementing building, if necessary, which could affect the number of buildings
erected for the wasteform facility. Impacts to land use from the wasteform facility would be very
small and limited to clearing of required land, as well as potential minor and temporary disruptions
to contiguous land parcels. No off-site impacts would be expected. 

Land-use impacts resulting from the shallow earthen structure disposal option would be
negligible to moderate and limited to clearing of required land and a potential slight increase in
off-site vehicular traffic associated with construction activities. The shallow earthen structure option
would require from 28 to 85 acres (11 to 34 ha) of land (including the wasteform facility) that would
be cleared and developed incrementally. The rate of development would be determined by the
selection of the wasteform. Up to 2.62 million yd3 (2.0 million m3) would be excavated. The large
volume of excavated material that would remain on-site could, over time, result in topographical
modifications of the site. Impacts of off-site disposal would be determined during the site-specific
tier of NEPA documentation. Other than minor, temporary impacts associated with construction
traffic, no other off-site impacts would be expected. 

The vault option would require from 28 to 149 acres (11 to 60 ha) of land and would result
in up to 1.62 million yd3 (1.27 million m3) of excavated material. Because the vault facility would
be constructed incrementally (10 vault blocks per year), the amount of land disturbed during a given
year would be limited. Impacts of off-site disposal would be determined during the site-specific tier
of NEPA documentation.

Of all the disposal options, a mine would have the greatest potential for land-use impacts.
A mine would require the largest amount of land, 102 to 471 acres (41 to 188 ha) (see Table I.30).
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The construction associated with this option could result in potential land disturbance impacts for
adjacent parcels. The large volume of excavated material (1.96 million yd3 [1.5 million m3]) would
be disposed of on-site, probably resulting in topographical modifications of the site. The peak
construction labor force could result in off-site land-use impacts, particularly if a remote site were
chosen. Impacts could include pressure on existing commercial land and traffic congestion on local
access roads and intersections. 

I.3.10  Other Impacts Considered But Not Analyzed in Detail

Other impacts that could potentially occur if the disposal options considered in this PEIS
were implemented include impacts to cultural resources and environmental justice, as well as
impacts to the visual environment (e.g., aesthetics), recreational resources, and noise levels, and
impacts associated with decontamination and decommissioning of the disposal facilities. These
impacts, although considered, were not analyzed in detail for one or more of the following reasons:

• The impacts could not be determined at the programmatic level without
consideration of specific sites. These impacts would be more appropriately
addressed in the second-tier NEPA documentation when specific sites are
considered.

• Consideration of these impacts would not contribute to differentiation among
the alternatives and, therefore, would not affect the decisions to be made in the
Record of Decision to be issued following publication of this PEIS. |

|

I.4  IMPACTS OF OPTIONS — POST-CLOSURE PHASE

This section provides a summary of the potential environmental impacts associated with
the post-closure phase of the disposal options. The post-closure phase considers the potential
environmental impacts that could occur in the future, well beyond the time that any engineered
disposal facility would be expected to function as designed. Post-closure impacts are evaluated
because, no matter how well designed, all disposal facilities would be expected to release material
to the environment eventually, a condition referred to as “failure.” 

Disposal facility failure would generally occur hundreds to thousands of years in the future
(assuming no sustained effort to maintain the facility). This failure would be caused by natural
degradation of the disposal structures over time, primarily from physical processes such as the
intrusion of water. Following failure, the release of uranium from the facility would occur very
slowly as water moved through the disposed material. This water would carry dissolved uranium
through the soil under the facility, eventually contaminating the groundwater. This process could
continue for thousands to millions of years because of the large amount of uranium in the disposal
facility and low solubility of that uranium.
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In general, shallow earthen structures would be expected to contain the waste material for
a period of at least several hundred years before failure. Vaults and a mine would be expected to last
even longer, from many hundreds to thousands of years before failure. However, the exact time that
a disposal facility would be expected to fail is extremely difficult to predict and would depend on
the detailed facility design and site-specific conditions. Because of this difficulty, failure was
assumed to occur at the end of a period of institutional control, 100 years after closure. The post-
closure impacts were evaluated at 1,000 years after failure for all three disposal facility options. 

Post-closure impacts were evaluated in three areas: (1) potential impacts to groundwater,
(2) potential impacts to human health and safety, and (3) potential impacts to ecological resources.
Impacts in other areas would be expected to be negligible. The following general assumptions apply
to the assessment of post-closure impacts:

• All disposal facilities would fail at some time in the future. Failure is defined
as the release of uranium material from the disposal facility to the surrounding
soil. For consistency, failure was assumed to occur at the end of institutional
control, 100 years after closure.

• The post-closure phase primarily considers impacts from the potential
contamination of groundwater and surface water. Potential impacts from
contamination of air and soil due to erosion of the disposal facility surface are
also discussed. 

• Impacts were evaluated at a time of 1,000 years after the facility failed and
started to release uranium. 

• Two generic environmental settings were assumed for the disposal facilities:
a dry setting and a wet setting (see Section 3.4.4 for details). 

• For analysis of groundwater impacts, assumptions were varied to assess a
broad range of possibilities with respect to movement of the uranium through
the soil to the groundwater aquifer.

The estimated impacts associated with the post-closure phase are subject to a great deal of
uncertainty because the assessment considers an extremely long period of time and depends on
predicting the behavior of the waste material as it interacts with soil and water in a complex and
changing environment. Consequently, the estimated impacts are very dependent on the assessment
assumptions. Key assumptions include such factors as soil characteristics, water infiltration rates,
depth to the underlying groundwater table, chemistry of different uranium compounds, and the
locations of future human receptors. These factors can vary widely depending on site-specific
conditions. Because of these uncertainties, the assumptions were generally selected in a manner
intended to produce conservative estimates of impact, that is, the assumptions tend to overestimate
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the expected impact. Changes in key disposal assumptions could yield significantly different
estimates of impact.

I.4.1  Human Health — Normal Operations

I.4.1.1  Radiological Impacts

Radiation doses and cancer risks for the post-closure phase were assessed for a hypothetical
individual who would live at or near the disposal site after the institutional control period of the site
ended. This individual was assumed to drill a well at the edge of the disposal site and use the well
water for drinking, household purposes, irrigating plant foods and fodder, and watering livestock.
Because of leaching of uranium from the disposal area to the groundwater table, the hypothetical
resident could be exposed to radiation through use of contaminated well water. Detailed discussions
of the methodologies used in radiological impact analyses are provided in Cheng et al. (1997).
Additional information on the methodology and assumptions used in the groundwater analyses is
provided in Section I.4.2. 

The estimated groundwater concentrations involve large degrees of uncertainty because of
the preliminary nature of facility design and the various soil properties that depend on the location
of the facility. The radiological impacts estimated by using the groundwater concentrations are
subject to a large degree of uncertainty as well. The groundwater contamination would persist for
millions of years once it occurred because of the large inventory of U3O8 and UO2 in the disposal
area. Because of the long decay half-lives of uranium isotopes and the continuous generation of
decay products, the maximum radiation dose, which could be greater than 1 rem/yr from using
contaminated groundwater, would not be observed until sometime after 10,000 years, a time frame
well beyond that considered in this analysis. Table I.31 lists the calculated radiation doses and cancer |
risks for the maximally exposed individual (MEI) 1,000 years after the failure of engineering barriers
and waste containers. Although impacts from using the contaminated groundwater at that time could
reach 110 mrem/yr, they could be either minimized by treating the groundwater or eliminated by
switching to a clean water source.

In addition to the possible exposures resulting from use of contaminated groundwater,
radiological impacts could be caused by external radiation and inhalation of contaminated dust
particles if all the cover materials above the disposal site were removed and if containers of U3O8 |
or UO2 disintegrated. This scenario could be caused by natural forces of erosion over long periods |
of time or by human intervention (i.e., digging) to bring the waste to the surface. The associated |
external radiation dose could be as high as 10 rem/yr for an individual living on the disposal site.
However, the exposure would not occur until several thousand years after closure of the shallow
earthen structure or vault disposal facility and would be quite unlikely for mine disposal because a
mine would be located at a depth of several hundred feet below the ground surface. Detailed analyses
for this exposure scenario were not conducted because it is beyond the time frame considered in this
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TABLE I.31  Human Health Impacts for the MEI from Disposal Options: Post-Closure Phase

Radiological Impacts at 1,000 Years
b,c

Chemical Impacts at 1,000 Years
b,c

MEI Dose (mrem/yr) MEI Risk (LCF/yr) MEI Hazard Index
d

Option/
Location

a
Grouted
Oxide

Ungrouted
Oxide

Grouted
Oxide

Ungrouted
Oxide

Grouted
Oxide

Ungrouted
Oxide

Disposal as U3O8

Shallow earthen structure
Dry 0 0 0 0 0 0

Wet 49 – 72 41 – 60 2 × 10
-5

 –
4 × 10

-5
2 × 10

-5
 –

3 × 10
-5

5.9 – 8.7 5.0 – 7.3

Vault
Dry 0 0 0 0 0 0

Wet 57 – 84 48 – 70 3 × 10
-5

 –
4 × 10

-5
2 × 10

-5
 –

4 × 10
-5

6.9 – 10 5.8 – 8.5

Mine
Dry 0 0 0 0 0 0

Wet 0.88 – 110 0.72 – 93 4 × 10
-7

 –
6 × 10

-5
4 × 10

-7
 –

5 × 10
-5

0.1 – 14 0.1 – 11

Disposal as UO2

Shallow earthen structure
Dry 0 0 0 0 0 0

Wet 37 – 54 34 – 50 2 × 10
-5

 –
3 × 10

-5
2 × 10

-5
 –

3 × 10
-5

4.5 – 6.6 4.1 – 6.0

Vault
Dry 0 0 0 0 0 0

Wet 38 – 56 34 – 50 2 × 10
-5

 –
3 × 10

-5
2 × 10

-5
 –

3 × 10
-5

4.6 – 6.7 4.2 – 6.1

Mine
Dry 0 0 0 0 0 0

Wet 0.64 – 84 0.59 – 77 3 × 10
-7

 –
4 × 10

-5
2 × 10

-7
 –

4 × 10
-5

0.1 – 10 0.1 – 9.3

a
Two generic environmental settings were considered for each option, corresponding to dry and wet environments,
respectively.

b
Impacts are reported as ranges, which result from different transport speeds of radionuclides in the unsaturated and
saturated zones. Retardation factors of 5 and 50 were used to represent relatively mobile and immobile transport situations,
respectively. Values correspond to estimated impacts 1,000 years after failure of the engineering barriers and containers.

c
The maximally exposed individual was assumed to live at the edge of the disposal site and use contaminated groundwater
for drinking, irrigating plant foods and fodder, and feeding livestock. The exposure pathways considered were ingestion of
drinking water, plant foods, meat, and milk; and, for radiological exposures, inhalation of radon emanating from household
water.

d
The hazard index is an indicator for potential adverse health effects other than cancer; a hazard index of greater than 1
indicates a potential for adverse health effects and a need for further evaluation.
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analysis. If any exposure occurred, the radiation dose could be eliminated by adding new cover
materials to the top of the waste area.

I.4.1.1.1  Disposal as U3O8

Radiological impacts are presented in Table I.31 for a scenario in which an individual uses
contaminated groundwater. In a dry setting, it would take more than 10,000 years for uranium and
its decay products to reach the groundwater because of the low water infiltration rate. Therefore, no
radiation exposure would occur before 1,000 years in a dry environment, the time frame considered
in this analysis.

In a wet setting, the required time for uranium and decay products to reach the groundwater
table could be less than 1,000 years after the failure of the disposal facility. The groundwater
concentrations would vary from site to site, depending on the specific soil properties (which
determine whether the uranium and decay products travel rapidly or slowly in soil). As a result, at
1,000 years after failure of the disposal facility, the radiation dose from using groundwater could
range from 41 to 72 mrem/yr for disposal in shallow earthen structures, 48 to 84 mrem/yr for
disposal in vaults, and 0.72 to 110 mrem/yr for disposal in a mine. With no remediation effort, the
radiation dose could exceed the dose limit of 25 mrem/yr set for low-level waste disposal (10 CFR
Part 61). Variation of radiation doses among different disposal types is related to the size of the
disposal facility. More discussions are provided in Section I.4.2 regarding the effect of facility
dimensions on groundwater concentrations. 

I.4.1.1.2  Disposal as UO2

Variations in disposal settings and disposal types have the same effects on the groundwater
concentrations for UO2 disposal as they do on the groundwater concentrations for U3O8 disposal. The
time required for uranium and decay products to reach the groundwater table would be greater than
10,000 years for a dry setting, so no impacts would be expected within 1,000 years. The radiation
doses estimated for a wet setting for disposal of UO2 tend to be smaller than those for disposal of
U3O8 because the waste volume of UO2 would be less than the volume of U3O8 and would require
a smaller disposal facility. The doses estimated for use of groundwater range from 34 to 54 mrem/yr
for disposal in shallow earthen structures, 34 to 56 mrem/yr for disposal in vaults, and 0.59 to
84 mrem/yr for disposal in a mine at 1,000 years after failure of the disposal facility. With no
remediation effort, the exposure could exceed the dose limit of 25 mrem/yr set for low-level waste
disposal.
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I.4.1.2  Chemical Impacts

Chemical impacts during the post-closure phase are assessed for a hypothetical individual
who lives at the border of the disposal site after the institutional control period is over. As for the
radiological assessment, potential chemical impacts to human health were evaluated for a scenario
involving a hypothetical individual who drills a well at the edge of the disposal site and uses the well
water for drinking, irrigating plant foods and fodder, and watering livestock. Leaching of uranium
from the disposal area to the groundwater table could potentially result in the hypothetical resident
being exposed to uranium from ingestion of drinking water, plant foods, meat, and milk. Risks are
estimated on the basis of calculated hazard indices. Information on the exposure assumptions, health
effects assumptions, reference doses used for uranium compounds, and calculational methods used
in the chemical impact analysis are provided in Appendix C and Cheng et al. (1997).

I.4.1.2.1  Disposal as U3O8

Potential health impacts to the general public MEI from exposures to hazardous chemicals
due to use of groundwater are presented in Table I.31. Two disposal options are evaluated: disposal
as grouted U3O8 and ungrouted U3O8. The hazard indices for chemical impacts in a dry environment
are always zero because the time required for the uranium to reach the groundwater would be greater
than 10,000 years due to the low water infiltration rate. In a wet environmental setting, the time to
reach groundwater would be less than 1,000 years, but would be dependent on the soil properties
(i.e., retardation factor). A retardation factor of 5 results in the uranium reaching the groundwater
more quickly and consequently producing greater chemical exposures at 1,000 years than would
occur with a retardation factor of 50.

The range of hazard indices for all types of disposal facilities in a wet setting is about 0.1
to 14, exceeding the threshold of 1 for potential adverse health effects. The highest values are for
mines, which would require the largest disposal area; and the lowest values are for shallow earthen
structures, which would require the smallest disposal area. On the basis of maximum hazard indices,
potential chemical impacts are greater for disposal as grouted waste than as ungrouted waste because
of the larger waste volume that would be required. Among the groundwater-related exposure
pathways that were analyzed, ingestion of drinking water is responsible for more than 80% of the
total uranium exposure. 

I.4.1.2.2  Disposal as UO2

Potential human health impacts to the general public MEI from exposures to hazardous
chemicals due to groundwater use are presented in Table I.31. Two disposal options were evaluated:
disposal as grouted UO2 and ungrouted UO2. Differences in environmental settings and types of
disposal facilities result in the same variations in groundwater concentrations for UO2 disposal as
they do in the groundwater concentrations for U3O8 disposal. Because the waste volume of UO2
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would be less than the volume of U3O8, the estimated maximum chemical exposures for
UO2 disposal are consistently less than those for U3O8 disposal. 

The range of hazard indices for all types of UO2 disposal facilities in a wet setting is
about 0.1 to 10, exceeding the threshold of 1 for potential adverse health effects. The highest values
are for mines, which would require the largest disposal area; and the lowest values are for shallow
earthen structures, which would require the smallest disposal area. Based on maximum hazard
indices, potential chemical impacts are greater for disposal as grouted waste because of the larger
waste volume that would be required compared with disposal as ungrouted waste. 

I.4.2  Groundwater

Potential impacts to groundwater for the three disposal options during the post-closure
phase only include changes in groundwater quality. There would be no impacts to effective recharge,
depth to groundwater, or the direction of groundwater flow. 

I.4.2.1  Shallow Earthen Structure

During the post-closure period, the only potential impacts to groundwater would be to water
quality. With time, the roof material would and allow water to infiltrate the disposal facility. This
water could corrode the drums and permit leaching of their contents. Although both forms of the
disposed material (U3O8 and UO2) are essentially insoluble in water (LLNL 1997), a conservative
estimate of dissolution was obtained by assuming that schoepite (UO3�H2O) would form under the
aerobic conditions present in the structure. 

With additional time (several hundred to thousands of years), the facility would fail
completely, and dissolved schoepite would infiltrate the soil beneath the structure and interact with
soil water present in the unsaturated zone. For the shallow earthen structure, this soil water would
have a nearly neutral pH (about 7). For the ungrouted case, this interaction would have no impact,
and the dissolved schoepite would move vertically downward toward the water table. Transport of
the schoepite would be influenced by advection, dispersion, adsorption, and decay (Tomasko 1997).

For the grouted wastes, schoepite was again assumed to form at a concentration equal to
its equilibrium value, although carbonates might also form, depending on the type of grout used and
site-specific conditions. Because schoepite is about two million times more soluble under the high
pH conditions that would occur for the grouted forms of the waste (pH between 10 and 12), the
disposed material would dissolve at greatly different rates. However, once the schoepite reached the
groundwater, its concentration would be oversaturated relative to the soil water, and it would
precipitate and then slowly redissolve. After redissolving, it would be transported vertically
downward through the unsaturated zone in the same way that transport would occur for the
ungrouted case (Tomasko 1997). 
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At the water table, schoepite would mix with initially clean water in the uppermost ground-
water aquifer and be diluted. After mixing and dilution, the contaminants would be transported in
a direction consistent with natural flow. Advection, dispersion, adsorption, and decay would again
influence the transport process (Tomasko 1997). 

Uranium concentrations and activities at the water table for a wet environmental setting are
summarized in Table I.32 for 1,000 years after failure. Values are shown for lateral distances of 0
and 1,000 ft (300 m) downgradient of the facility. For a dry setting, the concentrations would be very
small (nearly zero) and are not shown. Additional details on the calculations for the dry location are
presented in Tomasko (1997). 

The highest uranium groundwater concentrations (270 pCi/L; 1,100 µg/L) would result
from a grouted U3O8 wasteform; the lowest concentrations (188 pCi/L; 760 µg/L) would result from
ungrouted UO2 (see Table I.32). All of the predicted concentrations would exceed the
U.S. Environmental Protection Agency (EPA) proposed maximum contaminant level (MCL) of
20 µg/L (EPA 1996) used for comparison. In all cases, concentrations from grouted wasteforms
would be higher than those from ungrouted forms over the long term. This result occurs because a
larger facility would be required for the grouted wastes, which would, in turn, reduce the amount of
subsequent dilution when the leachate mixes with water in the underlying aquifer. Impacts to
groundwater quality could be reduced by decreasing the size of the facility in a direction parallel to
the direction of groundwater flow, thereby increasing dilution. The relative concentrations for the
decay products formed during transport are reported in Tomasko (1997).

Varying the distance to the receptor from 0 to 1,000 ft (300 m) would have no effect on
concentrations if the uranium was relatively mobile in the soil (a retardation of 5 [Table I.32]). This
result occurs because of hydrological conditions present in the soil beneath the facility in the wet
environment (Tomasko 1997). If the uranium was less mobile and had a retardation coefficient of 50,
the concentration at 1,000 years at a lateral distance of 1,000 ft (300 m) would be about 100 times
less than the concentration directly below the edge of the facility (0 ft) (Table I.32).

I.4.2.2  Vault

The disposal vault would be located in a dry or wet environment. Because of the design of
the facility with a concrete slab roof and other engineered barriers (LLNL 1997), the vault would be
expected to have an effective life ranging from several hundred years to tens of thousands of years.
Failure of this facility would parallel the failure process described for the shallow earthen structure,
and the only impacts to groundwater would be changes in quality once the facility failed completely.

Uranium concentrations in groundwater at 1,000 years for distances of 0 and 1,000 ft
(300 m) from the edge of the vault are given in Table I.32. As for the shallow earthen structure,
concentrations in the dry environment would be nearly zero, and are not presented here. At
1,000 years, uranium concentrations for a relatively mobile uranium species (retardation coefficient
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TABLE I.32  Uranium Activity and Schoepite Concentration in Groundwater
for the Disposal Options at 1,000 Years in a Wet Environmental Setting:
Retardation Factor = 5 or 50

a

Uranium Activity (pCi/L) at Two Distances from 
Edge of Disposal Facility

X = 0 ft X = 1,000 ft

Option/Uranium Oxide Rf = 5 Rf = 50 Rf = 5 Rf = 50

Shallow earthen structure
Grouted U3O8 270 184 270 2.4
Ungrouted U3O8 226 154 226 2.0
Grouted UO2 204 139 204 1.8
Ungrouted UO2 188 128 188 1.7

Vault
Grouted U3O8 315 214 315 2.8
Ungrouted U3O8 264 180 264 2.4
Grouted UO2 209 142 209 1.9
Ungrouted UO2 189 129 189 1.7

Mine
Grouted U3O8 425 3.3 425 0
Ungrouted U3O8 350 2.7 350 0
Grouted UO2 316 2.4 316 0
Ungrouted UO2 289 2.2 289 0

Schoepite (UO3�2H2O) Concentration (µg/L) at 
Two Distances from Edge of Disposal Facility

X = 0 ft X = 1,000 ft

Option/Uranium Oxide Rf = 5 Rf = 50 Rf = 5 Rf = 50

Shallow earthen structure
Grouted U3O8 1,100 740 1,100 9.7
Ungrouted U3O8 910 620 910 8.1
Grouted UO2 820 560 820 7.3
Ungrouted UO2 760 520 760 6.9

Vault
Grouted U3O8 1,300 860 1,300 11
Ungrouted U3O8 1,100 730 1,100 9.7
Grouted UO2 840 570 840 7.7
Ungrouted UO2 760 520 760 6.9

Mine
Grouted U3O8 1,700 13 1,700 0
Ungrouted U3O8 1,400 11 1,400 0
Grouted UO2 1,300 9.7 1,300 0
Ungrouted UO2 1,200 8.9 1,200 0

a
The retardation factor (Rf) describes how readily a contaminant such as uranium moves through the soil to the
groundwater. An Rf of 5 represents a case in which the uranium moves relatively rapidly through the soil,
whereas an Rf of 50 represents a case in which the uranium moves very slowly through the soil.
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of 5) would be the same at 0 and 1,000 ft (300 m) downstream of the facility because of the
hydrological characteristics of the saturated zone (Tomasko 1997). The maximum concentration of
uranium would be 315 pCi/L (1,300 µg/L) for grouted U3O8, and the minimum concentration
(189 pCi/L; 760 µg/L) would occur for ungrouted UO2 (Table I.32). These values would exceed the
proposed EPA MCL of 20 µg/L (EPA 1996) used for comparison. The differences in concentrations
between the different wasteforms primarily results from differences in the size of the facility. That
is, the larger the facility, the greater the concentration because of decreased dilution. Impacts to
groundwater quality could be reduced by decreasing the size of the facility in a direction parallel to
the direction of groundwater flow, thereby increasing dilution (Tomasko 1997). 

If the uranium were less mobile in the saturated zone and had a retardation coefficient of 50,
uranium concentrations at 1,000 ft (300 m) would be about 100 times less than the concentration
directly below the edge of the facility. Because of design considerations (size of the facility), the
concentrations from the vault would be greater than those from the shallow earthen structure by
about a factor of 1.2 (Tomasko 1997). 

I.4.2.3  Mine

For disposal in a mine, waste would be placed in a mine hundreds of feet below the ground
surface to minimize intrusion and potential erosion of a surface cap. The effective life of the mine
would be expected to be thousands of years. As with the shallow earthen structure and vault, the only
impacts to groundwater would be to quality once the facility failed completely. 

If the disposal site were located in a dry environment, all of the resulting uranium
concentrations at 1,000 years would be nearly zero (Tomasko 1997). In a wet climate, the uranium
concentrations would all greatly exceed the proposed EPA MCL if the uranium was mobile
(retardation coefficient of 5) (Table I.32) because the distance from the bottom of the mine to the top
of the next lower aquifer was assumed to be small (100 ft). If the schoepite was less mobile
(retardation coefficient of 50), uranium concentrations in groundwater after 1,000 years would be
much less than the EPA proposed MCL and would be the smallest of all the disposal options
considered (Table I.32) because the mine was assumed to be located at a distance of 100 ft (30 m)
from the water table, whereas the shallow earthen structure and vault were assumed to be 30 ft
(9.1 m) from the underlying aquifer. Impacts to groundwater quality could be reduced by decreasing
the size of the facility in a direction parallel to the direction of groundwater flow, thereby increasing
dilution (Tomasko 1997). 

I.4.3  Ecology

Predicted concentrations of contaminants in groundwater were compared to benchmark
values of toxic and radiological effects to assess impacts to biota. Discussion of assessment
methodology is presented in Appendix C.
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I.4.3.1  Disposal as U3O8

The disposal facilities considered would be expected to adequately prevent the release of
their contents for considerable periods of time. Impacts to ecological resources due to the presence
of the facility would not be expected to occur prior to facility failure. Failure of facility integrity
would result in contamination of groundwater if the facility was located in a wet environmental
setting (typical of the eastern United States, with at least 40 in./yr [100 cm/yr] precipitation).
Groundwater could discharge to the surface (such as in wetland areas) near the facility, thus exposing
biota to contaminants. Groundwater concentrations of schoepite (UO3�2H2O) were calculated for
1,000 years after facility failure (Section I.4.2). Schoepite concentrations would be nearly zero
throughout the time period analyzed for a disposal facility located in a dry environmental setting
(typical of the western United States, with less than 10 in./yr [25 cm/yr] precipitation). Ecological
impacts are summarized in Table I.33.

Failure of a shallow earthen structure disposal facility would result in groundwater concen-
trations of schoepite near the facility ranging from 3.1 × 10-6 to 1.1 × 10-3 g/L (0.003 to 1.5 ppm).
Soluble uranium compounds can produce toxic effects in aquatic biota at concentrations as low as
1.5 × 10-4 g/L (0.15 ppm). An organism continuously exposed to the undiluted groundwater could
therefore be adversely impacted by the toxic effects of uranium. Uranium activity would range from
2.0 to 270 pCi/L (Section I.4.2). Resulting dose rates to maximally exposed organisms would be less |
than 0.015 rad/d, less than 2% of the dose limit of 1 rad/d for aquatic organisms specified in DOE |
Order 5400.5.

Failure of a facility for disposal in vaults would result in groundwater concentrations of
schoepite ranging from 9.7 × 10-6 to 1.3 × 10-3 g/L (0.01 to 1.3 ppm). Therefore an organism
continuously exposed to this undiluted groundwater could be adversely impacted by the toxic effects
of uranium. Uranium activity would range from 2.4 to 315 pCi/L (Section I.4.2). Resulting dose rates
to maximally exposed organisms would be less than 0.015 rad/d, less than 2% of the dose limit of |
1 rad/d. |

Failure of a mine disposal facility would result in groundwater concentrations ranging from
0 to 1.7 × 10-3 g/L (1.7 ppm). Adverse impacts to aquatic biota could result from exposure to soluble
uranium compounds within this concentration range. Uranium activity would range from 0 to
425 pCi/L (Section I.4.2). Resulting dose rates to maximally exposed organisms would be less than |
0.015 rad/d, less than 2% of the dose limit of 1 rad/d. |

I.4.3.2  Disposal as UO2

Groundwater schoepite concentrations resulting from the failure of a facility for disposal
of UO2 would also be nearly zero at 1,000 years for a facility in a dry environmental setting.
Groundwater concentrations for disposal of UO2 in a wet environmental setting would be similar to
those for disposal of U3O8.
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TABLE I.33  Potential Radiological and Chemical Impacts to Aquatic Biota 
due to Failure of a Disposal Facility

Option/Contaminant Maximum Exposure Effect

Disposal as U3O8

Shallow earthen structure

Uranium in groundwater 2.0 to 270 pCi/L Negligible

Uranium in groundwater 3.1 × 10
-6

 to 1.1 × 10
-3

 g/L Moderate

Vault

Uranium in groundwater 2.4 to 315 pCi/L Negligible

Uranium in groundwater 9.7 × 10
-6

 to 1.3 × 10
-3

 g/L Moderate

Mine

Uranium in groundwater 0 to 425 pCi/L Negligible

Uranium in groundwater 0 to 1.7 × 10
-3

 g/L Negligible to moderate

Disposal as UO2

Shallow earthen structure

Uranium in groundwater 1.7 to 204 pCi/L Negligible

Uranium in groundwater 6.9 × 10
-6

 to 8.2 × 10
-4

 g/L Moderate

Vault

Uranium in groundwater 1.7 to 209 pCi/L Negligible

Uranium in groundwater 6.9 × 10
-6

 to 8.4 × 10
-4

 g/L Moderate

Mine

Uranium in groundwater 0 to 316 pCi/L Negligible

Uranium in groundwater 0 to 1.3 × 10
-3

 g/L Negligible to moderate

Failure of a shallow earthen structure facility would result in groundwater concentrations
of schoepite near the facility ranging from 6.9 × 10-6 to 8.2 × 10-4 g/L (0.007 to 0.82 ppm). Soluble
uranium compounds can produce toxic effects in aquatic biota at concentrations as low as
1.5 × 10-4 g/L (0.15 ppm). An organism continuously exposed to the undiluted groundwater could
be adversely impacted by the toxic effects of uranium. Uranium activity would range from 1.7 to
204 pCi/L (Section I.4.2). Resulting dose rates to maximally exposed organisms would be less than |
0.015 rad/d, less than 2% of the dose limit of 1 rad/d. |

Failure of a facility for disposal in vaults would result in groundwater concentrations of
schoepite ranging from 6.9 × 10-6 to 8.4 × 10-4 g/L (0.007 to 0.84 ppm). Therefore, an organism
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continuously exposed to this undiluted groundwater could be adversely impacted by the toxic effects
of uranium. Uranium activity would range from 1.7 to 209 pCi/L (Section I.4.2). Resulting dose rates
to maximally exposed organisms would be less than 0.015 rad/d, less than 2% of the dose limit of |
1 rad/d.

Failure of a mined cavity disposal facility would result in groundwater schoepite
concentrations ranging from 0 to 1.3 × 10-3 g/L (1.3 ppm). Adverse impacts to aquatic biota could
result from exposure to soluble uranium compounds within this concentration range. Uranium
activity would range from 0 to 316 pCi/L (Section I.4.2). Resulting dose rates to maximally exposed
organisms would be considerably lower than the dose limit of 1 rad/d.
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NOTATION  (APPENDIX J)

The following is a list of acronyms and abbreviations, including units of measure, used in this
document. Some acronyms used only in tables are defined in those tables.

ACRONYMS AND ABBREVIATIONS

General

CFR Code of Federal Regulations
DOE U.S. Department of Energy
DOT U.S. Department of Transportation
ICRP International Commission on Radiological Protection
LCF latent cancer fatality
LLNL Lawrence Livermore National Laboratory
LLMW low-level mixed waste
LLW low-level radioactive waste
MEI maximally exposed individual
NEPA National Environmental Policy Act
PEIS programmatic environmental impact statement

Chemicals

CaF2 calcium fluoride
HF hydrogen fluoride; hydrofluoric acid
MgF2 magnesium fluoride
NH3 ammonia
UF6 uranium hexafluoride
UO2 uranium dioxide
U3O8 triuranium octaoxide (uranyl uranate)

UNITS OF MEASURE

ft foot (feet)
h hour(s)
kg kilogram(s)
km kilometer(s)
lb pound(s)
m meter(s)
mrem millirem(s)
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Transportation

The transportation of hazardous and radioactive
materials was assessed for all alternative  strategies
considered in the PEIS for management of the
depleted UF6 inventory currently stored at three
DOE sites. For purposes of analysis, it was
assumed that all long-term storage, conversion,
disposal, and manufacture and use facilities would
be located at different sites, thus requiring the
transportation of materials between sites. The PEIS
transportation assessment considered the impacts
from all shipments associated with each category of
the options that make up the alternatives. The
materials considered include depleted UF6

cylinders, uranium conversion products, chemicals
required for or produced during processing (such as
hydrogen fluoride and hydrochloric acid), as well
as any low-level radioactive, low-level mixed
radioactive, and hazardous waste generated during
operations. The analysis considered both truck and
rail shipment options.

APPENDIX J:

ENVIRONMENTAL IMPACTS OF TRANSPORTATION OF UF 6 CYLINDERS,
URANIUM OXIDE, URANIUM METAL,

AND ASSOCIATED MATERIALS

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites in Paducah, Kentucky; Portsmouth,
Ohio; and Oak Ridge, Tennessee. This
programmatic environmental impact statement
(PEIS) describes alternative strategies that
could be used for the long-term management
of this material and analyzes the potential
environmental consequences of implementing
each strategy for the period from 1999 through |
2039. This appendix provides detailed |
information describing the transportation of
radioactive and other hazardous materials
associated with the options considered in the
PEIS. The discussion provides background
information, as well as a summary of the
estimated environmental impacts associated
with transportation. 

All of the PEIS alternatives would
involve some transportation of radioactive and
hazardous materials. For purposes of the PEIS
analysis, it was assumed that all long-term
storage, conversion, disposal, and manu-
facture and use facilities would be located at
different locations. Thus, transportation would form the links between the options that make up each
of the PEIS alternatives, as shown graphically in Chapter 2, Figures 2.2 through 2.6. In reality, the |
transportation activities actually required by an alternative would depend on the locations of the
facilities involved — if facilities were colocated, the transportation of materials, and any associated
impacts, would be minimized or eliminated.

The transportation assessment considered all shipments associated with the categories of
options that make up each of the PEIS alternatives. The primary uranium materials transported under
these alternatives include depleted UF6 cylinders, uranium oxide (uranium dioxide [UO2] or
triuranium octaoxide [U3O8]), uranium metal, and uranium oxide and uranium metal storage casks
(see Table J.1). Also, each alternative would involve transportation of chemicals required for or
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TABLE J.1  Primary Uranium Materials Transported under Each Management Alternative

Primary Material Transported
a

Depleted UF6 Oxide Uranium
Uranium
Oxide

Uranium
Metal

PEIS Alternative Cylinders (UO2 or U3O8) Metal Casks Casks

No action – – – – –

Long-term storage as UF6  X
b

– – – –

Long-term storage as oxide X X – – –

Use as uranium oxide |X X – X –

Use as uranium metal |X – X – X

Disposal X X – – –

a
In addition to the uranium materials listed, each alternative would also involve the transportation of
chemicals required for or produced during processing, as well as LLW and LLMW.

b
X indicates that the material was assumed to be transported under that PEIS alternative.

produced during processing (such as hydrogen fluoride [HF]), as well as any low-level radioactive
waste (LLW), low-level mixed waste (LLMW), and hazardous chemical waste generated during
operations.

Impacts from the on-site transportation of the various materials at the different facilities
(conversion, storage, manufacture, and disposal) were not computed. On-site transportation impacts |
are expected to be negligible when compared with the impacts associated with the off-site
transportation between facilities. On-site shipments of over 19 miles (30 km) were assessed for the
Hanford site for comparison with off-site shipments analyzed in the Waste Management
Programmatic Environmental Impact Statement (DOE 1997). The on-site impacts were found to be
more than 100 times smaller than the off-site impacts, primarily because of the much shorter
shipment distances involved (Biwer et al. 1996). For the depleted UF6 PEIS, shorter on-site distances
are likely; therefore, the on-site transportation impacts are also expected to be more than 100 times |
smaller than the off-site impacts. The decisions to be made based on this PEIS would not be affected
by on-site transportation impacts. In addition, transportation impacts would be much smaller for
on-site shipments than off-site shipments and would also be smaller than the impacts associated with
loading and unloading shipments for off-site shipments, which were included in the involved worker
doses estimated for facility operations.

Additional details regarding the methodology used to assess transportation impacts are
provided in Biwer et al. (1997).
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J.1  SUMMARY OF TRANSPORTATION OPTION IMPACTS

The potential environmental impacts associated with transportation activities for the PEIS
alternatives are summarized in Table J.2. For purposes of comparison in Table J.2, the analysis was |
based on the assumption that all shipments would be transported a distance of 620 miles (1,000 km),
regardless of the type of material. (Transportation impacts were evaluated for distances ranging from |
155 to 3,100 mi [250 to 5,000 km] in Section J.3.) The assessment considered impacts on human
health that would result from the radioactive and hazardous chemical characteristics of the materials
shipped, as well as the impacts that would result from operation of the transportation vehicles.
Additional discussion and details related to the results for individual areas of impact are provided
in Section J.3.

Various options were considered for each alternative, including the following
transportation-related steps:

• No Action Alternative.  No off-site transportation is expected under the
no action alternative, except for a few LLW and LLMW shipments. Minor
amounts of LLW and LLMW may be generated during monitoring and
maintenance activities associated with the storage of the depleted UF6

cylinders at their current locations. Fewer than one shipment per year to a
disposal site would be expected for the waste generated, and no fatalities
would be anticipated from waste shipments. Shipment impacts are expected
to be negligible, similar to LLW and LLMW shipments from the cylinder
treatment facility or the cylinder transfer facility as considered under other
alternatives.

• Long-Term Storage as UF6.  Long-term storage as UF6 would involve trans-
portation of the depleted UF6 cylinders from the three existing storage sites to
a long-term storage facility. The cylinders might be shipped in overcontainers.
If a transfer facility were used to alleviate the problem of substandard
cylinders before shipment of the UF6, shipment of LLW and LLMW from the
transfer facility would be required.

• Long-Term Storage as Oxide.  Long-term storage as oxide (UO2 or U3O8)
would involve transportation of the depleted UF6 cylinders to an oxide
conversion plant. The conversion facility would also require inbound
shipments of ammonia and outbound shipments of HF and waste. Cleaning of
the empty cylinders at a cylinder treatment facility colocated with the
conversion facility would require outbound shipments of U3O8 and waste. The
final transportation step would be shipment of the oxide to the long-term
storage facility.
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TABLE J.2  Summary of Transportation Impacts by Alternative
a

Impacts from Long-Term Impacts from Long-Term Impacts from Use as Impacts from Use as Impacts from
Storage as UF6 Storage as Oxide Uranium Oxide Cask Uranium Metal Cask Disposal

Total Shipments:  
LLW (cylinder transfer):   460 – 580
LLMW (cylinder transfer):  60
Cylinders:  11,606 – 46,666

Total Shipments:  
LLW (cylinder transfer):  460 – 580
LLMW (cylinder transfer):  60
Cylinders:  11,606 – 46,666
HF:  0 – 4,860
NH3:  0 – 1,120
LLW (oxide conversion):  

320 – 1,680
LLMW (oxide conversion):  20 – 40
CaF2: 180 – 19,760
Oxide:  8,480 – 26,800

Total Shipments:  
LLW (cylinder transfer):  460 –
580
LLMW (cylinder transfer):  60
Cylinders:  11,606 – 46,666
HF:  0 – 4,860
NH3:  0 – 1,120
LLW (UO2 conversion):  

360 – 1,680
LLMW (UO2 conversion):  20 – 40
CaF2: 180 – 19,760
Oxide:  8,480 – 26,800
LLW (cask manufacture):  300
LLMW (cask manufacture):  20
Uranium oxide casks:  9,600

Total Shipments:  
LLW (cylinder transfer):  460 – 580
LLMW (cylinder transfer):  60
Cylinders:  11,606 – 46,666
HF:  1,640
NH3:  920
LLW (metal conversion):  

360 – 3,840
LLMW (metal conversion):  20
MgF2: 3,800 – 10,780
Metal:  7,360 – 21,500
LLW (cask manufacture):  1,540
LLMW (cask manufacture):  20
Uranium metal casks:  9,060

Total Shipments:  
LLW (cylinder transfer):  460 – 580
LLMW (cylinder transfer):  60
Cylinders:  11,606 – 46,666
HF:  0 – 4,860
NH3:  0 – 1,120
LLW (oxide conversion):  

320 – 1,680
LLMW (oxide conversion):  20 – 40
CaF2: 180 – 19,760
Oxide:  8,480 – 26,800

Human Health – Normal Operations: Radiological
b

Workers and Public:
Total number of LCFs:  0.1

Maximum risk of LCF to MEI
member of general public (resident
along route):  

9 × 10
-15

 – 8 × 10
-12

Workers and Public:
Total number of LCFs:  0.1 – 0.3

Maximum risk of LCF to MEI
member of general public (resident
along route):  

9 × 10
-15

 – 8 × 10
-12

Workers and Public:
Total number of LCFs:  0.1 – 0.3

Maximum risk of LCF to MEI
member of general public (resident
along route):  

9 × 10
-15

 – 8 × 10
-12

Workers and Public:
Total number of LCFs:  0.1 – 0.2

Maximum risk of LCF to MEI
member of general public (resident
along route): 

9 × 10
-15

 – 8 × 10
-12

Workers and Public:
Total number of LCFs:  0.1 – 0.3

Maximum risk of LCF to MEI
member of general public (resident
along route):

9 × 10
-15

 – 8 × 10
-12

Human Health – Normal Operations: Chemical

Workers and Public:
Fatalities from vehicle exhaust
emissions:  0.04 – 0.2

Workers and Public:
Fatalities from vehicle exhaust
emissions:  0.08 – 0.4

Workers and Public:
Fatalities from vehicle exhaust
emissions:  0.1 – 0.5

Workers and Public:
Fatalities from vehicle exhaust
emissions:  0.08 – 0.4

Workers and Public:
Fatalities from vehicle exhaust
emissions:  0.08 – 0.4
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TABLE J.2  (Cont.)

Impacts from Long-Term Impacts from Long-Term Impacts from Use as Impacts from Use as Impacts from
Storage as UF6 Storage as Oxide Uranium Oxide Cask Uranium Metal Cask Disposal

Human Health – Accidents: Radiological
b

Overall accident risk (LCFs):
0.00007 – 0.0005

Bounding accident:
UF6 cylinder rail accident 
in urban area

Bounding accident frequency:  
1 × 10

-9
 per railcar-km

Bounding accident consequences
 to population within 50 miles (per
occurrence):  60 LCFs

Bounding accident consequences 
to MEI (per occurrence): 

Risk of LCF: 0.002

Overall accident risk (LCFs):
0.001 – 0.007

Bounding accident:
UF6 cylinder rail accident 
in urban area

Bounding accident frequency:
1 × 10

-9
 per railcar-km

Bounding accident consequences
 to population within 50 miles (per
occurrence): 60 LCFs

Bounding accident consequences 
to MEI (per occurrence): 

Risk of LCF: 0.002

Overall accident risk (LCFs):
0.001 –  0.007

Bounding accident:
UF6 cylinder rail accident 
in urban area

Bounding accident frequency:
1 × 10

-9
 per railcar-km

Bounding accident consequences 
to population within 50 miles (per
occurrence): 60 LCFs

Bounding accident consequences 
to MEI (per occurrence): 

Risk of LCF: 0.002

Overall accident risk (LCFs):
0.00007 – 0.0005

Bounding accident:
UF6 cylinder rail accident 
in urban area

Bounding accident frequency:
1 × 10

-9
 per railcar-km

Bounding accident consequences
 to population within 50 miles (per
occurrence):  60 LCFs

Bounding accident consequences 
to MEI (per occurrence): 

Risk of LCF: 0.002

Overall accident risk (LCFs):
0.001 – 0.007

Bounding accident:
UF6 cylinder rail accident 
in urban area

Bounding accident frequency:
1 × 10

-9
 per railcar-km

Bounding accident consequences 
to population within 50 miles (per
occurrence):  60 LCFs

Bounding accident consequences 
to MEI (per occurrence): 

Risk of LCF: 0.002



T
ra

n
sp

o
rta

tio
n

J-6
D

e
p

le
te

d
 U

F6  P
E

IS

TABLE J.2  (Cont.)

Impacts from Long-Term Impacts from Long-Term Impacts from Use as Impacts from Use as Impacts from
Storage as UF6 Storage as Oxide Uranium Oxide Cask Uranium Metal Cask Disposal

Human Health – Accidents: Chemical

Overall accident risk 
(irreversible adverse effects):

1 × 10
-6

 – 0.00003

Bounding accident:
UF6 cylinder rail accident 
in urban area

Bounding accident frequency:  
1 × 10

-9
 per railcar-km

Bounding accident consequences 
to population within 50 miles 
(per occurrence): 

up to 4 irreversible adverse 
effects

Bounding accident consequences 
to MEI (per occurrence):  expected

irreversible adverse effects

Overall accident risk 
(irreversible adverse effects):  

0.5 – 20

Bounding accident:
HF rail accident in urban area

Bounding accident frequency:  
1 × 10

-9
 per railcar-km

Bounding accident consequences 
to population within 50 miles 
(per occurrence): 

up to 30,000 irreversible adverse
effects

Bounding accident consequences
 to MEI (per occurrence):  expected

irreversible adverse effects

Overall accident risk 
(irreversible adverse effects):  

0.5 – 20

Bounding accident:
HF rail accident in urban area

Bounding accident frequency:  
1 × 10

-9
 per railcar-km

Bounding accident consequences 
to population within 50 miles 
(per occurrence): 

up to 30,000 irreversible adverse
effects

Bounding accident consequences
 to MEI (per occurrence):  expected 

irreversible adverse effects

Overall accident risk 
(irreversible adverse effects):  

7

Bounding accident:
HF rail accident in urban area

Bounding accident frequency:  
1 × 10

-9
 per railcar-km

Bounding accident consequences 
to population within 50 miles 
(per occurrence): 

up to 30,000 irreversible adverse
effects

Bounding accident consequences 
to MEI (per occurrence):  expected 

irreversible adverse effects

Overall accident risk 
(irreversible adverse effects):  

0.5 – 20

Bounding accident:
HF rail accident in urban area

Bounding accident frequency:  
1 × 10

-90
 per railcar-km

Bounding accident consequences 
to population within 50 miles 
(per occurrence): 

up to 30,000 irreversible adverse
effects

Bounding accident consequences 
to MEI (per occurrence):  expected

irreversible adverse effects

Human Health — Accidents: Physical Hazards

Total traffic fatalities:  0.6 – 2 Total traffic fatalities:  1 – 4 Total traffic fatalities:  2 – 4 Total traffic fatalities:  1 – 3 Total traffic fatalities:  1 – 4

a
Shipping distance of 621 miles (1,000 km) for all materials; vehicle-related impacts were based on round-trip distance. The no action alternative is not included in this table (see Table J.1). Fewer
than one off-site shipment per year to a disposal site would be expected for the minor amounts of LLW and LLMW generated during monitoring and maintenance activities under this alternative.

b
Radiological LCFs were estimated from the calculated dose using dose-to-risk conversion factors of 0.0005 and 0.0004 fatalities per person-rem for members of the general public and
occupational workers, respectively, as recommended in Publication 60 of the International Commission on Radiological Protection (ICRP 1991). The approximate corresponding dose for each of
the radiological fatality risks listed in this table may be obtained by multiplying the fatality risk by 2,500 (i.e., 1 ÷ 0.0004).

Notation: CaF2 = calcium fluoride; HF = hydrogen fluoride; LCF = latent cancer fatality; LLW = low-level radioactive waste; LLMW = low-level mixed waste; MEI = maximally exposed
individual; MgF2 = magnesium fluoride; NH3 = ammonia; UF6 = uranium hexafluoride; UO2 = uranium dioxide.
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• Use as Uranium Oxide Casks.  Use as uranium oxide casks would involve
transportation of the depleted UF6 cylinders to a UO2 conversion plant. The
conversion facility would also require inbound shipments of ammonia and
outbound shipments of HF and waste. Cleaning of the empty cylinders at a
cylinder treatment facility colocated with the conversion facility would require
outbound shipments of U3O8 and waste. The UO2 would be transported to a
cask manufacturing facility, which would also generate some waste for
shipment to disposal. Finally, the casks would be shipped to an end user.

• Use as Uranium Metal Casks.  Use as uranium metal casks would involve
transportation of the depleted UF6 cylinders to a metal conversion plant. The
conversion facility would also require inbound shipments of ammonia and
outbound shipments of HF and waste. Cleaning of the empty cylinders at a
cylinder treatment facility colocated with the conversion facility would require
outbound shipments of U3O8 and waste. The metal would be transported to a
cask manufacturing facility, which would also generate some waste for
shipment to disposal. Finally, the casks would be shipped to an end user.

• Disposal.  The disposal option would involve the same transportation steps
required for  long-term storage as oxide, except that the final shipments of
oxide would be sent to a disposal facility rather than a storage facility.

The transportation impacts in Table J.2 are presented as ranges of values. The ranges reflect
differences in risk between truck and rail modes and differences in the types and quantities of
materials required within a given option. The following is a general summary of potential impacts
from transportation activities (based on information in Table J.2 and additional detailed information
in Section J.3):

• The analysis of transportation risks presented in Table J.2 was based on the
assumption that all shipments would travel a distance of 620 miles (1,000 km)
and that essentially the entire inventory of DOE-generated depleted uranium |
would be shipped between long-term storage, conversion, manufacture and
use, and disposal facilities. Transportation risks would be reduced or
eliminated by colocating facilities or minimizing shipment distances between
facilities.

• In general, the greatest risk from transportation would result from vehicle-
related physical hazards, that is, potential fatalities caused by the physical
trauma received during transportation accidents, independent of the material
transported. This risk would increase directly with the number of shipments
and shipment distance. 
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• The overall transportation risk resulting from the radioactive characteristics
of the transported material would be small, generally less than one-tenth of the
risk from vehicle-related causes for a given shipment.

• The overall transportation risk resulting from the hazardous chemical charac-
teristics of the transported material would also be small, generally less than
one-tenth of the risk from vehicle-related causes for most shipments.

• There is potential for low-probability, severe transportation accidents that
could have large consequences. The accidents with the largest potential conse-
quences would be rail accidents involving a tank car containing HF. Under
unfavorable weather conditions, the HF released from these accidents could
result in approximately 10 irreversible adverse effects in a rural environment
or approximately 30,000 irreversible adverse effects in an urban environment.
These impacts are discussed in Section J.3.4.2.

• Within each material category, the total transportation risk would be
dominated by shipments of depleted UF6 cylinders, U3O8, UO2, uranium
metal, and uranium oxide and uranium metal casks because of the large
number of shipments required for these materials. Shipments of waste and
process chemicals would not contribute significantly to the overall risk, except
for potential shipments of the ammonia required for some conversion options
and the HF by-product associated with some conversion options.

• In general, rail transportation would result in a slightly lower overall risk than
truck transportation for the same amount of material, due primarily to higher
rail shipment capacities and therefore fewer shipments. 

J.2  TRANSPORTATION MODES

This assessment of transportation impacts was based on data provided in the engineering
analysis report (Lawrence Livermore National Laboratory [LLNL 1997]). For each category of
option assessed in the PEIS, the engineering analysis report provides estimates of the types,
characteristics, and quantities of each material that would require transportation. 

J.2.1  Truck Transportation

Truck transportation was considered for all materials shipped, except for some bulk ship-
ments of HF, ammonia, and spent nuclear fuel casks (which are too large for road transport). Truck
shipments would generally be in legal-weight semitrailer trucks, consistent with current practices.
The maximum gross vehicle weight for truck shipments is limited by the U.S. Department of
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Transportation (DOT) to 80,000 lb (36,400 kg). Truck shipments of depleted UF6 were assumed to
consist of a single cylinder per trailer. Shipments of conversion products and waste materials would
generally be near the maximum allowed by weight limitations.

J.2.2  Rail Transportation

Rail transportation was considered as an option to truck transportation for the shipment of
bulk materials where the amount of material shipped would justify the use of full railcars. These
materials would include depleted UF6 cylinders and conversion products. For rail transportation, the
average payload weights for boxcars range from 100,000 to 150,000 lb (45,000 to 68,000 kg). Rail
shipments of depleted UF6 were assumed to consist of four cylinders per railcar, with transport by
regular freight train service. In general, rail transportation was not considered for shipments of waste
materials and most chemicals generated or used during processing because the annual volumes of
these materials would be much less than typical railcar capacities.

J.2.3  Transportation Options Considered But Not Analyzed in Detail

Air and barge transportation options were considered but not analyzed in detail. Air
transportation would be prohibitively expensive and is not practical for shipping waste and large
amounts of material. The use of barge transportation for the depleted UF6 cylinders, conversion
products, or manufactured products was considered but not examined in detail because sites for the
proposed facilities under consideration in the PEIS have not yet been determined. Generic input
parameters to estimate the risks associated with barge transport are not as readily applicable as they
are for truck or rail transport because of the fixed and limited nature of the inland and coastal
waterways.

The use of barge transport for bulk shipments of depleted uranium materials would be a
viable alternative if both the shipping and receiving sites were located near the U.S. inland or coastal
waterway systems. In general, the risk per shipment would be approximately the same as for a truck
or rail (one railcar) shipment, but fewer shipments would be necessary and the costs per ton-mile
much lower. The primary risks to workers would occur during loading and unloading operations.
Risks to the public could occur in the vicinity of locks when the barges were stopped during their
passage through the locks and from accidents that might result in potential releases to the environ-
ment. Barge transport of the depleted UF6 cylinders from the existing storage sites would first require
truck or rail transport to the nearest river port, approximately 20 to 25 miles (32 to 40 km) for the
Portsmouth and Paducah sites and approximately 1 mile (1.6 km) for the K-25 site.
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J.3  IMPACTS OF OPTIONS

The potential environmental impacts associated with transportation activities are
summarized in this section. Additional information related to the assessment methodologies for each
area of impact is provided in Appendix C.

J.3.1  General Assumptions

The environmental impacts from transportation were evaluated for each category of option
(i.e., cylinder preparation, conversion, long-term storage, manufacture and use, and disposal) on the
basis of information described in the engineering analysis report (LLNL 1997). The materials
transported for each option category are summarized in Table J.3, along with the origin and
destination sites for each material and an indication of whether the material poses a radiological,
chemical, or vehicle-related risk. The following general assumptions apply to the assessment of
impacts:

• Because sites for long-term storage, conversion, disposal, and manufacture
and use will not be selected or known until some time in the future, transpor-
tation impacts for each material were estimated as the risk per kilometer
traveled, using representative national average route statistics. For compari-
son, total transportation impacts are presented for shipment distances of 155,
620, and 3,100 miles (250, 1,000, and 5,000 km).

• The assessment of total transportation impacts was based on the assumption
that the entire inventory of depleted uranium would be shipped between long-
term storage, conversion, manufacture and use, and disposal facilities. 

• National average accident occurrence rates (accidents per million miles) and
fatality rates (accident fatalities per million miles) were used for accident
calculations for truck and rail shipments.

• Transportation impacts were estimated for all shipments of depleted UF6

cylinders, uranium conversion products, chemicals required for or produced
during processing (such as HF and ammonia), as well as any LLW and
LLMW generated during operations. Some conversion options would produce
large quantities of calcium fluoride (CaF2) or magnesium fluoride (MgF2). |
CaF2 can be used or disposed of as either sanitary waste or LLW, depending
on the residual uranium concentration and applicable regulatory release limits
at the time of disposal. Similarly, MgF2 can be disposed of as sanitary waste
or LLW.
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TABLE J.3  Summary of Materials Transported for Each Transportation Option

Risk

Option Category Material Transported Radiological Chemical Vehicular Origin Site Destination Site

Cylinder preparation LLW X X X UF6 current locations LLW disposal site
LLMW X X X UF 6 current locations LLMW treatment/disposal site
Hazardous waste X X X UF6 current locations Hazardous waste disposal site

Conversion Depleted UF6 X X X Current locations Conversion site
LLW X X X Conversion site LLW disposal site
LLMW X X X Conversion site LLMW treatment/disposal site
Hazardous waste |– X X Conversion site Hazardous waste disposal site
U3O8 X X X Cylinder treatment facility Storage or disposal site
LLW X X X Cylinder treatment facility LLW disposal site
LLMW X X X Cylinder treatment facility LLMW treatment/disposal
Hazardous waste |– X X Cylinder treatment facility Hazardous waste disposal
HF and NH3 (various combinations,

depending on conversion option)
– X X Chemical manufacturer 

or conversion site
Conversion or disposal site

CaF2 – – X Conversion site LLW disposal site
MgF2 – – X Conversion site LLW disposal site

Long-term storage Depleted UF6 X X X Current locations Long-term storage site
UO2 or U3O8 X X X Conversion site Long-term storage site

Manufacture and use Uranium metal or UO2 X X X Conversion site Manufacturing site
LLW X X X Manufacturing site LLW disposal site
LLMW X X X Manufacturing site LLMW treatment/disposal site
Uranium oxide or uranium metal casks X – X Manufacturing site End user

Disposal UO2 or U3O8 X X X Conversion or storage site Disposal site (shallow earthen 
structure, vault, or mine)
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• For the various options, the transportation risk for a number of shipments
listed in the engineering analysis report (LLNL 1997) are not included in this
PEIS because they would not pose a radiological risk or a chemical fatality
risk. Such shipments include chemicals used for processing (hydrochloric
acid, sodium hydroxide, and nitric acid) and output hazardous waste for most
facilities. The acids would not be in concentrated form, and sodium hydroxide
is not an inhalation hazard. Relatively few drums of hazardous waste would
be generated with minor amounts per drum, typically less than 1 or 2 kg of
hazardous material, some of which would not be an inhalation hazard. 

• In general, transportation activities were assumed to take place over a 20-year
period, consistent with the operational period of the facilities considered.

J.3.2  Impacts Considered

The transportation of depleted uranium and associated materials would pose potential risks
to human health and the environment. These risks would result from both the radioactive and
chemical nature of the materials transported, as well as from operation of the transportation vehicles.
The potential risks are discussed in this section. Additional details are given in Appendix C. The
collective risks are presented in terms of the expected number of fatalities (or potentially life-
threatening effects for chemical impacts) among the general public from all shipments for per-
shipment distances ranging from 155 to 3,100 miles (250 to 5,000 km). The risks are presented for
both truck and rail options, where appropriate.

J.3.2.1  Human Health — Normal Operations

J.3.2.1.1  Radiological Impacts

Radiological risk associated with routine transportation would result from the potential
exposure of people to low levels of external radiation near a radioactive shipment. External
exposures could occur as shipments moved past members of the public along routes or while the
shipment was stopped along the route. No radioactive materials would be released during routine
operations. Collective risks were estimated for the transportation crew members and for members
of the public living and working along the transportation routes, sharing the routes, and present at
stops along the routes.

In addition to assessing the routine collective population risk, risks to the maximally
exposed individual (MEI) were estimated for a number of hypothetical exposure scenarios; these
risks are listed in Table J.4. The scenarios include exposure of persons living next to a shipment
route or being next to a shipment while stopped in traffic. The scenarios were chosen to provide a



Transportation J-13 Depleted UF6 PEIS

TABLE J.4  Definition of Maximally Exposed Individuals for Assessment of Routine
Transportation Risk

Distance
Maximally Exposed Individual Assumptions (m) Exposure Duration

Inspector (truck and rail) Federal or state vehicle inspector, not
covered by a dosimetry program

3 30 minutes

Resident (truck and rail) Person living near a site shipment
entrance, not protected by shielding

30 Shipments pass at
average speed of
24 km/h

Person at traffic obstruction
(truck and rail) 

Person stopped next to a radioactive
material shipment due to traffic or
other causes, not protected by shielding

1 30 minutes

Person at truck service station Worker at a truck stop 20 2 hours

Resident near a rail stop Resident living near a rail classification
yard, not protected by shielding

200 20 hours

range of exposure conditions; they were not intended to be all inclusive. For the transportation-
related radiological impacts assessed in this PEIS, all those resulting from external radiation during
routine transport would be very small because the highest level of radiation from any one shipment
would be less than 1 mrem/h at a distance of 3.3 ft (1 m) from the transport vehicle. This dose rate
is more than 10 times less than the regulatory limit of 10 mrem/h at 6.6 ft (2 m) from the transport
vehicle, as directed by the DOT (49 Code of Federal Regulations [CFR] Part 173) and the
U.S. Nuclear Regulatory Commission (10 CFR Part 71).

J.3.2.1.2  Chemical Impacts 

The analysis assumed that no leaks would occur in the shipping packages during normal
transport. Therefore, no impacts on human health would be related directly to the hazardous nature
of chemical shipments during routine operations.

J.3.2.1.3  Vehicle-Related Impacts (Chemical Hazards)

Vehicle-related health risks are independent of the nature of the cargo and would be
incurred for similar shipments of any commodity. The routine risks assessed might be caused by
potential exposure to increased levels of airborne particulates from vehicular exhaust emissions and
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from fugitive dust raised from the roadbed by the transport vehicle. The health endpoint assessed was
the excess (additional) latent mortality caused by inhalation of these particulates in urban areas
where ambient particulate air concentrations already exceed threshold values thought to be necessary
before adverse effects are observed. It was assumed that a latent mortality is equivalent to a latent
cancer fatality.

J.3.2.2  Human Health — Accident Conditions

J.3.2.2.1  Radiological Impacts

Radiological impacts from transportation-related accidents could result from the potential
release and dispersal of radioactive material into the environment during an accident and the
subsequent exposure of people through multiple pathways, such as exposure to contaminated soil,
inhalation, or ingestion of contaminated food. The radiological impacts are expressed in terms of
latent cancer fatalities (LCFs). No acute effects would be expected for the materials relevant to the
action under consideration in this PEIS.

The collective accident risks from radiological causes over the life of the project have been
estimated for all radioactive material shipments for each option category (see Table J.3 for a list of
shipments). The accident risk estimates were based not only on the consequences of potential
accidents but also on the probabilities that accidents would occur. 

Although the overall radiological accident risk would be small for all shipments, there
would be potential for low-probability, severe transportation accidents that could have relatively
large consequences. Population and MEI impacts were estimated for such accidents.

J.3.2.2.2  Chemical Impacts

Chemical impacts from transportation-related accidents could result from the potential
release and dispersal of hazardous chemicals into the environment during an accident and the
subsequent exposure of people through the inhalation pathway. None of the hazardous chemicals
involved in the action under consideration are suspected carcinogens, and any acute effects from
ingestion or dermal absorption of the contaminants would be expected to be dominated by inhalation
effects. The collective accident risks from chemical causes were estimated in the same manner as
the radiological risks, taking into account accident probability, the spectrum of accident severities,
and accident consequences. The health endpoints presented are potential irreversible adverse effects
and expected fatalities, which are discussed in detail in Appendix C and Policastro et al. (1997).
Population and MEI consequences from potentially severe accidents are presented.
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J.3.2.2.3  Vehicle-Related Impacts (Physical Hazards)

Accident risks from physical hazards are vehicle-related risks that result from the physical
trauma created by accidents; such risks are not related to the shipment’s cargo. Physical hazard risks
represent fatalities from mechanical causes and were determined from fatality rates based on national
average statistics maintained by the DOT for truck and rail transportation (Saricks and Kvitek 1994).

J.3.3  Cylinder Preparation Options

Two options were evaluated for preparing nonconforming cylinders for off-site transpor-
tation to either a conversion facility or a long-term storage site (see Appendix E). These problem
cylinders were classified into three types: (1) overfilled cylinders, (2) overpressurized cylinders, and
(3) substandard cylinders. Each of the two cylinder preparation options would prepare all three types
of cylinders to meet all DOT requirements for off-site shipment.

J.3.3.1  Cylinder Overcontainers

An overcontainer would be suitable to contain, transport, and store the cylinder contents,
regardless of cylinder condition, and could be designed as a pressure vessel enabling liquefaction of
the depleted UF6 for transfer out of the cylinder. Because only minimal cylinder handling operations
would be required to load substandard cylinders into an overcontainer, no chemical transportation
risks would be associated with this option. Potential risks associated with the transportation of
depleted UF6 cylinders in protective overcontainers are presented in Sections J.3.4.1 and J.3.5.1 for
the conversion options and long-term storage options, respectively. 

J.3.3.2  Cylinder Transfer Facility

The alternative to placing nonconforming cylinders into overcontainers would be to transfer
the depleted UF6 to new cylinders. A facility necessary to effect such a transfer was assumed to be
colocated at each of the three existing sites where the cylinders are currently stored. Therefore, the
only transportation risks would be from minor amounts of chemicals used at the facility and small
amounts of LLW and LLMW generated at the facility.

The total collective radiological risks (i.e., the total risk to all workers and members of the
general public potentially exposed) for shipments associated with the cylinder transfer option are
summarized in Tables J.5 and J.6 for routine and accident risks, respectively. Routine risks to MEIs
are summarized in Table J.7, whereas potential severe accident consequences to local populations
from radiological and chemical hazards are summarized in Tables J.8 and J.9, respectively. Accident
consequences to MEIs are summarized in Table J.10.
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TABLE J.5  Total Routine Shipment Risks for the Transportation of Materials for the Cylinder Preparation 
and Conversion Options

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Facility/Material Mode Shipments

a
LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF

Cylinder transfer facility

LLW Truck 460 – 580 0.00004 –
0.00005

0 0.0005 –
0.0007

0.0001 –
0.0002

0 0.002 –
0.003

0.0007 –
0.0009

0 0.01

LLMW Truck 20 2 × 10
-8

0 0.00002 1 × 10
-7

0 0.00009 5 × 10
-7

0 0.0005

Depleted UF6 cylinders
d

Paducah Truck 28,513 0.02 0 0.03 0.08 0 0.1 0.4 0 0.7

Rail 7,129 0.01 0 0.005 0.02 0 0.02 0.06 0 0.1

Portsmouth Truck 13,421 0.009 0 0.02 0.04 0 0.06 0.2 0 0.3

Rail 3,356 0.005 0 0.003 0.008 0 0.01 0.03 0 0.05

Oak Ridge Truck 4,732 0.003 0 0.006 0.01 0 0.02 0.06 0 0.1

Rail 1,183 0.002 0 0.0009 0.003 0 0.004 0.01 0 0.02

UF6 with overcontainers

Paducah Truck 28,351 0.01 0 0.03 0.04 0 0.1 0.2 0 0.7

Rail 7,088 0.009 0 0.005 0.01 0 0.02 0.03 0 0.1

Portsmouth Truck 13,388 0.005 0 0.02 0.02 0 0.06 0.09 0 0.3

Rail 3,347 0.004 0 0.003 0.006 0 0.01 0.01 0 0.05

Oak Ridge Truck 4,683 0.002 0 0.005 0.006 0 0.02 0.03 0 0.1

Rail 1,171 0.001 0 0.0009 0.002 0 0.004 0.005 0 0.02
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TABLE J.5  (Cont.)

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Facility/Material Mode Shipments

a
LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF

U3O8 conversion facility

Ammonia Truck 0 – 520 NA 0 0 – 0.0006 NA 0 0 – 0.002 NA 0 0 – 0.01

LLW Truck 320 – 1,420 0.00002 –
0.0001

0 0.0004 –
0.002

0.00009 –
0.0005

0 0.001 –
0.007

0.0005 –
0.003

0 0.007 –
0.03

LLMW Truck 20 2 × 10
-8

0 0.00002 1 × 10
-7

0 0.00009 5 × 10
-7

0 0.0005

HF Rail 0 – 4,860 NA 0 0 – 0.004 NA 0 0 – 0.01 NA 0 0 – 0.07

CaF2 Truck 460 – 19,760 NA 0 0.0005 –
0.02

NA 0 0.002 –
0.09

NA 0 0.01 – 0.5

Rail 180 –7,300 NA 0 0.0001 –
0.005

NA 0 0.0005 –
0.02

NA 0 0.003 –
0.01

UO2 conversion facility

Ammonia Rail 960 – 1,120 NA 0 0.0007  –
0.0008

NA 0 0.003 NA 0 0.01 –
0.02

LLW Truck 360 – 1,680 0.00007 –
0.0003

0 0.0004 –
0.002

0.0003 –
0.001

0 0.002 –
0.008

0.001 –
0.006

0 0.008 –
0.04

LLMW Truck 20 – 40 2 × 10
-8

 – 
5 × 10

-8
0 0.00002 –

0.00005
1 × 10

-7
 –

2 × 10
-7

0 0.00009 –
0.0002

5 × 10
-7

 –
1 × 10

-6
0 0.0005 –

0.0009

HF Rail 0 – 4,860 NA 0 0 – 0.004 NA 0 0 – 0.01 NA 0 0 – 0.07

CaF2 Truck 460 – 19,760 NA 0 0.0005 –
0.02

NA 0 0.002 –
0.09

NA 0 0.01 – 0.5

Rail 180 –7,300 NA 0 0.0001 –
0.005

NA 0 0.0005 –
0.02

NA 0 0.003 –
0.01
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TABLE J.5  (Cont.)

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Facility/Material Mode Shipments

a
LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF

Uranium metal conversion facility

Ammonia Rail 920 NA 0 0.0007 NA 0 0.003 NA 0 0.01

LLW Truck 360 – 3,840 0.00003 –
0.004

0 0.0004 –
0.004

0.0001 –
0.02

0 0.002 –
0.02

0.0006 –
0.08

0 0.008 –
0.09

LLMW Truck 20 2 × 10
-8

 – 
7 × 10

-8
0 0.00002 1 × 10

-7
 – 

3 × 10
-7

0 0.00009 5 × 10
-7

 – 
1 × 10

-6
0 0.0005

HF Rail 1,640 NA 0 0.001 NA 0 0.005 NA 0 0.02

MgF2 Truck 10,320 –
10,780

NA 0 0.01 NA 0 0.05 NA 0 0.2 – 0.3

Rail 3,800 –
3,980

NA 0 0.003 NA 0 0.01  NA 0 0.06

Cylinder treatment facility

U3O8 Truck 22 0.00004 0 0.00003 0.0002 0 0.0001 0.0008 0 0.0005

LLW Truck 88 3 × 10
-7

0 0.0001 1 × 10
-6

0 0.0004 5 × 10
-6

0 0.002

LLMW Truck 20 4 × 10
-9

0 0.00002 2 × 10
-8

0 0.00009 8 × 10
-8

0 0.0005

a
Risks for rail transport were estimated on a railcar basis; therefore, the number of railcars was used for the total number of rail shipments.

b
Radiological LCFs were estimated from the calculated doses using dose-to-risk conversion factors of 0.0005 and 0.0004 fatality per person-rem for members of the general public and
occupational workers, respectively, as recommended in ICRP Publication 60 (ICRP 1991). The approximate corresponding dose received for each radiological fatality risk listed in this table
may be obtained by multiplying the fatality risk by 2,500 (i.e., 1 ÷ 0.0004).

c
Potential for irreversible adverse effects from chemical exposures. Exposure to HF or uranium compounds was estimated to result in fatality for approximately 1% or less of those persons
experiencing irreversible adverse effects (Policastro et al. 1997). Exposure to ammonia was estimated to result in fatality for approximately 2% or less of those persons experiencing irreversible
adverse effects.

d
Includes the estimate for additional cylinders required to handle the depleted uranium in overfilled containers.
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TABLE J.6  Total Accident Shipment Risks for the Transportation of Materials for the Cylinder Preparation 
and Conversion Options

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Facility/Material Mode Shipments

a
LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities

Cylinder transfer facility

LLW Truck 460 – 580 1 × 10
-9

 –
2 × 10

-9
0 0.004 –

0.006
5 × 10

-9
 –

6 × 10
-9

0 0.02 3 × 10
-8

0 0.1

LLMW Truck 20 1 × 10
-12

0 0.0002 5 × 10
-12

0 0.0009 2 × 10
-11

0 0.004

Depleted UF6 cylinders
d

Paducah Truck 28,513 0.00008 5 × 10
-6

0.3 0.0003 0.00002 1 0.002 0.0001 6

Rail 7,129 0.00001 2 × 10
-7

0.08 0.00004 7 × 10
-7

0.3 0.0002 4 × 10
-6

2

Portsmouth Truck 13,421 0.00004 2 × 10
-6

0.1 0.0002 0.00001 0.5 0.0008 0.00005 3

Rail 3,356 5 × 10
-6

8 × 10
-8

0.04 0.00002 3 × 10
-7

0.2 0.0001 2 × 10
-6

0.8

Oak Ridge Truck 4,732 0.00001 8 × 10
-7

0.05 0.00005 3 × 10
-6

0.2 0.0003 0.00002 0.9

Rail 1,183 2 × 10
-6

3 × 10
-8

0.01 7 × 10
-6

1 × 10
-7

0.06 0.00003 6 × 10
-7

0.3

UF6 with overcontainers

Paducah Truck 28,351 0.00008 5 × 10
-6

0.3 0.0003 0.00002 1 0.002 0.0001 6

Rail 7,088 0.00001 2 × 10
-7

0.08 0.00004 7 × 10
-7

0.3 0.0002 4 × 10
-6

2

Portsmouth Truck 13,388 0.00004 2 ×10
-6

0.1 0.0002 0.00001 0.5 0.0008 0.00005 3

Rail 3,347 5 × 10
-6

8 × 10
-8

0.04 0.00002 3 × 10
-7

0.2 0.0001 2 × 10
-6

0.8

Oak Ridge Truck 4,683 0.00001 8 × 10
-7

0.05 0.00005 3 × 10
-6

0.2 0.0003 0.00002 0.9

Rail 1,171 2 × 10
-6

3 × 10
-8

0.01 7 × 10
-6

1 × 10
-7

0.06 0.00003 6 × 10
-7

0.3
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TABLE J.6  (Cont.)

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Facility/Material Mode Shipments

a
LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities

U3O8 conversion facility

Ammonia Truck 0 – 520 NA 0 – 0.1 0 – 0.005 NA 0 – 0.6 0 – 0.02 NA 0 – 3 0 – 0.1

LLW Truck 320 – 1,420 2 × 10
-7

 –
7 × 10

-7
0 0.003 – 0.01 7 × 10

-7
 –

3 × 10
-6

0 0.01 – 0.06 3 × 10
-6

 –
0.00001

0 0.06 – 0.3

LLMW Truck 20 7 × 10
-11

0 0.0002 3 × 10
-10

0 0.0008 1 × 10
-9

0 0.004

HF Rail 0 – 4,860 NA 0 – 5 0 – 0.06 NA 0 – 20 0 – 0.2 NA 0 – 100 0 – 1

CaF2 Truck 460 – 19,760 NA 0 0.005 – 0.2 NA 0 0.02 – 0.8 NA 0 0.09 – 4

Rail 180 – 7,300 NA 0 0.002 – 0.09 NA 0 0.008 – 0.3 NA 0 0.04 – 2.0

UO2 conversion facility

Ammonia Rail 960 – 1,120 NA 0.1 0.01 NA 0.5 0.05 NA 2 – 3 0.2 – 0.3

LLW Truck 360 – 1,680 5 × 10
-7

 –
2 × 10

-6
0 0.004 – 0.02 2 × 10

-6
 –

8 × 10
-6

0 0.01 – 0.07 0.00001 –
0.00004

0 0.07 – 0.3

LLMW Truck 20 – 40 7 × 10
-11

 – 
3 × 10

-10
0 0.0002 –

0.0004
3 × 10

-10
 –

1 × 10
-9

0 0.0008 –
0.002

1 × 10
-9

 –
7 × 10

-9
0 0.004 –

0.008

HF Rail 0 – 4,860 NA 0 – 5 0 – 0.06 NA 0 – 20 0 – 0.2 NA 0 – 100 0 – 1

CaF2 Truck 460 – 19,760 NA 0 0.005 – 0.2 NA 0 0.02 – 0.8 NA 0 0.09 – 4

Rail 180 – 7,300 NA 0 0.002 – 0.09 NA 0 0.008 – 0.3 NA 0 0.04 – 2.0
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TABLE J.6  (Cont.)

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Facility/Material Mode Shipments

a
LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities

Uranium metal
conversion facility

Ammonia Rail 920 NA 0.1 0.01 NA 0.4 0.04 NA 2 0.2

LLW Truck 360 – 3,840 4 × 10
-8 –

3 × 10
-6

0 0.004 – 0.04 1 × 10
-7 –

0.00001

0 0.01 – 0.2 7 × 10
-7 –

0.00006

0 0.07 – 0.8

LLMW Truck 20  7 × 10
-11

0 0.0002 3 × 10
-10

0 0.0008 1 × 10
-9

0 0.004

HF Rail 1,640 NA 2 0.02 NA 7 0.08 NA 30 0.4

MgF2 Truck 10,320 – 10,780 NA 0 0.1 NA 0 0.4 NA 0 2

Rail 3,800 – 3,980 NA 0 0.04 – 0.05 NA 0 0.2 NA 0 0.9

Cylinder treatment facility

U3O8 Truck 22 1 × 10
-6

2 × 10
-8

0.0002 6 × 10
-6

7 × 10
-8

0.0009 0.00003 4 × 10
-7

0.004

LLW Truck 88 7 × 10
-10

0 0.0009 3 × 10
-9

0 0.003 1 × 10
-8

0 0.02

LLMW Truck 20 3 × 10
-11

0 0.0002 1 × 10
-10

0 0.0008 7 × 10
-10

0 0.004

a
Risks for rail transport were estimated on a railcar basis; therefore, the number of railcars was used for the total number of rail shipments.

b
Radiological LCFs were estimated from the calculated doses using dose-to-risk conversion factors of 0.0005 and 0.0004 fatality per person-rem for members of the general public and
occupational workers, respectively, as recommended in ICRP Publication 60 (ICRP 1991). The approximate corresponding dose received for each radiological fatality risk listed in this table may
be obtained by multiplying the fatality risk by 2,500 (i.e., 1 ÷ 0.0004).

c
Potential for irreversible adverse effects from chemical exposures. Exposure to HF or uranium compounds was estimated to result in fatality for approximately 1% or less of those persons
experiencing irreversible adverse effects (Policastro et al. 1997). Exposure to ammonia was estimated to result in fatality for approximately 2% or less of those persons experiencing irreversible
adverse effects.

d
Includes the estimate for additional cylinders required to handle the depleted uranium in overfilled containers.
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TABLE J.7  Consequences to the MEI from Routine Shipment of Depleted Uranium
Materials

Routine Radiological Risk from Single Shipment

(Lifetime Risk of LCF
a)

Person Person at Person near
Facility/Material Mode Inspector Resident in Traffic Gas Station Rail Stop

Cylinder transfer facility
LLW Truck 2 × 10

-9
2 × 10

-13
6 × 10

-9
3 × 10

-10
NA

LLMW Truck 9 × 10
-11

9 × 10
-15

3 × 10
-10

1 × 10
-11

NA

Depleted UF6 Truck 3 × 10
-8

3 × 10
-12

1 × 10
-7

4 × 10
-9

NA
Rail 6 × 10

-8
8 × 10

-12
1 × 10

-7
NA 5 × 10

-10

UF6 with overcontainer Truck 2 × 10
-8

1 × 10
-12

6 × 10
-8

2 × 10
-9

NA
Rail 3 × 10

-8
3 × 10

-12
6 × 10

-8
NA 2 × 10

-10

U3O8 conversion facility
LLW Truck 2 × 10

-9
2 × 10

-13
6 × 10

-9
 –

8 × 10
-9

3 × 10
-10

NA

LLMW Truck 9 × 10
-11

9 × 10
-15

3 × 10
-10

1 × 10
-11

NA

UO2 conversion facility
LLW Truck 2 × 10

-9

–
5 × 10

-9

2 × 10
-13 –

5 × 10
-13

6 × 10
-9

 –
2 × 10

-8
3 × 10

-10
 –

7 × 10
-10

NA

LLMW Truck 9 × 10
-11

9 × 10
-15

3 × 10
-10

1 × 10
-11

NA

Uranium metal conversion facility
LLW Truck 2 × 10

-9
 –

3 × 10
-8

2 × 10
-13

 –
3 × 10

-12
7 × 10

-9
 –

8 × 10
-8

3 × 10
-10

 –
4 × 10

-9
NA

LLMW Truck 9 × 10
-11

9 × 10
-15

3 × 10
-10

1 × 10
-11

NA

Cylinder treatment facility
U3O8 Truck 6 × 10

-8
5 × 10

-12
2 × 10

-7
7 × 10

-9
NA

LLW Truck 8 × 10
-11

8 × 10
-15

2 × 10
-10

1 × 10
-11

NA
LLMW Truck 1 × 10

-11
1 × 10

-15
5 × 10

-11
2 × 10

-12
NA

U3O8 Truck 6 × 10
-8

5 × 10
-12

2 × 10
-7

7 × 10
-9

NA
Rail 7 × 10

-8
8 × 10

-12
2 × 10

-7
NA 5 × 10

-10

UO2 Truck 5 × 10
-8

4 × 10
-12

2 × 10
-7

6 × 10
-9

NA
Rail 6 × 10

-8
5 × 10

-12
2 × 10

-7
NA 3 × 10

-10

Uranium metal Truck 1 × 10
-8

8 × 10
-13

 – 
9 × 10

-13
3 × 10

-8
 –

4 × 10
-8

1 × 10
-9

NA

Rail 1 × 10
-8

1 × 10
-12

3 × 10
-8

 –
4 × 10

-8
NA 7 × 10

-11
 – 

8 × 10
-11

Uranium oxide casks
LLW Truck 1 × 10

-8
1 × 10

-12
3 × 10

-8
1 × 10

-9
NA

LLMW Truck 1 × 10
-9

1 × 10
-13

4 × 10
-9

2 × 10
-10

NA
Cask Rail 2 × 10

-8
2 × 10

-12
8 × 10

-8
NA 1 × 10

-10

Uranium metal casks
LLW Truck 2 × 10

-9
2 × 10

-13
5 × 10

-9
2 × 10

-10
NA

LLMW Truck 5 × 10
-9

5 × 10
-13

1 × 10
-8

7 × 10
-10

NA
Cask Rail 1 × 10

-8
1 × 10

-12
4 × 10

-8
NA 6 × 10

-11

a
Lifetime risk of LCF for an individual was estimated from the calculated dose using the dose-to-risk conversion factor of 0.0005
fatalities per person-rem for members of the general public, as recommended in ICRP Publication 60 (ICRP 1991). The
corresponding dose received for each radiological fatality risk listed in this table may be obtained by multiplying the risk of LCF by
2,000 (i.e., 1 ÷ 0.0005).
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TABLE J.8  Potential Radiological Consequences to the Population from Severe Accidents 
Involving Shipment of Materials for the Cylinder Preparation and Conversion Options

Radiological Risk (LCF
a
)

Neutral Weather Conditions Stable Weather Conditions

Facility/Material Mode Rural Suburban Urban Rural Suburban Urban

Cylinder transfer facility

LLW Truck 0.0002 0.0002 0.0004 0.0004 0.0004 0.0009

LLMW Truck 4 × 10
-6

4 × 10
-6

8 × 10
-6

9 × 10
-6

9 × 10
-6

0.00002

Depleted UF6 Truck 0.3 0.3 0.6 7 7 20

Rail 1 1 3 30 30 60

U3O8 conversion facility

LLW Truck 0.0008 –
0.0009

0.0008 –
0.0009

0.002 0.002 0.002 0.004 – 
0.005

LLMW Truck 6 × 10
-6

5 × 10
-6

0.00001 0.00001 0.00001 0.00003

UO2 conversion facility

LLW Truck 0.001 –
0.002

0.001 –
0.002

0.003 – 
0.005

0.003 –
0.006

0.003 –
0.006

0.007 –
0.01

LLMW Truck 0.00001 –
6 × 10

-6
0.00001 –
6 × 10

-6
0.00001 –
0.00003

0.00001
–

0.00003

0.00001 –
0.00003

0.00003 –
0.00007

Uranium metal conversion
facility

LLW Truck 0.0005 –
0.002

0.0005 –
0.002

0.001 –
0.004

0.001 –
0.004

0.001 –
0.004

0.003 –
0.009

LLMW Truck 6 × 10
-6

5 × 10
-6

0.00001 0.00001 0.00001 0.00003

Cylinder treatment facility

U3O8 Truck 0.1 0.1 0.2 0.3 0.2 0.5

LLW Truck 0.00001 0.00001 0.00003 0.00003 0.00003 0.00007

LLMW Truck 3 × 10
-6

3 × 10
-6

6 × 10
-6

7 × 10
-6

6 × 10
-6

0.00001

a
Radiological LCFs were estimated from the calculated doses using dose-to-risk conversion factors of 0.0005 and 0.0004 fatality per
person-rem for members of the general public and occupational workers, respectively, as recommended in ICRP Publication 60 (ICRP 1991).
The approximate corresponding dose received for each radiological fatality risk listed in this table may be obtained by multiplying the fatality
risk by 2,500 (i.e., 1 ÷ 0.0004).
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TABLE J.9  Potential Chemical Consequences to the Population from Severe Accidents 
Involving Shipment of Materials for the Cylinder Preparation and Conversion Options

Number of Persons with Potential for Irreversible Adverse Effects
a

Neutral Weather Conditions Stable Weather Conditions

Facility/Material Mode Rural Suburban Urban Rural Suburban Urban

Cylinder transfer facility
LLW Truck 0 0 0 0 0 0
LLMW Truck 0 0 0 0 0 0

Depleted UF6 Truck 0 1 2 0 1 3
Rail 0 1 3 0 2 4

U3O8 conversion facility
Ammonia Truck 0 – 1 0 – 100 0 – 200 0 – 10 0 – 1,000 0 – 3,000
LLW Truck 0 0 0 0 0 0
LLMW Truck 0 0 0 0 0 0
HF Rail 0 – 10 0 – 1,000 0 – 3,000 0 – 100 0 – 10,000 0 – 30,000

UO2 conversion facility
Ammonia Rail 1 200 400 20 2,000 5,000
LLW Truck 0 0 0 0 0 0
LLMW Truck 0 0 0 0 0 0
HF Rail 0 – 10 0 – 1,000 0 – 3,000 0 – 100 0 – 10,000 0 – 30,000

Uranium metal conversion
facility

Ammonia Rail 1 200 400 20 2,000 5,000
LLW Truck 0 0 0 0 0 0
LLMW Truck 0 0 0 0 0 0
HF Rail 10 1,000 3,000 100 10,000 30,000

Cylinder treatment facility
U3O8 Truck 0 0 0 0 4 8
LLW Truck 0 0 0 0 0 0
LLMW Truck 0 0 0 0 0 0

a
Exposure to HF or uranium compounds was estimated to result in fatality for approximately 1% or less of those persons
experiencing irreversible adverse effects (Policastro et al. 1997). Exposure to ammonia was estimated to result in fatality
for approximately 2% or less of those persons experiencing irreversible adverse effects.
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TABLE J.10  Potential Consequences to the MEI from Severe Accidents Involving Shipment
of Materials for the Cylinder Preparation and Conversion Options

Accident Risk

Neutral Weather Conditions Stable Weather Conditions

Radiological Chemical Radiological Chemical
Facility/Material Mode Risk of LCF

a
Effects

b
Risk of LCF

a
Effects

b

Cylinder transfer facility
LLW Truck 7 × 10

-6
No 0.0001 No

LLMW Truck 2 × 10
-7

No 2 × 10
-6

No

Depleted UF6 Truck 0.0002 Yes 0.0005 Yes
Rail 0.0009 Yes 0.002 Yes

U3O8 conversion facility
Ammonia Truck NA Yes NA Yes
LLW Truck 0.00003 – 0.00004 No 0.0006 No
LLMW Truck 2 × 10

-7
No 4 × 10

-6
No

HF Rail NA Yes NA Yes

UO2 conversion facility
Ammonia Rail NA Yes NA Yes
LLW Truck 0.00006 – 0.0001 No 0.0009 – 0.002 No
LLMW Truck 2 × 10

-7
 – 6 × 10

-7
No 4 × 10

-6
 – 9 × 10

-6
No

HF Rail NA Yes NA Yes

Uranium metal conversion
facility

Ammonia Rail NA Yes NA Yes
LLW Truck 0.00002 – 0.00007 No 0.0004 – 0.001 No
LLMW Truck 2 × 10

-7
No 4 × 10

-6
No

HF Rail NA Yes NA Yes

Cylinder treatment facility
U3O8 Truck 0.004 Yes 0.07 Yes
LLW Truck 6 × 10

-7
No 9 × 10

-6
No

LLMW Truck 1 × 10
-7

No 2 × 10
-6

No

a
Lifetime risk of LCF for an individual was estimated from the calculated doses using a dose-to-risk conversion factor
of 5 × 10

-4
 fatality per person-rem for members of the general public, as recommended in ICRP Publication 60

(ICRP 1991). The approximate corresponding dose received for each radiological fatality risk listed in this table may
be obtained by multiplying the fatality risk by 2,000 (i.e., 1 ÷ 0.0005).

b
Yes or No applies to the effect of chemical exposure on the MEI. There is no probability estimate; either there would
or would not be an irreversible adverse effect. Exposure to HF or uranium compounds was estimated to result in
fatality for approximately 1% or less of those persons experiencing irreversible adverse effects (Policastro et al.
1997). Exposure to ammonia was estimated to result in fatality for approximately 2% or less of those persons
experiencing irreversible adverse effects.



Transportation J-26 Depleted UF6 PEIS

Transportation impacts associated with the cylinder transfer facility would be very small.
No vehicle-related fatalities would be expected (< 1), and the vehicle-related risks would be about
10 times higher than the radiological risks. No radiological fatalities or irreversible adverse chemical
effects would be expected as a result of a potential severe accident. The highest potential routine
radiological exposure to an MEI, with a latent cancer fatality risk of 6 × 10-9, would occur for a
person stopped in traffic near a shipment for 30 minutes at a distance of 3.3 ft (1 m). Such an
exposure would be about 100 times less than the exposure a person receives from natural sources
in the course of 1 day.

J.3.4  Conversion Options

The conversion options would involve transportation of the depleted UF6 cylinders from
their current locations at the three storage sites to a conversion facility, transportation of any
chemicals required by the conversion process, and transportation of the waste materials to a disposal
site. Transportation of the conversion products is included in the discussion of the long-term storage,
manufacture and use, and disposal options in Appendices G, H, and I of this PEIS.

The total collective radiological risks (i.e., the total risks to all workers and members of the
public potentially exposed) associated with transportation of the depleted UF6 cylinders; conversion
to U3O8, UO2, and metal; and the cylinder treatment facility are summarized in Tables J.5 and J.6 for
routine and accident risks, respectively. Table J.7 summarizes the routine risks to MEIs, and
Tables J.8 and J.9 summarize the potential severe accident consequences to local populations from
radiological and chemical hazards, respectively. Table J.10 summarizes the accident consequences
to MEIs.

J.3.4.1  Transportation of Depleted UF6

The initial step in the conversion process would be to deliver the depleted UF6 from the
three storage sites to the conversion facility. The cylinders would be prepared for transport at each
site, as discussed in Section J.3.3, and shipped to the conversion facility location. Shipment of all
cylinders by both truck or rail has been assessed. Rail shipments would consist of four cylinders per
railcar, whereas truck shipments would involve only one cylinder per truck. Because the number of
cylinders that might require overcontainers is uncertain at this time, impacts were assessed for two
bounding cases: under the first case, the depleted UF6 would be transferred from nonconforming
cylinders to new cylinders before transport; under the second case, all cylinders would be shipped
in protective overcontainers. Risks for a given combination of cylinder shipments with and without
overcontainers can be obtained by a linear interpolation between the two cases.

Protective overcontainers would reduce the external radiation emanating from the
shipments by a factor of almost two. Because the radiological risk would be dominated by exposure
during routine transport, the radiological risk from shipments with overcontainers would also be
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about half the value for shipments without overcontainers. On the other hand, shipment of the
depleted UF6 cylinders in overcontainers is not expected to provide additional protection under
severe accident conditions. Therefore, the risks from shipment of cylinders with and without over-
containers would be expected to be the same for severe accidents.

The chemical risk associated with cylinder transport would be much less than the radio-
logical risk; however, the total risks would be dominated by vehicle-related risks, which would be
about 10 times larger than the radiological and chemical risks combined. Thus, risks from transport
by rail appear to be slightly less than the truck risks because of higher shipment capacities and
therefore fewer shipments.

Impacts from a potential severe accident could lead to fatalities from both radiological and
chemical effects. Up to 60 potential latent cancer fatalities from radiological hazards are estimated
for a rail accident occurring in an urban population zone under stable weather conditions. On the
basis of chemical toxicity effects for the same conditions, up to 4 persons could be affected by
irreversible adverse effects.

The highest potential routine radiological exposure to an MEI, with a latent cancer fatality
risk of 1 × 10-7, would be for a person stopped in traffic near a shipment for 30 minutes at a distance
of 3.3 ft (1 m). Such an exposure would be approximately 5 times less than the exposure a person
receives from natural sources in the course of 1 day.

J.3.4.2  Conversion to U3O8, UO2, or Metal

Conversion of the depleted UF6 to the U3O8 or UO2 oxide forms was assessed for both long-
term storage (Appendix G) and disposal (Appendix I); conversion to UO2 or metal was also assessed
for use in cask manufacture (Appendix H). Transportation of other materials related to the
conversion process would include the ammonia used in the conversion processes and the LLW,
LLMW, and HF by-products of the conversion processes.

The total transportation risks associated with the conversion process would be low for all
three conversion processes. The LLW and LLMW shipments to disposal would pose no irreversible
adverse chemical effects, and the radiological risks would be about 100 times less than the vehicle-
related risks. The largest risks would be associated with the chemical hazards associated with
transportation of the HF by-product. These risks would be about 100 times the vehicle-related risks.

No radiological fatalities would be expected as a result of a potential severe accident. A
severe accident involving ammonia or HF could result in fatalities, with a potential for approxi-
mately 30,000 persons to experience irreversible adverse effects from an accident involving HF
under stable conditions in an urban area. However, the overall probability of an anhydrous HF
accident occurring would depend on the total number of shipments and the actual locations of the
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origin and destination sites. The probability of an accident would increase with the number of
shipments and distance between sites. Approximately 5,000 railcars of anhydrous HF would be
produced if the entire UF6 inventory were converted to oxide. Assuming the distance traveled per
shipment is 620 miles (1,000 km) and based on national average accident statistics for railcars, the
overall probability for such an accident in an urban area would be about 3 × 10-5 (about 1 chance in
30,000) over the duration of the program. The resulting overall risk to the public (defined as the
product of the accident consequence and the probability) would be 1 irreversible adverse effect (i.e,
about 1 person would be expected to experience irreversible adverse effects) due to HF-related
transportation accidents. This calculation assumes that the accident would occur in an urban area
under weather conditions that result in maximum consequences. Further discussion on potential
severe anhydrous HF accidents is presented in Chapter 5, Section 5.2.2.2.

The risk of latent cancer fatality to an MEI from a single routine radiological exposure to
a given shipment would be negligible. The highest potential exposure, with an LCF risk of 6 × 10-9,
would occur for a person stopped in traffic near a shipment for 30 minutes at a distance of 3.3 ft
(1 m). Such an exposure would be approximately 100 times less than the exposure a person receives
from natural sources in the course of 1 day. 

J.3.4.3  Cylinder Treatment Facility

After the depleted UF6 cylinders were “emptied” at the conversion facility, they would still
retain approximately 22 lb (10 kg) of UF6, which corresponds to the amount remaining in the
cylinder in the vapor phase at autoclave pressure and temperature (Charles et al. 1991). A cylinder |
treatment facility was assumed to be colocated with the conversion facility to clean and
decontaminate the cylinders once they had been emptied. Therefore, the only chemical or radioactive
material transportation risks would be from small amounts of U3O8, LLW, and LLMW generated at
the facility. It was assumed that the cleaned cylinders would be placed in the scrap metal pile at the
conversion site.

No fatalities would be expected due to transportation of materials from the cylinder
treatment facility. The highest potential routine radiological exposure, with a latent cancer fatality
risk of 2 × 10-7, would occur for a person stopped in traffic near a shipment of U3O8 for 30 minutes
at a distance of 3.3 ft (1 m) if it were shipped to a disposal site. Such an exposure would be less than
half the radiological exposure that a person receives from natural sources in the course of 1 day. 

Less than one radiological latent cancer fatality might be expected as a result of a potential
severe accident involving shipment of U3O8 under stable weather conditions. Because of the
chemical toxicity of the uranium oxide, approximately 8 persons could experience irreversible
adverse effects in an urban area under stable weather conditions. 
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J.3.5  Long-Term Storage Options

Three options were assessed for long-term storage of depleted uranium compounds at a
single location. The depleted uranium could be stored in its current form as depleted UF6 or
converted to an oxide form (UO2 or U3O8) and then stored. Transportation impacts related to
conversion of the depleted UF6 to the oxide forms are discussed in Section J.3.4.2. Potential impacts
from transportation of the depleted uranium material in its final form to a long-term storage site are
discussed in this section. 

Small amounts of waste could be generated due to container failure during the surveillance
phase of the long-term storage options. The impacts of transporting this waste to a disposal site was
not considered because the number of associated shipments would be less than one per year (LLNL
1997).

The estimated impacts associated with transportation for the long-term storage options are
presented in Tables J.11 through J.14. The total collective radiological risks (i.e., the total risk to all
workers and members of the public potentially exposed) are summarized in Tables J.11 and J.12 for
routine and accident risks, respectively. Table J.7 summarizes the routine risks to MEIs, and
Tables J.13 and J.14 summarize the potential severe accident consequences to local populations and
MEIs, respectively.

J.3.5.1  Storage as Depleted UF6

Long-term storage of depleted UF6 at a single storage site would involve shipping the
depleted UF6 cylinders from their current locations at the three existing storage sites. The potential
transportation impacts from shipping these depleted UF6 cylinders to a storage facility would be the
same as for shipping to a conversion facility (Section J.3.4.1).

J.3.5.2  Storage as U3O8 or UO2

Long-term storage of depleted uranium as U3O8  or UO2 would involve shipping the oxide
from a single conversion facility to the storage site. The same impacts would also be incurred from
shipping the oxide from a conversion facility or storage site to a disposal site (Section J.3.7) or to
a cask manufacturing facility (Section J.3.6).

The radiological risk associated with shipping all of the U3O8 or UO2 to a storage site from
a conversion facility would be larger than the chemical risk, but the total risks would still be
dominated by vehicle-related risks, which would be about 10 times larger than the radiological risks.
Therefore, risks from rail transport would be less than risks from truck transport because of higher
shipment capacities and therefore fewer shipments.
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TABLE J.11  Total Routine Shipment Risks for the Transportation of Materials for Long-Term Storage

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Facility/Material Mode Shipments

a
LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF

Depleted UF6 cylinders
d

Paducah Truck 28,513 0.02 0 0.03 0.08 0 0.1 0.4 0 0.7

Rail 7,129 0.01 0 0.005 0.02 0 0.02 0.06 0 0.1

Portsmouth Truck 13,421 0.009 0 0.02 0.04 0 0.06 0.2 0 0.3

Rail 3,356 0.005 0 0.003 0.008 0 0.01 0.03 0 0.05

Oak Ridge Truck 4,732 0.003 0 0.006 0.01 0 0.02 0.06 0 0.1

Rail 1,183 0.002 0 0.0009 0.003 0 0.004 0.01 0 0.02

UF6 with overcontainers

Paducah Truck 28,351 0.01 0 0.03 0.04 0 0.1 0.2 0 0.7

Rail 7,088 0.009 0 0.005 0.01 0 0.02 0.03 0 0.1

Portsmouth Truck 13,388 0.005 0 0.02 0.02 0 0.06 0.09 0 0.3

Rail 3,347 0.004 0 0.003 0.006 0 0.01 0.01 0 0.05

Oak Ridge Truck 4,683 0.002 0 0.005 0.006 0 0.02 0.03 0 0.1

Rail 1,171 0.001 0 0.0009 0.002 0 0.004 0.005 0 0.02

U3O8 Truck 25,500 0.05 0 0.03 0.2 0 0.1 0.9 0 0.6

Rail 8,960 0.02 0 0.007 0.03 0 0.03 0.09 0 0.1

UO2 Truck 26,260 –
26,800

0.04 0 0.03 0.2 0 0.1 0.8 0 0.6

Rail 8,480 –
8,800

0.01 0 0.006 –
0.007

0.02 0 0.03 0.06 0 0.1

a
Risks for rail transport were estimated on a railcar basis; therefore, the number of railcars was used for the total number of rail shipments.

b
Radiological LCFs were estimated from the calculated doses using dose-to-risk conversion factors of 0.0005 and 0.0004 fatality per person-rem for members of the general public and
occupational workers, respectively, as recommended in ICRP Publication 60 (ICRP 1991). The approximate corresponding dose received for each radiological fatality risk listed in this table
may be obtained by multiplying the fatality risk by 2,500 (i.e., 1 ÷ 0.0004).

c
Potential for irreversible adverse effects from chemical exposures. Exposure to HF or uranium compounds was estimated to result in fatality for approximately 1% or less of those persons
experiencing irreversible adverse effects (Policastro et al. 1997).

d
Includes the estimate for additional cylinders required to handle the depleted uranium in overfilled containers.
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TABLE J.12  Total Accident Shipment Risks for the Transportation of Materials for Long-Term Storage

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Facility/Material Mode Shipments

a
LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities

Depleted UF6 cylinders
d

Paducah Truck 28,513 0.00008 5 × 10
-6

0.3 0.0003 0.00002 1 0.002 0.0001 6

Rail 7,129 0.00001 2 × 10
-7

0.08 0.00004 7 × 10
-7

0.3 0.0002 4 × 10
-6

2

Portsmouth Truck 13,421 0.00004 2 × 10
-6

0.1 0.0002 0.00001 0.5 0.0008 0.00005 3

Rail 3,356 5 × 10
-6

8 × 10
-8

0.04 0.00002 3 × 10
-7

0.2 0.0001 2 × 10
-6

0.8

Oak Ridge Truck 4,732 0.00001 8 × 10
-7

0.05 0.00005 3 × 10
-6

0.2 0.0003 0.00002 0.9

Rail 1,183 2 × 10
-6

3 × 10
-8

0.01 7 × 10
-6

1 × 10
-7

0.06 0.00003 6 × 10
-7

0.3

UF6 with overcontainers

Paducah Truck 28,351 0.00008 5 × 10
-6

0.3 0.0003 0.00002 1 0.002 0.0001 6

Rail 7,088 0.00001 2 × 10
-7

0.08 0.00004 7 × 10
-7

0.3 0.0002 4 × 10
-6

2

Portsmouth Truck 13,388 0.00004 2 × 10
-6

0.1 0.0002 0.00001 0.5 0.0008 0.00005 3

Rail 3,347 5 × 10
-6

8 × 10
-8

0.04 0.00002 3 × 10
-7

0.2 0.0001 2 × 10
-6

0.8

Oak Ridge Truck 4,683 0.00001 8 × 10
-7

0.05 0.00005 3 × 10
-6

0.2 0.0003 0.00002 0.9

Rail 1,171 2 × 10
-6

3 × 10
-8

0.01 7 × 10
-6

1 × 10
-7

0.06 0.00003 6 × 10
-7

0.3

U3O8 Truck 25,500 0.002 0.00002 0.3 0.006 0.00009 1 0.03 0.0004 5

Rail 8,960 0.0004 0.00002 0.1 0.001 0.00007 0.4 0.007 0.0004 2

UO2 Truck 26,260 –
26,800

0.002 0 –
5 × 10

-6
0.3 0.006 0 –

0.00002
1 0.03 0 –

0.0001
5

Rail 8,480 –
8,800

0.0004 3 × 10
-6

 –
6 × 10

-6
0.1 0.001 0.00001 –

0.00003
0.4 0.007 0.00005 –

0.0001
2

a
Risks for rail transport were estimated on a railcar basis; therefore, the number of railcars was used for the total number of rail shipments.

b
Radiological LCFs were estimated from the calculated doses using dose-to-risk conversion factors of 0.0005 and 0.0004 fatality per person-rem for members of the general public and
occupational workers, respectively, as recommended in ICRP Publication 60 (ICRP 1991). The approximate corresponding dose received for each radiological fatality risk listed in this table
may be obtained by multiplying the fatality risk by 2,500 (i.e., 1 ÷ 0.0004).

c
Potential for irreversible adverse effects from chemical exposures. Exposure to HF or uranium compounds was estimated to result in fatality for approximately 1% or less of those persons
experiencing irreversible adverse effects (Policastro et al. 1997).

d
Includes the estimate for additional cylinders required to handle the depleted uranium in overfilled containers.
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TABLE J.13  Potential Consequences to the Population from Severe Accidents Involving
Shipment of Materials for Long-Term Storage

Radiological Risk
a
 (LCF)

Neutral Weather Conditions Stable Weather Conditions

Material Mode Rural Suburban Urban Rural Suburban Urban

Depleted UF6 Truck 0.3 0.3 0.6 7 7 20
Rail 1 1 3 30 30 60

U3O8 Truck 0.1 0.1 0.2 0.3 0.2 0.5
Rail 0.3 0.3 0.6 0.7 0.7 2

UO2 Truck 0.1 0.1 0.2 0.2 0.2 0.5
Rail 0.3 0.3 0.6 – 0.7 0.7 – 0.8 0.7 2

Chemical Risk
b
 (no. of persons with potential for irreversible adverse effects)

Neutral Weather Conditions Stable Weather Conditions

Material Mode Rural Suburban Urban Rural Suburban Urban

Depleted UF6 Truck 0 1 2 0 1 3
Rail 0 1 3 0 2 4

U3O8 Truck 0 0 0 0 4 8
Rail 0 1 1 0 10 20

UO2 Truck 0 0 0 0 1 2

Rail 0 0 0 0 3 8

a
Radiological LCFs were estimated from the calculated doses using dose-to-risk conversion factors of 0.0005 and
0.0004 fatality per person-rem for members of the general public and occupational workers, respectively, as
recommended in ICRP Publication 60 (ICRP 1991). The approximate corresponding dose received for each
radiological fatality risk listed in this table may be obtained by multiplying the fatality risk by 2,500 (i.e.,
1 ÷ 0.0004).

b
Exposure to HF or uranium compounds was estimated to result in fatality for approximately 1% or less of those
persons experiencing irreversible adverse effects (Policastro et al. 1997).
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TABLE J.14  Potential Consequences to the MEI from Severe Accidents Involving
Shipment of Materials for Long-Term Storage

Accident Risk

Neutral Weather Conditions Stable Weather Conditions

Radiological Chemical Radiological Chemical
Material Mode Risk of LCF

a
Effects

b
Risk of LCF

a
Effects

b

Depleted UF6 Truck 0.0002 Yes 0.0005 Yes
Rail 0.0009 Yes 0.002 Yes

UF6 with overcontainer Truck 0.0002 Yes 0.0005 Yes
Rail 0.0009 Yes 0.002 Yes

U3O8 Truck 0.004 No 0.07 Yes
Rail 0.01 Yes 0.2 Yes

UO2 Truck 0.004 No 0.06 Yes
Rail 0.01 No 0.2 Yes

a
Lifetime risk of LCF for an individual was estimated from the calculated doses using a dose-to-risk
conversion factor of 5 × 10

-4
 fatality per person-rem for members of the general public, as recommended in

ICRP Publication 60 (ICRP 1991). The approximate corresponding dose received for each radiological
fatality risk listed in this table may be obtained by multiplying the fatality risk by 2,000 (i.e., 1 ÷ 0.0005).

b
Yes or No applies to the effect of chemical exposure on the MEI. There is no probability estimate; either
there would or would not be an irreversible adverse effect. Exposure to HF or uranium compounds was
estimated to result in fatality for approximately 1% or less of those persons experiencing irreversible
adverse effects (Policastro et al. 1997).

The risk of latent cancer fatality to an MEI for a single exposure to a given shipment would
be small. The highest potential exposure, with a latent cancer fatality risk of 2 × 10-7, would occur
for a person stopped in traffic near a shipment for 30 minutes at a distance of 3.3 ft (1 m). Such an
exposure would be less than half the radiological exposure that a person receives from natural
sources in the course of 1 day.

Impacts from a potential severe accident could lead to fatalities from both radiological and
chemical effects. Approximately 2 potential latent cancer fatalities from radiological hazards are
estimated for a rail accident occurring in an urban population zone under stable weather conditions.
Because of the chemical hazard of uranium, an estimated 20 people could experience irreversible
adverse effects from chemical toxicity under the same conditions.
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J.3.6  Manufacture and Use Options

Two alternative uses of depleted uranium were assessed: manufacture of casks using
concrete made with cement and UO2 and manufacture of casks using uranium metal. Potential
impacts would be incurred from transport of the feed material (UO2 or uranium metal) from a
conversion facility to the manufacturing plant, transport of the manufactured cask to an end user, and
transport of the small amount of LLW and LLMW expected to be generated at the manufacturing
facility to a disposal site. Because of the size of the manufactured casks, cask shipment was assumed
to occur by rail only. The shipment risks would be approximately the same for both cask options.

The collective population risks associated with the two manufacture and use options are
summarized in Tables J.15 and J.16 for routine and accident risks, respectively. The routine risks
to MEIs are summarized in Table J.7, and the accident consequences to MEIs and the population are
summarized in Tables J.17 and J.18, respectively.

J.3.6.1  Uranium Oxide Casks

The uranium oxide cask option would involve the use of depleted uranium in the form of
high-density UO2 for the manufacture of depleted uranium concrete for shielding in spent nuclear
fuel storage casks. The transportation risks associated with transport of the UO2 to the cask manu-
facturing facility would be the same as the risks associated with transport of the UO2 to a storage site
(see Section J.3.5.2). Shipment of the uranium oxide casks to an end user would result in approxi-
mately the same overall risks as the UO2 shipments. No chemical risks would be anticipated for
transportation of the fabricated casks, and no radiological fatalities would be expected under severe
accident conditions.

J.3.6.2  Uranium Metal Casks

The uranium metal cask option would involve the conversion of depleted UF6 to uranium
metal that would then be fabricated into a cask. Transportation impacts were analyzed for shipment
of the uranium metal from a conversion facility to a cask manufacturing facility and shipment of the
fabricated cask to an end user. No chemical transportation risks would be expected for this option.

The total radiological risk associated with uranium metal transport would be about a factor
of 30 or more less than the vehicle-related risks. Shipment risks for the cask would be about the same
as for rail transport of the uranium metal feed material. Risks for the generated waste shipments
would be negligible compared with the shipment of uranium metal and casks.

The risk of latent cancer fatality to an MEI for a single exposure to a given shipment would
be small. The highest potential routine radiological exposure, with a latent cancer fatality risk of
4 × 10-8, would occur for a person stopped in traffic near a uranium metal or cask shipment for
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TABLE J.15  Total Routine Shipment Risks for the Transportation of Materials for Manufacture and Use

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Use/Material Mode Shipments

a
LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF LCF

b
Effects

c
LCF

Uranium oxide casks

UO2 Truck 26,260 –
26,800

0.04 0 0.03 0.2 0 0.1 0.8 0 0.6

Rail 8,480 –
8,800

0.01 0 0.006 –
0.007

0.02 0 0.03 0.06 0 0.1

LLW Truck 300 0.0001 0 0.0003 0.0004 0 0.001 0.002 0 0.006

LLMW Truck 20 1 × 10
-6

0 0.00002 4 × 10
-6

0 0.00009 0.00002 0 0.0005

Cask Rail 9,600 0.003 0 0.007 0.005 0 0.03 0.02 0 0.1

Uranium metal casks

Uranium metal Truck 20,840 –
21,500

0.006 –
0.007

0 0.02 – 0.03 0.03 0 0.1 0.1 0 0.5

Rail 7,360 –
7,520

0.002 0 0.006 0.004 0 0.02 0.01 0 0.1

LLW Truck 1,540 0.0001 0 0.002 0.0004 0 0.007 0.02 0 0.04

LLMW Truck 20 4 × 10
-6

0 0.00002 0.00001 0 0.00009 0.00007 0 0.0005

Cask Rail 9,060 0.0002 0 0.007 0.0004 0 0.03 0.001 0 0.1

a
Risks for rail transport were estimated on a railcar basis; therefore, the number of railcars was used for the total number of rail shipments.

b
Radiological LCFs were estimated from the calculated doses using dose-to-risk conversion factors of 0.0005 and 0.0004 fatality per person-rem for members of the general public and
occupational workers, respectively, as recommended in ICRP Publication 60 (ICRP 1991). The approximate corresponding dose received for each radiological fatality risk listed in this table
may be obtained by multiplying the fatality risk by 2,500 (i.e., 1 ÷ 0.0004).

c
Potential for irreversible adverse effects from chemical exposures. Exposure to HF or uranium compounds was estimated to result in fatality for approximately 1% or less of those persons
experiencing irreversible adverse effects (Policastro et al. 1997).
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TABLE J.16  Total Accident Shipment Risks for the Transportation of Materials for Manufacture and Use

Risks over 250 km Risks over 1,000 km Risks over 5,000 km

Total Radiological Chemical Vehicular Radiological Chemical Vehicular Radiological Chemical Vehicular
Use/Material Mode Shipments

a
LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities LCF

b
Effects

c
Fatalities

Uranium oxide casks

UO2 Truck 26,260 –
26,800

0.002 0 –
5 × 10

-6
0.3 0.006 0 –

0.00002
1 0.03 0 –

0.0001
5

Rail 8,480 –
8,800

0.0004 3 × 10
-6

 –
6 × 10

-6
0.1 0.001 0.00001 –

0.00003
0.4 0.007 0.00005 –

0.0001
2

LLW Truck 300 2 × 10
-12

0 0.003 8 × 10
-12

0 0.1 4 × 10
-11

0 0.06

LLMW Truck 20 8 × 10
-11

0 0.0002 3 × 10
-10

0 0.0008 2 × 10
-9

0 0.004

Cask Rail 9,600 4 × 10
-9

0 0.1 1 × 10
-8

0 0.5 7 × 10
-8

0 2

Uranium metal casks

Uranium metal Truck 20,840 –
21,500

4 × 10
-10

0 0.2 2 × 10
-9

0 0.8 8 × 10
-9

0 4

Rail 7,360 –
7,520

9 × 10
-11

0 0.09 4 × 10
-10

0 0.3 – 0.4 2 × 10
-9

0 2

LLW Truck 1,540 2 × 10
-6

0 0.02 8 × 10
-6

0 0.06 0.00004 0 0.3

LLMW Truck 20 7 × 10
-11

0 0.0002 3 × 10
-10

0 0.0008 1 × 10
-9

0 0.004

Cask Rail 9,060 1 × 10
-10

0 0.1 4 × 10
-10

0 0.4 2 × 10
-9

0 2

a
Risks for rail transport were estimated on a railcar basis; therefore, the number of railcars was used for the total number of rail shipments.

b
Radiological LCFs were estimated from the calculated doses using dose-to-risk conversion factors of 0.0005 and 0.0004 fatality per person-rem for members of the general public and
occupational workers, respectively, as recommended in ICRP Publication 60 (ICRP 1991). The approximate corresponding dose received for each radiological fatality risk listed in this table
may be obtained by multiplying the fatality risk by 2,500 (i.e., 1 ÷ 0.0004).

c
Potential for irreversible adverse effects from chemical exposures. Exposure to HF or uranium compounds was estimated to result in fatality for approximately 1% or less of those persons
experiencing irreversible adverse effects (Policastro et al. 1997).
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TABLE J.17  Potential Consequences to the MEI from Severe Accidents Involving
Shipment of Materials for Manufacture and Use

Accident Risk

Neutral Weather Conditions Stable Weather Conditions

Radiological Chemical Radiological Chemical
Use/Material Mode Risk of LCF

a
Effects

b
Risk of LCF

a
Effects

b

Uranium oxide casks
UO2 Truck 0.004 No 0.06 Yes

Rail 0.01 No 0.2 Yes
LLW Truck 2 × 10

-6
No 0.00003 No

LLMW Truck 2 × 10
-7

No 4 × 10
-6

No
Cask Rail 0.0004 No 0.006 No

Uranium metal casks
Uranium metal Truck 0.0001 – 0.0002 No 0.002 No

Rail 0.0004 No 0.007 No
LLW Truck 0.00008 No 0.001 No
LLMW Truck 2 × 10

-7
No 4 × 10

-6
No

Cask Rail 0.0004 No 0.006 No

a
Lifetime risk of LCF for an individual was estimated from the calculated doses using a dose-to-risk
conversion factor of 0.0005 fatality per person-rem for members of the general public, as recommended in
ICRP Publication 60 (ICRP 1991). The approximate corresponding dose received for each radiological
fatality risk listed in this table may be obtained by multiplying the fatality risk by 2,000 (i.e., 1 ÷ 0.0005).

b
Yes or No applies to the effect of chemical exposure on the MEI. There is no probability estimate; either
there would or would not be an irreversible adverse effect. Exposure to HF or uranium compounds was
estimated to result in fatality for approximately 1% or less of those persons experiencing irreversible adverse
effects (Policastro et al. 1997).

30 minutes at a distance of 3.3 ft (1 m). Such an exposure would be approximately 10 times less than
the exposure a person receives from natural sources in the course of 1 day. 

No fatalities from severe accidents would be expected. The transportation risks associated
with the transport of the uranium metal cask would be approximately the same as those for the
uranium oxide cask.

J.3.7  Disposal Options

Two options were identified for potential disposal of the depleted uranium: disposal as U3O8

or disposal as UO2. In each case, the uranium oxide form would be transported from a single site,
either a conversion facility or a storage site, to a disposal site. The impacts associated with
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TABLE J.18  Potential Consequences to the Population from Severe Accidents Involving
Shipment of Materials for Manufacture and Use

Radiological Risk
a
 (LCF)

Neutral Weather Conditions Stable Weather Conditions

Material Mode Rural Suburban Urban Rural Suburban Urban

Uranium oxide casks
UO2 Truck 0.1 0.1 0.2 0.2 0.2 0.5

Rail 0.3 0.3 0.6 – 0.7 0.7 – 0.8 0.7 2
LLW Truck 1 × 10

-8
1 × 10

-8
3 × 10

-8
3 × 10

-8
2 × 10

-8
5 × 10

-8

LLMW Truck 6 × 10
-6

6 × 10
-6

0.00001 0.00001 0.00001 0.00003
Cask Rail 3 × 10

-6
3 × 10

-6
6 × 10

-6
7 × 10

-6
5 × 10

-6
0.00001

Uranium metal casks
Uranium metal Truck 1 × 10

-6
8 × 10

-7
 –

9 × 10
-7

2 × 10
-6

3 × 10
-6

2 × 10
-6

4 × 10
-6–

5 × 10
-6

Rail 3 × 10
-6

 –
4 × 10

-6
2 × 10

-6
5 × 10

-6
8 × 10

-6
 –

9 × 10
-6

6 × 10
-6

0.00001

LLW Truck 0.002 0.002 0.004 0.005 0.005 0.01
LLMW Truck 6 × 10

-6
6 × 10

-6
0.00001 0.00001 0.00001 0.00003

Cask Rail 3 × 10
-6

2 × 10
-6

5 × 10
-6

8 × 10
-6

5 × 10
-6

0.00001

Chemical Risk
b
 (no. of persons with potential for irreversible adverse effects)

Neutral Weather Conditions Stable Weather Conditions

Material Mode Rural Suburban Urban Rural Suburban Urban

Uranium oxide casks
UO2 Truck 0 0 0 0 1 2

Rail 0 0 0 0 3 8
LLW Truck 0 0 0 0 0 0
LLMW Truck 0 0 0 0 0 0
Cask Rail 0 0 0 0 0 0

Uranium metal casks
Uranium metal Truck 0 0 0 0 0 0

Rail 0 0 0 0 0 0
LLW Truck 0 0 0 0 0 0
LLMW Truck 0 0 0 0 0 0
Cask Rail 0 0 0 0 0 0

a
Radiological LCFs were estimated from the calculated doses using a dose-to-risk conversion factor of 0.0005 fatality per
person-rem for members of the general public, as recommended in ICRP Publication 60 (ICRP 1991). The approximate
corresponding dose received for each radiological fatality risk listed in this table may be obtained by multiplying the
fatality risk by 2,000 (i.e., 1 ÷ 0.0005).

b
Exposure to HF or uranium compounds was estimated to result in fatality for approximately 1% or less of those persons
experiencing irreversible adverse effects (Policastro et al. 1997).
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transport to a disposal site would be the same as those for transport to a storage site (see
Section J.3.5.2). Comparison of the transportation impacts associated with the two disposal options
shows no significant difference between the two.

J.3.8  Other Impacts Considered But Not Analyzed in Detail

Other impacts could potentially occur if the transportation options considered in this PEIS
were implemented, including impacts to air quality, water quality, ecology, socioeconomics, cultural
resources, visual environment (e.g., aesthetics), recreational resources, wetlands, noise levels, and
environmental justice issues. These impacts, although considered, were not analyzed in detail for one
or more of the following reasons:

• Consideration of the impacts would not contribute to differentiation among |
the alternatives and therefore would not affect the decisions to be made in the
Record of Decision that will be issued following this PEIS.

• The impacts could not be determined at the programmatic level without
consideration of specific routes between specific sites. Potential impacts
would be more appropriately addressed in the second-tier National
Environmental Policy Act (NEPA) documentation when specific sites are
considered.
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NOTATION  (APPENDIX K)

The following is a list of acronyms and abbreviations, including units of measure, used
in this document. Some acronyms used only in tables are defined in those tables.

ACRONYMS AND ABBREVIATIONS

General

CFR Code of Federal Regulations
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
LCF latent cancer fatality
LLNL Lawrence Livermore National Laboratory
LLMW low-level mixed waste
LLW low-level radioactive waste
MEI maximally exposed individual
NEPA National Environmental Policy Act
PEIS programmatic environmental impact statement
ROI region of influence

Chemicals

HF hydrogen fluoride
MgF2 magnesium fluoride
NOx nitrogen oxides
UF6 uranium hexafluoride
UO2 uranium dioxide
U3O8 triuranium octaoxide (uranyl uranate)

UNITS OF MEASURE

d day(s)
ft foot (feet)
ha hectare(s)
km kilometer(s)
L liter(s)
µg microgram(s)
m meter(s)
m3 cubic meter(s)

mrem millirem(s)
MWh megawatt-hour(s)
pCi picocurie(s)
rad radiation absorbed dose(s)
rem roentgen equivalent man
yd3 cubic yard(s)
yr year(s)
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APPENDIX K:

PARAMETRIC ANALYSIS: ENVIRONMENTAL IMPACTS OF CONVERSION,
LONG-TERM STORAGE, MANUFACTURE AND USE, AND DISPOSAL OPTIONS

FOR PROCESSING LESS THAN THE TOTAL DEPLETED UF6 INVENTORY

The U.S. Department of Energy (DOE) is proposing to develop a strategy for long-term
management of the depleted uranium hexafluoride (UF6) inventory currently stored at three DOE
sites near Paducah, Kentucky; Portsmouth, Ohio; and Oak Ridge, Tennessee. This programmatic
environmental impact statement (PEIS) describes alternative strategies that could be used for the
long-term management of this material and analyzes the potential environmental consequences
of implementing each strategy for the period from 1999 through 2039. This appendix provides
detailed information describing the parametric analysis used to assess potential environmental
impacts of conversion, long-term storage, manufacture and use, and disposal options considered
in the PEIS for processing less than the total depleted UF6 inventory.

The environmental impacts presented in Chapter 5 of the PEIS are based on the
assumption that all facilities would be designed to either convert, store, manufacture and use, or
dispose of all of the depleted UF6 in the DOE inventory. This approach provided a conservative |
estimate of the impacts that could result from each of the alternatives considered. Detailed
discussions of the estimated environmental impacts from processing the entire depleted UF6
inventory are presented for cylinder preparation, conversion, long-term storage, manufacture and
use, disposal, and transportation options in Appendices E through J, respectively. The results of
these evaluations are referred to as “100%” cases because they are based on the assumption that
all of the depleted UF6 would be processed (i.e., converted, stored, manufactured and used,
disposed of, or transported).

In contrast to the 100% cases, the parametric analysis cases presented in this appendix
considered the environmental impacts of each option category if the facilities were designed to
process or accommodate only a fraction of the depleted UF6 inventory (in the event that DOE
would select a combination of alternatives to manage the entire inventory; see below). The intent
of the parametric analysis was to show how the environmental impacts calculated for the 100%
cases would be affected by reductions in facility size and throughput. “Throughput” is a general
term that refers to the amount of material handled or processed by a facility in a year.
Sections K.2-K.6 of this parametric appendix present the environmental impacts for the
conversion, long-term storage, manufacture and use, disposal, and transportation options for
facilities designed to process between 25% and 100% of the depleted UF6 inventory. (The impacts
of the cylinder preparation options for various throughputs are addressed in Appendix E.) 

The results of the parametric analyses for the individual management components
presented in Sections K.2-K.6 can be compiled to estimate the environmental impacts of
combinations of alternatives; for example, use of 50% of the inventory as metal and use of 50% |
of the inventory as oxide. An example calculation of impacts for such a combination of |
alternatives is provided in Section K.7. Any combination of alternatives selected would result in
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management of 100% of the depleted UF6 inventory. The results of the parametric analyses can
also be used to estimate the impacts for situations in which more than one site would be used
(e.g., conversion to oxide at two locations).

For assessment purposes, the parametric analysis assumed that all facilities would be
designed to operate over a 20-year time period (i.e., the period required to process the DOE- |
generated cylinders, similar to the 100% cases presented in Appendices E through J). Thus, it was |
assumed that the processing of only a fraction of the DOE depleted UF6 inventory would be
accomplished by building and operating smaller facilities than those required for the 100% cases.
In practice, it would be possible to process a fraction of the inventory by operating facilities
designed to process 100% of the inventory over 20 years for a reduced time period, such as |
10 years, or by operating the facility at a reduced level. In addition, changes in operating schedule
could be used to accommodate small changes in the DOE inventory. For example, a 10% increase
in the total DOE inventory could be accommodated by operating a full-scale facility for 22 years
instead of 20.

For a given option, the environmental impacts resulting from the parametric analysis
cases would tend to be less than or equal to those presented for the 100% cases. Thus, if the
impacts were negligible for the 100% case, the impacts for the parametric cases would also be
negligible. For most areas considered — such as human health and safety during normal
operations, water, ecology, resource requirements, waste management, land use, and
socioeconomics — the impacts would decrease as the facility size or throughput decreased.
However, the reduction in impacts would not always be proportional to the reduction in
throughput. For example, a facility designed to process 500 cylinders per year would generally
have smaller impacts than a facility designed to process 1,000 cylinders per year, although the
impacts would not necessarily be half of those of the larger facility. For accidents producing the
greatest consequences, impacts would tend to be the same for the parametric analysis cases and
the 100% case, primarily because these types of accidents would involve only a limited amount
of material that would be at risk under accident conditions regardless of the facility size or
throughput.

The following sections summarize the approach and results of the parametric analysis.
Section K.1 presents a short summary of the assessment approach. The results are presented for
the conversion options in Section K.2, for long-term storage options in Section K.3, for
manufacture and use options in Section K.4, for disposal options in Section K.5, and for
transportation options in Section K.6; parametric assessment results for the cylinder preparation
options are provided in Appendix E. Section K.7 presents an example of the calculation of
impacts for a specific combination alternative and the summary of impacts for several example
combination alternatives.

The discussion in this appendix (Appendix K) does not include details of the assessment
methodologies or definitions of the options considered in the PEIS. A detailed description of
methodologies is presented in Appendix C, and definitions and descriptions of the option
categories are provided in Appendices F through J. Finally, in cases where the impacts from the
parametric analysis do not differ significantly from the 100% case, readers are referred to
Appendices F through J for additional discussion.
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K.1  PARAMETRIC ANALYSIS ASSESSMENT APPROACH

Two parametric cases were analyzed for conversion, long-term storage as oxide,
manufacture and use, and disposal options: (1) facilities designed to process or accommodate
50% of the depleted UF6 inventory; and (2) facilities designed to process or accommodate 25%
of the inventory. To simplify the analysis, the parametric cases were analyzed in detail for a subset
of options within each option category, as summarized in Table K.1. A subset of options was
selected because the relationships among the options within each category could be determined
from the detailed analyses conducted for the 100% cases. Therefore, the results for the options
analyzed in detail were used to estimate the impacts for all options within each category by
comparison with the 100% cases.

The basic assessment approach, areas of impact, and methodologies used to evaluate the
parametric cases were the same as those used to evaluate the 100% cases. The environmental
impacts for the 100% cases were evaluated using information provided in the engineering analysis
report (Lawrence Livermore National Laboratory [LLNL 1997a]), including descriptions of |
facility layouts; resource requirements; estimates of effluents, wastes, and emissions; and
descriptions of potential accident scenarios. To support the parametric assessment, similar design
information was used for facilities sized to process or accommodate 25% and 50% of the depleted
UF6 inventory (LLNL 1997a). |

The results of the parametric analysis are presented, where appropriate, as curves that
show the environmental impacts as a function of facility throughput. The curves were constructed
using the results for the 25%, 50%, and 100% cases. These curves can be used to estimate the
environmental impacts for throughputs ranging between 25% and 100% of the depleted UF6
inventory. In addition, the curves can also be used to provide rough estimates of the impacts for
throughputs slightly below 25% and slightly above 100%. In cases where the impacts for the
100% case were negligible, the parametric analysis was conducted to confirm that the impacts
were also negligible, and only a brief discussion is provided. (The terms used in this PEIS to
describe impacts, such as “negligible,” are defined in Chapter 4, Table 4.2.)

K.2  CONVERSION OPTIONS

The parametric analysis of the conversion options considered the environmental impacts
of converting 25% and 50% of the depleted UF6 inventory to triuranium octaoxide (U3O8),
uranium dioxide (UO2), or uranium metal over a 20-year period. The assessment considered the
environmental impacts that would occur during (1) construction of a conversion facility,
(2) routine conversion facility operations, and (3) potential conversion facility accidents. The
areas of impact and the methodologies used to evaluate the parametric cases were the same as
those used to evaluate the 100% cases, the results of which are discussed in Appendix F. The
supporting data for the 25% and 50% parametric conversion cases are provided in the engineering
analysis report (LLNL 1997a). |
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TABLE K.1  Specific Options and Parametric Cases Analyzed in Detail

Option Category/
Options Analyzed in Detail Parametric Cases Analyzed for Each Option

Conversion Conversion to U3O8, UO2, and metal:

100% case: Conversion of 100% of the inventory over 20 years

50% case: Conversion of 50% of the inventory over 20 years

25% case: Conversion of 25% of the inventory over 20 years

Long-term storage

Storage as UF6 in buildings Storage as UF6:

100% case: Storage of 46,422 cylinders

50% case: Storage of 23,211 cylinders

25% case: Storage of 11,606 cylinders

Storage as UO2 in buildings Storage as UO2:

100% case: Storage of 420,000 drums

50% case: Storage of 210,000 drums

25% case: Storage of 105,000 drums

Manufacture and use

Use as uranium oxide Use as UO2:

100% case: Use of 100% of the inventory as oxide shielding

50% case: Use of 50% of the inventory as oxide shielding

25% case: Use of 25% of the inventory as oxide shielding

Use as uranium metal Use as metal:

100% case: Use of 100% of the inventory as metal shielding

50% case: Use of 50% of the inventory as metal shielding

25% case: Use of 25% of the inventory as metal shielding

Disposal

Disposal as ungrouted U3O8 in a mine 100% case: Disposal of 100% of the inventory over 20 years

50% case: Disposal of 50% of the inventory over 20 years

25% case: Disposal of 25% of the inventory over 20 years
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In general, the impacts for the 100% cases are presented in Appendix F as ranges,
resulting from differences in technologies within each option and site differences. For the
purposes of the parametric analysis, one technology from each option was considered and
evaluated in detail at a representative site. A single technology and a representative site were
evaluated for each option to simplify the parametric analysis. This simplification was possible
because all technologies were evaluated at all representative sites for the 100% base case. The
specific technologies considered were defluorination with anhydrous hydrogen fluoride (HF)
production for conversion to U3O8; dry defluorination with anhydrous HF production for
conversion to UO2; and continuous metallothermic reduction for conversion to uranium metal.
The resulting relationships between the technologies and sites that were identified for the 100%
case were used to infer ranges of impacts for the parametric cases examined in detail. 

K.2.1  Human Health — Normal Operations

K.2.1.1  Radiological Impacts

The estimated radiological impacts — radiation doses and latent cancer fatalities (LCFs)
— from the normal operation of a full-scale (100%) facility for converting depleted UF6 to U3O8
are described in Appendix F, Section F.3.1.1. Similar impacts were calculated for the 50% and
25% conversion facilities for the parametric analysis. The radiological impacts estimated for the
100%, 50%, and 25% case are shown in Figures K.1 through K.6 as the radiation doses for the
six receptor scenarios considered in the PEIS:

• Members of the general public
- Annual collective dose
- Annual dose to the maximally exposed individual (MEI)

• Noninvolved workers
- Annual collective dose
- Annual dose to the MEI

• Involved workers
- Annual collective dose
- Annual average individual dose

The ranges of impacts resulting from site and technology differences for each option are
represented by dashed lines in the figures. The results for the technology selected for detailed
analysis are shown in the figures as solid points, with a curve drawn between the points to
indicate how the impacts vary as a function of the percent of depleted UF6 processed. The upper
and lower bounds for impacts for the 25% and 50% cases were estimated on the basis of the range
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FIGURE K.1  Estimated Annual Collective Dose to Members of the Public from the Conversion
of UF6 to U3O8 (The upper and lower ranges reflect differences in both conversion technologies
and representative site characteristics.)

FIGURE K.2  Estimated Annual Dose to the General Public MEI from the Conversion of UF6 to
U3O8 (The upper and lower ranges reflect differences in both conversion technologies and
representative site characteristics.)
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FIGURE K.3  Estimated Annual Collective Dose to Noninvolved Workers from the Conversion of
UF6 to U3O8 (The upper and lower ranges reflect differences in both conversion technologies and
representative site characteristics.)

FIGURE K.4  Estimated Annual Dose to the Noninvolved Worker MEI from the Conversion of
UF6 to U3O8 (The upper and lower ranges reflect differences in both conversion technologies and
representative site characteristics.)
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FIGURE K.5  Estimated Annual Collective Dose to Involved Workers from the Conversion of
UF6 to U3O8 (No range is presented because the estimated collective doses to involved workers
were almost identical between conversion technologies.)

FIGURE K.6  Estimated Annual Average Individual Dose to Involved Workers from the
Conversion of UF6 to U3O8 (The upper and lower ranges reflect differences in conversion
technologies.)
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determined for the 100% case. The area enclosed by the lines in each figure indicates the range
of impacts expected for throughputs between 25% and 100%, taking into account both technology
and site differences.

The results of the parametric analysis for conversion to U3O8 (as shown in Figures K.1
through K.6) indicate that the radiological impacts would scale relatively linearly with the quantity
of depleted UF6 processed annually. The impacts of the 25% and 50% cases would be smaller
than those for the 100% case, although the decrease would not be proportional to the reduction
in throughput (i.e., the impacts for the 50% case would be greater than half of the impacts for the
100% case). The radiation doses to the general public would be greater than those to noninvolved
workers because of longer exposure times and, for the collective dose, larger population size. The
doses shown in the figures can be converted to the number (or risk) of LCFs by multiplying the
doses (in rem or person-rem) by 0.0005 LCF/person-rem for members of the public and
0.0004 LCF/person-rem for workers. Additional discussion of the significance of the estimated
doses is provided in Appendix F. 

For conversion to UO2, the estimated radiation doses for the 100%, 50%, and 25%
throughput cases are presented in Figures K.7 through K.12 for each of the six receptor scenarios
considered in the PEIS. The results are presented in a manner similar to the results discussed
previously for conversion to U3O8. The general relationship between radiological impacts and
throughput for conversion to UO2 is similar to that for conversion to U3O8; that is, the
radiological impacts would decrease with decreasing throughput. The estimated radiological
impacts (doses and LCFs) from normal operation of a full-scale (100%) facility for converting
depleted UF6 to UO2 are described in Appendix F, Section F.3.1.1.

For conversion to metal, the estimated radiation doses for the 100%, 50%, and 25%
throughput cases are presented in Figures K.13 through K.18 for each of the six receptor scenarios
considered in the PEIS. Similar to conversion to U3O8 and UO2, the radiological impacts from
conversion to metal would decrease with decreasing throughput. The estimated radiological
impacts (doses and LCFs) from the normal operation of a full-scale (100%) facility for converting
depleted UF6 to uranium metal are described in Appendix F, Section F.3.1.1. 

The estimated radiological impacts from operation of the cylinder treatment facility are
less than the impacts from the operations of the conversion facilities. Low-level exposures would
be expected for involved workers and negligible exposures for noninvolved workers and the
general public. The estimated radiation doses for the 100%, 50%, and 25% throughput cases are
presented in Figures K.19 through K.24 for each of the six receptor scenarios considered in the
PEIS.

K.2.1.2  Chemical Impacts

The estimated impacts from chemical exposures during the normal operation of full-scale
(100%) facilities for converting depleted UF6 to U3O8, UO2, and uranium metal are described in
Appendix F, Section F.3.1.2. The results of the 100% case analyses indicated that noninvolved
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FIGURE K.7  Estimated Annual Collective Dose to Members of the Public from the Conversion
of UF6 to UO2 (The upper and lower ranges reflect differences in both conversion technologies
and representative site characteristics.)

FIGURE K.8  Estimated Annual Dose to the General Public MEI from the Conversion of UF6 to
UO2 (The upper and lower ranges reflect differences in both conversion technologies and
representative site characteristics.)
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FIGURE K.10  Estimated Annual Dose to the Noninvolved Worker MEI from the Conversion of
UF6 to UO2 (The upper and lower ranges reflect differences in both conversion technologies and
representative site characteristics.)

FIGURE K.9  Estimated Annual Collective Dose to Noninvolved Workers from the Conversion of
UF6 to UO2 (The upper and lower ranges reflect differences in both conversion technologies and
representative site characteristics.)
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FIGURE K.11  Estimated Annual Collective Dose to Involved Workers from the Conversion 
of UF6 to UO2 (The upper and lower ranges reflect differences in conversion technologies.)

FIGURE K.12  Estimated Annual Average Individual Dose to Involved Workers from the
Conversion of UF6 to UO2 (The upper and lower ranges reflect differences in conversion
technologies.)
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FIGURE K.13  Estimated Annual Collective Dose to Members of the Public from the Conversion
of UF6 to Uranium Metal (The upper and lower ranges reflect differences in both conversion
technologies and representative site characteristics.)

FIGURE K.14  Estimated Annual Dose to the General Public MEI from the Conversion of UF6 to
Uranium Metal (The upper and lower ranges reflect differences in both conversion technologies and
representative site characteristics.)
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FIGURE K.15  Estimated Annual Collective Dose to Noninvolved Workers from the Conversion
of UF6 to Uranium Metal (The upper and lower ranges reflect differences in both conversion
technologies and representative site characteristics.)

FIGURE K.16  Estimated Annual Dose to the Noninvolved Worker MEI from the Conversion of
UF6 to Uranium Metal (The upper and lower ranges reflect differences in both conversion
technologies and representative site characteristics.)
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FIGURE K.17  Estimated Annual Collective Dose to Involved Workers from the Conversion of
UF6 to Uranium Metal (The upper and lower ranges reflect differences in conversion
technologies.)

FIGURE K.18  Estimated Annual Average Individual Dose to Involved Workers from the
Conversion of UF6 to Uranium Metal (The upper and lower ranges reflect differences in
conversion technologies.)
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FIGURE K.19  Estimated Annual Collective Dose to Members of the Public from the Cylinder
Treatment Facility (The upper and lower ranges reflect differences in representative site
characteristics.)

FIGURE K.20  Estimated Annual Dose to the General Public MEI from the Cylinder Treatment
Facility (The upper and lower ranges reflect differences in representative site characteristics.)



Parametric Analysis K-17 Depleted UF6 PEIS

FIGURE K.21  Estimated Annual Collective Dose to Noninvolved Workers from the Cylinder
Treatment Facility (The upper and lower ranges reflect differences in representative site
characteristics.)

FIGURE K.22  Estimated Annual Dose to the Noninvolved Worker MEI from the Cylinder Treatment
Facility (The upper and lower ranges reflect differences in representative site characteristics.)
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FIGURE K.23  Estimated Annual Collective Dose to Involved Workers from the Cylinder
Treatment Facility

FIGURE K.24  Estimated Annual Average Individual Dose to Involved Workers from the
Cylinder Treatment Facility
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workers and members of the general public would receive very low exposures to chemicals from
operation of the conversion facilities and that no adverse health impacts would be expected. For
the 100% cases, the calculated hazard indices were much less than 1 for all three conversion
options (a hazard index of greater than 1 indicates the potential for health impacts). For the
parametric analysis of the 25% and 50% throughput cases, calculated hazard indices for
noninvolved workers and members of the general public were proportionally smaller than those
for the 100% cases. Therefore, because the hazard indices are much less than 1, no adverse health
impacts from chemical exposures would be expected for throughput rates between 25% and
100%.

The chemical impacts from operations of the cylinder treatment facility were estimated
to be less than the impacts from operations of the conversion facilities, therefore resulting in no
adverse health impacts to noninvolved workers and the general public for the 25%, 50%, and
100% cases.

K.2.2  Human Health — Accident Conditions

K.2.2.1  Radiological Impacts

The estimated radiological impacts (radiation doses and LCFs) from potential accidents
during operation of the full-scale (100%) conversion facilities are presented in Appendix F, Sec-
tion F.3.2.1. Analysis of the 100% cases considered a range of accidents in four frequency
categories; results are presented only for those accidents in each category that would have the
greatest consequences (bounding accidents). Similar sets of accidents covering the same four
frequency categories are defined in the engineering analysis report (LLNL 1997a) for the 25% and |
50% throughput cases. 

On the basis of the assessment of the 25% and 50% conversion cases, the radiological
accident impacts associated with each of the parametric cases would be the same as those
presented for the 100% cases in Appendix F. The impacts would be the same because the
bounding accidents within each frequency category (those producing the greatest consequences)
would be the same for all cases (100%, 50%, and 25%). The bounding accidents would be the
same because they would involve only a limited amount of material that would be at risk under
accident conditions regardless of the facility size or throughput. Some of the impacts from other
accidents considered for the 25% and 50% cases (nonbounding) would be different than those for
the 100% cases. In general, the impacts of these nonbounding accidents for the 50% and 25%
cases would be less than those for the 100% cases because of the reduced throughput. 

All accidents associated with the cylinder treatment facilities discussed in Appendix F
would be the same for the parametric analysis (LLNL 1997a). The frequencies of some accidents, |
such as drum spills, might decrease as the number of drums handled decreased with facility
throughput. However, it is not expected that the small changes in frequencies for specific
accidents would change the overall frequency category for those accidents. As a result, the
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accident impacts associated with the cylinder treatment facility would be the same for all
parametric cases.

K.2.2.2  Chemical Impacts

The estimated chemical impacts from potential accidents during the operation of
full-scale (100%) conversion facilities are presented in Appendix F, Section F.3.2.2. The analysis
of the 100% cases considered a range of accidents in four frequency categories; results are
presented only for those accidents in each category that would have the greatest consequences
(bounding accidents). Similar sets of accidents covering the same four frequency categories are
defined in the engineering analysis report (LLNL 1997a) for the 25% and 50% throughput cases. |

As for the radiological accident impacts, the chemical accidents producing the greatest
consequences for the 25% and 50% parametric cases would be the same as those assessed for the
100% cases in Appendix F. The impacts would be similar because the bounding accidents within
most frequency categories would be the same for the 100%, 50%, and 25% cases, and in those
cases where the accidents were different, no adverse chemical impacts were estimated. The
bounding accidents would be the same because they would involve only a limited amount of
material that would be at risk under accident conditions regardless of the facility size or
throughput. Some of the impacts from other accidents considered for the 25% and 50% cases
(nonbounding accidents) would be different than those for the 100% cases. In general, the impacts
of these other accidents for the 50% and 25% cases would be less than those for the 100% cases
because of the reduced throughput.

All accidents associated with the cylinder treatment facilities discussed in Appendix F
would be the same for the parametric analysis (LLNL 1997a). The frequencies of some accidents, |
such as drum spills, might decrease as the number of drums handled decreased with facility
throughput. However, it is not expected that the small changes in frequencies for specific
accidents would change the overall frequency category for those accidents. As a result, the overall
chemical accident impacts associated with cylinder treatment would be the same for all
parametric cases.

K.2.2.3  Physical Hazards

The estimated health impacts, such as on-the-job injuries and fatalities, from potential
physical accidents during the construction and operation of full-scale (100%) conversion facilities
are presented in Appendix F, Section F.3.2.3. The impacts of the 25% and 50% cases would be
smaller than those for the 100% cases, although the decrease would not be proportional to the
reduction in throughput (i.e., the impacts for the 50% case would be greater than half of the
impacts for the 100% case).

The estimated total fatalities over the entire period of construction and operations for the
U3O8 conversion options for the 25%, 50%, and 100% cases would be 0.29, 0.32, and 0.35, |
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respectively (both conversion options analyzed resulted in the same fatality estimates). For the
UO2 conversion options, the estimated total fatalities for the 25%, 50%, and 100% cases would
range from 0.35 to 0.49, 0.38 to 0.54, and 0.40 to 0.59, respectively. For the metal conversion
options, total fatalities for the 25%, 50%, and 100% cases would range from 0.33 to 0.49, 0.36
to 0.52, and 0.4 to 0.55, respectively. |

The total numbers of injuries over the entire period of construction and operation of the
specific U3O8, UO2, and metal conversion options analyzed parametrically are illustrated by the
solid black line in Figures K.25 through K.27. The estimated upper ranges of impacts for all
options examined in the PEIS are illustrated by the dotted lines in the figures (because both U3O8
options analyzed resulted in the same number of estimated injuries, only one line is shown in
Figure K.25). The ranges of predicted injury incidence for the conversion options would be
roughly comparable, reflecting the generally similar requirements for constructing and operating
the three types of conversion facilities.

The estimated fatalities for the 25%, 50%, and 100% cases of construction and operation
of a cylinder treatment facility would be 0.13, 0.16, and 0.19, respectively. The estimated number |
of injuries over the entire period of construction and operations would range from 122 to 170. The
impacts are shown in Figure K.28 for throughputs ranging from 25% to 100%.

K.2.3  Air Quality

The estimated impacts on air quality during construction and operation of full-scale
(100%) conversion facilities are presented in detail in Appendix F, Section F.3.3. All of the
pollutant concentrations produced by the 100% capacity version of the conversion facilities would
be well below their respective air quality standards, with the possible exception of dust emissions
during construction. During construction, short-term particulate concentrations were estimated
to potentially approach the applicable air quality standards for all options, although the condition
would be temporary and minimized by good construction practices. The air quality impacts
calculated for the 25% and 50% parametric cases, based on information provided in the engi-
neering analysis report (LLNL 1997a), were found to be less than those for the 100% cases. |
During construction, short-term impacts for the parametric cases would be less than those for the
100% cases, and impacts during operations would also be negligible. However, the air quality
impacts from operations would not scale proportionally with facility capacities. The impacts from
a 25% capacity plant would be from about 45% to 100% of those from the full-capacity plant,
depending on the specific source of the emissions.

All of the pollutant concentrations produced by the 100% capacity version of the cylinder
treatment facility would be well below the respective air quality standards (see Appendix F,
Section F.3.3). The air quality impacts calculated for the 25% and 50% parametric cases, based
on information provided in the engineering analysis report (LLNL 1997a), were found to be less |
than those for the 100% cases, and thus would also be negligible.
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FIGURE K.25  Estimated Number of On-the-Job Injuries (for entire construction and operational
periods) for the Conversion of UF6 to U3O8 (No range is presented because the number of injuries
would be almost identical between the U3O8 conversion technologies.)

FIGURE K.26  Estimated Number of On-the-Job Injuries (for entire construction and operational
periods) for the Conversion of UF6 to UO2 (The ranges reflect differences in UO2 conversion
technologies.)
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FIGURE K.27  Estimated Number of On-the-Job Injuries (for entire construction and
operational periods) for the Conversion of UF6 to Uranium Metal (The ranges reflect differences
in uranium metal conversion technologies.)

FIGURE K.28  Estimated Number of On-the-Job Injuries (for entire construction and
operational periods) for the Cylinder Treatment Facility
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K.2.4  Water and Soil

K.2.4.1  Surface Water

The estimated impacts on surface water during construction, operation, and potential
accidents for full-scale (100%) conversion facilities and the cylinder treatment facility are
presented in detail in Appendix F, Section F.3.4.1. The potential impacts evaluated included
changes in runoff, changes in quality, and floodplain encroachment. The impacts to surface water
from the 100% cases were found to be negligible for all three conversion options. The impacts
to surface water estimated for the 25% and 50% parametric cases, based on information provided
in the engineering analysis report (LLNL 1997a), were found to be less than those for the 100% |
cases, and thus would also be negligible.

K.2.4.2  Groundwater

The estimated impacts on groundwater during construction, operation, and potential
accidents for full-scale (100%) conversion facilities and the cylinder treatment facility are
presented in detail in Appendix F, Section F.3.4.2. The potential impacts evaluated included
changes in the depth to groundwater, the direction of groundwater flow, recharge, and quality.
The impacts to groundwater from the 100% cases were found to be negligible for all three
conversion options. The impacts calculated for the 25% and 50% parametric cases, based on
information provided in the engineering analysis report (LLNL 1997a), were found to be less than |
those for the 100% cases, and thus would also be negligible.

K.2.4.3  Soil

The estimated impacts to soil during construction, operation, and potential accidents for
full-scale (100%) conversion facilities and the cylinder treatment facility are presented in detail
in Appendix F, Section F.3.4.3. The potential impacts evaluated included changes in topography,
permeability, quality, and erosion potential. The impacts to soil from the 100% cases were found
to be negligible for all three conversion options. The impacts calculated for the 25% and 50%
parametric cases, based on information provided in the engineering analysis report (LLNL
1997a), were found to be less than those for the 100% cases, and thus would also be negligible. |

K.2.5  Socioeconomics

The socioeconomic impacts of U3O8, UO2, and metal conversion and cylinder treatment
facilities for the 50% and 25% parametric cases would be less than the impacts of the base-case
facility sizes. Cost information was not available in sufficient detail to allow an analysis of
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impacts using the same methodology that was used for the base cases. The impacts of parametric
cases were therefore assessed qualitatively, based on the assumption that changes in the cost of
equipment, materials, and labor between cases would be proportional to changes in total life-cycle
cost. Compared with base-case facility sizes, smaller conversion and cylinder treatment facilities
would result in the following: less direct and indirect employment and income would be created
in the region of influence (ROI) at each representative site; fewer people would migrate into the
ROI with fewer total jobs created, meaning fewer rental and owner-occupied houses would be
needed; and the impact on local jurisdictional revenues and expenditures would be smaller. 

K.2.6  Ecology

Site preparation for the construction of conversion and cylinder treatment facilities would
result in the disturbance of biotic communities, including the permanent replacement of habitat
with structures, paved areas, and landscaping (see Section K.2.9). Existing vegetation would be
destroyed during land-clearing activities. Wildlife would be disturbed by land clearing, noise, and
human presence.

Normal operations of the conversion facility would generate minor atmospheric
emissions of criteria pollutants, HF, and uranium compounds. However, resulting air
concentrations would be expected to be negligible under all three cases analyzed, resulting in
negligible impacts to ecological resources.

Effluent discharges to surface water would contain low levels of contaminants, including
uranium. However, under all three cases, contaminant concentrations in the undiluted effluent
would be below levels that adversely affect aquatic biota.

Depending on the exact location of the conversion facility, the loss of approximately 10
to 30 acres (4 to 12 ha) of undeveloped land and habitat, representing the rounded 25-100% |
capacity range for oxide and metal conversion facilities, might constitute a minor to moderate |
adverse impact to vegetation and wildlife. For the cylinder treatment facility, the loss of 6.8 to
8.7 acres (2.8 to 3.5 ha) of undeveloped land and the permanent loss of 3.2 to 4.5 acres (1.3 to |
1.8 ha) of habitat would constitute a negligible to low adverse impact. (See Section K.2.9 for |
details on land use assumptions.) When these facilities would be sited, all appropriate measures |
would be taken to preclude or minimize such impacts.

Impacts to wetlands and state and federally protected species due to facility construction
would depend on facility location. Avoidance of wetland areas would be included during facility
planning. Impacts to air quality, surface water, groundwater, and soil during construction and
operations would be expected to be negligible, as would the resulting derived impacts to
ecological resources.
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K.2.7  Waste Management

The estimated impacts from waste management operations for construction and operation
of full-scale (100%) conversion facilities are presented in detail in Appendix F, Section F.3.7.
Potential moderate impacts to site, regional, and national waste management operations were
found for all 100% throughput conversion option cases. On the basis of information provided in
the engineering analysis report (LLNL 1997a), the impacts resulting from construction and |
operation of the conversion facility for the 25% and 50% parametric cases would be roughly
linear for throughput ranges of between 25% and 100%. Minimal waste management impacts
would result from construction-generated wastes. The annual amounts of waste generated during
facility operations are shown in Table K.2. Overall, the waste input resulting from normal
operations at the conversion facilities would have a low to moderate impact on waste
management capacities locally or across the DOE complex. 

There is a significant possibility that the magnesium fluoride (MgF2) waste generated in
the conversion to metal option would be sufficiently contaminated with uranium to require
disposal as low-level radioactive waste (LLW) rather than as solid nonhazardous waste. Such
disposal might require the MgF2 waste to be grouted, generating up to 12,300 m3/yr of grouted
waste for LLW disposal. This volume represents a low (5.8%) impact to the DOE complexwide |
LLW disposal capacity for the 100% throughput case (scales linearly for the three throughput
cases). 

K.2.8  Resource Requirements

The estimated impacts from resource requirements during construction and operation of
full-scale (100%) conversion facilities are presented in detail in Appendix F, Section F.3.8. The
impacts on resources would be expected to be small for the 100% capacity conversion case.
Although the resource requirements for the two conversion parametric analyses would be less
than the 100% case, the reduction in requirements would not be linearly proportional to the
decrease in throughput. For example, the amount of material required to construct a conversion
facility for the 25% throughput case would be only about 10% to 20% less than the amount
required for the 100% throughput facility due to “economies-of-scale.”

Construction and operation of the proposed conversion options would consume irretriev-
able amounts of electricity, fuel, concrete, steel and other metals, water, and miscellaneous
chemicals. The total quantities of commonly used materials would not be expected to be
significant. No strategic and critical materials (e.g., Monel or Inconel) in significant quantities are
projected to be  consumed during construction or operation. The conversion options are not
considered resource-intensive, and the resources required are generally not considered rare or
unique. Furthermore, committing any of these resources would not be expected to cause a
negative impact on the availability of these resources within local areas or nationally for the
100%, 50%, and 25% cases.
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TABLE K.2  Waste Generation from Conversion Facilities for 100%, 50%, and 25% Throughput Cases

Waste Generated (m
3
/yr) by Conversion to U3O8, UO2, or Uranium Metal 

for Three Throughput Cases

U3O8 UO2 Uranium Metal

Waste Category 100% 50% 25% 100% 50% 25% 100% 50% 25%

Low-level radioactive waste

Combustible 77 73 70 88 84 82 77 71 69

Noncombustible 62 45 33 82 63 45 112 88 69

Grouted 466 233 116 466 233 116 37 26 18

Low-level mixed waste 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1 1.1

Hazardous waste 7.3 6.7 6.1 7.3 6.7 6.1 7.3 6.7 6.1

Nonhazardous waste

Solids 535 512 490 612 585 566 6,680
a

3,590
a

2,040
a

Wastewater 58,000 36,300 24,600 74,900 47,300 31,000 96,500 57,500 37,500

Sanitary waste 4,920 4,730 4,540 5,680 5,380 5,220 5,300 4,950 4,800

a
Includes the following volumes of MgF2 waste: 6,120 m3/yr for the 100% case; 3,060 m3/yr for the 50% case, and 1,530 m3/yr for the 25% case.
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Construction and operation of a cylinder treatment facility would also consume irretriev-
able amounts of electricity, fuel, concrete, steel, water, and miscellaneous gases and chemicals.
Similar to the conversion facilities, the cylinder treatment facility option would not be expected
to result in negative impacts relative to its resource requirements.

K.2.9  Land Use

K.2.9.1  Conversion to U3O8

Potential impacts to land use from the construction and operation of a U3O8 conversion
facility would include the acquisition and clearing of required land, minor and temporary
disruptions to contiguous land parcels, and increases in vehicular traffic. Site preparation for the
construction of a facility to convert 25%, 50%, and 100% of the depleted UF6 inventory to U3O8
by defluorination with anhydrous HF would require the disturbance of approximately 14, 16, and
20 acres (5.5, 6.4, and 8.1 ha), respectively. Within this disturbed area, the facility would require
the permanent replacement of approximately 9, 11, and 13 acres (3.6, 4.2, and 5.3 ha) with
structures, paved areas, and landscaping. The amount of land required for the other U3O8
conversion technologies would be roughly similar. Even the highest areal requirement would not
be great enough to generate other than negligible, temporary disturbance impacts, particularly if
the facility was sited in a location already dedicated to similar use with immediate access to
infrastructure and utility support.

Impacts to land use outside the boundaries of a U3O8 conversion facility at 25%, 50%,
or 100% of throughput would be limited to negligible, temporary traffic impacts associated with
project construction.

K.2.9.2  Conversion to UO2

Impacts to land use from the construction and operation of a UO2 conversion facility,
regardless of throughput capacity case, would be negligible and limited to minor and temporary
disruptions to contiguous land parcels and increases in vehicular traffic associated with
construction activities. Site preparation for the construction of a facility to convert 25%, 50%, and
100% of the depleted UF6 inventory to UO2 by the dry process with anhydrous HF  would require
the disturbance of approximately 16, 19, and 24 acres (6.4, 7.9, and 9.7 ha), respectively. Within
this disturbed area, the facility would require the permanent replacement of approximately 10, 13,
and 15 acres (4.0, 5.2, and 5.9 ha) with structures, paved areas, and landscaping. The amount of
land required for the other UO2 conversion technologies would be roughly similar, except for
gelation, which would require a slightly greater amount of land. Even the highest areal
requirement would not be great enough to generate other than negligible, temporary disturbance
impacts associated with construction.
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Impacts to land use outside the boundaries of a UO2 conversion facility at 25%, 50%,
or 100% of throughput would be limited to minor, temporary traffic impacts associated with
project construction.

K.2.9.3  Conversion to Uranium Metal

Impacts to land use from the construction and operation of a facility for uranium metal
conversion, regardless of throughput capacity case, would be negligible and limited to minor and
temporary disruptions to contiguous land parcels and increases in vehicular traffic associated with
construction activities. Site preparation for the construction of a facility to convert 25%, 50%, and
100% of the depleted UF6 inventory to uranium metal by the continuous metallothermic
production technology would require the disturbance of approximately 17, 21, and 26 acres (6.8,
8.6, and 10.6 ha), respectively. Within this disturbed area, the facility would require the
permanent replacement of approximately 12, 14, and 15 acres (4.8, 5.5, and 6.2 ha) with
structures, paved areas, and landscaping. The amount of land required for the other uranium metal
conversion technology would be roughly similar. Even the highest areal requirement would not
be great enough to generate other than negligible, temporary disturbance impacts associated with
construction.

Impacts to land use outside the boundaries of a conversion-to-metal facility at 25%, 50%,
or 100% of throughput would be limited to minor, temporary traffic impacts associated with
project construction.

K.2.9.4  Cylinder Treatment Facility

Other than negligible and temporary disruptions to contiguous land parcels, and slight
increases in vehicular traffic, virtually no impacts would be expected from a cylinder treatment
facility at 25%, 50%, or 100% of throughput capacity. Site preparation for construction of a stand-
alone cylinder treatment facility for 25%, 50%, and 100% of the depleted UF6 inventory would
require the disturbance of approximately 6.8, 7.5, and 8.7 acres (2.8, 3.0, and 3.5 ha),
respectively. Within this disturbed area, the facility would require the permanent replacement of
approximately 3.2, 3.7, and 4.5 acres (1.3, 1.5, and 1.8 ha) with structures and paved areas. 

Potential impacts to land use outside the boundaries of a site containing a cylinder
treatment facility at 25%, 50%, or 100% of throughput capacity would be limited to negligible,
temporary traffic impacts associated with project construction.

K.2.10  Other Impacts Considered But Not Analyzed in Detail

Other impacts could potentially occur if the conversion options considered in this PEIS
were implemented — including impacts to cultural resources and environmental justice, as well
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as to aesthetics (e.g., visual environment), recreational resources, and noise levels, and impacts
associated with decontamination and decommissioning of conversion facilities. These impacts,
although considered, were not analyzed in detail for one or both of the following reasons: |

• The impacts could not be determined at the programmatic level without
consideration of specific sites. These impacts would be more appropriately
addressed in the second-tier National Environmental Policy Act (NEPA)
documentation when specific sites are considered. |

• Consideration of the impacts would not contribute to differentiation among
the alternatives; therefore, it would not affect the decisions to be made in |
the Record of Decision that will be issued following publication of this |
PEIS.

|

K.3  LONG-TERM STORAGE OPTIONS

The parametric analysis of the long-term storage options considered the environmental
impacts of storing 25% and 50% of the depleted UF6 inventory as UF6 or as an oxide form. In
both cases, it was assumed that the uranium material would be actively placed into storage over
a 20-year period (from 2009 through 2028), and then stored for an additional 11-year period (from
2029 through 2039) with only routine monitoring and maintenance. The assessment considered
the environmental impacts that would occur during (1) construction of a storage facility,
(2) routine operations, and (3) potential storage facility accidents. The areas of impact and the
methodologies used to evaluate the parametric cases were the same as those used to evaluate the
100% cases discussed in detail in Appendix G. The supporting engineering data for the 25% and
50% parametric storage cases are provided in the engineering analysis report (LLNL 1997a). |

The environmental impacts for the 100% case are presented in Appendix G for
(1) storage as UF6 in yards, buildings, and an underground mine; (2) storage as U3O8 in buildings,
vaults, and a mine; and (3) storage as UO2 in buildings, vaults, and a mine. For the purposes of
the parametric analysis, storage as UF6 in buildings and storage as UO2 in buildings were
considered in detail. These options were chosen to simplify the parametric analysis because all
options were evaluated in detail for the 100% base case. The relationships between the options
that were identified for the 100% case were used to infer the impacts for all of the long-term
storage options for the parametric analysis. 
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K.3.1  Human Health — Normal Operations

K.3.1.1  Radiological Impacts

The estimated radiological impacts (radiation doses and LCFs) from the normal
operation of full-scale (100%) storage facilities for depleted UF6 cylinders, UO2 drums, and U3O8
drums are described in Appendix G, Section G.3.1.1. Similar impacts were calculated for the 50%
and 25% storage facilities for the parametric analysis. Radiological impacts from the storage as
UF6, UO2, and U3O8 would be limited to involved workers because emissions of uranium to the
air and water would be expected to be negligible during normal operations. The radiological
impacts for involved workers for the 100%, 50%, and 25% cases are shown in Figures K.29
through K.34. The range of impacts resulting from technology differences (i.e., differences
between building, vault, and mine storage facilities) are represented by dashed lines in the figures.
The results for the two parametric cases for storage in buildings are shown in the figures as solid
points, with a curve drawn between the points to indicate how the impacts would vary as a
function of the percent of depleted UF6 processed. The upper and lower bounds of impacts for
the 25% and 50% cases were estimated on the basis of the range determined for the different
technologies for the 100% case. The area enclosed by the lines in the figures indicates the range
of impacts expected for throughputs between 25% and 100%.

The results of the parametric analysis (as shown in Figures K.29 and K.34) indicate that
the collective radiological impacts would scale relatively linearly with the total quantity of
depleted UF6 processed. The impacts of the 25% and 50% cases would be smaller than those for
the 100% case, although the decrease would not be proportional to the reduction in throughput
(i.e., the impacts for the 50% case would be greater than half of the impacts for the 100% case).
The doses shown in the figures can be converted to the number (or risk) of LCFs by multiplying
the doses (in rem or person-rem) by 0.0004 LCF/person-rem for workers. Additional discussion
of the significance of the estimated doses is provided in Appendix G, Section G.3.1.1.

K.3.1.2  Chemical Impacts

The estimated impacts from chemical exposures during the normal operation of full-scale
(100%) storage facilities are described in Appendix G, Section G.3.1.2. The results of the 100%
case analyses indicated that noninvolved workers and members of the general public would
receive very low exposures to chemicals from operation of all storage facilities and that no
adverse health impacts would be expected. For the 100% cases, the calculated hazard indices
were much less than 1 for all long-term storage options (a hazard index of greater than 1 indicates
the potential for health  impacts). For the parametric analysis of the 25% and 50% throughput
cases, airborne emissions of depleted uranium and HF during normal operations would be less
than the 100% cases and extremely small (LLNL 1997a). Therefore, by comparison with the |
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FIGURE K.29  Estimated Annual Collective Dose to Involved Workers from Storage as UF6 (The
upper and lower ranges reflect differences in storage technologies, i.e., buildings, yards, and
mine.)

FIGURE K.30  Estimated Annual Average Individual Dose to Involved Workers from Storage
as UF6 (The upper and lower ranges reflect differences in storage technologies, i.e., buildings,
yards, and mine.)
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FIGURE K.31  Estimated Annual Collective Dose to Involved Workers from Storage as UO2 
(The collective doses for the different storage technologies would be essentially the same.)

FIGURE K.32  Estimated Annual Average Individual Dose to Involved Workers from Storage
as UO2 (The upper and lower ranges reflect differences in storage technologies, i.e., buildings, 
vaults, and mine.)
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FIGURE K.33  Estimated Annual Collective Dose to Involved Workers from Storage as U3O8 |

FIGURE K.34  Estimated Annual Average Individual Dose to Involved Workers from Storage
as U3O8 (The upper and lower ranges reflect differences in storage technologies, i.e., buildings,
vaults, and mine.)
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100% case results, no adverse health impacts from chemical exposures would be expected for
throughput rates between 25% and 100% for all long-term storage options.

K.3.2  Human Health — Accident Conditions

K.3.2.1  Radiological Impacts

The estimated radiological impacts (radiation doses and LCFs) from potential accidents
during the operation of full-scale (100%) storage facilities for depleted UF6, U3O8, and UO2 are
presented in Appendix G, Section G.3.2.1. The analysis of the 100% cases considered a range of
accidents in four frequency categories; results are presented for only those accidents in each
category that would have the greatest consequences (bounding accidents). Similar sets of
accidents covering the same four  frequency categories are defined in the engineering analysis
report (LLNL 1997a) for the 25% and 50% throughput cases. |

Based on the assessment of the 25% and 50% long-term storage cases, the radiological
accident impacts associated with each of the parametric cases would be the same as those
presented for the 100% case in Appendix G, Section G.3.2.1. The impacts would be identical
because the bounding accidents within each frequency category would be the same for the 100%,
50%, and 25% cases. The bounding accidents would be the same because they would involve
only a limited amount of material that would be at risk under accident conditions regardless of
the facility size or throughput. However, as a result of the reduced throughput rates, the actual
frequencies of some accidents that were related to handling operations (i.e., the “mishandle/drop
of drum” accident) would decrease as the number of containers handled decreased. The resulting
risk of these accidents would also decrease as their frequencies decreased. However, none of the
accident frequencies would change enough to cause the accident to be considered in a different
frequency category. Therefore, the overall impacts associated with the long-term storage options
would be the same for all parametric cases.

K.3.2.2  Chemical Impacts

The estimated chemical impacts from potential accidents during the operation of full-
scale (100%) storage facilities for UF6 and oxide are presented in Appendix G, Section G.3.2.2.
The analysis of the 100% cases considered a range of accidents in four frequency categories;
results are presented for only those accidents in each category that would have the greatest
consequences (bounding accidents). Similar sets of accidents covering the same four frequency
categories are defined in the engineering analysis report (LLNL 1997a) for the 25% and 50% |
throughput cases. 

Based on the assessment of the 25% and 50% long-term storage cases, the chemical
accident impacts associated with each of the parametric cases would be the same as those
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presented for the 100% case in Appendix G, Section G.3.2.2. As for radiological accidents, the
impacts would be the same because the bounding accidents within each frequency category would
be the same for the 100%, 50%, and 25% cases. The bounding accidents would be the same
because they would involve only a limited amount of material that would be at risk under accident
conditions regardless of the facility size or throughput. However, as a result of the reduced
throughput rates, the actual frequencies of some accidents related to handling operations (i.e., the
“mishandle/drop of drum” accident) would decrease as the number of containers handled
decreased. The resulting risk of these accidents would also decrease as their frequencies
decreased. However, none of the accident frequencies would change enough to cause the accident
to be considered in a different frequency category. Therefore, the overall impacts associated with
the long-term storage options would be the same for all parametric cases.

K.3.2.3  Physical Hazards

The estimated health impacts, such as on-the-job injuries and fatalities, from potential
physical accidents during the construction and operation of full-scale (100%) storage facilities are
presented in Appendix G, Section G.3.2.3. For the 100% storage cases, worker fatalities ranged |
from about 0.10 to 0.36 for storage as UF6, 0.16 to 0.24 for storage as UO2, and 0.29 to 0.43 for |
storage as U3O8 (see Table G.11 in Section G.3.2.3). On-the-job worker injuries for the 100% |
cases ranged from about 90 to 190 for storage as UF6, from 150 to 220 for storage as U3O8, and
from 100 to 140 for storage as UO2. For the two options analyzed in detail in the parametric
analysis, the impacts of the 25% and 50% cases would be smaller than those for the 100% cases,
although the decrease would not be proportional to the reduction in throughput (i.e., the impacts
for the 50% case would be greater than 50% of the impacts for the 100% case).

For parametric cases, the number of on-the-job worker fatalities for storage as UF6 would |
range from 0.05 to 0.23 at 25% capacity and from about 0.10 to 0.29 at 50% capacity. For storage |
as UO2, fatalities would range from 0.07 to 0.15 at 25% capacity and from about 0.10 to 0.19 at |
50% capacity. The number of on-the-job worker injuries for storage as UF6 would range from |
about 50 to 125 at 25% capacity and from about 60 to 150 at 50% capacity. For storage as UO2, |
injuries would range from about 50 to 90 at 25% capacity and from about 75 to 110 at 50% |
capacity. The predicted number of injuries for UF6 and UO2 are shown as a function of |
throughput in Figures K.35 and K.36, respectively. |

|
Although parametric cases for the U3O8 storage options were not explicitly analyzed, if |

it is assumed that the relative difference in magnitude of impacts for U3O8 and UO2 is similar to |
that for the 100% cases, then the number of on-the-job fatalities for storage as U3O8 would range |
from about 0.12 to 0.26 for 25% capacity and from about 0.19 to 0.36 at 50% capacity. Estimated |
injuries for parametric cases of storage as U3O8 would range from about 75 to 135 for 25% |
capacity and from about 113 to 176 for 50% capacity. |
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FIGURE K.35  Estimated Number of On-the-Job Injuries (for entire construction and operational
periods) for Storage as UF6 (The ranges reflect differences in storage technologies, i.e., buildings, |
yards, and mine.)

FIGURE K.36  Estimated Number of On-the-Job Injuries (for entire construction and operational
periods) for Storage as UO2 (The ranges reflect differences in storage technologies, i.e., buildings, |
vaults, and mine.)
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K.3.3  Air Quality

The estimated impacts on air quality during construction and operation of full-scale
(100%) long-term storage facilities for UF6 and oxide are presented in detail in Appendix G,
Section G.3.3. All of the pollutant concentrations resulting from 100% throughput would be
below the respective air quality standards. During construction, short-term particulate
concentrations would potentially approach the applicable air quality standards for all options,
although the condition would be temporary and minimized by good construction practices. During
operations, the pollutant concentrations would be less than 0.1% of the corresponding air quality
standards, resulting in negligible impacts. 

The air quality impacts calculated for the 25% and 50% parametric cases, based on
information provided in the engineering analysis report (LLNL 1997a), were found to be less than |
those for the 100% cases. During construction, short-term impacts for the parametric cases would
be less than those for the 100% cases; impacts during operations would also be negligible. The
air quality impacts from storage were found to scale roughly proportionally with throughput. The
impacts from the 50% case for both construction and operations would be about 0.6 of those from
the 100% case for both UF6 and UO2; the impacts for construction for the 25% case would be
0.25 and 0.32 times the 100% case for UF6 and UO2, respectively; and the impacts for operations
for the 25% case would be only about 0.2 times the 100% case for both UF6 and UO2.

K.3.4  Water and Soil

K.3.4.1  Surface Water

The estimated impacts on surface water during construction, operation, and potential
accidents for full-scale (100%) storage facilities for UF6 and oxide are presented in detail in
Appendix G, Section G.3.4.1. The potential impacts evaluated included changes in runoff,
changes in quality, and floodplain encroachment. The impacts to surface water from the 100%
cases were found to be negligible for all storage options for both UF6 and oxide (including storage
of U3O8). The impacts calculated for the 25% and 50% parametric cases, based on information
provided in the engineering analysis report (LLNL 1997a), were found to be less than those for |
the 100% cases, and thus would also be negligible. 

K.3.4.2  Groundwater

The estimated impacts on groundwater during construction, operation, and potential
accidents for full-scale (100%) storage facilities for UF6 and oxide are presented in detail in
Appendix G, Section G.3.4.2. The potential impacts evaluated included changes in depth to
groundwater, direction of groundwater flow, recharge, and groundwater quality. The impacts to
groundwater from the 100% cases were found to be negligible for all storage options for both UF6
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and oxide (including storage of U3O8). The impacts calculated for the 25% and 50% parametric
cases, based on information provided in the engineering analysis report (LLNL 1997a), were |
found to be less than those for the 100% cases, and thus would also be negligible.

K.3.4.3  Soil

The estimated impacts to soil during construction, operation, and potential accidents for
full-scale (100%) long-term storage facilities for UF6 and oxide are presented in detail in
Appendix G, Section G.3.4.3. The potential impacts evaluated included changes in topography,
permeability, quality, and erosion potential. The impacts to soil from the 100% cases were found
to have potentially moderate, but temporary, impacts for all storage options. These moderate
impacts would result from material excavated during construction that would be left on-site. In
the long term, contouring and reseeding would return soil conditions back to their former state,
and the impacts would be negligible. The impacts calculated for the 25% and 50% parametric
cases for storage of UF6 and UO2 in buildings, based on information provided in the engineering
analysis report (LLNL 1997a), were also found to have moderate, but temporary, impacts on soil, |
similar to the 100% cases. In the long term, impacts on soil would be negligible for all storage
options.

K.3.5  Socioeconomics

The socioeconomic impacts of UF6 and UO2 long-term storage facilities for the 50% and
25% parametric cases would be less than the impacts of the base-case facility sizes. Cost
information was not available in sufficient detail to allow an analysis of impacts using the same
methodology that was used for the base cases. The impacts of parametric cases were therefore
assessed qualitatively, based on the assumption that changes in the cost of equipment, materials,
and labor would be proportional to changes in total life-cycle cost. Compared with base-case
facility sizes, smaller UF6 and UO2 long-term storage facilities would result in the following: less
direct and indirect employment and income in the ROI would be created at each representative
site; fewer people would migrate into the ROI with fewer total jobs created, meaning fewer rental
and owner-occupied houses would be needed; and the impact on local jurisdictional revenues and
expenditures would be smaller. 

K.3.6  Ecology

Impacts to ecological resources could occur during construction of UF6 storage facilities
for all options, although impacts during operations would be negligible. Impacts due to
construction and operation of a facility to store UO2 in buildings would be similar to impacts from
storage of UF6. Site preparation activities would result in the disturbance of biotic communities,
including the permanent replacement of habitat with structures and paved areas (see
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Section K.3.9). Existing vegetation would be destroyed during land-clearing activities. Wildlife
would be disturbed by land clearing, noise, and human presence. 

Depending on the exact location of the UF6 facility, the loss of 40 to 130 acres (16 to
53 ha) of undeveloped land and habitat might constitute a moderate to large adverse impact to
vegetation and wildlife. (See Section K.3.9 for details on land use assumptions.) Depending on |
the exact location of the UO2 facility, the loss of 40 to 80 acres (16 to 32 ha) of undeveloped land
and habitat might constitute a moderate adverse impact. However, when these facilities were
sited, all appropriate measures would be taken to preclude or minimize such impacts.

Impacts to wetlands and state and federally protected species due to facility construction
would depend on facility location. Avoidance of wetland areas and site-specific surveys for
protected species would be included during facility planning. 

K.3.7  Waste Management

The estimated impacts from waste management operations from the construction and
operation of full-scale (100%) long-term storage facilities for UF6 and oxide are presented in
detail in Appendix G, Section G.3.7. On the basis of information provided in the engineering
analysis report (LLNL 1997a), the impacts resulting from construction and operation of the long- |
term storage facility for the 25% and 50% parametric cases would be roughly linear for
throughput ranges of between 25% and 100%. Minimal to moderate, but temporary, waste
management impacts would result from construction wastes. Negligible impacts would be
associated with all waste forms generated during operations. Overall, the waste input resulting
from storage facilities would have negligible impact on waste management capacities locally or
across the DOE complex.

K.3.8  Resource Requirements

The estimated impacts from resource requirements during construction and operation of
full-scale (100%) long-term storage facilities for UF6 and oxide are presented in detail in
Appendix G, Section G.3.8. The impacts on resources would be expected to be small for the
100% capacity storage case for all options. Resource requirements for the two parametric cases
considered would be less than those for the 100% case (LLNL 1997a). In general, the amounts |
of construction materials would be roughly proportional to the storage capacity because the
majority of the construction materials would be for the actual storage buildings and the number
of storage buildings required would be linearly related to the required storage capacity. 

Construction and operation of the proposed storage facilities would consume
irretrievable amounts of electricity, fuel, concrete, steel and other metals, water, and
miscellaneous chemicals. The total quantities of commonly used materials would not be expected
to be significant. No strategic and critical materials (e.g., Monel or Inconel) in significant



Parametric Analysis K-41 Depleted UF6 PEIS

quantities are projected to be consumed during construction or operation for all long-term storage
options. The storage options are not considered resource-intensive, and the resources required are
generally not considered rare or unique. Furthermore, committing any of these resources would
not be expected to cause a negative impact on the availability of these resources within local areas
or nationally for the 100%, 50%, and 25% cases.

K.3.9  Land Use

Impacts to land use from the construction and operation of UF6 storage buildings would
be limited to the clearing of required land, potential minor and temporary disruptions to
contiguous land parcels, and a slight increase in vehicular traffic. Site preparation for construction
of a facility to store 25%, 50%, and 100% of the depleted UF6 inventory in buildings would
require the disturbance of approximately 42, 72, and 131 acres (17, 29, and 53 ha), respectively.
Within this disturbed area, the facility would require the permanent replacement of approximately
16, 30, and 62 acres (6.5, 12, and 25 ha) with structures and paved areas. The amount of land
required for the other UF6 storage options would be generally similar. 

Land for storage buildings would be cleared incrementally over the projected 20-year
construction project, thereby reducing the potential for land disturbance and consequential land
disruption impacts. Such potential impacts, however, would be greatest at 100% of throughput
capacity. Also, the areal requirement of 131 acres (53 ha) for the 100% capacity case could result
in land-use changes if an existing site with limited open space were chosen. 

Road and rail access within a storage site would be designed to minimize on-site traffic
conflicts. For off-site traffic, only temporary, minor impacts associated with construction vehicles
would be expected.

Storage as UO2 would be expected to generate only negligible impacts to land use and
would result in a lower areal requirement and less land disturbance compared with storage as
UF6. Site preparation for the construction of a facility to store 25%, 50%, and 100% of the
depleted UF6 inventory as UO2 in buildings would require the disturbance of approximately 37,
49, and 79 acres (15, 20, and 32 ha), respectively. Within this disturbed area, the facility would
require the permanent replacement of approximately 13, 20, and 35 acres (5.1, 8.1, and 14 ha)
with structures and paved areas. The amount of land required for the other uranium oxide storage
options would be generally similar. 

Land for storage buildings would be cleared incrementally over the projected 20-year
construction project, thereby reducing the potential for land disturbance and consequential land
disruption impacts. Such potential impacts, however, would be greatest at 100% of throughput
capacity. The peak labor force during the 20-year construction period, regardless of throughput
capacity, would not be large enough to generate other than negligible off-site traffic impacts.
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K.3.10  Other Impacts Considered But Not Analyzed in Detail

Other impacts could potentially occur if the long-term storage options considered in this
PEIS were implemented — including impacts to cultural resources and environmental justice, as
well as to aesthetics (e.g., visual environment), recreational resources, and noise levels, and
impacts associated with decontamination and decommissioning of storage facilities. These
impacts, although considered, were not analyzed in detail for one or both of the following |
reasons:

• The impacts could not be determined at the programmatic level without
consideration of specific sites. These impacts would be more appropriately
addressed in the second-tier NEPA documentation when specific sites are
considered. |

• Consideration of the impacts would not contribute to differentiation among
the alternatives; therefore, it would not affect the decisions to be made in |
the Record of Decision that will be issued following publication of this |
PEIS. 

|

K.4  MANUFACTURE AND USE OPTIONS

The parametric analysis of the manufacture and use options considered the
environmental impacts of using 25% and 50% of the depleted UF6 inventory in the form of either
uranium metal or dense UO2 to manufacture uranium-shielded casks. The analysis of both options
(uranium metal or dense UO2) was based on the assumption that depleted uranium would be used
as the primary shielding material in containers, called “casks,” used to store spent nuclear fuel.
The assessment considered the environmental impacts that would occur during (1) construction
of a cask manufacturing facility, (2) routine operation of the cask manufacturing facility, and
(3) potential manufacturing plant accidents. The manufacturing of casks was assumed to take
place over a 20-year period, from 2009 through 2028. Impacts during use of depleted uranium
shielded casks were not estimated in the PEIS. 

The areas of impact and the methodologies used to evaluate the parametric cases for the
manufacture and use options were the same as those used to evaluate the 100% cases. The
evaluation of the 100% cases is presented in detail in Appendix H. The supporting engineering
data for the 25% and 50% parametric cases are provided in the engineering analysis report (LLNL
1997a). |
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K.4.1  Human Health — Normal Operations

K.4.1.1  Radiological Impacts

The estimated radiological impacts (radiation doses and LCFs) from normal operation
of a full-scale (100%) UO2 cask manufacturing facility are described in Appendix H,
Section H.3.1.1. Similar impacts were calculated for the manufacture of casks using 50% and
25% of the depleted UF6 inventory. The radiological impacts estimated for the 100%, 50%, and
25% case are shown in Figures K.37 through K.42 as radiation doses to each of the six receptor
scenarios considered in the PEIS: members of the general public — annual collective dose and
annual dose to the MEI; noninvolved workers — annual collective dose and annual dose to the
MEI; and involved workers  — annual collective dose and annual average individual dose.
Because the radiological impacts to involved workers (Figures K.41 and K.42) would not depend
on the location of the manufacturing facility, no ranges of impact are presented. Ranges of
impacts are presented for noninvolved workers and the general public in Figures K.37 through
K.40. The range of impacts for noninvolved workers would be related only to possible differences
in site meteorological conditions. The impact range for members of the general public would be
related to differences in both meteorological conditions and population density (i.e., from rural
to urban areas). 

The results of the parametric analysis (as shown in Figures K.37 through K.42) indicate
that the collective radiological impacts would scale relatively linearly with the total quantity of
depleted UF6 used to manufacture the casks. The impacts of the 25% and 50% cases would be
smaller than those for the 100% case, although the decrease would not be proportional to the
reduction in throughput (i.e., the impacts for the 50% case would be greater than half of the
impacts for the 100% case). The doses shown in the figures can be converted to the number (or
risk) of LCFs by multiplying the doses (in rem or person-rem) by 0.0005 LCF/person-rem for
members of the public and 0.0004 LCF/person-rem for workers. Additional discussion of the
significance of the estimated doses is provided in Appendix H, Section H.3.1.1.

The estimated radiation doses from the manufacture of uranium metal casks for the
100%, 50%, and 25% throughput cases are presented in Figures K.43 through K.48. The general
relationship between radiological impacts and throughput would be similar to that for UO2 casks;
that is, the radiological impacts would decrease with decreasing throughput, although at a rate not
proportional to the reduction in throughput. 

K.4.1.2  Chemical Impacts

The estimated impacts from chemical exposures during the normal operation of full-scale
(100%) cask manufacturing facilities for UO2 and uranium metal are described in Appendix H,
Section H.3.1.2. The results of the 100% case analyses indicated that noninvolved workers and
members of the general public would receive very low exposures to chemicals from the normal
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FIGURE K.37  Estimated Annual Collective Dose to Members of the Public from the Manufacture
of Casks Using UO2 (The upper and lower ranges reflect differences in site characteristics, such
as meteorological conditions and rural or urban area.)

FIGURE K.38  Estimated Annual Dose to the General Public MEI from the Manufacture of Casks
Using UO2 (The upper and lower ranges reflect differences between site characteristics, primarily
meteorological conditions.)
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FIGURE K.39  Estimated Annual Collective Dose to Noninvolved Workers from the Manufacture of
Casks Using UO2 (The upper and lower ranges reflect differences in site characteristics, primarily
meteorological conditions.)

FIGURE K.40  Estimated Annual Dose to the Noninvolved Worker MEI from the Manufacture of
Casks Using UO2 (The upper and lower ranges reflect differences in site characteristics, primarily
meteorological conditions.)
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FIGURE K.41  Estimated Annual Collective Dose to Involved Workers from the Manufacture
of Casks Using UO2

FIGURE K.42  Estimated Annual Average Individual Dose to Involved Workers from the
Manufacture of Casks Using UO2
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FIGURE K.43  Estimated Annual Collective Dose to Members of the Public from the Manufacture
of Casks Using Uranium Metal (The upper and lower ranges reflect differences in site
characteristics, such as meteorological conditions and rural or urban area.)

FIGURE K.44  Estimated Annual Dose to the General Public MEI from the Manufacture of Casks
Using Uranium Metal (The upper and lower ranges reflect differences in site characteristics,
primarily meteorological conditions.)
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FIGURE K.45  Estimated Annual Collective Dose to Noninvolved Workers from the Manufacture
of Casks Using Uranium Metal (The upper and lower ranges reflect differences in site characteristics,
primarily meteorological conditions.)

FIGURE K.46  Estimated Annual Dose to the Noninvolved Worker MEI from the Manufacture of
Casks Using Uranium Metal (The upper and lower ranges reflect differences in site characteristics,
primarily meteorological conditions.)
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FIGURE K.47  Estimated Annual Collective Dose to Involved Workers from the Manufacture
of Casks Using Uranium Metal

FIGURE K.48  Estimated Annual Average Individual Dose to Involved Workers from the
Manufacture of Casks Using Uranium Metal
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operation of  manufacturing facilities and that no adverse health impacts would be expected. For
the 100% cases, the calculated hazard indices were much less than 1 during normal operations
(a hazard index of greater than 1 indicates the potential for health impacts).  For the parametric
analysis of the 25% and 50% throughput cases, airborne emissions during normal operations
would be less than the 100% cases and extremely small (LLNL 1997a). Therefore, by comparison |
with the 100% case results, no adverse health impacts from chemical exposures would be
expected for throughput rates between 25% and 100% for the manufacture of UO2 and uranium
metal shielded casks.

K.4.2  Human Health — Accident Conditions

K.4.2.1  Radiological Impacts

The estimated radiological impacts (radiation doses and LCFs) from potential accidents
during the operation of full-scale (100%) cask manufacturing facilities are presented in
Appendix H, Section H.3.2.1. The analysis of the 100% cases considered a range of accidents in
four frequency categories; results are presented only for those accidents in each category that
would have the greatest consequences (bounding accidents). Similar sets of accidents covering
the same four frequency categories are defined in the engineering analysis report (LLNL 1997a) |
for the 25% and 50% throughput cases. 

The impacts from bounding accidents for the 25% and 50% throughput cases would be
the same as those presented in Appendix H, Section H.3.2.1 for the 100% case, with two
exceptions. For the manufacture of both uranium oxide and uranium metal shielded casks, the
bounding accident impacts for the “unlikely” frequency category would be less for the 25% and
50% cases than for the 100% case. The radiological impacts for these accident categories are
presented in Tables K.3 and K.4 for the 100%, 50%, and 25% cases.

K.4.2.2  Chemical Impacts

The estimated chemical impacts from potential accidents during the operation of full-
scale (100%) cask manufacturing facilities using uranium oxide and uranium metal are presented
in Appendix H, Section H.3.2.2. The analysis of the 100% cases considered a range of accidents |
in four frequency categories; results are presented only for those accidents in each category that
would have the greatest consequences (bounding accidents). Similar sets of accidents covering
the same four frequency categories are defined in the engineering analysis report (LLNL 1997a) |
for the 25% and 50% throughput cases. 

The bounding chemical accidents associated with the 25% and 50% throughput cases
would be the same as those presented for the 100% cases in Appendix H. The impacts would be
similar because the bounding accidents within most frequency categories would be the same as
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TABLE K.3  Estimated Radiological Doses per Accident Occurrence for the Manufacture and Use Options

Maximum Dose
c

Minimum Dose
c

Noninvolved Workers General Public Noninvolved Workers General Public

Option/ Frequency Capacity MEI Population   MEI Population MEI Population MEI Population
Accident

a
Category

b
(%) (rem) (person-rem) (rem) (person-rem) (rem) (person-rem) (rem) (person-rem)

Use as Uranium 
Oxide Casks

Earthquake Unlikely 100 7.7 × 10
-2

2.9 × 10
-2

2.3 × 10
-3

3.2 × 10
-1

3.2 × 10
-3

1.2 × 10
-3

9.2 × 10
-5

1.1 × 10
-3

50 3.9 × 10
-2

1.5 × 10
-2

1.1 × 10
-3

1.6 × 10
-1

1.6 × 10
-3

6.1 × 10
-4

4.6 × 10
-5

5.4 × 10
-4

25 1.9 × 10
-2

7.3 × 10
-3

5.7 × 10
-4

7.9 × 10
-2

8.1 × 10
-4

3.0 × 10
-4

2.3 × 10
-5

2.7 × 10
-4

Use as Uranium 
Metal Casks

Earthquake Unlikely 100 1.1 × 10
-2 |4.3 × 10

-3 ||3.4 × 10
-4 |4.6 × 10

-2 ||4.7 × 10
-4 |1.8 × 10

-4 ||1.3 × 10
-5 |1.6 × 10

-4 |
50 5.5 × 10

-3 |2.2 × 10
-3 ||1.7 × 10

-4 |2.3 × 10
-2 ||2.3 × 10

-4 |9.0 × 10
-5 ||6.5 × 10

-6 |8.0 × 10
-5 |

25 2.8 × 10
-3 |1.1 × 10

-3 ||8.5 × 10
-5 |1.2 × 10

-2 ||1.2 × 10
-4 |4.5 × 10

-5 ||3.3 × 10
-6 |4.0 × 10

-5 |

a
The bounding accident chosen to represent each frequency category is the one that would result in the highest dose to the general public MEI. Health impacts in
that row represent that accident only and not the range of impacts among accidents in that category. 

b
An unlikely accident is estimated to occur between once in 100 years and once in 10,000 years of facility operations (10

-2
 – 10

-4
/yr). 

c
Maximum and minimum doses reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum
doses would occur under meteorological conditions of F stability with 1 m/s wind speed, whereas minimum doses would occur under D stability with 4 m/s wind
speed.
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TABLE K.4  Estimated Radiological Health Risks per Accident Occurrence for the Manufacture and Use Options

Maximum Risk
c
 (LCFs) Minimum Risk

c
 (LCFs)

Noninvolved Workers General Public Noninvolved Workers General Public
Option/ Frequency Capacity

Accident
a

Category
b

(%) MEI Population  MEI Population MEI Population MEI Population

Use as Uranium 
Oxide Casks

Earthquake Unlikely 100 3 × 10
-5

1 × 10
-5

1 × 10
-6

2 × 10
-4

1 × 10
-6

5 × 10
-7

5 × 10
-8

5 × 10
-7

50 2 × 10
-5

6 × 10
-6

6 × 10
-7

8 × 10
-5

6 × 10
-7

2 × 10
-7

2 × 10
-8

3 × 10
-7

25 8 × 10
-6

3 × 10
-6

3 × 10
-7

4 × 10
-5

3 × 10
-7

1 × 10
-7

1 × 10
-8

1 × 10
-7

Use as Uranium 
Metal Casks

Earthquake Unlikely 100 4 × 10
-6 |2 × 10

-6 ||2 × 10
-7 |2 × 10

-5 ||2 × 10
-7 |7 × 10

-8 ||7 × 10
-9 |8 × 10

-8 |
50 2 × 10

-6 |9 × 10
-7 ||8 × 10

-8 |1 × 10
-5 ||1 × 10

-7 |4 × 10
-8 ||3 × 10

-9 |4 × 10
-8 |

25 1 × 10
-6 |4 × 10

-7 ||4 × 10
-8 |6 × 10

-6 ||5 × 10
-8 |2 × 10

-8 ||2 × 10
-9 |2 × 10

-8 |

a
The accident chosen to represent each frequency category is the one that would result in the highest risk to the general public MEI. Health impacts in that row
represent that accident only and not the range of impacts among accidents in that category.

b
An unlikely accident is estimated to occur between once in 100 years and once in 10,000 years of facility operations (10

-2
 – 10

-4
/yr). 

c
Maximum and minimum doses reflect differences in assumed sites, technologies, and meteorological conditions at the time of the accident. In general, maximum
doses would occur under meteorological conditions of F stability with 1 m/s wind speed, whereas minimum doses would occur under D stability with 4 m/s wind
speed. 
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the 100%, 50%, and 25% cases, and in those cases where these accidents were different, no
adverse chemical impacts were estimated to occur. The bounding accidents would be the same
because they would involve only a limited amount of material that would be at risk under accident
conditions regardless of the facility size or throughput. Some of the impacts from other accidents
considered for the 25% and 50% cases (nonbounding) would be different from those for the 100%
cases. In general, the impacts of these nonbounding accidents for the 50% and 25% cases would
be less than those for the 100% cases because of the reduced throughput. 

K.4.2.3  Physical Hazards

The estimated health impacts, such as on-the-job injuries and fatalities, from potential
physical accidents during the construction and operation of full-scale (100%) cask manufacturing
facilities are presented in Appendix H, Section H.3.2.3. For the 100% analysis, up to 1 on-the-job
fatality was predicted for the manufacture of both uranium oxide and uranium metal shielded
casks. The predicted number of on-the-job worker injuries for the 100% case was 640 for
manufacturing uranium oxide shielded casks and 670 for uranium metal shielded casks. For the
two options analyzed in detail in the parametric analysis, the impacts of the 25% and 50% cases
would be smaller than those for the 100% cases, although the decrease would not be proportional
to the reduction in throughput (i.e., the impacts for the 50% case would be greater than 50% of
the impacts for the 100% case).

The predicted number of on-the-job worker fatalities over the entire 20 years of the
manufacture of uranium oxide or uranium metal shielded casks is about 1 (including construction
and operations). For uranium oxide shielded casks, the number would range from 0.6 for the 25%
case to 0.76 for the 100% case; whereas for uranium metal shielded casks, the number would |
range from 0.7 for the 25% case to 0.85 for the 100% case. The predicted number of on-the-job |
injuries (including construction and operations) would range from 480 to 640 for uranium oxide
casks and from 510 to 670 for uranium metal casks. The estimated numbers of fatalities and
injuries for uranium oxide and uranium metal shielded casks are shown as a function of
throughput in Figures K.49 and K.50, respectively.

K.4.3  Air Quality

The estimated impacts on air quality during construction and operation of full-scale
(100%) cask manufacturing facilities are presented in detail in Appendix H, Section H.3.3. All
of the pollutant concentrations produced by the 100% capacity version of the storage facilities
would be  below their respective air quality standards. During construction, the largest impacts
relative to air quality standards would occur for nitrogen oxides (NOx). During construction, all
pollutant concentrations would be less than 10% of the corresponding standards. During
operations, all pollutant concentrations would also be less than 10% of the standards. 
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FIGURE K.49  Estimated Number of On-the-Job Fatalities and Injuries (for entire construction
and operational periods) from the Manufacture of Uranium Oxide Shielded Casks

FIGURE K.50  Estimated Number of On-the-Job Fatalities and Injuries (for entire construction
and operational periods) from the Manufacture of Uranium Metal Shielded Casks
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The air quality impacts calculated for the 25% and 50% parametric cases, based on the
information provided in the engineering analysis report (LLNL 1997a), were found to be less than |
those for the 100% cases. During construction, short-term impacts for the parametric cases would
be less than those for the 100% cases, and impacts during operations would also be less. The 25%
case impacts would not be much smaller than the 50% case impacts, and the operations impacts in
all cases would be less than 10% of the corresponding construction impacts.

K.4.4  Water and Soil

K.4.4.1  Surface Water

The estimated impacts on surface water during construction, operation, and potential
accidents for full-scale (100%) cask manufacturing facilities are presented in detail in Appendix H,
Section H.3.4. The potential impacts evaluated included changes in runoff, changes in quality, and
floodplain encroachment. The impacts to surface water from the 100% cases were found to be
negligible for manufacturing both uranium oxide and uranium metal shielded casks. The impacts
estimated for the 25% and 50% parametric cases, based on information provided in the engineering
analysis report (LLNL 1997a), were found to be less than those for the 100% cases, and thus would |
also be negligible.

K.4.4.2  Groundwater

The estimated impacts on groundwater during construction, operation, and potential
accidents for full-scale (100%) cask manufacturing facilities are presented in detail in Appendix H,
Section H.3.4. The potential impacts evaluated included changes in the depth to groundwater, the
direction of groundwater flow, recharge, and quality. The impacts to groundwater from the 100%
cases were found to be negligible for manufacturing both uranium oxide and uranium metal shielded
casks. The impacts calculated for the 25% and 50% parametric cases, based on information provided
in the engineering analysis report (LLNL 1997a), were found to be less than those for the 100% |
cases, and thus would also be negligible.

K.4.4.3  Soil

The estimated impacts to soil during construction, operation, and potential accidents for full-
scale (100%) cask manufacturing facilities are presented in detail in Appendix H, Section H.3.4. The
potential impacts evaluated included changes in topography, permeability, quality, and erosion
potential. The impacts to soil from the 100% cases were found to be negligible for manufacturing
both uranium oxide and uranium metal shielded casks. The impacts calculated for the 25% and 50%



Parametric Analysis K-56 Depleted UF6 PEIS

parametric cases, based on information provided in the engineering analysis report (LLNL 1997a), |
were found to be less than those for the 100% cases, and thus would also be negligible. 

K.4.5  Socioeconomics

The socioeconomic impacts of UO2 and metal manufacturing facilities for the 25% and 50%
parametric cases would be less than the impacts of the base-case facility sizes. Cost information was
not available in sufficient detail to allow an analysis of impacts using the same methodology that was
used for the base cases. The impacts of parametric cases were therefore assessed qualitatively, based
on the assumption that changes in the cost of equipment, materials, and labor would be proportional
to changes in total life-cycle cost. Compared with base-case facility sizes, smaller UO2 and metal
manufacturing facilities would create less direct employment and income at the site. 

K.4.6  Ecology

For both uranium oxide and uranium metal shielded cask manufacturing facilities, impacts
to air quality, surface water, groundwater, and soil during construction and operations would be
expected to be well below levels harmful to biota for the 25%, 50%, and 100% cases. Resulting
contaminant-derived impacts to ecological resources would be expected to be negligible. Potential
impacts to wetlands and state and federally protected species due to facility construction would
depend on facility location. Avoidance of wetland areas would be included during facility planning.
Site-specific surveys for protected species would be conducted prior to finalization of facility siting
plans. 

Site preparation for the construction of cask manufacturing facilities would result in the
disturbance of biotic communities, including the permanent replacement of habitat with structures and
paved areas (see Section K.4.9). Existing vegetation would be destroyed during land-clearing
activities. Wildlife would be disturbed by land clearing, noise, and human presence. Depending on the
exact location of the uranium oxide or uranium metal cask manufacturing facility, the loss of 27 to
90 acres (11 to 36 ha) of undeveloped land and habitat might constitute a moderate impact to
vegetation and wildlife. However, when the uranium oxide and uranium metal cask manufacturing
facilities were sited, all appropriate measures would be taken to preclude or minimize such impacts
to ecological resources. 

K.4.7  Waste Management

The estimated impacts from waste management operations from the construction and
operation of full-scale (100%) cask manufacturing facilities are presented in detail in Appendix H,
Section H.3.7. The impacts on regional and national waste management operations from construction
and operation of manufacturing facilities were found to be negligible for the 100% throughput case.
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On the basis of information provided in the engineering analysis report (LLNL 1997a), the impacts |
resulting from construction and operation for the 25% and 50% parametric cases would be roughly
linear for throughput ranges of between 25% and 100%. Minimal waste management impacts would
result from wastes generated during either construction or operations. Overall, the waste input
resulting from normal operations at the manufacturing facilities would have negligible impact on
waste management capacities locally or across the DOE complex. No assumptions were made |
regarding the fate of the oxide- and metal-shielded casks after use. |

K.4.8  Resource Requirements

The estimated impacts from resource requirements during construction and operation of full-
scale (100%) cask manufacturing facilities are presented in detail in Appendix H, Section H.3.8. The
impacts on resources would be expected to be small for the 100% capacity case. Resource
requirements for the two parametric cases considered would be less than those for the 100% case
(LLNL 1997a). |

Construction and operation of the cask manufacturing facilities would consume irretrievable
amounts of electricity, fuel, concrete, steel and other metals, water, and miscellaneous chemicals. The
total quantities of commonly used materials would not be expected to be significant. No strategic and
critical materials (e.g., Monel or Inconel) in significant quantities are projected to be consumed during
construction or operation of the facilities. Although high-grade graphite would be required for the
metal shielded cask (as a lining for the crucibles containing molten uranium), the amounts required
would not be significant. The manufacturing facility requirements would not be resource-intensive,
and the resources required are generally not considered rare or unique. Furthermore, committing any
of these resources would not be expected to cause a negative impact on the availability of these
resources within local areas or nationally for the 100%, 50%, and 25% cases. 

K.4.9  Land Use

Impacts to land use from the construction and operation of a uranium oxide shielded cask
manufacturing facility, regardless of throughput capacity case, would be potentially moderate but
limited to temporary disruptions to contiguous land parcels and increases in vehicular traffic
associated with construction activities. Site preparation for the construction of a uranium oxide
shielded cask manufacturing facility for 25%, 50%, and 100% of the depleted UF6 inventory would
require approximately 79, 84, and 90 acres (32, 34, and 36 ha), respectively. Within this area, the
facility would require the permanent replacement of approximately 27, 28, and 31 acres (11, 11, and
13 ha) with structures and paved areas. Off-site impacts could occur from peak-year construction
force vehicles, especially if the site had limited access from existing roadways. 

Impacts to land use from the uranium metal shielded cask manufacturing facility would be
the same as those discussed for the construction and operation of a uranium oxide shielded cask
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manufacturing facility, with no difference in the magnitude of impacts when the three throughput
capacity cases are compared. For off-site impacts, traffic patterns could experience potentially
adverse level-of-service impacts during the 7-year construction period from the peak-year
construction labor force.

K.4.10  Other Impacts Considered But Not Analyzed in Detail

Other impacts could potentially occur if the manufacture and use options considered in this
PEIS were implemented — including impacts to cultural resources and environmental justice, as well
as to aesthetics (e.g., visual environment), recreational resources, and noise levels, and impacts
associated with decontamination and decommissioning of manufacturing facilities. These impacts,
although considered, were not analyzed in detail for one or both of the following reasons: |

• The impacts could not be determined at the programmatic level without
consideration of specific sites. These impacts would be more appropriately
addressed in the second-tier NEPA documentation when specific sites are
considered. |

• Consideration of the impacts would not contribute to differentiation among the
alternatives; therefore, it would not affect the decisions to be made in the |
Record of Decision that will be issued following publication of this PEIS. |

|

K.5  DISPOSAL OPTIONS

The parametric analysis of the disposal options considered the environmental impacts of
disposing of 25% and 50% of the depleted UF6 inventory as an oxide form. It was assumed that the
uranium material would be actively placed into disposal units over a 20-year period (from 2009
through 2028). The assessment considered the environmental impacts that would occur during
(1) construction of a disposal facility, (2) routine disposal facility operations, (3) potential disposal
facility accidents, and (4) the post-closure phase, defined as 1,000 years in the future after the
disposal facility had failed. The areas of impact and the methodologies used to evaluate the parametric
cases were the same as those used to evaluate the 100% cases discussed in Appendix I. The
supporting engineering data for the 25% and 50% parametric cases are provided in the engineering
analysis report (LLNL 1997a). |

The environmental impacts for the 100% disposal case are presented in Appendix I for
(1) disposal of grouted and ungrouted U3O8 in shallow earthen structures, vaults, and a mine; and
(2) disposal of grouted and ungrouted UO2 in shallow earthen structures, vaults, and a mine. Two
representative locations, described in Chapter 3 of the PEIS, were considered for each option: a “dry”
location and a “wet” location. For purposes of the parametric analysis, disposal of ungrouted U3O8
in a mine at both wet and dry locations was considered in detail. This option was chosen to simplify
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the parametric analysis because all options were evaluated in detail for the 100% base case. Impacts
for the other disposal options, such as disposal of UO2 and disposal in shallow earthen structures and
vaults, were inferred from the relationships among the options identified from the 100% case analysis
and from the additional relationships identified by the detailed parametric analysis conducted for the
disposal of grouted U3O8 in a mine.

K.5.1  Human Health — Normal Operations

K.5.1.1  Radiological Impacts

The estimated radiological impacts (radiation doses and LCFs) from the normal operation
of a full-scale (100%) disposal facility are described in Appendix I, Section I.3.1.1. Similar impacts
were calculated for the 50% and 25% disposal facilities for the parametric analysis. Radiological
impacts were calculated for the operational phase, during which time material would be disposed of,
and for the post-closure phase, assumed to be 1,000 years in the future after the disposal facility had
failed.

K.5.1.1.1  Operational Phase

The radiological impacts estimated for the 100%, 50%, and 25% cases during the
operational phase are shown in Figures K.51 through K.66 for all disposal options. The impacts have
been presented for the disposal of both grouted and ungrouted U3O8 and UO2 as a function of the
amount of material requiring disposal. The disposal of ungrouted U3O8 or UO2 would not result in
any airborne or waterborne emissions during operations because the material would be delivered to
the disposal facility in packages that would be disposed of without being opened. Therefore, for the
disposal of ungrouted waste, no impacts would be expected to the noninvolved workers and the
off-site general public. The range of impacts resulting from technology and site differences are
presented by dashed lines in the figures. The results for the disposal of ungrouted U3O8 in a mine, the
case selected for detailed analysis, are shown in Figures K.63 and K.64 as solid points, with a curve
drawn between the points to indicate how the impacts would vary as a function of the percent of
material requiring disposal. The area enclosed by the dashed lines in Figures K.51 through K.66
indicates the range of impacts expected for throughputs between 25% and 100%, taking into account
both technology and site differences.
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FIGURE K.51  Estimated Annual Collective Dose to Members of the Public from the Disposal of
Grouted U3O8 (The upper and lower ranges reflect differences in representative dry and wet site
characteristics.)

FIGURE K.52  Estimated Annual Dose to the General Public MEI from the Disposal of Grouted
U3O8 (The upper and lower ranges reflect differences in representative dry and wet site
characteristics.)



Parametric Analysis K-61 Depleted UF6 PEIS

FIGURE K.53  Estimated Annual Collective Dose to Noninvolved Workers from the Disposal
of Grouted U3O8 (The upper and lower ranges reflect differences in representative dry and wet site
characteristics.)

FIGURE K.54  Estimated Annual Dose to the Noninvolved Worker MEI from the Disposal of
Grouted U3O8 (The upper and lower ranges reflect differences in representative dry and wet site
characteristics.)
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FIGURE K.55  Estimated Annual Collective Dose to Involved Workers from the Disposal of
Grouted U3O8 (The ranges reflect differences in disposal technologies, i.e., shallow earthen
structures, vaults, and mine.)

FIGURE K.56  Estimated Annual Average Individual Dose to Involved Workers from the
Disposal of Grouted U3O8 (The ranges reflect differences in disposal technologies, i.e., shallow
earthen structures, vaults, and mine.)
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FIGURE K.57  Estimated Annual Collective Dose to Members of the Public from the Disposal of
Grouted UO2 (The upper and lower ranges reflect differences in representative dry and wet site
characteristics.)

FIGURE K.58  Estimated Annual Dose to the General Public MEI from the Disposal of Grouted
UO2 (The upper and lower ranges reflect differences in representative dry and wet site
characteristics.)
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FIGURE K.59  Estimated Annual Collective Dose to Noninvolved Workers from the Disposal of
Grouted UO2 (The upper and lower ranges reflect differences in representative dry and wet site
characteristics.)

FIGURE K.60  Estimated Annual Dose to the Noninvolved Worker MEI from the Disposal of
Grouted UO2 (The upper and lower ranges reflect differences in representative dry and wet site
characteristics.)
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FIGURE K.61  Estimated Annual Collective Dose to Involved Workers from the Disposal of
Grouted UO2 (The ranges reflect differences in disposal technologies, i.e., shallow earthen
structures, vaults, and mine.)

FIGURE K.62  Estimated Annual Average Individual Dose to Involved Workers from the
Disposal of Grouted UO2 (The ranges reflect differences in disposal technologies, i.e., shallow
earthen structures, vaults, and mine.)
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FIGURE K.63  Estimated Annual Collective Dose to Involved Workers from the Disposal of
Ungrouted U3O8 (The ranges reflect differences in disposal technologies, i.e., shallow earthen
structures, vaults, and mine.)

FIGURE K.64  Estimated Annual Average Individual Dose to Involved Workers from the
Disposal of Ungrouted U3O8 (The ranges reflect differences in disposal technologies, i.e., shallow
earthen structures, vaults, and mine.)
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FIGURE K.65  Estimated Annual Collective Dose to Involved Workers from the Disposal of
Ungrouted UO2 (The ranges reflect differences in disposal technologies, i.e., shallow earthen
structures, vaults, and mine.)

FIGURE K.66  Estimated Annual Average Individual Dose to Involved Workers from the
Disposal of Ungrouted UO2 (The ranges reflect differences in disposal technologies, i.e., shallow
earthen structures, vaults, and mine.)
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In general, the results of the parametric analysis (as shown in Figures K.51 through K.66)
indicate that the collective radiological impacts during the operational phase would decrease with the
total quantity of depleted uranium disposed of. The impacts of the 25% and 50% cases would be
smaller than those for the 100% case, although the decrease would not be proportional to the
reduction in throughput (i.e., the impacts for the 50% case would be greater than half of the impacts
for the 100% case). Overall, radiation doses would be larger for the disposal of grouted waste
compared with ungrouted waste because of the additional activities required and the small emissions
resulting from the grouting process. In some cases, the average individual worker dose might increase
or decrease as the throughput increased, primarily because the number of workers required would
not increase at the same rate as the collective dose. The doses shown in the figures can be converted
to the number (or risk) of LCFs by multiplying the doses (in rem or person-rem) by
0.0005 LCF/person-rem for members of the general public and 0.0004 LCF/person-rem for workers.
Additional discussion of the significance of the estimated doses is provided in Appendix I.

K.5.1.1.2  Post-Closure Phase

At some time in the future after the closure of the disposal facility, potential impacts could
occur to the public through the use of contaminated groundwater and from external radiation if the
cover materials eroded away. In general, the complete erosion of the cover material, especially for
a vault or mine, would not occur until thousands of years after the facility had been closed. Therefore,
external radiation exposures would not be expected within the time frame considered
(i.e., 1,000 years). Even if complete erosion occurred, the radiation exposure could be reduced by
adding new cover material. Groundwater contamination would not be expected to occur until
hundreds to thousands of years after the disposal facility had been closed. The estimated groundwater
concentrations and associated uncertainty are discussed in Appendix I. For assessment purposes, the
MEI was assumed to live at the edge of the disposal site and to use groundwater for drinking,
irrigating plant foods and fodder, and feeding livestock. The potential radiation doses from using
contaminated groundwater were based on groundwater concentrations calculated in the groundwater
analysis that is discussed in detail in Section K.5.4.2.

The results of the groundwater analysis for a representative dry location indicate that
measurable groundwater contamination would not occur until over 10,000 years after failure of the
disposal facility. Therefore, no radiation exposures of the public would be expected for thousands of
years following disposal in a dry environment. 

Potential radiation exposures of the general public would be much greater if the disposal site
was located in a wet environment. The results of the analysis indicate that the radiation dose to an
individual using contaminated groundwater could reach about 80 mrem/yr for the 25% case,
96 mrem/yr for the 50% case, and 110 mrem/yr for the 100% case (considering both grouted and
ungrouted wastes and different disposal technologies); these impacts could occur 1,000 years after
failure of the containers and engineering barriers if the soil properties were such that uranium was
transported rapidly toward the groundwater (mobile situation). If the depleted uranium was classified
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as LLW, the radiation doses from using contaminated groundwater would exceed the dose limit of
25 mrem/yr specified in the Code of Federal Regulations (10 CFR Part 61) and DOE Order 5820.2a. |
However, radiation doses from contaminated groundwater could be reduced or eliminated by treating
the water or by using an alternative source of water. 

K.5.1.2  Chemical Impacts

K.5.1.2.1  Operational Phase

The estimated impacts from chemical exposures during the normal operation of full-scale
(100%) disposal facilities are described in Appendix I, Section I.3.1.2. The results of the 100% case
analyses for the operational phase indicated that noninvolved workers and members of the general
public would receive essentially no exposures to chemicals for the disposal of ungrouted uranium
material and very low exposures from disposal of grouted uranium material for all disposal facilities.
No adverse health impacts would be expected for any of the disposal facilities considered. For the
100% cases, the calculated hazard indices were much less than 1 for all disposal options (a hazard
index of greater than 1 indicates the potential for health impacts). For the parametric analysis of the
25% and 50% throughput cases, airborne emissions would be less than the 100% cases and extremely
small (LLNL 1997a). Therefore, by comparison with the 100% case results, no adverse health |
impacts from chemical exposures would be expected for throughput rates between 25% and 100%
for all disposal options. 

K.5.1.2.2  Post-Closure Phase

As for radiological impacts, potential chemical impacts could occur to the general public at
sometime in the future through use of contaminated groundwater. The potential chemical impacts to
an MEI resulting from use of contaminated groundwater were determined on the basis of the same
assumptions discussed in Section K.5.1.1 for radiological exposures. Chemical exposures were
calculated for a time 1,000 years after the disposal facility was assumed to fail. The potential chemical
impacts from using contaminated groundwater were based on the groundwater concentrations
calculated in the groundwater analysis (see Section K.5.4.2).

Because of the low precipitation rate in a dry location, it would take more than 10,000 years
for the uranium compounds to reach the groundwater after the first contact with infiltration water.
Therefore, no chemical exposures would occur to an individual living next to the disposal site in a dry
environment within 10,000 years.

Chemical exposures to the MEI could potentially be much greater if the disposal site was
located in a wet environment. The concentrations of uranium in groundwater at 1,000 years after
failure of the disposal facility would be such that potential adverse health impacts from chemical
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exposures could result to an individual using contaminated groundwater for all cases. Risks from
chemical exposures were quantified on the basis of calculated hazard indices. Assuming that the soil
properties were such that uranium compounds could be transported rapidly toward the groundwater
following failure of the containers and engineering barriers (at 1,000 years), the maximum hazard
indices were estimated to be greater than 1, indicating a potential for adverse health effects. The
hazard indices were calculated to be 8 for the 25% case, 10 for the 50% case, and 11 for the 100%
case. However, chemical exposures from contaminated groundwater could be reduced or eliminated
by treating the water or by using an alternative source of water. 

K.5.2  Human Health — Accident Conditions

K.5.2.1  Radiological Impacts

The estimated radiological impacts (radiation doses and LCFs) from potential accidents
during operation of full-scale (100%) disposal facilities are presented in Appendix I, Section I.3.2.1.
The analysis of the 100% cases considered a range of accidents in four frequency categories; results
are presented only for those accidents in each category that would have the greatest consequences
(bounding accidents). Similar sets of accidents covering the same four frequency categories are
defined in the engineering analysis report (LLNL 1997a) for the 25% and 50% throughput cases. |

Based on the assessment of the 25% and 50% disposal cases, the radiological accident
impacts associated with each of the parametric cases would be the same as those presented for the
100% case in Appendix I. The impacts would be identical because the bounding accidents producing
the greatest consequences within each frequency category would be the same for the 100%, 50%, and
25% cases. The bounding accidents would be the same because they would involve only a limited
amount of material that would be at risk under accident conditions regardless of the facility size or
throughput. However, as a result of the reduced throughput rates, the actual frequencies of some
accidents related to handling operations (i.e., the “mishandle/drop of drum” accident) would decrease
as the number of containers handled decreased. The resulting risk of these accidents would also
decrease as their frequencies decreased. However, none of the accident frequencies would change
enough to cause the accident to be considered in a different frequency category. Therefore, the
overall impacts associated with the disposal options would be the same for all parametric cases.

K.5.2.2  Chemical Impacts

The estimated chemical impacts from potential accidents during full-scale (100%) operation
of disposal as grouted or ungrouted UO2 or U3O8 in shallow earthen structures, vaults, or a mine are
presented in Appendix I, Section I.3.2.2. The analysis of 100% cases considered a range of accidents
in four frequency categories; results are presented for only those accidents in each category that
would have the greatest consequences (bounding accidents). Similar sets of accidents covering the
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same four frequency categories are defined in the engineering analysis report (LLNL 1997a) for the |
25% and 50% throughput cases.

The bounding chemical accidents associated with the 25% and 50% throughput cases that
would produce the greatest consequences would be the same as those presented for the 100% case.
The impacts would be similar because the accidents within most frequency categories would be the
same for the 100%, 50%, and 25% cases, and in those cases where these accidents were different,
no adverse chemical impacts were estimated to occur. The bounding accidents would be the same
because they would involve only a limited amount of material that would be at risk under accident
conditions regardless of the facility size or throughput. However, some of the impacts for other
accidents (nonbounding) considered for the 25% and 50% cases would be different from those for
the 100% cases. In general, the impacts of the nonbounding accidents for the 50% and 25% cases
would be less than those for the 100% cases because of the reduced throughput. 

K.5.2.3  Physical Hazards

The estimated health impacts, such as on-the-job injuries and fatalities, from potential
physical accidents during the construction and operation of full-scale (100%) disposal facilities are
presented in Appendix I, Section I.3.2.3. For the 100% analysis, no on-the-job fatalities were
estimated during construction and operation of a mine disposal facility (for ungrouted U3O8). The
predicted number of on-the-job worker injuries for the 100% case is about 240. The impacts of the
25% and 50% cases would be smaller than those for the 100% case, although the decrease would not
be proportional to the reduction in throughput (i.e., the impacts for the 50% case would be greater
than 50% of the impacts for the 100% case).

The predicted number of on-the-job worker fatalities over the duration of disposal
operations is less than 1, ranging from 0.4 for the 25% case to 0.53 for the 100% case (including |
construction and operations). The predicted number of on-the-job injuries (including construction and
operations) ranges from 160 to 240. The number of injuries is shown as a function of throughput in
Figure K.67.

K.5.3  Air Quality

The estimated impacts on air quality during construction and operation of full-scale (100%)
disposal facilities are presented in detail in Appendix I, Section I.3.3. All of the pollutant concen-
trations produced by the 100% capacity version of the disposal facilities would be below their
respective air quality standards. The annual average concentrations of NOx might be as high as one-
third of the air quality standards during operation of vault disposal facilities for grouted U3O8 in a wet
environmental setting. During operations, all pollutant concentrations would be much less than the
corresponding standards. 
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FIGURE K.67  Estimated Number of On-the-Job Injuries (for entire construction and operational
periods) from the Disposal of Ungrouted U3O8 (The ranges reflect differences in disposal
technologies, i.e., shallow earthen structures, vaults, or mine.)

The air quality impacts calculated for the 25% and 50% parametric cases, based on
information provided in the engineering analysis report (LLNL 1997a), were found to be less than |
those for the 100% case. During construction, short-term impacts for the parametric cases would be
less than those for the 100% case, and impacts during operations would also be less. Annual pollutant
concentrations from construction of 50% and 25% capacity disposal facilities would be about 0.7 and
0.5 times as large as the full-capacity facility, respectively. For all the other disposal options, criteria
pollutant levels would be lower percentages of their respective standards during both construction
and operations.

K.5.4  Water and Soil

K.5.4.1  Surface Water

The estimated impacts on surface water during construction, operation, and potential
accidents for full-scale (100%) disposal facilities are discussed in Appendix I, Section I.3.4. The
actual impacts to surface water would depend on the ultimate site selected for disposal. However,
for the generic sites considered in the PEIS, the impacts to surface water from the 100% case were
found to be negligible for all disposal options for both the operational and post-closure phases. The
impacts calculated for the 25% and 50% parametric cases, based on information provided in the
engineering analysis report (LLNL 1997a), were found to be less than those for the 100% case, and |
thus would also be negligible. 
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K.5.4.2  Groundwater

The estimated impacts on groundwater during construction, operation, and potential
accidents for full-scale (100%) disposal facilities are presented in detail in Appendix I, Section I.3.4.
The actual impacts to groundwater would depend on the ultimate site selected for disposal. However,
during the operational phase, which would include construction and disposal activities, negligible
impacts to groundwater would be expected. As described in Appendix I, the impacts to groundwater
from the 100% case were expected to be negligible for the operational phase of all disposal options.
The impacts calculated for the 25% and 50% parametric cases, based on information provided in the
engineering analysis report (LLNL 1997a), were found to be less than those for the 100% case, and |
thus would also be negligible.

Impacts to groundwater during the post-closure phase are discussed in Section I.4.2.
Groundwater impacts during the post-closure phase would be limited to changes in quality caused
by contamination migrating from the disposal facility hundreds to thousands of years in the future
after failure of the engineered barriers. There would be no impacts to effective recharge, depth to
groundwater, or flow direction once the facility was constructed. 

Disposal facility failure would generally occur hundreds to thousands of years in the future
(assuming no sustained effort to maintain the facility). This failure would be caused by natural
degradation of the disposal structures over time, primarily from physical processes such as the
intrusion of water. Following failure, the release of uranium from the facility would occur very slowly
as water moved through the disposed material. The amount of groundwater contamination, as well
as the length of time it would take for the groundwater to become contaminated, would depend on
the integrity of the drums and the engineering barriers, as well as the site-specific properties of the
soil surrounding the disposal facility. Without more precise information concerning the expected
lifetimes of the containers and engineering barriers in the specific disposal facility environment, as well
as site-specific soil and hydrological properties, the groundwater concentrations estimated for the
analysis presented in this appendix using generic assumptions are subject to a large degree of
uncertainty. Nevertheless, if no remedial actions were taken, once the release of uranium from the
disposal facility began, it could last for millions of years for all three cases (25%, 50%, and 100%).

If the disposal site were located in a dry environment, all of the resulting uranium concen-
trations in groundwater would be essentially zero for at least 1,000 years in the future (Tomasko
1997) for disposal of 25%, 50%, and 100% of the uranium material. In a wet climate, however, the
uranium concentrations in the groundwater beneath a mined facility for ungrouted U3O8 would range
from about 260 pCi/L (1,000 µg/L) for the 25% capacity case to 350 pCi/L (1,400 µg/L) for 100%
capacity if the soil properties were such that the uranium moved rapidly through the soil (a retardation
factor of 5). These uranium concentrations would exceed the U.S. Environmental Protection Agency
(EPA) proposed maximum contaminant level of 20 µg/L (EPA 1996) used as a guideline in this PEIS.
If the uranium were less mobile in the soil surrounding the disposal facility (retardation coefficient
of 50), uranium concentrations in the groundwater beneath the facility after 1,000 years for disposal
of 25%, 50%, and 100% would be less than 20 µg/L. However, the concentrations would increase
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with time, ultimately approaching the concentrations that would occur under the mobile situation and
exceeding 20 µg/L. 

Post-closure impacts to groundwater quality resulting from disposal in an underground mine
could be reduced by decreasing the size of the facility in a direction parallel to the direction of
groundwater flow, thereby increasing dilution (Tomasko 1997).

K.5.4.3  Soil

The estimated impacts to soil during construction, operation, and potential accidents for full-
scale (100%) disposal facilities are presented in Appendix I, Section I.3.4. The potential impacts
evaluated included changes in topography (land elevation), permeability (ability to let water enter the
ground), quality, and erosion potential for a dry and wet location. Although impacts were evaluated
for dry and wet conditions, the impacts would be essentially the same for both locations. 

As discussed in Appendix I, the impacts to soil from the 100% cases were found to have
potentially moderate to large, but temporary, impacts for the disposal options. These impacts would
result from material excavated during disposal facility construction that would be left on-site. For
example, construction of a mine for ungrouted U3O8 disposal would require excavating about
1.2 million yd3 (920,000 m3) of consolidated material. In the short term, this amount of material |
would cause changes in site topography. In the long term, contouring and reseeding would return soil
conditions to their former state, and the impacts would be minor. The impacts calculated for the 25%
and 50% parametric cases, based on information provided in the engineering analysis report (LLNL
1997a), were also found to have potentially large, but temporary, impacts on soil, similar to the 100% |
cases. In the long term, impacts on soil would be minor for all disposal options.

K.5.5  Socioeconomics

The socioeconomic impacts of ungrouted U3O8 mine disposal facilities for the 50% and 25%
parametric cases would be less than the impacts of the base-case facility sizes. Cost information was
not available in sufficient detail to allow an analysis of impacts using the same methodology that was
used for the base cases. The impacts of parametric cases were therefore assessed qualitatively, based
on the assumption that changes in the cost of equipment, materials, and labor would be proportional
to changes in total life-cycle cost. Compared with base-case facility sizes, smaller U3O8 mine disposal
facilities would create less direct employment and income at the site. 
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K.5.6  Ecology

Site preparation for the construction of a facility for the disposal of ungrouted U3O8 in a
mine would result in the disturbance of biotic communities, including the permanent replacement of
habitat with structures and paved areas. Existing vegetation would be destroyed during land-clearing
activities. Wildlife would be disturbed by land clearing, noise, and human presence.

This disposal option would result in elevation of the soil surface by approximately 2.8 to
4.1 ft (0.85 to 1.2 m) and a reduction in soil permeability. The excavated material would primarily
consist of rock removed from the drifts and ramps. The consequent decrease in surface soil moisture
would make reestablishment of vegetation difficult and delay the establishment of native plant
communities. Construction of a disposal facility for ungrouted U3O8 in a mine would result in a large
adverse impact to existing vegetation and wildlife.

Impacts to wetlands and state and federally protected species due to facility construction
would depend on facility location. Avoidance of wetland areas would be included during facility
planning. Site-specific surveys for protected species would be conducted prior to finalization of
facility siting plans.

Impacts to air, surface water, groundwater, and soil quality during construction are expected
to be negligible for the 25%, 50%, and 100% cases (Sections K.5.3 and K.5.4). Resulting
construction-derived impacts to ecological resources would also be expected to be negligible. Impacts
to ecological resources from air and water emissions would also be negligible during the operational
phase of the disposal options.

During the post-closure phase, failure of facility integrity could result in contamination of
groundwater (see Section K.5.4.2). Groundwater could discharge to the surface (such as in wetland
areas) near the facility, thus exposing biota to contaminants. Groundwater concentrations of uranium
calculated for 1,000 years after failure of a mined facility for ungrouted U3O8 would range from about
260 to 350 pCi/L for the 25% and 100% cases, respectively. Similarly, groundwater concentrations |
for a mined facility for grouted U3O8 would range from about 310 to 425 pCi/L for the 25% and |
100% cases, respectively. Adverse impacts to aquatic biota could result from exposure to soluble |
uranium compounds within this concentration range. Resulting dose rates to maximally exposed
organisms would be less than 2% of the dose limit of 1 rad/d, for aquatic organisms, as specified in |
DOE Order 5400.5.

K.5.7  Waste Management

The estimated impacts from waste management operations from the construction and
operation of full-scale (100%) disposal facilities are presented in detail in Appendix I, Section I.3.7.
The impacts on national waste management operations from construction of disposal facilities were
found to be negligible for the 100% throughput case. The impacts that would result from construction
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for the 25% and 50% parametric cases, based on information provided in the engineering analysis
report (LLNL 1997a), would be less than those for the 100% case, and thus would also be negligible. |

Operation of a disposal facility would generate radioactive, hazardous, and nonhazardous
wastes (Section I.3.7). All of the secondary wastes listed would have a negligible impact on waste
management capacities across the DOE complex. However, the product waste would represent a
significant volume when compared with the complexwide total of LLW for disposal. Disposal of |
100% of the depleted uranium inventory could represent from 1.1 to 7.3% of the total DOE LLW
generated over roughly the same time period. Overall, the waste input resulting from the normal
operation of the U3O8 disposal facility would have a negligible to low impact on DOE’s complexwide |
waste management activities. 

The parametric analysis of operational waste loads was conducted for throughput values of
25%, 50%, and 100% (Table K.5). Some of these analyses showed nonlinear effects, but the
estimated impacts would be very small. The volume of product waste was shown to be linear with
throughput. Thus, it was assumed that a linear interpolation could be used to estimate waste loads
for throughput values other than 25%, 50%, and 100%.

K.5.8  Resource Requirements

The estimated impacts from resource requirements during construction and operation of full-
scale (100%) disposal facilities are presented in detail in Appendix I, Section I.3.8. The impacts on
resources, except for electrical consumption for a mine disposal facility, would be expected to

TABLE K.5  Wastes Generated during Facility Operations from the |
Disposal of Ungrouted U3O8 |

Annual Waste Generated 
for Three Throughput Cases

Waste Type 100% 50% 25%

Waste (m
3
/yr)

Solid LLW 81 57 40

Mixed liquid LLW 0.31 0.22 0.15

Nonhazardous waste (million L/yr)

Solids 0.64 0.45 0.32

Wastewater 0.92 0.68 0.48

Product waste volume (m
3
/yr)

Ungrouted U3O8 7,440 3,720 1,860



Parametric Analysis K-77 Depleted UF6 PEIS

be small for the 100% capacity case. Resource requirements for the 25% and 50% parametric cases
considered would be less than those for the 100% case (LLNL 1997a). |

Construction and operation of the disposal facilities would consume irretrievable amounts
of electricity, fuel, concrete, steel and other metals, water, and miscellaneous chemicals. The total
quantities of commonly used materials would not be expected to be significant. However, for a mine
disposal facility, significant quantities of electrical energy would be required during construction (up |
to 1,100 MW-yr, orders of magnitude greater than that required for other disposal facility types) |
because the majority of the construction equipment used in the underground portion would be
powered by electricity to avoid polluting the air in the underground work area. Similarly, compared
with the other options, a relatively higher annual amount of electricity would be needed during |
underground operations. No strategic and critical materials would be expected to be consumed during
construction or operation of the facilities. The disposal facility operations requirements would
generally not be resource-intensive, and the resources required are not considered rare or unique.
Furthermore, committing any of these resources (except for electrical consumption) would not be
expected to cause a negative impact on the availability of these resources within local areas or
nationally for the 100%, 50%, and 25% cases. The magnitude of impact of the high electrical
requirement for a mine disposal facility on local energy resource usage would be dependent on the
extent of existing site infrastructure.

K.5.9  Land Use

Potential moderate to large impacts from the construction and operation of a mined disposal
facility would be expected from on-site disposal of excavated material. Potential traffic volume
impacts would be associated with the construction labor force. Site preparation for the construction
of a facility for the disposal of ungrouted U3O8 in a mine for 25%, 50%, and 100% of the depleted
UF6 inventory would require the disturbance of approximately 97, 165, and 232 acres (39, 66, and
93 ha), respectively. On-site topographical modifications associated with disposition of the excavated
material could potentially affect future on-site land use, although such impacts would be small. Land
use impacts from shallow earthen structure and vault options would range from negligible to
moderate.

Impacts to land use outside the boundaries of a disposal facility would consist of temporary
traffic impacts associated with project construction. The actual impacts would depend on the specific
site chosen.

K.5.10  Other Impacts Considered But Not Analyzed in Detail

There are other impacts that can potentially occur if the disposal options considered in this
PEIS are implemented. They include impacts to cultural resources and environmental justice, as well
as to aesthetics (e.g., visual environment), recreational resources, and noise levels, and impacts
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associated with decontamination and decommissioning of surface disposal facilities. These impacts,
although considered, were not analyzed in detail for one or both of the following reasons: |

• The impacts could not be determined at the programmatic level without
consideration of specific sites. These impacts would be more appropriately
addressed in the second-tier NEPA documentation when specific sites are
considered. |

• Consideration of the impacts would not contribute to differentiation among the
alternatives; therefore, it would not affect the decisions to be made in the |
Record of Decision that will be issued following publication of this PEIS. |

|

K.6  TRANSPORTATION

The estimated environmental impacts were presented in Appendix J for transportation of
materials associated with the 100% cases considered for the depleted uranium inventory options.
Because the locations of the various facilities are not determined, impacts for three shipment distances
(250, 1,000, and 5,000 km) were presented to give the reader a basis for understanding the
ramifications of shipment distance on the impacts. In this appendix, all transportation impacts are
presented for a single shipment distance of 1,000 km because the objective here is the comparison
among the three cases of throughput (25%, 50%, and 100%) associated with the depleted uranium.

The transportation impacts are presented in the form of line graphs in terms of risk
(estimated fatalities) as a function of the number of total shipments over the 20-year life of the
project. Each graph pertains to a single type of shipment either by truck or rail mode. As in
Appendix J, estimated fatality risks from radiological (routine and accident), chemical (accident), and
vehicle (routine and accident) causes are presented in each graph. The 25%, 50%, and 100%
throughput cases are denoted with vertical lines on each graph. 

K.6.1  Conversion Options

The conversion of the depleted UF6 to an oxide or a metal form might require shipment of
the depleted uranium to an off-site facility. Impacts for the 100% case are presented in Appendix J,
Section J.3.4. Figures K.68 and K.69 present the results for shipping the depleted uranium cylinders
either by truck or rail, respectively, for the three parametric cases. The 100% case risks for cylinder
shipment are presented in Tables J.5 and J.6 in Section J.3.4.1. The impacts from routine external
radiation if overcontainers were to be used are also presented. The radiological and chemical risks
from accidents are not presented because these risks would be at least 100 times less than the other
estimated risks. 
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FIGURE K.68  Estimated Truck Transportation Risks for Depleted UF6 Cylinders

FIGURE K.69  Estimated Rail Transportation Risks for Depleted UF6 Cylinders



Parametric Analysis K-80 Depleted UF6 PEIS

FIGURE K.70  Estimated Rail Transportation Risks for the Ammonia Used
in the Conversion of Depleted UF6 to UO2 or Uranium Metal

Conversion of the depleted UF6 to an oxide or uranium metal would involve transportation
of input materials and output waste forms, as discussed in Appendix J, Section J.3.4. Ammonia might
be used as an input material for oxide and metal conversion; Figure K.70 presents the chemical and
vehicle risks from transportation of ammonia for shipment by rail for UO2 or metal conversion.
Anhydrous HF is a common product of the three conversion technologies studied for the parametric
analysis. The two oxide technologies would produce about the same amount of HF for the same
amount of depleted UF6 input, an amount that is about three times the amount of HF produced in the
conversion to metal. Figure K.71 presents the parametric risks for HF transport. The
conversion-to-metal process would produce a large quantity of nonhazardous MgF2 as another
by-product. The vehicle-related parametric risks for transport of MgF2 by truck and rail are shown
in Figures K.72 and K.73, respectively.

Both LLW and low-level mixed waste (LLMW) would be produced at a conversion facility
and would require transport for disposal, as discussed in Appendix J, Section J.3.4.2. The number
of shipments required for LLMW disposal in all three options is not expected to change with the
throughput case (25%, 50%, or 100%) because a minimal amount would be generated by the
conversion process. The estimated transportation risks for the LLW generated at the three different
conversion facilities shipped to a disposal site are presented in Figures K.74 through K.76.
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FIGURE K.71  Estimated Rail Transportation Risks for the HF Produced 
in the Conversion of Depleted UF6 to U3O8, UO2, or Uranium Metal

FIGURE K.72  Estimated Truck Transportation Fatality Risks for the MgF2
Generated in the Conversion of Depleted UF6 to Uranium Metal
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FIGURE K.73  Estimated Rail Transportation Fatality Risks for the MgF2
Generated in the Conversion of Depleted UF6 to Uranium Metal

FIGURE K.74  Estimated Truck Transportation Risks for the LLW Generated
in the Conversion of Depleted UF6 to U3O8
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FIGURE K.75  Estimated Truck Transportation Risks for the LLW Generated
in the Conversion of Depleted UF6 to UO2

FIGURE K.76  Estimated Truck Transportation Risks for the LLW Generated
in the Conversion of Depleted UF6 to Uranium Metal
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Radiological and chemical risks from accidents are not presented because they would be at least 100
times less than the other estimated risks.

Parametric transportation risks for the shipment of U3O8 are provided in Section K.6.4
under the U3O8 disposal option. Parametric transportation risks for the UO2 conversion product are
discussed in Section K.6.2 under the UO2 long-term storage option, and the risks for the metal
conversion product are discussed in Section K.6.3 for the manufacture and use option.

Each conversion option would require cleaning of the empty depleted UF6 cylinders at the
cylinder treatment facility, as discussed in Appendix J, Section J.3.4.3. The parametric transportation
risks for the resulting LLW and U3O8 are presented in Figures K.77 and K.78, respectively. For the |
LLW shipments, the radiological and chemical risks are not presented because they are at least 100
times less than the vehicle emission risks, as shown in Appendix J, Section J.3.4.3. The number of
shipments required for the LLMW generated at the cylinder treatment facility is not expected to
change appreciably with the throughput case (25%, 50%, or 100%) because a minimal amount would
be generated by the cleaning process.

K.6.2  Long-Term Storage Options

Storage as UF6 in buildings assumes transportation of the depleted UF6 cylinders to a
storage site. Parametric risks from transportation of the depleted UF6 cylinders is discussed in
Section K.6.1. A very small amount of LLW and LLMW would be generated from occasional
cylinder failure during the surveillance phase of this option. The type of waste generated would be
similar to that generated at the cylinder treatment facility and would have similar single shipment
risks. As discussed in Appendix J, Section J.3.5, less than one shipment per year is expected for the
100% case, with slightly fewer shipments necessary for the 50% and 25% cases.

Transportation of UO2 from a conversion facility might be required for long-term storage
as oxide, as discussed in Appendix J, Section J.3.5. Figures K.79 and K.80 present the results for
shipping the UO2 conversion product exclusively by truck or rail, respectively, for the three
parametric cases. The chemical accident risks for UO2 are not presented because they would be more
than 100 times less than the routine radiological risks shown in Tables J.11 and J.12 for the 100%
case.

K.6.3  Manufacture and Use Options

K.6.3.1  Use as Uranium Oxide

The estimated transportation risks for shipment of all the UO2 from a conversion facility to
a manufacturing site for uranium oxide cask production are presented in Appendix J,
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FIGURE K.77  Estimated Truck Transportation Risks for the LLW Generated 
at the Cylinder Treatment Facility

FIGURE K.78  Estimated Truck Transportation Risks for the U3O8 Generated 
at the Cylinder Treatment Facility
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FIGURE K.79  Estimated Truck Transportation Risks for UO2 Shipped from the
Conversion Facility to Long-Term Storage or Oxide Cask Manufacture

FIGURE K.80  Estimated Rail Transportation Risks for UO2 Shipped from the
Conversion Facility to Long-Term Storage or Oxide Cask Manufacture
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Section J.3.6.1. The parametric risks for UO2 are shown in Figures K.79 and K.80 for shipment by
truck and rail, respectively.

Uranium oxide cask production would result in the generation of some LLW and LLMW,
as discussed in Appendix J, Section J.3.6. The parametric results for the shipment of the LLW by
truck to a disposal site are shown in Figure K.81. Radiological and chemical accident risks are not
presented because they are more than 1 million times less than the other results shown in Tables J.15
and J.16 for the 100% case. The number of shipments required for LLMW disposal is not expected
to change appreciably with the throughput case (25%, 50%, or 100%) because a minimal amount
would be generated by the manufacturing process.

The transportation risks for shipment of the uranium oxide cask by rail from the manu-
facturing facility to an end-user are given in Appendix J, Section J.3.6.1. Figure K.82 shows the risks
associated with rail shipments of the uranium oxide casks for the three parametric cases. Radiological
and chemical accident risks are not presented because they are approximately 1 million times less than
the other results shown in Tables J.15 and J.16 for the 100% case.

K.6.3.2  Use as Uranium Metal

The estimated transportation risks for shipment of all of the uranium metal from a
conversion facility to a manufacturing site for metal cask production are presented in Appendix J,
Section J.3.6.2. The parametric risks for the metal shipments are presented in Figures K.83 and K.84
for shipment by truck or rail, respectively. Radiological and chemical accident risks are not presented
because they would be more than 1 million times less than the other results shown in Tables J.15 and
J.16 for the 100% case.

The metal cask production would result in the generation of some LLW and LLMW, as
discussed in Appendix J, Section J.3.6.2. The parametric results for the shipment of the LLW by truck
to a disposal site are shown in Figure K.85. Radiological and chemical accident risks are not
presented because they would be more than 100 times less than the other risks shown. The number
of shipments required for LLMW disposal is not expected to change appreciably with the throughput
case (25%, 50%, or 100%) because a minimal amount is generated by the manufacturing process.

The transportation risks for shipment of the metal cask by rail from the manufacturing
facility to an end-user are given in Appendix J, Section J.3.6.2. Figure K.86 shows the risks associ-
ated with rail shipment of the metal casks for the three parametric cases. Routine radiological risks
are not presented because these risks would be about 100 times less than the risks for the 100% case;
radiological and chemical accident risks are also not presented because they would be approximately
100 million times less than the other risks for the 100% case, as shown in Tables J.15 and J.16. 
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FIGURE K.81  Estimated Truck Transportation Risks for Shipment of LLW from 
the Oxide Cask Manufacturing Facility to a Disposal Site

FIGURE K.82  Estimated Rail Transportation Risks for Shipment of Oxide Casks from
the Cask Manufacturing Facility to an End-User Site
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FIGURE K.83  Estimated Truck Transportation Risks for Uranium Metal Shipped
from the Conversion Facility to Metal Cask Manufacture

FIGURE K.84  Estimated Rail Transportation Risks for Uranium Metal Shipped
from the Conversion Facility to Metal Cask Manufacture
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FIGURE K.85  Estimated Truck Transportation Risks for Shipment of LLW 
from the Metal Cask Manufacturing Facility to a Disposal Site

FIGURE K.86  Estimated Rail Transportation Risks for Shipment of Metal Casks
from the Cask Manufacturing Facility to an End-User Site
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K.6.4  Disposal as Ungrouted U3O8

The estimated transportation risks for shipment of all the U3O8 from a conversion facility
to a disposal site are presented in Appendix J, Section J.3.7. The parametric risks for the oxide
shipments are presented in Figures K.87 and K.88 for shipment by truck or rail, respectively.

K.7  IMPACTS OF COMBINATIONS OF ALTERNATIVES 

The alternatives evaluated in detail in the PEIS are no action, long-term storage as UF6,
long-term storage as uranium oxide, use as uranium oxide, use as uranium metal, and disposal. DOE’s
preferred alternative is also considered in the PEIS. This section provides examples of how the |
impacts of parametric cases for continued storage, cylinder preparation, conversion, long-term
storage, manufacture and use, disposal, and transportation activities (as presented in Appendixes D
and E and Sections K.2-K.6 of Appendix K) can be added together to assess the impacts of strategies
that combine one or more of the alternatives evaluated in the PEIS. Six example combinations of use |
as oxide, use as metal, and continued storage as UF6 are evaluated (cases 1 through 6); an additional |
combination of 50% use as oxide, 50% use as metal (case 7) is also evaluated. Although these |
combinations were chosen as examples, the methods to calculate potential environmental impacts for |
them can be used to calculate impacts for other combinations as well (e.g., 50% disposal, 50% long- |
term storage). 

The example combinations assessed (Table K.6) were selected to provide a reasonable range |
of possible combinations that might occur in the future as uses are identified. A summary of potential |
environmental consequences associated with these cases is presented in Tables K.9 and K.10 |
(tables follow Section K.7.2 of this appendix). |

K.7.1  Example Calculation of Impacts for a Combination of Alternatives

The results of a sample calculation for Case 1 are presented in Sections K.7.1.1 through
K.7.1.11. Under Case 1, 50% of the depleted UF6 inventory would continue to be stored as UF6,
25% would be converted and used as uranium oxide, and the remaining 25% would be converted and
used as uranium metal. This sample is intended to illustrate how the impacts can be estimated for any
combination of alternatives. 

The impacts for this sample combination include impacts during continued cylinder storage,
preparation of cylinders for shipment, conversion of UF6 to uranium oxide and metal, treatment of
empty cylinders, manufacture of uranium oxide and uranium metal casks, and transportation of
cylinders, conversion products (oxide, metal, HF, ammonia, and waste), and casks. The potential
impacts of Case 1 were calculated by adding the impacts from each of the individual components, as
appropriate. Certain impacts, such as the dose to MEIs, are not additive because the MEI at each
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FIGURE K.87  Estimated Truck Transportation Risks for U3O8 Shipped
from the Conversion Facility to Disposal

FIGURE K.88  Estimated Rail Transportation Risks for U3O8 Shipped
from the Conversion Facility to Disposal
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TABLE K.6  Example Combinations of Alternatives (Cases) for Which
Environmental Impacts Were Evaluated

Fraction of Inventory

Case
Use as 

Uranium Oxide
Use as 

Uranium Metal
Continued Storage as UF6

(No Action Alternative)

1 0.25 0.25 0.5

2 0.33 0.33 0.33

3 0.5 0 0.5

4 0 0.5 0.5

5 0.5 0.25 0.25

6 0.25 0.5 0.25

7 |0.5 |0.5 |0 |

site would be different and the future facilities were assumed to be built at separate sites (except for
the continued storage and cylinder preparation activities, which were assumed to occur at the current
storage sites; and the conversion and cylinder treatment activities, which would likely occur at the
same sites). The potential impacts from continued cylinder storage and cylinder preparation are
provided in Appendices D and E, respectively; impacts from the other components are provided in
Sections K.1 through K.6. 

K.7.1.1  Human Health — Normal Operations

K.7.1.1.1  Radiological Impacts

Involved Workers.  The collective radiation dose to involved workers was estimated by
summing the radiation dose from each of the components comprising Case 1. The calculation of
radiological impacts to involved workers is outlined below. The impacts are first presented for each
of the individual components and then summed, as appropriate, to provide an estimate of the total
radiological impact. 

Continued Cylinder Storage.  Potential radiological impacts during continued cylinder
storage at the three current storage sites include impacts during storage of 100% of the inventory for
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a period of 10 years, removal of 50% of the cylinder inventory over a period assumed to be 20 years,
and storage of 50% of the inventory for the remaining 10 years considered during the assessment
period (1999 through 2039). 

The total dose to involved workers was calculated as follows:

Annual dose to involved workers from storage of the entire cylinder inventory 
(from Table D.2) = 36 person-rem/yr

Average annual dose from storage of 50% of the entire inventory 
= 0.5 × 36 person-rem/yr = 18 person-rem/yr

Average annual dose during the cylinder removal period for removal of 50% of the inventory 
=  0.5 × (36 person-rem/yr + 18 person-rem/yr) = 27 person-rem/yr

The total worker dose from continued cylinder storage of 50% of the inventory was then
calculated as:

Total worker dose = 10 years × 36 person-rem/yr + 20 years × 27 person-rem/yr 
+ 10 years × 18 person-rem/yr

Total worker dose = 1,080 person-rem

Cylinder Preparation.  For purposes of assessing Case 1, it was assumed that the 50% of
the cylinder inventory converted for use would be transported to a conversion site from the three
current storage sites and that all of the cylinders transported would require preparation by either
placement in overcontainers or transfer to new cylinders. Shipment of 50% of the cylinder inventory
over a 20-year period corresponds to annual rates of 709 cylinders per year at the Paducah site,
335 cylinders per year at the Portsmouth site, and 117 cylinders per year at the K-25 site. 

The annual collective dose to workers for a range of shipment rates at each site are provided
in Appendix E, Figure E.3, for the overcontainer option and in Figure E.4 for the transfer facility
option. The doses corresponding to the above shipment rates are as follows:

Annual dose to workers using overcontainer option = 14 person-rem/yr (Paducah) 
+ 6 person-rem/yr (Portsmouth) + 2 person-rem/yr (K-25) = 22 person-rem/yr

Total dose over 20 years using overcontainer option = 22 person-rem/yr × 20 years 
= 440 person-rem
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Annual dose to workers using cylinder transfer option = 35 person-rem/yr (Paducah) 
+ 25 person-rem/yr (Portsmouth) + 20 person-rem/yr (K-25) = 80 person-rem/yr

Total dose over 20 years using cylinder transfer option = 80 person-rem/yr × 20 years 
= 1,600 person-rem

Total range of worker dose from cylinder preparation = 440 to 1,600 person-rem

Conversion.  The doses to workers from conversion for various throughput rates are
provided in Figure K.11 for conversion to uranium oxide (UO2) and in Figure K.17 for conversion
to uranium metal. From these data, the estimated collective worker doses for conversion of 25% of
the inventory to oxide and 25% to uranium metal are as follows:

Annual dose to workers from conversion of 25% of the inventory to oxide 
= 22 to 31 person-rem/yr

Total worker dose from conversion to oxide = (22 to 31) person-rem/yr 
× 20 years = 440 to 620 person-rem

Annual dose to workers from conversion of 25% of the inventory to metal 
= 18 to 50 person-rem/yr

Total worker dose from conversion to metal = (18 to 50) person-rem/yr 
× 20 years = 360 to 1,000 person-rem

Cylinder Treatment.  The collective dose to workers from the treatment of empty cylinders
for a range in the number of cylinders treated is provided in Figure K.23. It was assumed that two
treatment facilities would be required, one for each conversion facility. On this basis, the estimated
doses to workers are as follows: 

Annual dose to workers from treatment of 25% of the cylinder inventory 
= 6 person-rem/yr

Total worker dose from cylinder treatment = 2 × 6 person-rem/yr 
× 20 years = 240 person-rem

Manufacture and Use.  The doses to workers from manufacture and use for various
throughput rates are provided in Figure K.41 for manufacture of uranium oxide (UO2) shielded casks
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and in Figure K.47 for manufacture of uranium metal shielded casks. From these data, the estimated
worker doses for manufacture of 25% of the inventory to oxide shielded casks and 25% to uranium
metal shielded casks are as follows: 

Annual dose to workers from manufacture of 25% of the inventory to oxide casks 
= 10 person-rem/yr

Total worker dose from manufacture of oxide casks 
= 10 person-rem/yr × 20 years = 200 person-rem

Annual dose to workers from manufacture of 25% of the inventory to metal casks 
= 2 person-rem/yr

Total worker dose from manufacture of metal casks 
= 2 person-rem/yr × 20 years = 40 person-rem

Total Radiological Impacts to Workers.  The total collective radiation dose to involved
workers was calculated by summing the collective doses from the individual components. The
individual contributions, as well as the total dose, are summarized in Table K.7. In addition, the
number of radiation-induced health effects was estimated by multiplying the collective dose by a
health risk conversion factor of 4 × 10-4 LCF/person-rem for involved workers. The total LCFs
among workers were estimated to range from 1 to 2 over the duration of the program. The
radiological impacts to noninvolved workers would be negligible compared to those for involved
workers (based on total doses for individual component activities two or more orders of magnitude
lower than those for involved workers).

General Public.  The collective radiation dose to members of the general public was
calculated in a manner similar to that outlined above for workers. However, because the collective
dose to members of the public in the vicinity of all sites was found to be well below levels expected
to cause adverse health effects for all individual components, a conservative approach was taken to
estimate the total impacts. The total impacts to members of the general public were conservatively
estimated by summing the maximum dose estimates (100% cases) for each component, as follows:

Maximum collective dose to public from continued cylinder storage (Table D.1) 
= 1.1 person-rem

Maximum collective dose to public from cylinder preparation (Table E.1) 
= 0.006 person-rem
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TABLE K.7  Range of Radiological Doses and
Latent Cancer Fatalities among Involved Workers
for Case 1: 50% Continued Storage, 25% Use as
Oxide, and 25% Use as Metal

Component
Collective Dose

(person-rem)

Continued cylinder storage 1,080

Cylinder preparation 440 – 1,600

Oxide conversion 440 – 620

Metal conversion 360 – 1,000

Cylinder treatment 240

Manufacture of oxide casks 200

Manufacture of metal casks 40

Total dose 2,800 – 4,780

Latent cancer fatalities
a

1 – 2

a
The number of latent cancer fatalities was calculated
using a health risk conversion factor of
4 × 10

-4
 LCF/person-rem for workers.

Maximum collective dose to public from conversion to oxide (Table F.2) 
= 10 person-rem

Maximum collective dose to public from conversion to metal (Table F.2) 
= 8 person-rem

Maximum collective dose to public from cylinder treatment (Table F.2) 
= 0.008 person-rem

Maximum collective dose to public from manufacture of oxide casks (Table H.1) 
= 0.1 person-rem

Maximum collective dose to public from manufacture of metal casks (Table H.1) 
= 0.7 person-rem

The maximum total collective dose to the public is estimated to be approximately 20 person-rem,
much less than levels expected to cause adverse health effects. 
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Because individual activities would occur at separate sites and the results of the parametric
analyses indicate that impacts decrease with a decrease in the amount processed, the dose to general
public MEIs from Case 1 (as well as any of the other combinations analyzed) would be less than the
estimates presented for each of the individual components. Therefore, all doses to individual members
of the general public would be well below regulatory limits and well below levels expected to cause
adverse health effects. 

K.7.1.1.2  Chemical Impacts

Chemical impacts from components comprising Case 1 are generally nonadditive because
these impacts were estimated for MEIs at each site and future facilities were assumed to be built at
separate sites. The two exceptions are (1) continued storage and cylinder preparation activities, which
would take place at the current storage sites; and (2) conversion and cylinder treatment activities,
which would likely occur at the same site. 

Estimated hazard indices for MEIs for all management options are much less than 1 (a
hazard index of greater than 1 indicates the potential for health impacts). To provide a conservative
estimate of potential hazards from activities occurring at the same sites, the maximum hazard index
for both workers and the general public from continued cylinder storage activities for 1999 through
2039 (0.065; Tables D.5 and D.25) was added to the maximum hazard index from cylinder
preparation activities (6.1 × 10-6; Section E.3.1.2). Similarly, the maximum hazard index from
conversion options (1.5 × 10-4; Table F.6) was added to the maximum hazard index from cylinder
treatment (7.1 × 10-8; Table F.6). The results in both cases are still much lower than 1, so adverse
chemical impacts from normal operations would not be associated with Case 1 (or any of the other
combinations analyzed). 

K.7.1.2  Human Health — Accident Conditions

K.7.1.2.1  Radiological and Chemical Impacts

For any combination involving continued cylinder storage and use as oxide and metal, the
bounding impacts from accidents involving radiological or chemical releases would be the largest of
the impacts estimated for the no action (continued storage) alternative, the use as oxide alternative,
or the use as metal alternative. The consequences of bounding accidents for combination alternatives
would be the same as the largest consequences of accidents under these alternatives because only a
limited amount of material would be at risk of release under accident conditions, regardless of the
facility size or throughput. Although the frequencies of some accidents (for example,
cylinder-handling accidents) would decrease somewhat as the facility throughput decreased, the
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overall frequency category for those accidents would remain the same despite these small changes
in frequencies.

K.7.1.2.2  Physical Hazards

Physical hazards to involved and noninvolved workers were estimated by summing the injury
and fatality hazards from each of the components comprising the combination, similar to the method
described for estimating collective worker radiation dose in Section K.7.1.1.1. For Case 1, the
calculations to estimate physical hazards are outlined below. 

Continued Cylinder Storage.  The numbers of fatalities and injuries during continued
cylinder storage at the three current storage sites were estimated by summing the numbers estimated
for 10 years of storage of the entire inventory, 20 years for removal of 50% of the cylinder inventory,
and 10 additional years for storage of the remaining 50% of the inventory (covering the assessment
period 1999 through 2039). The total number of fatalities and injuries to workers was calculated as
follows:

Annual fatalities during storage of 100% of the inventory (no action) (from Table D.1) 
= 0.11/40 years = 0.0028 fatalities per year

Annual injuries during storage of 100% of the inventory (from Table D.1) 
= 143/40 years = 3.6 injuries per year

Annual fatalities during storage of 50% of the inventory 
= 0.5 × 0.0028 = 0.0014 fatalities per year

Annual injuries during storage of 50% of the inventory 
= 0.5 × 3.6 = 1.8 injuries per year

Average annual fatalities during the removal of 50% of the inventory 
= 0.5 × (0.0028 fatalities per year + 0.0014 fatalities per year) 

= 0.0021 fatalities per year

Average annual injuries during the removal of 50% of the inventory 
= 0.5 × (3.6 injuries per year + 1.8 injuries per year) 

= 2.7 injuries per year

The total number of fatalities and injuries from continued storage of 50% of the inventory was
calculated as follows:
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Total fatalities = 10 years × 0.0028 fatalities per year + 20 years × 0.0021 fatalities per year 
+ 10 years × 0.0014 fatalities per year = 0.08 fatalities

Total injuries = 10 years × 3.6 injuries per year + 20 years × 2.7 injuries per year 
+ 10 years × 1.8 injuries per year = 108 injuries 

Cylinder Preparation.  For purposes of assessing Case 1, it was assumed that the 50% of
the cylinder inventory converted for use would be transported to a conversion site from the three
current storage sites and that all of the cylinders transported would require preparation by either
placement in overcontainers or transfer to new cylinders. Shipment of 50% of the cylinder inventory
over a 20-year period corresponds to annual rates of 709 cylinders per year at the Paducah site,
335 cylinders per year at the Portsmouth site, and 117 cylinders per year at the K-25 site. 

The fatalities and injuries for workers conducting overcontainer operations are provided in
Appendix E, Figure E.10; the fatalities and injuries for workers conducting transfer operations are
provided in Figures E.11 and E.12. These data are estimates of the total fatalities and injuries over
the entire 20-year period that cylinder preparation activities were assumed to be ongoing. The
estimated number of fatalities and injuries corresponding to shipment of 50% of the inventory at each
site are as follows: 

Fatalities among workers conducting overcontainer operations = 0.043 (Paducah) 
+ 0.02 (Portsmouth) + 0.007 (K-25) = 0.07 fatalities

Injuries among workers conducting overcontainer operations = 57 (Paducah) 
+ 27 (Portsmouth) + 9 (K-25) = 93 injuries

Fatalities among workers conducting cylinder transfer operations = 0.32 (Paducah) 
+ 0.27 (Portsmouth) + 0.15 (K-25 ) = 0.74 fatalities

Injuries among workers conducting cylinder transfer operations = 218 (Paducah) 
+ 159 (Portsmouth) + 100 (K-25) = 477 injuries

Total range of fatalities from cylinder preparation option = 0.07 to 0.74 fatalities

Total range of injuries from cylinder preparation option = 93 to 477 injuries

Conversion.  The estimated numbers of fatalities and injuries for conversion of various
throughput rates are provided in Section K.2.2.3. The estimated numbers of fatalities and injuries
from conversion for Case 1 are as follows: 
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Fatalities among workers from conversion of 25% of the inventory to oxide 
= 0.35 to 0.49 fatalities

Injuries among workers from conversion of 25% of the inventory to oxide 
= 290 to 430 injuries

Fatalities among workers from conversion of 25% of the inventory to metal 
= 0.33 to 0.49 fatalities

Injuries among workers from conversion of 25% of the inventory to metal 
= 270 to 450 injuries

Cylinder Treatment.  The estimated numbers of fatalities and injuries from the treatment
of empty cylinders for a range in the number of cylinders treated is provided in Section K.2.2.3. In
the case of conversion to both metal and oxide, two separate conversion facilities with separate
cylinder treatment facilities would likely be constructed, so the impacts would be two times the 25%
impacts, rather than the impacts for a single 50% capacity treatment facility. The estimated numbers
of fatalities and injuries from cylinder treatment for Case 1 are as follows: 

Fatalities among workers from treatment of 25% of the cylinder inventory = 0.13 fatalities

Injuries among workers from treatment of 25% of the cylinder inventory = 121 injuries

Total fatalities = 2 × 0.13 = 0.26 fatalities

Total injuries = 2 × 121 = 242 injuries

Manufacture and Use.  Fatalities and injuries for manufacture of uranium oxide (UO2)
shielded casks are presented in Figure K.49; values for manufacture of uranium metal shielded casks
are presented in Figure K.50. The estimated numbers of fatalities and injuries for Case 1 are as
follows: 

Fatalities among workers from manufacture of 25% of the inventory to oxide casks 
= 0.61 fatalities

Injuries among workers from manufacture of 25% of the inventory to oxide casks 
= 490 injuries
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Fatalities among workers from manufacture of 25% of the inventory to metal casks 
= 0.68 fatalities

Injuries among workers from manufacture of 25% of the inventory to metal casks 
= 520 injuries

Total Physical Hazards.  The total fatalities and injuries were calculated by summing the
values for the individual components and then rounding to the nearest whole number. The individual
contributions and total fatalities and injuries are summarized in Table K.8. 

K.7.1.3  Transportation

The transportation impacts for normal operations and traffic accident fatalities were
determined by the number of shipments required for each combination alternative, assuming a travel
distance of 620 miles (1,000 km) per shipment. For Case 1, these impacts would be the sum of the
number of shipments if 25% of the inventory was converted for use as oxide and 25% of the
inventory was converted for use as metal (no off-site transportation of cylinders would be required

TABLE K.8  Range of On-the-Job Fatalities and Injuries
among All Workers for Case 1: 50% Continued Storage,
25% Use as Oxide, and 25% Use as Metala

Component Fatalities Injuries

Continued cylinder storage 0.08 110

Cylinder preparation 0.07 – 0.74 93 – 480

Oxide conversion 0.35 – 0.49 290 – 430

Metal conversion 0.33 – 0.49 270 – 450

Cylinder treatment 0.26 240

Manufacture of oxide casks 0.61 490

Manufacture of metal casks 0.68 520

Total 2 – 3 2,000 – 2,700

a
Represents impacts to involved and noninvolved workers
from construction and operation of facilities. Values rounded
to two significant figures. 
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for continued cylinder storage). The impacts of the various combinations examined would be
essentially the same for exposures from normal operations because these exposures would generally
be expected to result in 1 or fewer adverse health effects among workers and members of the general
public combined. As would be expected, traffic accident fatalities for Case 1, which would involve |
transportation of 50% of the cylinder inventory and the resulting conversion products, are estimated
to be about half of those expected under the use as oxide and use as metal alternatives (Table K.9,
which follows Section K.7.2 of this appendix). |

For any combination involving continued cylinder storage and use as oxide and metal, the
bounding impacts for accidents involving releases from cylinders or releases of other materials would
be the larger of the impacts estimated for either the use as oxide alternative or the use as metal
alternative. The consequences of bounding accidents for combination alternatives would be the same
as the largest consequences of these alternatives because the same amount of material would be at
risk under accident conditions, regardless of the number of shipments. The overall probability of
accidents occurring would decrease in direct proportion to the number of shipments and the distance
per shipment; in Case 1, the overall probability would be about half that estimated for the use as oxide
alternative. 

K.7.1.4  Air Quality

Air quality impacts from construction at the current storage sites would be the same as those
predicted for the no action alternative because all construction activities are planned to take place
prior to about 2003, during which time all cylinders would remain at the current storage locations
under all alternatives and combination alternatives examined. 

Air quality impacts from operations at the current storage sites for combination alternatives
involving varying percentages of continued storage would depend on whether a certain percentage
of cylinders was removed from each site or whether cylinders were preferentially removed from one
or two of the sites. For 100% continued storage (no action alternative), a potential impact that could
occur if cylinder maintenance and painting activities do not reduce cylinder corrosion rates would be
exceedance of the HF standard at the K-25 site in about the year 2020 (see Appendix D, Section D.3,
for further discussion). 

In examining the potential air quality impacts of combination alternatives, the case where
cylinders at the Paducah and Portsmouth sites would be preferentially removed for use was assumed
as the bounding case, leaving all cylinders in place at the K-25 site. (The number of cylinders stored
at the K-25 site constitutes only about 10% of the entire inventory, so that the combination
alternatives that consider from 25 to 75% use of the inventory could all have the entire K-25
inventory remaining in place). Therefore, the bounding air quality impacts from operations at the
current storage sites for combination alternatives (including Case 1) would be the same as the impacts
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from the no action alternative. If the cylinders at K-25 were preferentially removed or part of the
inventory was removed, then air quality impacts at the K-25 site would decrease accordingly. Also,
if continued maintenance and painting are effective in controlling cylinder corrosion, as expected,
concentrations of HF would be kept within regulatory standards at all sites under all combination
alternatives. 

Pollutant emissions during construction and operation of conversion and manufacturing
facilities designed to process the entire inventory would remain within standards. Emissions under
the combination alternatives also would remain within standards because emissions were estimated
to be within applicable standards for full-scale (100%) facilities and emissions would be somewhat
reduced for facilities with lower throughput rates because different sites were assumed for new
facilities.

K.7.1.5  Water and Soil

As discussed for air quality impacts, impacts to groundwater at the current storage sites for
combination alternatives involving varying percentages of continued storage would depend on
whether a certain percentage of cylinders was removed from each site or whether cylinders were
preferentially removed from one or two of the sites. For the no action alternative, a potential impact
that could occur if cylinder maintenance and painting activities do not reduce cylinder corrosion rates
would be that the groundwater uranium concentration at all three sites could exceed 20 µg/L in about
the year 2100 or later (see Appendix D, Section D.3, for further discussion). For combination
alternatives, the case where cylinders at the Paducah and Portsmouth sites would be preferentially
removed for use was assumed as the bounding case, leaving all cylinders in place at the K-25 site.
Therefore, the bounding groundwater quality impacts at the current storage sites for combination
alternatives could include exceedance of the 20 µg/L guideline level at one or more of the current
storage sites at some time after the year 2100. However, if cylinder maintenance and painting are
effective in controlling cylinder corrosion, as expected, groundwater uranium concentrations would
remain below 20 µg/L at all sites.

Potential surface water, groundwater and soil quality impacts at conversion and manu-
facturing facilities could be kept within applicable standards or guidelines by following good
engineering practices.

K.7.1.6  Socioeconomics

Socioeconomic impacts for each component of the combination alternatives are summarized
in Tables K.9 and K.10 (which follow Section K.7.2). Methods of estimating these impacts are |
discussed in Sections K.7.1.6.1 and K.7.1.6.2. |
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K.7.1.6.1  Continued Cylinder Storage

Socioeconomic impacts from construction activities at the current storage sites would be
the same as those predicted for the no action alternative because all construction activities are planned
to take place prior to about 2003, during which time all cylinders would remain at the current storage
locations under all alternatives and combination alternatives examined. 

The socioeconomic analysis evaluated direct income and jobs for the first year of operations.
These values may be interpreted as annual averages over the operational periods because annual
operations would generally be uniform. Continued storage impacts for combination alternatives need
to be normalized to a standard number of years because continued storage would be ongoing for
about 40 years (1999 through 2039), whereas use options were assumed to be ongoing for only
20 years (2009 through 2028). For continued storage operations, the totals for direct jobs and direct
income were calculated as follows: 

Direct jobs during storage (no action), three-site total (from Table D.18) 
= 110 jobs per year

Direct income during storage, three-site total (from Table D.18) 
= $5.1 million per year

Direct jobs during cylinder removal (action alternatives), three-site total (from Table D.30) 
= 120 jobs per year

Direct income during cylinder removal, three-site total (from Table D.30) 
= $6 million per year

Average jobs during the removal of 50% of the inventory = 0.5 × (110 jobs per year 
+ 120 jobs per year) = 115 jobs per year

Average income during the removal of 50% of the inventory = 0.5 × ($5.1 million/yr 
+ $6 million per year) = $5.55 million per year

The total jobs and income from continued storage of 50% of the inventory was calculated
as follows: 

Total jobs = 10 years × 110 jobs per year + 20 years × 115 jobs per year 
+ 10 years × 55 jobs per year = 3,950 job-years

Total income = 10 years × $5.1 million per year + 20 years × $5.55 million per year 
+ 10 years × $2.55 million per year) = $187.5 million
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To facilitate comparison with the no action alternative, the total jobs and income were
distributed over 40 years, resulting in a value of 99 jobs per year and $4.7 million income per year
over 40 years (see Table K.9). To compare with use alternatives, the values should be converted to
total jobs, assuming 40 years for no action and combination alternatives involving continued storage,
and assuming 20 years for alternatives involving use only. 

K.7.1.6.2  Cylinder Preparation, Conversion, and Manufacturing

Parametric socioeconomic impacts for the cylinder preparation, conversion, and manufac-
turing options were assessed qualitatively (see Sections E.3.5, K.2.5, and K.4.5), based on
preliminary cost data for the 100% cases (LLNL 1996) and socioeconomic data for parametric cases
provided in the cost analysis report (LLNL 1997b). The estimated direct jobs and direct employment |
values for combination alternatives calculated using the above-described data are presented in
Tables K.9 and K.10. |

K.7.1.7  Ecology

The principal differences in ecological impacts between the combination alternatives would
be associated with habitat loss. Potential habitat loss at the current storage sites is the sum of habitat
loss that would occur under the no action alternative (7 acres [2.8 ha]), which would be applicable
for all alternatives because construction would occur prior to 2003) and loss that would occur from
cylinder preparation activities. If overcontainers were used, no additional habitat loss would occur.
Transfer facilities would range in areal site requirements from about 12 acres (4.9 ha) for a facility
to process the inventory at the K-25 site (10% of the entire inventory), to 14 acres (5.7 ha) for a
facility to process the inventory at the Portsmouth site (30% of the entire inventory), to 21 acres
(8.5 ha) for a facility to process the inventory at the Paducah site (60% of the entire inventory) (see
Section E.3.6). For alternatives involving 100% use, the maximum habitat loss at any site would be
28 acres (21 + 7) (11 ha). To estimate habitat loss for alternatives involving 50 to 75% use, it was
assumed that all cylinders would be taken from a single facility until the entire inventory at a single
site was used. Therefore, maximum habitat loss at any site for a 50% use facility would be estimated
at 21 acres (8.5 ha) (Paducah site value) + 7 acres (2.8 ha), or 28 acres (11 ha). Similarly, maximum
habitat loss at any site for alternatives involving 75% use would also be 28 acres (11 ha). 

Potential habitat loss for conversion facilities was calculated on the basis of data provided
in Sections K.2.9.2, K.2.9.3, and K.2.9.4. The habitat losses corresponding to 25%, 50% and 100%
capacity uranium oxide (UO2) conversion facilities would be 16, 19, and 24 acres (6.5, 7.7, and
9.7 ha), respectively. Similarly, the habitat losses corresponding to 25%, 50% and 100% capacity
metal conversion facilities would be 17, 21, and 26 acres (6.9, 8.5, and 10.5 ha), respectively. Finally,
for 25%, 50%, and 100% cylinder treatment facilities, the habitat losses would be 7, 8, and 9 acres



Parametric Analysis K-107 Depleted UF6 PEIS

(2.8, 3.2, and 3.6 ha), respectively. Although these parametric values were calculated for specific
conversion options (e.g., conversion to UO2 by the dry process, with anhydrous HF production), the
amount of land required for the other conversion technologies would be roughly similar. For
combination options involving both oxide and metal conversion, two cylinder treatment facilities
would be required, one for each conversion facility. The habitat loss for conversion for Case 1 (25%
use as oxide, 25% use as metal) was calculated as follows:

Habitat loss for conversion to oxide = 16 acres (6.5 ha)

Habitat loss for conversion to metal = 17 acres (6.9 ha)

Habitat loss for a treatment facility = 7 acres (2.8 ha)

Habitat loss for each conversion facility = 23 to 24 acres (9.3 to 9.7 ha) (total of 47 acres)

Potential habitat loss for manufacturing facilities was calculated on the basis of data given
in Section K.4.9. For an oxide cask manufacturing facility, the land areas corresponding to 25%,
50%, and 100% capacity would be 79, 84, and 90 acres (32, 34, and 36 ha), respectively; the land
areas for 25%, 50% and 100% capacity at a metal cask manufacturing facility are assumed to be the
same. For Case 1, two 25% capacity manufacturing facilities would be required, so the total land area
would be about 79 acres (32 ha) at either manufacturing facility (total of 158 acres). 

K.7.1.8  Waste Management

For waste management at the current storage sites, impacts for all combination alternatives
would be similar to those estimated for the no action alternative. Although waste generation amounts
would vary somewhat on the basis of the numbers of cylinders being stored and maintained, overall
impacts to nationwide waste generation would be negligible. Waste generation impacts associated
with waste management capabilities at the Portsmouth and K-25 sites would be negligible. Due to
large amounts of cylinder painting assumed at the Paducah site in the earlier years of continued
storage, impacts to LLMW management at the Paducah site would be moderate for all combination
alternatives. 

The use as oxide and use as metal alternatives have potential moderate impacts to
nationwide LLW generation on the basis of a possible requirement to dispose of CaF2 and/or MgF2
as LLW, if the CaF2 or MgF2 were considered DOE waste. If such disposal were required, these
alternatives could generate a volume of LLW equal to about 10% of the projected DOE complexwide |
disposal volume. Moderate impacts to nationwide waste management are defined as additional
volumes in excess of 10% of the DOE complexwide disposal volume; negligible to low impacts |
generate less than 10%. Assuming a linear decrease in potential LLW production, combination |
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alternatives involving 50% or more conversion to oxide or metal could have low to moderate impacts |
on nationwide LLW waste management. 

K.7.1.9  Resource Requirements

Under the combination alternatives, adverse effects on local, regional, or national availability
of materials would not be expected. 

K.7.1.10  Land Use

Land use corresponds to habitat loss. See Section K.7.1.7 for an explanation of the values
calculated for the combination alternatives. 

K.7.1.11  Other Areas of Impact

Impacts to cultural resources at the current storage sites would depend on the selected
locations for construction activities but are considered unlikely. Cultural resource activities at other
facilities would depend on the locations and will be examined in detail at the next stage of the
program when facilities are actually sited. Adverse environmental justice impacts for activities
occurring under the example combination alternatives are not expected. The occurrence of severe
transportation accidents involving a release is unlikely, and accidents occur at random locations along
transportation corridors; therefore, significant and disproportionate high and adverse impacts to
minority or low-income populations are unlikely.

K.7.2  Summary of Impacts for Example Combination Alternatives

The method used to estimate the impacts for combination alternatives described in Sec-
tion K.7.1 was used to evaluate the impacts for the example cases listed in Table K.6. The results for |
the first six cases analyzed are presented in detail in Table K.9. The results for an additional 50% use |
as oxide, 50% use as metal combination strategy are presented in Table K.10. In general, the impacts |
for these combination alternatives tend to be very similar to the impacts estimated for the primary
alternatives evaluated in the PEIS (as summarized in Chapter 2, Table 2.2). 
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TABLE K.9  Summary Comparison of Environmental Consequences of Example Combinations of Use as Oxide, Use as Metal, and |
Continued Storage as UF6 Alternatives |

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Human Health and Safety — Normal Facility Operations
a

Radiation Exposure
Involved workers

Annual dose to individual workers Monitored to be maintained
within maximum regulatory
limit of 5 rem/yr or lower

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Total health effects among 
involved workers (1999-2039)

1 to 2 additional LCFs Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Noninvolved workers
Annual dose to noninvolved 
worker MEI (all facilities)

Well within public health
standards (i.e., less than
maximum dose limit of
100 mrem/yr)

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Total health effects among
noninvolved workers (1999-2039)

0 additional LCFs from
routine site emissions

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

General public
Annual dose to general public 
MEI (all facilities)

Well within public health
standards (i.e., less than 
maximum dose limit of 100
mrem/yr)

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Total health effects among 
members of the public (1999-2039)

0 additional LCFs from
routine site emissions

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Chemical Exposure of Concern
(Concern = hazard index > 1)

Noninvolved worker MEI
b No (Hazard Index <1) Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

General public MEI No (Hazard Index <1) Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Human Health and Safety — Facility Accidents
a

Physical Hazards from Construction and
Operations (involved and noninvolved
workers)

On-the-job fatalities 
and injuries (1999-2039)

2-3 fatalities; 
2,000-2,700 injuries

2-3 fatalities; 
2,100-2,800 injuries

1-2 fatalities;
1,200-1,700 injuries

1-2 fatalities;
1,200-1,800 injuries

3-4 fatalities;
2,200-2,900 injuries

3-4 fatalities;
2,100-2,900 injuries

Accidents Involving Releases of Chemicals or Radiation: 
Cylinder Accidents at Current Storage Sites

Likely Cylinder Accidents
c |

Accident
d |Corroded cylinder 

spill, dry conditions
Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Release Uranium, HF Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Estimated frequency ~ 1 in 10 years Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Accident probability (1999-2039) 3-4 potential accidents |Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Consequences (per accident) |
Chemical exposure – public No adverse effects Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Chemical exposure – noninvolved
workers

e |
Adverse effects 70 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Irreversible adverse effects 3 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Fatalities 0 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Radiation exposure – public
Dose to MEI 3 mrem Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Risk of LCF 1 in 1 million Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Total dose to population 0.4 person-rem Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Total LCFs 0 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Radiation exposure – noninvolved
workers

e |
Dose to MEI 77 mrem Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Risk of LCF 3 in 100,000 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Total dose to workers 2.2 person-rem Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Total LCFs 0 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Accident risk
(consequence times probability)

General public 0 fatalities Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Workers 0 fatalities Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Human Health and Safety — Facility Accidents
a

 (Cont.)

Accidents Involving Releases of Chemicals or Radiation: 
Cylinder Accidents at Current Storage Sites (Cont.)

Low Frequency-High Consequence Cylinder Accidents
f |

Accidents
d |Vehicle-induced fire, |

3 full cylinders (high for |
adverse effects); |
corroded cylinder spill, |
wet conditions (high for |
irreversible adverse effects) |

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Release Uranium, HF Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Estimated frequency ~ 1 in 100,000 years Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Accident probability (1999-2039) ~ 1 chance in 2,500 Same as Case 1 |Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

  |
Consequences (per accident) |

Chemical exposure – public
Adverse effects 1,900 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Irreversible adverse effects 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Fatalities 0 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Chemical exposure – noninvolved
workers

e |
Adverse effects 1,000 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Irreversible adverse effects 300 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Fatalities 3 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Radiation exposure – public
Dose to MEI 15 mrem Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Risk of LCF 7 in 1 million Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Total dose to population 1 person-rem Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Total LCFs 0 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Radiation exposure – noninvolved
workers

e |
Dose to MEI 20 mrem Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Risk of LCF 8 in 1 million Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Total dose to workers 16 person-rem Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Total LCFs 0 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Accident risk
(consequence times probability)

General public 0 fatalities Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Noninvolved workers 0 fatalities Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Human Health and Safety — Facility Accidents
a

 (Cont.)

Accidents Involving Releases of Chemicals or Radiation: 
Low Frequency-High Consequence Accidents at All Facilitiesf |

Chemical accident
d |HF or NH3 tank rupture Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Release HF, NH3 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Accident location Conversion site Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Estimated frequency < 1 in 1 million years Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Accident probability (1999-2039) |1 chance in 50,000 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

 |
Consequences (per accident) |

Chemical exposure – public
Adverse effects 41,000 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Irreversible adverse effects 1,700 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Fatalities 30 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Chemical exposure – noninvolved
workers

e |
Adverse effects 1,100 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Irreversible adverse effects 440 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Fatalities 4 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Accident risk
(consequence times probability)

General public 0 fatalities Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Noninvolved workers

e |0 fatalities Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Radiological accident
d |Earthquake damage to

storage building at
conversion site

Same as Case 1 Same as Case 1 Vehicle-induced fire,
3 full cylinders

Same as Case 1 Same as Case 1

Release Uranium (UO2) Same as Case 1 Same as Case 1 Uranium Same as Case 1 Same as Case 1
Accident location Conversion site Same as Case 1 Same as Case 1 Conversion site Same as Case 1 Same as Case 1
Estimated frequency 1 in 100,000 years Same as Case 1 Same as Case 1 1 in 100,000 years Same as Case 1 Same as Case 1
Accident probability (1999-2039) 1 chance in 5,000 |

 |
Same as Case 1 Same as Case 1 1 chance in 5,000

(over 20 years)
Same as Case 1 Same as Case 1
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Human Health and Safety — Facility Accidents
a

 (Cont.)

Accidents Involving Releases of Chemicals or Radiation: 
Low Frequency-High Consequence Accidents at All Facilitiesf |
(Cont.)

Consequences (per accident) |
Radiation exposure – public

Dose to MEI 68 mrem Same as Case 1 Same as Case 1 15 mrem Same as Case 1 Same as Case 1
Risk of LCF 3 in 100,000 Same as Case 1 Same as Case 1 7 in 1 million Same as Case 1 Same as Case 1

Total dose to population 5.1 person-rem Same as Case 1 Same as Case 1 56 person-rem Same as Case 1 Same as Case 1
Total LCFs 0 Same as Case 1 Same as Case 1 0 Same as Case 1 Same as Case 1

Radiation exposure – noninvolved
workers

e |
Dose to MEI 2,300 mrem Same as Case 1 Same as Case 1 20 mrem Same as Case 1 Same as Case 1

Risk of LCF 9 in 10,000 Same as Case 1 Same as Case 1 8 in 1 million Same as Case 1 Same as Case 1
Total dose to workers 210 person-rem Same as Case 1 Same as Case 1 8 person-rem Same as Case 1 Same as Case 1

Total LCFs 0 Same as Case 1 Same as Case 1 0 Same as Case 1 Same as Case 1
Accident risk
(consequence times probability)

General public 0 LCFs Same as Case 1 Same as Case 1 0 LCFs Same as Case 1 Same as Case 1
Noninvolved workers

e |0 LCFs Same as Case 1 Same as Case 1 0 LCFs Same as Case 1 Same as Case 1

Human Health and Safety — Transportation
a |

Major Materials Assumed to Be
Transported between Sites

UF6 cylinders 
Uranium oxide
Uranium metal 
HF (if produced) 
CaF2 (if produced) 
NH3 
MgF2 
LLW/LLMW 
Casks

UF6 cylinders
Uranium oxide
Uranium metal 
HF (if produced)
CaF2 (if produced)
NH3 
MgF2
LLW/LLMW 
Casks

UF6 cylinders
Uranium oxide
HF (if produced)
CaF2 (if produced)
NH3
LLW/LLMW 
Casks

UF6 cylinders
Uranium metal
HF (if produced)
CaF2 (if produced)
NH3 
MgF2
LLW/LLMW 
Casks

UF6 cylinders
Uranium oxide
Uranium metal
HF (if produced)
CaF2 (if produced)
NH3
MgF2
LLW/LLMW
Casks

UF6 cylinders
Uranium oxide
Uranium metal
HF (if produced)
CaF2 (if produced)
NH3
MgF2
LLW/LLMW
Casks
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Human Health and Safety — Transportation
a

 (Cont.)

Normal Operations
Fatalities from exposure to vehicle
exhaust and external radiation

0 to 1 0 to 1 0 to 1 0 to 1 0 to 1 0 to 1

Maximum radiation exposure to a person
along a route (MEI)

Less than 0.1 mrem Less than 0.1 mrem Less than 0.1 mrem Less than 0.1 mrem Less than 0.1 mrem Less than 0.1 mrem

Traffic Accident Fatalities (1999-2039)
(physical hazards, unrelated to cargo)

Maximum use of trucks 2 fatalities 3 fatalities 2 fatalities 2 fatalities 3 fatalities 3 fatalities

Maximum use of rail 1 fatality 1 fatality 1 fatality 1 fatality 1 fatality 1 fatality

Traffic Accidents Involving Releases
of Radiation or Chemicals

Low Frequency-High Consequence |
Cylinder Accidents

Accident |Urban rail accident
involving 4 cylinders

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Release Uranium, HF Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Accident probability (1999-2039) 1 chance in 10,000 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Consequences (per accident) |
Chemical exposure – All workers 
and members of general public

Irreversible adverse effects 4 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Fatalities 0 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Radiation exposure – All workers
and members of general public

Total LCFs 60 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Accident risk (consequence times
probability) – Workers and general
public

0 fatalities Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1



P
aram

etric A
nalysis

K
-115

D
epleted U

F
6  P

E
IS

TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Human Health and Safety — Transportation
a

 (Cont.)

Traffic Accidents Involving Releases
of Radiation or Chemicals (Cont.)

Low Frequency-High Consequence Accidents |
with All Other Materials

Accident |Urban rail accident in-
volving anhydrous HF

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Release Anhydrous HF Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Accident probability (1999-2039) 1 chance in 30,000 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Consequences (per accident) |
Chemical exposure – All workers 
and members of general public

Irreversible adverse effects 30,000 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Fatalities 300 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Accident risk
(consequence times probability)

Irreversible adverse effects 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
Fatalities 0 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Air Quality

Current Storage Sites
Pollutant emissions during 
construction

Maximum 24-hour PM10
concentration up to 95% of
standard; other criteria
pollutants well within
standards

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Pollutant emissions during 
operations

Maximum 24-hour HF
concentration up to 23% of
standard at K-25; HF
concentrations well within
standards at other sites;
criteria pollutants well
within standards at all sites

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Other Facilities
g |

Pollutant emissions during 
construction and operations

Maximum 24-hour PM10
concentration up to 90% of
standard; other pollutant
emissions well within
standards (all less than 30%
of standards)

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1



P
aram

etric A
nalysis

K
-117

D
epleted U

F
6  P

E
IS

TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Water and Soil
h |

Current Storage Sites
Surface water, groundwater, 
and soil quality

Uranium concentrations
would remain within
guideline levels

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Other parameters
i |No change Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Other Facilities
g |

Surface water, groundwater, 
and soil quality

Site-dependent; contami-
nant concentrations could
be kept within guideline
levels

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Other parameters
i |Site-dependent; none to

moderate impacts
Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Excavation of Soil for Long-Term Storage 
or Disposal

Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Socioeconomics 
j |

Current Storage Sites
Continued storage Jobs:  30 peak year,

construction; 99 per year
over 40 years, operations

Income:  $1.4 million peak
year, construction; $4.7
million per year over
40 years, operations

Jobs:  30 peak year,
construction; 94 per
year over 40 years,
operations

Income:  $1.4 million
peak year, construc-
tion; $4.5 million per
year over 40 years,
operations

Jobs: 30 peak year,
construction; 99 per
year over 40 years,
operations

Income: $1.4 million
peak year, construc-
tion; $4.7 million per
year over 40 years,
operations

Jobs: 30 peak year,
construction; 99 per
year over 40 years,
operations

Income: $1.4 million
peak year, construc-
tion; $4.7 million per
year over 40 years,
operations

Jobs: 30 peak year,
construction; 93 per
year over 40 years,
operations

Income: $1.4 million
peak year, construction;
$4.5 million per year
over 40 years,
operations

Jobs: 30 peak year,
construction; 93 per year
over 40 years, operations

Income: $1.4 million
peak year, construction;
$4.5 million per year over
40 years, operations
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Socioeconomics
j
 (Cont.) |

Current Storage Sites (Cont.)
Cylinder preparation Jobs: 0-290 peak year,

preoperations; 150-250 per
year over 20 years
operations

Income: $0-13 million
peak year, preoperations;
$10-13 million per year
over 20 years, operations

Jobs: 0-380 peak |
year, preoperations; |
200-320 per year over |
20 years, operations |

|
|

Income: $0-17 mil- |
lion peak year, |
preoperations; |
$13-17 million per |
year over 20 years, |
operations |

Jobs: 0-290 peak
year, preoperations;
150-250 per year
over 20 years,
operations

Income: $0-13 mil-
lion peak year,
preoperations; $10-13
million per year over
20 years, operations

Jobs: 0-290 peak
year, preoperations;
150-250 per year
over 20 years,
operations

Income: $0-13 mil-
lion peak year,
preoperations;
$10-13 million per
year over 20 years,
operations

Jobs: 0-440 peak year, |
preoperations; 230- |
370 per year over 20 |
years, operations |

|
|

Income: $0-20 million |
peak year, pre- |
operations; $14-19 mil- |
lion per year over |
20 years, operations |

Jobs: 0-440 peak year, |
preoperations; 230- |
370 per year over 20 |
years, operations |

|
|

Income: $0-20 million |
peak year, preoperations; |
$14-19 million per year |
over 20 years, operations |

Other Facilities
g |

Conversion Jobs: 620-960 peak year, |
construction; 490-720 per |
year over 20 years, |
operations |

|
|

Income: $25-41 million |
peak year, construction; |
$29-41 million per year |
over 20 years, operations |

Jobs: 670-1,030 peak |
year, construction; |
500-750 per year over |
20 years, operations |

|
|

Income: $27-44 mil- |
lion peak year, con- |
struction; $30-42 mil- |
lion per year over |
20 years, operations |

Jobs: 290-630 peak |
year, construction; |
250-380 per year |
over 20 years, |
operations |

|
Income: $14-28 mil- |
lion peak year, con- |
struction; $15-22 mil- |
lion per year over 20 |
years, operations |

Jobs: 420-470 peak |
year, construction; |
270-400 per year |
over 20 years, |
operations |

|
Income: $15-18 mil- |
lion peak year, |
construction; |
$16-22 million per |
year over 20 years, |
operations |

Jobs: 660-1,000 peak |
year, construction; |
480-710 per year over |
20 years, operations |

|
|

Income: $27-45 mil- |
lion peak year, con- |
struction; $29-40 mil- |
lion per year over |
20 years, operations |

Jobs: 670-1,010 peak |
year, construction; 540- |
800 per year over |
20 years, operations |

|
|

Income: $26-43 million |
peak year, construction; |
$31-44 million per year |
over 20 years, operations |
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Socioeconomics
j
 (Cont.) |

Other Facilities
g

 (Cont.) |
Long-term storage Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable

Manufacturing Jobs: 270 peak year, |
construction; 430 per year |
over 20 years, operations |

|
|

Income: $13 million peak |
year, construction; $30 |
million per year over 20 |
years, operations |

Jobs: 280 peak year, |
construction; 490 per |
year over 20 years, |
operations |

|
Income: $13 million |
peak year, construc- |
tion; $34 million per |
year over 20 years, |
operations |

Jobs: 130 peak year, |
construction; 260 per |
year over 20 years, |
operations |

|
Income: $5.8 million |
peak year, construc- |
tion; $18 million per |
year over 20 years, |
operations |

Jobs: 160 peak year, |
construction; 290 per |
year over 20 years, |
operations |

|
Income: $7.7 million |
peak year, |
construction; |
$20 million per year |
over 20 years, |
operations |

Jobs: 280 peak year, |
construction; 480 per |
year over 20 years, |
operations |

|
Income: $13 million |
peak year, construction; |
$33 million per year |
over 20 years, |
operations |

Jobs: 290 peak year, |
construction, 480 per |
year over 20 years, |
operations |

|
Income: $13 million |
peak year, construction; |
$33 million per year over |
20 years, operations |

Disposal Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Ecology 

Current Storage Sites
Habitat loss Up to 28 acres; negligible to

potential moderate impacts
Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Concentrations of chemical or
radioactive materials

Below harmful levels;
potential site-specific effects
from facility or
transportation accidents

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Wetlands and threatened 
or endangered species

None to negligible impacts Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Other Facilities
g |

Habitat loss
k |Conversion: 

Up to 24 acres at a single
facility, total of 47 acres;
potential moderate impacts
to vegetation and wildlife

Manufacturing: 
Up to 79 acres at a single
facility, total of 158 acres;
potential moderate to large
impacts to vegetation and
wildlife

Conversion: 
Up to 30 acres at a
single facility, total of
52 acres; potential
moderate impacts to
vegetation and wildlife

Manufacturing: 
Up to 81 acres at a
single facility, total of
162 acres; potential
moderate to large
impacts to vegetation
and wildlife

Conversion:  
Up to 27 acres total;
potential moderate
impacts to vegetation
and wildlife

Manufacturing:
Up to 84 acres total;
potential moderate
impacts to vegetation
and wildlife

Conversion:  
Up to 29 acres total;
potential moderate
impacts to vegetation
and wildlife

Manufacturing:
Up to 84 acres total;
potential moderate
impacts to vegetation
and wildlife

Conversion:  
Up to 27 acres at a
single facility, 51 acres
total; potential
moderate impacts to
vegetation and wildlife

Manufacturing:
Up to 84 acres at a
single facility,
163 acres total;
potential moderate to
large impacts to
vegetation and wildlife

Conversion:  
Up to 29 acres at a single
facility, 52 acres total;
potential moderate
impacts to vegetation and
wildlife

Manufacturing:
Up to 84 acres at a single
facility, 163 acres total;
potential moderate to
large impacts to
vegetation and wildlife

Concentrations of chemical or
radioactive materials

Below harmful levels;
potential site-specific effects
from facility or
transportation accidents

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Wetlands and threatened 
or endangered species

Site-dependent; avoid or
mitigate

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Waste Management

Current Storage Sites LLW:  no impacts
LLMW:  potential
moderate impacts with
respect to current waste
generation at Paducah
(> 20%); negligible impacts
with respect to Portsmouth,
K-25, or nationwide waste
generation

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Other Facilities
g |

Conversion Potential moderate impacts
to current nationwide LLW
generation for CaF2 (if
produced and not used) and
MgF2 as LLW (if
required); potential
moderate impact to site
waste generation for CaF2
and MgF2 as nonhazardous
solid waste 

Same as Case 1 Potential moderate
impacts to current
nationwide LLW
generation for CaF2
(if produced and not
used) as LLW (if
required); potential
moderate impact to
site waste generation
for CaF2 as
nonhazardous solid
waste

Potential moderate
impacts to current
nationwide LLW
generation for MgF2
as LLW (if required),
potential moderate
impact to site waste
generation for MgF2
as nonhazardous
solid waste

Same as Case 1 Same as Case 1

Manufacturing Negligible impacts with
respect to current regional
or nationwide waste
generation

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Resource Requirements
l |

All Sites No effects on local,
regional, or national
availability of materials are
expected

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Land Use
k |

Current Storage Sites Up to 28 acres;  less
than 1% of available land;
negligible impacts 

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Other Facilities
g |

Conversion Up to 24 acres at a single
facility, total of 47 acres;
negligible impacts

Up to 30 acres at a
single facility, total of
52 acres; negligible
impacts

Up to 27 acres total;
negligible impacts

Up to 29 acres total;
negligible impacts

Up to 27 acres at a
single facility, 51 acres
total; negligible impacts

Up to 29 acres at a single
facility, 52 acres total;
negligible to potential
moderate impacts

Manufacturing Up to 79 acres at a single
facility, total of 158 acres;
potential moderate impacts

Up to 81 acres at a
single facility, total of
162 acres; potential
moderate impacts

Up to 84 acres total;
potential moderate
impacts

Up to 84 acres total;
potential moderate
impacts

Up to 84 acres at a
single facility,
163 acres total;
potential moderate
impacts

Up to 84 acres at a single
facility, 163 acres total;
potential moderate
impacts

Cultural Resources

Current Storage Sites Impacts unlikely Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

Other Facilities
g |Impacts dependent on

location; avoid and mitigate
Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1
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TABLE K.9  (Cont.)

Environmental Consequence

Case 1: 
25% Use as Oxide;
25% Use as Metal;

50% Continued Storage

Case 2:
33% Use as Oxide;
33% Use as Metal;

33% Continued
Storage

Case 3:
50% Use as Oxide;

50% Continued 
Storage

Case 4:
50% Use as Metal;

50% Continued
Storage

Case 5:
50% Use as Oxide;
25% Use as Metal;

25% Continued Storage

Case 6: 
25% Use as Oxide;
50% Use as Metal;

25% Continued 
Storage

Environmental Justice

All Sites No disproportionately high
and adverse impacts to |
minority or low-income
populations in the general
public during normal opera-
tions or from accidents;
severe transportation acci-
dents are unlikely and occur
at random locations along
routes; therefore, high and
adverse disproportionate
impacts to minority or low-
income populations are
unlikely

Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1 Same as Case 1

a
For purposes of comparison, estimates of human health effects (e.g., LCFs) have been rounded to the nearest whole number. Accident probabilities are the estimated frequencies multiplied by the number |
of years of operations. |

b
Chemical exposures for involved workers during normal operations would depend in part on facility designs.  The workplace environment would be monitored to ensure that airborne chemical
concentrations were below applicable exposure limits.

c
Accidents with probabilities of occurrence greater than 0.01 per year. |

d
On the basis of calculations performed for the PEIS, the accidents that are listed in this table have been found to have the highest consequences of all the accidents analyzed for the given frequency range. |
In general, accidents that have lower probabilities have higher consequences. |

e
In addition to noninvolved worker impacts, chemical and radiological exposures for involved workers under accident conditions (workers within 100 m of a release) would depend in part on facility |
designs and other factors (see Section 4.3.2.1). 

f
Accidents with probabilities of occurrence from 0.0001 per year to less than 0.000001 per year. |

g
Other facilities are facilities for conversion, long-term storage, manufacturing, and disposal. |

h
The guideline concentration used for comparison with estimated surface water and groundwater uranium concentrations is the proposed EPA maximum contaminant level of 20 µg/L; this value is an |
applicable standard for water “at the tap” of the user, and is not a directly applicable standard for surface water or groundwater (no such standard exists). The guideline concentration used for
comparison with estimated soil uranium concentrations is a health-based guideline value for residential settings of 230 µg/g.

Footnotes continue on next page |
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Footnotes (Cont.) |
i

Other parameters evaluated include changes in runoff, floodplain encroachment, groundwater recharge, depth to groundwater, direction of groundwater flow, soil permeability, and erosion potential. |
j

For construction, direct jobs and direct income are reported for the peak construction year. For operations, direct jobs and income are presented as annual averages, except for continued storage, which is |
reported for the peak year of operations. |

k
Habitat losses and land-use acreages given as maximum for a single site or facility, conversion facilities would also need to establish protective action distances encompassing 960 acres around the |
facility. |

l
Resources evaluated include construction materials (e.g., concrete, steel, special coatings), fuel, electricity, process chemicals, and containers (e.g., drums and cylinders). |

Notation:  CaF2 = calcium fluoride; HF = hydrogen fluoride; LCF = latent cancer fatality; LLW = low-level radioactive waste; LLMW = low-level mixed waste; MEI = maximally exposed individual; 
MgF2 = magnesium fluoride; NH3 = ammonia; UF6 = uranium hexafluoride.



Parametric Analysis K-125 Depleted UF6 PEIS

TABLE K.10  Summary of Potential Environmental Consequences of Example 50% Use as Oxide, |
50% Use as Metal Combination Alternative |

|
||

Environmental Consequence |
Case 7: 50% Use as Uranium Oxide; |

50% Use as Metal |
|

Human Health and Safety — Normal Facility Operations
a |

|
Radiation Exposure ||

||
Involved workers ||

Annual dose to individual workers |Monitored to be maintained within maximum |
regulatory limit of 5 rem/yr or lower |

Total health effects among involved workers |
(1999–2039) |

1 to 2 additional LCFs ||
|
|

Noninvolved workers |
|

Annual dose to noninvolved worker MEI (all |
facilities) |

Well within public health standards (i.e., less than |
maximum dose limit of 100 mrem/yr) |

Total health effects among noninvolved workers |
(1999–2039) |

0 additional LCFs from routine site emissions |

|
General public |

|

Annual dose to general public MEI (all facilities) |Well within public health standards (i.e., less than |
maximum dose limit of 100 mrem/yr) |

Total health effects among members of the public |
(1999–2039) |

0 additional LCFs from routine site emissions |

||
Chemical Exposure of Concern ||
(concern =  hazard index > 1) ||

||
Noninvolved worker MEI

b |
|

No (Hazard Index <1) |

General public MEI   |No (Hazard Index <1) |
|

Human Health and Safety — Facility Accidents
a |

||
Physical Hazards from Construction and Operations |
(involved and noninvolved workers) |

|

||
On-the-job fatalities and injuries (1999–2039) |3–4 fatalities; 2,300–3,100 injuries |

||
Accidents Involving Releases of Chemicals or |
Radiation: Cylinder Accidents at Current Storage |
Sites |

|

||
Likely Cylinder Accidents

c ||
||

Accident
d |Corroded cylinder spill, dry conditions |

Release |Uranium, HF |
Estimated frequency |~ 1 in 10 years |
Accident probability (1999–2039) |3 potential accidents |



Parametric Analysis K-126 Depleted UF6 PEIS

TABLE K.10  (Cont.) |
|
|

||

Environmental Consequence |
Case 7: 50% Use as Uranium Oxide; |

50% Use as Metal |
|

Human Health and Safety — Facility Accidents
a
 (Cont.) |

||
Consequences (per accident) ||

Chemical exposure – public |No adverse effects |
Chemical exposure – Noninvolved workers

e ||
Adverse effects |70 |
Irreversible adverse effects |3 |
Fatalities |0 |

Radiation exposure – public ||
Dose to MEI |3 mrem |

Risk of LCF |1 in 1 million |
Total dose to population |0.4 person-rem |

Total LCFs |0 |
Radiation exposure – Noninvolved workers

e ||
Dose to MEI |77 mrem |

Risk of LCF |3 in 100,000 |
Total dose to workers |2.2 person-rem |

Total LCFs |0 |
Accident risk (consequence times probability) ||

General public |0 fatalities |
Noninvolved workers |0 fatalities |

||
Low Frequency-High Consequence Cylinder Accidents

f ||
||

Accident
d |

|
Vehicle-induced fire, 3 full cylinders (high for |
adverse effects); corroded cylinder spill, wet |
conditions (high for irreversible adverse effects) |

Release |Uranium, HF |
Estimated frequency |~ 1 in 100,000 years |

 Accident probability (1999–2039) |~ 1 chance in 2,500 |
||

Consequences (per accident) ||
Chemical exposure – public ||

Adverse effects |1,900 |
Irreversible adverse effects |1 |
Fatalities |0 |

Chemical exposure – noninvolved workers
e ||

Adverse effects |1,000 |
Irreversible adverse effects |300 |
Fatalities |3 |

Radiation exposure – public ||
Dose to MEI |15 mrem |

Risk of LCF |7 in 1 million |
Total dose to population |1 person-rem |

Total LCFs |0 |
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TABLE K.10  (Cont.) |
|
|

||

Environmental Consequence |
Case 7: 50% Use as Uranium Oxide; |

50% Use as Metal |
|

Human Health and Safety — Facility Accidents
a
 (Cont.) |

||
Radiation exposure – noninvolved workers

e ||
Dose to MEI |20 mrem |

Risk of LCF |8 in 1 million |
Total dose to workers |16 person-rem |

Total LCFs |0 |
Accident risk (consequence times probability) ||

General public |0 fatalities |
Noninvolved workers |0 fatalities |

||
Accidents Involving Releases of Chemicals or |
Radiation: Low Frequency-High Consequence |
Accidents at All Facilitiesf |

|

||
Chemical accident

d |HF or NH3 tank rupture |
Release |HF, NH3 |
Accident location |Conversion site |
Estimated frequency |< 1 in 1 million years |
Accident probability (1999–2039) |1 chance in 50,000 (over 20 years) |

||
Consequences (per accident) ||

Chemical exposure – public ||
Adverse effects |41,000 |
Irreversible adverse effects |1,700 |
Fatalities |30 |

Chemical exposure – noninvolved workers
e ||

Adverse effects |1,100 |
Irreversible adverse effects |440 |
Fatalities |4 |

Accident risk (consequence times probability) ||
General public |0 fatalities |
Noninvolved workers |0 fatalities |

||
Radiological accident |

|
Earthquake damage to storage building at |
conversion site |

Release |Uranium (UO2) |
Accident location |Conversion site |
Estimated frequency |1 in 100,000 years |
Accident probability (1999–2039) |1 chance in 5,000 (over 20 years) |

||
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TABLE K.10  (Cont.) |
|
|

||

Environmental Consequence |
Case 7: 50% Use as Uranium Oxide; |

50% Use as Metal |
|

Human Health and Safety — Facility Accidents
a
 (Cont.) |

||
Consequences (per accident) ||

Radiation exposure – public ||
Dose to MEI |68 mrem |

Risk of LCF |3 in 100,000 |
Total dose to population |5 person-rem |

Total LCFs |0 |
Radiation exposure – noninvolved workers

e ||
Dose to MEI |2,300 mrem |

Risk of LCF |9 in 10,000 |
Total dose to workers |210 person-rem |

Total LCFs |0 |
Accident risk (consequence times probability) ||

General public |0 LCFs |
Noninvolved workers |0 LCFs |

||
|

Human Health and Safety — Transportation
a |

|
Major Materials Assumed to Be Transported between |
Sites |

UF6 cylinders |
Uranium oxide |
Uranium metal |
HF (if produced) |
CaF2 (if produced) |
NH3 |
MgF2 |
LLW/LLMW |
Casks |

||
Normal Operations ||

Fatalities from exposure to vehicle exhaust and external |
radiation |

0 to 1 |

||
Maximum radiation exposure to a person along a |
route (MEI) |

Less than 0.1 mrem |

|
Traffic Accident Fatalities (1999–2039) |
(physical hazards, unrelated to cargo) |

|

Maximum use of trucks |4 fatalities |
||

Maximum use of rail |1 fatality |
||
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|
TABLE K.10  (Cont.) |

|
|

||

Environmental Consequence |
Case 7: 50% Use as Uranium Oxide; |

50% Use as Metal |
|

Human Health and Safety — Transportation
a
 (Cont.) |

||
Traffic Accidents Involving Releases of Radiation or |
Chemicals |

|

||
Low Frequeny-High Consequence Cylinder Accidents ||

||
Accident |Urban rail accident involving 4 cylinders |

Release |Uranium, HF |
Accident probability (1999–2039) |1 chance in 10,000 |

||
Consequences (per accident) ||

Chemical exposure –All workers |
and members of general public |

|

Irreversible adverse effects |4 |
Fatalities |0 |

Radiation exposure – All workers |
and members of general public |

|

Total LCFs |60 |
Accident Risk (consequence times probability) ||
Workers and general public |0 fatalities |

||
Low Frequency-High Consequence Accidents |
with All Other Materials |

||
Accident |Urban rail accident involving anhydrous HF |

Release |Anhydrous HF |
Accident probability (1999–2039) |1 chance in 30,000 |

||
Consequences (per accident) ||

Chemical exposure – workers |
and members of general public |

|

Irreversible adverse effects |30,000 |
Fatalities |300 |

Accident risk (consequence times probability) ||
Irreversible adverse effects |1 |
Fatalities |0 |
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|
TABLE K.10  (Cont.) |

|
|

||

Environmental Consequence |
Case 7: 50% Use as Uranium Oxide; |

50% Use as Metal |
|

Air Quality |
|

Current Storage Sites ||
Pollutant emissions during construction |Maximum 24-hour PM10 concentration up to 95% |

of standard; other criteria pollutants well within |
standards |

||
Pollutant emissions during operations |Maximum 24-hour HF concentration up to 93% of |

standard at K-25; HF concentrations well within |
standards at other sites; criteria pollutants well |
within standards at all sites |

||
Other Facilities

g ||
Pollutant emissions during construction and operations |Maximum 24-hour PM10 concentration up to 90% |

of standard; other pollutant emissions well within |
standards (all less than 30% of standards) |

|
Water and Soil

h |
|

Current Storage Sites ||
Surface water, groundwater, and soil quality |Uranium concentrations would remain within |

guideline levels |
||

Other parameters
i |No change |

||
Other Facilities

g ||
Surface water, groundwater, and soil quality |Site-dependent; contaminant concentrations could |

be kept within guideline levels |
||

Other parameters
i |Site-dependent; none to moderate impacts |

||
Socioeconomics

j |
|

Current Storage Sites ||
Continued storage |Jobs:  30 peak year, construction; 120 per year |

over 20 years operations |
Income:  $1.4 million peak year, construction; |
$6 million per year over 20 years operations |
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|
TABLE K.10  (Cont.) |

|
|

||

Environmental Consequence |
Case 7: 50% Use as Uranium Oxide; |

50% Use as Metal |
|

Socioeconomics
j
 (Cont.) |

|
Cylinder preparation |Jobs: 0–580 peak year, preoperations; 300–490 |

per year over 20 years operations |
Income: $0–26 million peak year, preoperations; |
$19–25 million per year over 20 years operations |

||
Other Facilities

g ||
Conversion |Jobs:  710–1,100 peak year, construction; |

520–770 per year over 20 years operations |
Income:  $29–47 million peak year, construction; |
$31–44 million per year over 20 years operations |

|
Manufacturing |Jobs:  300 peak year, construction; 540 per year |

over 20 years operations |
Income:  $14 million peak year, construction; |
$38 million per year over 20 years operations |

||
Ecology |

|
Current Storage Sites ||

 Habitat loss
k |Up to 28 acres; negligible to potential moderate |

impacts |
||

Concentrations of chemical or radioactive materials |Below harmful levels; potential site-specific effects |
from facility or transportation accidents |

||
Wetlands and threatened or endangered species |None to negligible impacts |

||
Other Facilities

g ||
 Habitat loss

k |Conversion: Up to 29 acres at a single site; total of |
56 acres; potential moderate impacts to vegetation |
and wildlife |
Manufacturing: Up to 84 acres at a single site; |
total of 170 acres; potential moderate to large |
impacts to vegetation and wildlife |

|
||
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|
TABLE K.10  (Cont.) |

|
|

||

Environmental Consequence |
Case 7: 50% Use as Uranium Oxide; |

50% Use as Metal |
|

Ecology (Cont.) |
|

Concentrations of chemical or radioactive materials |Below harmful levels; potential site-specific effects |
from facility or transportation accidents |

||
Wetlands and threatened or endangered species |Site-dependent; avoid or mitigate |

|
Waste Management |

|
Current Storage Sites |LLW:  no impacts |

LLMW:  potential moderate impacts with respect |
to current waste generation at Paducah (> 20%); |
negligible impacts with respect to Portsmouth, |
K-25, or nationwide waste generation |

||
Other Facilities

g ||
Conversion |Potential moderate impacts to current nationwide |

LLW generation for CaF2 (if produced and not |
used) and MgF2 as LLW (if required); potential |
moderate impact to site waste generation for CaF2 |
and MgF2 as nonhazardous solid waste |

||
Manufacturing |Negligible impacts with respect to current regional |

or nationwide waste generation |
|

Resource Requirements
l |

|
All Sites |No effects on local, regional, or national |

availability of materials are expected |
|

Land Use |
|

Current Storage Sites |Up to 28 acres; less than 1% |
of available land; negligible impacts |

||
Other Facilities

g ||
Conversion |Up to 29 acres at a single site; total of up to |

56 acres; potential moderate impacts |
||

Manufacturing |Up to 84 acres at a single site; total of 170 acres; |
potential moderate impacts |
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|
TABLE K.10  (Cont.) |

|
|

||

Environmental Consequence |
Case 7: 50% Use as Uranium Oxide; |

50% Use as Metal |
|

Cultural Resources |
||

Current Storage Sites |
|

Impacts unlikely |

Other Facilities
g |Impacts dependent on location; avoid and mitigate |

|
Environmental Justice |

|
All Sites |No disproportionately high and adverse impacts to |

minority or low-income populations in the general |
public during normal operations or from accidents; |
severe transportation accidents are unlikely and |
occur randomly along routes; therefore, high and |
adverse impacts to minority or low-income popula- |
tions are unlikely |

|
a

For purposes of comparison, estimates of human health effects (e.g., LCFs) have been rounded to the nearest |
whole number. Accident probabilities are the estimated frequencies multiplied by the number of years of |
operation. |

b
Chemical exposures for involved workers during normal operations would depend in part on of facility |
designs.  The workplace environment would be monitored to ensure that airborne chemical concentrations |
were below applicable exposure limits. |

c
Accidents with probabilities of occurrence greater than 0.01 per year. |

d
On the basis of calculations performed for the PEIS, the accidents that are listed in this table have been found to have |
the highest consequences of all the accidents analyzed for the given frequency range. In general, accidents that have |
lower probabilities have higher consequences. |

e
In addition to noninvolved worker impacts, chemical and radiological exposures for involved workers |
(workers within 100 m of a release) under accident conditions would depend in part on facility designs and |
other factors (see Section 4.3.2.1). |

f
Accidents with probabilities of occurrence from 0.0001 per year to less than 0.000001 per year. |

g
Other facilities are facilities for conversion and manufacturing. |

h
The guideline concentration used for comparison with estimated surface water and groundwater uranium |
concentrations is the proposed U.S. Environmental Protection Agency (EPA) maximum contaminant level of |
20 µg/L (EPA 1996); this value is an applicable standard for water “at the tap” of the user and is not a |
directly applicable standard for surface water or groundwater (no such standard exists). The guideline |
concentration used for comparison with estimated soil uranium concentrations is a health-based guideline |
value for residential settings of 230 µg/g. |

i
Other parameters evaluated include changes in runoff, floodplain encroachment, groundwater recharge, depth |
to groundwater, direction of groundwater flow, soil permeability, and erosion potential. |

Footnotes continue on next page |
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|
TABLE K.10  (Cont.) |

|
|

||
Foonotes (Cont.) |

|
j

For construction, direct jobs and direct income are reported for peak construction year. For operations, direct |
jobs and income are presented as annual averages, except for continued storage, which is reported for the |
peak year of operations. |

k
Habitat losses and land-use acreages given as maximum for a single site or facility. Conversion facilities |
would also need to establish protective action distances encompassing 960 acres around the facility. |

l
Resources evaluated include construction materials (e.g., concrete, steel, special coatings), fuel, electricity, |
process chemicals, and containers (e.g., drums and cylinders). |

Notation:  CaF2 = calcium fluoride; HF = hydrogen fluoride; LCF = latent cancer fatality; LLW = low-level |
radioactive waste; LLMW = low-level mixed waste; MEI = maximally exposed individual; MgF2 = magnesium |
fluoride; NH3 = ammonia; PM10 = particulate matter with a mean diameter of 10 µm or less; UF6 = uranium |
hexafluoride. |
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NOTATION  (APPENDIX L)

The following is a list of acronyms and abbreviations used in this appendix.

ACRONYMS AND ABBREVIATIONS

General

CEQ Council on Environmental Quality
DOE U.S. Department of Energy
EPA U.S. Environmental Protection Agency
FR Federal Register
HEU highly enriched uranium
LEU low-enriched uranium
MOX mixed oxide (fuel) 
NEPA National Environmental Policy Act
NOI Notice of Intent
NRC U.S. Nuclear Regulatory Commission
PEIS programmatic environmental impact statement
USEC United States Enrichment Corporation

Chemicals

UF4 uranium tetrafluoride
UF6 uranium hexafluoride
UO2 uranium dioxide
U3O8 triuranium octaoxide (uranyl uranate)
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APPENDIX L:

RESPONSES TO COMMENTS RECEIVED DURING THE SCOPING PROCESS 
FOR THE PROGRAMMATIC ENVIRONMENTAL IMPACT STATEMENT

FOR ALTERNATIVE STRATEGIES FOR THE LONG-TERM MANAGEMENT 
AND USE OF DEPLETED URANIUM HEXAFLUORIDE

L.1  SCOPING PROCESS

The U.S. Department of Energy (DOE) issued a Notice of Intent (NOI) to prepare a
programmatic environmental impact statement (PEIS) for depleted uranium hexafluoride (UF6) on
January 25, 1996, in the Federal Register (61 FR 2239). In addition, a letter from the project
manager, copies of the NOI, a scoping comment form, and a fact sheet entitled “Overview of the
Programmatic Environmental Impact Statement” were mailed to 3,800 individuals. These individuals
were identified by personnel at the three DOE sites currently used for storage of depleted UF6 and
through the DOE stakeholder mailing list. Two public scoping meetings were held in the vicinity of
each current storage site — Paducah, Kentucky (February 13, 1996); Oak Ridge, Tennessee
(February 15, 1996); and Portsmouth, Ohio (February 20, 1996).

Information relevant to both the project and the National Environmental Policy Act (NEPA)
process was provided through development of an Internet Home Page that includes an overview of
the project, fact sheets, NEPA and Council on Environmental Quality (CEQ) regulations, access to
an Internet Environmental Law Library, and links to DOE’s NEPA Web and CEQ’s NEPA Net.
Provision for commenting on the scope of the PEIS was provided in the overview presentation on
the Home Page. The computer-based overview presentation is available on CD-ROM and was
available on computers at the scoping meetings. The public was also provided with a mechanism for
commenting directly while viewing the computer program. 

Approximately 300 persons attended the scoping meetings. DOE staff were present at
information tables to receive comments directly from the attendees. In addition, the public was able
to provide comments on the scope of the PEIS by filling out the scoping comment form (hardcopy
or via the CD-ROM program); by mailing or faxing comments to the program office; and/or by
sending an electronic mail message via the Internet. The majority of the 235 individual comments
received during the scoping period were received at the scoping meetings. 

The public comments are discussed in detail in the next section. All comments received at
the scoping meetings, both written and oral, have been categorized as to subject and made available
over the World Wide Web at the following address: http://www.ead.anl.gov/uranium.html.
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L.2  ENVIRONMENTAL IMPACT ISSUES IDENTIFIED IN SCOPING

The purpose of the scoping process is to determine the range of actions, alternatives, and
significant impacts to be considered in the PEIS. The comments provided by the public during this
scoping process were reviewed and organized into several groups on the basis of the issues raised.
The majority of comments focused on the range of technical options to be considered by DOE in
constructing alternative strategies. The issues and their disposition are summarized below.

L.2.1  Environment

General environmental issues relate to the need to consider a broad range of impacts to
human health and safety, water, air, land, wildlife, and socioeconomics. More specific comments
relate to the need to consider radioactive decay products, health effects of specific chemicals, and
trace elements. 

• Comment:  The PEIS should evaluate in detail a broad range of impacts to
water, air, land, wildlife, and socioeconomic resources from all options for
storage, use, disposal, or conversion of depleted UF6.

Response:  The PEIS will cover these technical areas at a level of detail
appropriate for the programmatic analysis. Site-specific details related to
potential locations for facilities will be provided in follow-on NEPA
documents that will be prepared prior to any future siting decisions.

• Comment:  The PEIS should use the TRIAD model developed by the
National Oceanic and Atmosphere Administration for analyzing atmospheric
dispersion and releases of depleted UF6.

Response:  The TRIAD model was evaluated by the project team, who
selected a more advanced model called HGSYSTEM for use in the PEIS.

• Comment:  The PEIS should analyze the “worst-case scenarios” for health
impacts to the public and workers from all options for storage, use, disposal,
or conversion of depleted UF6.

Response:  The PEIS will consider various accident scenarios based on
preconceptual designs, including reasonably foreseeable low-probability, but
potentially high-consequence, events. Accidents evaluated will include those
with a probability of occurrence of 1 in 1 million (10-6) to 1 in 10 million
(10-7). 



Public Scoping: Comments/Responses L-3 Depleted UF6 PEIS

• Comment:  The PEIS should evaluate the risks to the public from unrestricted
use of depleted uranium or fluoride materials.

Response:  Due to U.S. Nuclear Regulatory Commission (NRC) radioactive
material licensing requirements, among other things, commercial depleted
uranium applications with limited public access are envisioned. The PEIS will
evaluate the use of depleted uranium as shielding for radioactive materials for
which public access is controlled. In the future, it may be possible to get an
exemption from the NRC for certain depleted uranium applications. The PEIS
will evaluate risks to the general public from conversion of depleted UF6,
including production of hydrogen fluoride, which would be sold.

• Comment:  The PEIS should compare and contrast health and safety risks
from all options for depleted UF6.

Response:  The PEIS will compare and contrast health and safety risks from
representative options that encompass the types of health and safety impacts
related to depleted UF6 management. The range of parameters considered in
the PEIS will encompass many specific technologies and commercial
processes.

• Comment:  The PEIS should address the trace elements and contaminants in
depleted UF6 and their potential impacts upon the environment.

Response:  Depleted UF6 is a very pure material. Decay products of uranium,
which are in trace quantities, will be included in the analysis.

• Comment:  The PEIS should evaluate the cumulative impacts upon the likely
locations for all options for depleted UF6.

Response:  Cumulative impacts for “no action” and for cylinder preparation
at the three storage sites will be considered in the PEIS, as appropriate.
Cumulative impacts at locations for use, conversion, storage, or disposal will
be discussed qualitatively, with references to tiered NEPA reviews. Site-
specific analyses of cumulative impacts at specific use, conversion, storage,
or disposal locations will be presented in follow-on NEPA analyses prior to
any future specific siting decisions for these activities.

• Comment:  The PEIS should evaluate the impacts upon the DOE waste
management system for all depleted UF6 options. 

Response:  The PEIS will address disposal of depleted uranium as an oxide
form at a low-level-waste facility. For options involving use or storage of



Public Scoping: Comments/Responses L-4 Depleted UF6 PEIS

depleted uranium, waste management will be analyzed for disposal or recycle
of empty cylinders or by-products, as appropriate. This discussion will be
based, in part, on DOE’s Final Waste Management Programmatic Environ-
mental Impact Statement for Managing Treatment, Storage, and Disposal of
Radioactive and Hazardous Waste (DOE/EIS-0200-F).

• Comment:  The PEIS should evaluate the long-term impacts from the
changing chemistry and radioactive decay of uranium under the disposal
options.

Response:  The PEIS analysis of disposal will include the decay products of
uranium. It will be assumed that these products have a geochemical behavior
similar to uranium.

L.2.2  Current Management of Depleted UF6

Numerous comments were made regarding current management of cylinders at the Paducah
site, the Portsmouth site, and the K-25 site on the Oak Ridge Reservation. These comments are
summarized as follows:

• Comment:  The PEIS should explain and evaluate current management of the
cylinders at all three locations (Portsmouth, Paducah, and Oak Ridge).

Response:  The PEIS will provide a general discussion of cylinder manage-
ment at the three sites and will consider the environmental impacts of “no
action,” which is continued cylinder management at the three sites.

• Comment:  The PEIS should discuss the risks of current storage of the
cylinders at all three locations.

Response:  The risks of current cylinder storage will be included in the PEIS.

L.2.3  Storage

A number of comments were received about alternative storage options, such as using old
uranium mines or military installations. These comments are summarized below:

• Comment:  The PEIS should evaluate a wide range of storage options,
including storage in zinc mines in eastern Tennessee, transportation to a
central location for consolidation, storage at retired military installations,
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stringent monitoring processes, smaller size or different containers, and
buildings and low-maintenance storage arrangements.

Response:  The PEIS will consider a range of storage options, including
storage in a mine, in yards, in buildings, and in vaults. The impacts associated
with consolidating all the material at one location compared with dispersing
the material at several locations will also be evaluated. The impacts of storage
at specific sites, such as a retired military base, will be evaluated in follow-on
NEPA analyses conducted prior to any future siting decisions.

• Comment:  The PEIS should clarify how storage in a mine would work.

Response:  Storage in a mine will be described at the level of a preconceptual
design.

• Comment:  The PEIS should clarify how building storage would work,
particularly in terms of ventilation and air controls. 

Response:  The PEIS will consider a generic design for building storage.
General assumptions about building performance will be made for the purpose
of health and safety analysis. Particular designs for climate control and
ventilation will be considered in follow-on NEPA analysis conducted prior to
a decision on facility design.

• Comment:  The PEIS should explain how the cylinders will be stored for all
options.

Response:  The PEIS will explain cylinder storage for each alternative, as
appropriate.

L.2.4  Conversion

A number of suggestions for conversion were made for consideration in the PEIS, which
are summarized as follows:

• Comment:  The PEIS should consider technology-specific options for
conversion, such as the Quantum-Catalytic Extraction Process™.

Response:  The PEIS will conduct analyses of representative technologies in
determining the impacts of various management strategy alternatives. The
conversion technology options analyzed will have a sufficient technical basis
to develop meaningful preconceptual designs and estimates of the
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environmental data required for the PEIS analysis. After the decision is made
on the long-term management strategy, specific technologies and sites will be
considered in the second tier of the NEPA review process.

In response to the November 10, 1994, Request for Recommendations, a large
number of promising conversion technologies were recommended that are in
the early stages of design development or contain key aspects that are
proprietary. In general, the proponents of these technologies believe that they
offer process improvements and/or cost reductions compared with the more
traditional processes. The Quantum-Catalytic Extraction Process™ is included
in this category.

• Comment:  The PEIS should consider other chemical forms for storage, such
as metal, tetrafluoride, uranotile, and soddyite.

Response:  The PEIS will consider storage of depleted uranium as UF6 and
as the oxides triuranium octaoxide (U3O8) and uranium dioxide (UO2). The
rationale for selection of these chemical forms for analysis will be presented
in the PEIS. In general, storage as metal would require substantially less
storage space than the other chemical forms under consideration. This
advantage must be weighed against disadvantages such as higher conversion
cost, lower stability, and the uncertainty of the suitability of the metal form for
eventual disposal. Uranium tetrafluoride (UF4), or greensalt, is an intermediate
form in the process of converting UF6 to metal or converting oxide to UF6. It
is significantly more chemically reactive than uranium oxides, and no use has
been identified for UF4. Conversion into uranium-bearing minerals such as
soddyite and uranotile for subsequent storage or disposal would require
development of the chemical conversion process as well as examination of the
suitability of such forms for storage or disposal.

• Comment:  The PEIS should evaluate only conversion options at existing
facilities, not at new facilities. 

Response:  The PEIS is a programmatic-level document and will analyze
conversion at representative facilities. The siting issues associated with
building and operating conversion facilities at specific locations will be
included in follow-on NEPA analyses conducted prior to any future siting
decisions. The use of existing facilities would be evaluated when future siting
decisions were made after the Record of Decision for this PEIS. 

• Comment:  The PEIS should consider shipping depleted UF6 to Britain or
France for processing.
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Response:  This PEIS addresses depleted UF6 located in the continental
United States and evaluates the transportation of all uranium products on a
per-mile basis using U.S. national statistics. This could be applied to transport
of the material to any port in the 48 contiguous states for shipment overseas.
A decision as to vendors or processes for conversion of depleted UF6 would
be made after the Record of Decision for this strategic PEIS. At that time,
NEPA analysis of international vendors or processes might be appropriate. 

L.2.5  Use of Depleted UF6

Many comments and suggestions were made about the use of depleted UF6 after conversion,
which are summarized as follows: 

• Comment:  The PEIS should consider the recovery (reenrichment) of
uranium-235 from depleted UF6.

Response:  Recovery of uranium-235 is a potential reason for storing depleted
uranium. Long-term storage is a management option that would preserve some
or all of the inventory of depleted UF6 for use. The viability of refeeding
depleted UF6 is a function of the isotopic assay of depleted UF6 and many
uncertain factors in the future, such as uranium ore price, separative work
cost, and demand. The PEIS will briefly discuss these factors.

• Comment:  The PEIS should evaluate recycling cylinders as scrap steel.

Response:  The PEIS will address the issue of including empty cylinders in
ongoing studies related to DOE’s Recycle 2000 initiative for recycle of scrap
metals.

• Comment:  The PEIS should include use of depleted uranium in concrete as
aggregate, including use in Hanford reactors.

Response:  Use of depleted uranium oxide in concrete for shielding purposes
will be analyzed in the PEIS. The analysis of this technology at specific
facilities will be addressed in follow-on NEPA analyses prior to any siting
decisions.

• Comment:  The PEIS should include use of depleted uranium for backfill
material in spent nuclear fuel packages.

Response:  The PEIS will evaluate the use of depleted uranium for spent
nuclear fuel shielding applications.
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• Comment:  The PEIS should include use of depleted uranium for blending
highly enriched uranium (HEU) to produce low-enriched uranium (LEU) or
for use in mixed-oxide (MOX) fuels. 

Response:  The no action alternative and long-term storage alternatives
preserve these options for later use of depleted uranium for blending HEU into
LEU or in MOX nuclear fuels (see Storage and Disposition of Weapons-
Usable Fissile Materials, Final Programmatic Environmental Impact State-
ment, DOE/EIS-0229, December 1996). The quantity of depleted uranium
potentially used for these applications would be very small compared with the
representative uses that will be considered in the Depleted UF6 PEIS. 

• Comment:  The PEIS should evaluate separate uses for depleted uranium and
fluorine.

Response:  The PEIS will analyze representative uses for the depleted
uranium from depleted UF6 and will assume that the fluorine from depleted
UF6 has commercial value as anhydrous hydrogen fluoride and would be sold.

• Comment:  The PEIS should evaluate only feasible and attainable uses.

Response:  The representative options to be evaluated in the PEIS were
selected because they are feasible and attainable in a reasonable time frame.

• Comment:  The extent of uses in the general population and demands for such
uses should be analyzed in the PEIS.

Response:  The demand for depleted UF6 is an economic issue that is outside
the scope of the PEIS because the need for management of depleted UF6 is
based on prudent management, not on demand. Such issues as the demand for
depleted uranium — including existing data on potential uses, percent of
inventory for current or future uses, and optimal form of depleted uranium for
use — are discussed in the engineering and cost analysis reports, which will
also support the decision on management strategy.

• Comment: The PEIS should consider the assay level (e.g., 0.2% uranium-235
compared with 0.4% uranium-235) as a discriminator for uses.

Response:  A homogeneous assay level is being assumed for this
programmatic-level analysis. At a later time, when disposition of individual
cylinders is decided, assay level will become an important consideration.
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L.2.6  Cost

A number of issues were expressed with regard to costs. Some indicated that DOE should
not spend a lot of money on the problem of depleted UF6 management, whereas others indicated
that costs and benefits of the options should be considered. Specific comments were grouped into
the following major issues: 

• Comment:  The PEIS should present and evaluate costs for all depleted UF6

management options. Costs should be kept to a minimum by using proven
processing procedures, selling by-products, and using competitive bid
processes. 

Response:  A separate cost analysis report is being prepared, which will be
considered in preparing the Record of Decision. The PEIS will discuss costs
as they relate to socioeconomic impacts.

• Comment:  The PEIS should explain the value of the materials in economic
terms.

Response:  The value of the materials is being addressed separately in a cost
analysis report.

L.2.7  Disposal

The disposal options for depleted UF6 elicited comments regarding waste definitions and
waste disposal options, as follows: 

• Comment:  The PEIS needs to evaluate the impacts of disposal in the event
that depleted UF6 were to be classified as a transuranic waste.

Response:  Depleted UF6 is a source material. For purposes of the disposal
options, it is being assumed that depleted UF6 will be converted into an oxide
and, in oxide form, will be treated as a low-level waste. The PEIS will
evaluate the health and environmental impacts of such disposal.

• Comment:  The PEIS should consider additional options for disposal, such
as disposal in sedimentary formations on the ocean floor, vitrification with the
molten glass or other techniques, disposal in old missile silos, or returning
UF6 to its original state and to its original source (i.e., uranium mines).

Response:  The PEIS will analyze a set of options that are anticipated to
bound most possibilities for disposal. However, some options are subject to
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institutional constraints, are speculative in nature, are in an unknown state of
technical development, or have exorbitant costs. The PEIS will describe why
certain options were considered in less detail or were judged to be
unreasonable.

L.2.8  Transportation

It was suggested that barge transportation be considered in the PEIS:

• Comment:  The PEIS should fully evaluate the transportation impacts from
all options for depleted UF6, especially barge transport (including shipping
standards and emergency preparedness).

Response:  Transportation impacts will be discussed generally in the PEIS for
representative routes and representative sites. Decisions on the locations of
potential conversion, manufacturing, storage, or disposal facilities would be
made after the Record of Decision for this PEIS. At that future time, barge
transportation might be appropriate and would be analyzed in any accompany-
ing NEPA documentation. This PEIS will include a qualitative discussion of
the results of analyses conducted for other NEPA documents that compare
barge transport to truck and rail transport, and a statement that future studies
or NEPA analyses supporting siting decisions for conversion, manufacturing,
storage, or disposal facilities will consider the transport of depleted UF6 by
barge, as appropriate.

L.2.9  Policy

Policy issues are higher level issues that could affect the whole PEIS structure and content.
A number of these issues were included in the public comments, as follows:

• Comment:   The PEIS should explain how its decisions fit within the context
of other DOE decisions on materials. 

Response:  The PEIS will explain how the programmatic depleted UF6

decision (how best to manage depleted UF6 in the future) fits with other
related DOE decisions and programs currently under consideration.

• Comment:  The PEIS should evaluate treatment, storage, and disposal of
depleted UF6 as a waste material.
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Response:  Depleted UF6 is a source material. The disposal options
considered in the PEIS assume conversion of depleted UF6 to an oxide, with
subsequent disposal. Uranium oxides are generally suitable forms for storage
(and disposal). The impacts associated with both storage and disposal of U3O8

and UO2 will be examined.

• Comment:  The PEIS should explain the time frames for the options and
provide some support for those time frames.

Response:  Time frames for the various phases of the options will be
discussed in general terms within the PEIS. 

• Comment:  The PEIS should evaluate all depleted UF6 materials in the United
States, both existing stocks and those for the foreseeable future.

Response:  The PEIS will analyze a depleted UF6 inventory accumulated by
DOE and its predecessor agencies at Paducah, Kentucky; Portsmouth, Ohio;
and Oak Ridge, Tennessee. The analysis will cover the period from 1945
through July 1, 1993, at which time the United States Enrichment Corporation
(USEC), a government-owned corporation, was created to operate the
Paducah and Portsmouth gaseous diffusion plants. Discussions between the
Office of Management and Budget, USEC, and DOE are continuing regarding
a Memorandum of Agreement, as provided in Section 3109(a)(2) of the USEC
Privatization Act. This Memorandum of Agreement will allocate liabilities
that arise from USEC’s operations prior to privatization among DOE, USEC,
the United States Government, and the new private corporation, including
those liabilities arising from the disposal of depleted uranium, currently stored
as UF6, that was generated by USEC. The draft PEIS will address DOE’s role
in the management of this depleted uranium consistent with the terms of the
Memorandum of Agreement. Because the new corporation will be responsible
for the management of depleted UF6 that it generates after privatization,
DOE’s role in the future disposal of this material is uncertain and speculative
at this time. DOE will fulfill its NEPA responsibilities, as appropriate, when
decisions are made in the future regarding the disposition of depleted UF6

generated by the private corporation. 

• Comment:  DOE should include the NRC, the U.S. Environmental Protection
Agency (EPA), and the Nevada Test Site in the discussions of disposal options
for depleted UF6. 

Response:  Other federal agencies, including NRC and EPA, will be consulted
during the PEIS comment process. The Nevada Test Site, a DOE site, will be
asked for comments.
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• Comment:  The PEIS should analyze options for privatizing all facilities
considered in the options for depleted UF6. 

Response:  The privatization of facilities will be considered qualitatively in
the PEIS. 

• Comment:  DOE needs to identify the sources of funds that will be used for
this program.

Response:  The issue of program funding is outside the scope of this NEPA
analysis, which addresses impacts to the natural and human environment.

L.2.10  Other Issues

Other issues are not easily categorized and therefore have been placed at the end of the
discussion of topics brought up during public scoping. These issues are summarized as follows: 

• Comment:  The PEIS should consider what other nations such as Japan and
France have done with regard to depleted UF6. 

Response:  Part of the engineering development for options considered
technologies in other countries.

• Comment:   The PEIS should fully explain the need for taking any actions for
depleted UF6. 

Response:  The PEIS will explain the purpose and need for the action.

• Comment:  The PEIS should have a smaller list of alternatives so that the
decisions and impacts can be clearly understood. 

Response:  The PEIS will attempt to minimize the list of options and
alternatives in order to clearly lay out the environmental effects for the
decision makers and the public.
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APPENDIX M:

CONTRACTOR DISCLOSURE STATEMENT

Argonne National Laboratory (ANL) is the contractor assisting DOE in preparing the PEIS
for depleted UF6. DOE is responsible for reviewing and evaluating the information and determining
the appropriateness and adequacy of incorporating any data, analyses, or results in the PEIS. DOE
determines the scope and content of the PEIS and supporting documents and will furnish direction
to ANL, as appropriate, in preparing these documents.

The Council on Environmental Quality’s Regulations (40 CFR 1506.5(c)), which have been
adopted by the U.S. Department of Energy (10 CFR Part 1021), require contractors who will prepare
an Environmental Impact Statement to execute a disclosure specifying that they have no financial or
other interest in the outcome of the project. The term “financial interest or other interest in the
outcome of the project” for the purposes of this disclosure is defined in the March 23, 1981, “Forty
Most Asked Questions Concerning CEQ’s National Environmental Policy Act Regulations,”
46 Federal Register 18026-18028 at Questions 17a and 17b. Financial or other interest in the
outcome of the project includes “any financial benefit such as promise of future construction or design
work on the project, as well as indirect benefits the consultant is aware of (e.g., if the project would
aid proposals sponsored by the firm’s other clients”), 46 Federal Register 18026-18038 at 10831.

In accordance with these regulations, Argonne National Laboratory hereby certifies that it
has no financial or other interest in the outcome of the project.

Certified by:
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UCRL-ID-124080

Depleted Uranium Hexafluoride Management Program

Summary of the ENGINEERING ANALYSIS REPORT for the Long-term

Management of Depleted Uranium Hexafluoride

Prepared for the Department of Energy by
 Lawrence Livermore National Laboratory

September 1997 
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DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the United States Government. Neither
the United States Government nor the University of California nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not infringe privately owned
rights. Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer,
or otherwise, does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors expressed herein do not necessarily state
or reflect those of the United States Government or the University of California, and shall not be used for advertising
or product endorsement purposes.

Work performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory
under Contract W-7405-ENG-48.
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Uranium hexafluoride (UF6) is a
compound of one part uranium to six
parts fluorine. At room temperature,
it is a white solid similar to rock salt.
It is usually measured in metric tons
(MT). One MT equals about 2200
pounds.

Summary of the
ENGINEERING ANALYSIS REPORT

for the Long-Term Management of Depleted Uranium Hexafluoride

Note: This summary condenses and simplifies a number of technical issues and ideas. To
obtain a fuller understanding of particular issues and ideas, the reader is urged to consult the
complete Engineering Analysis Report.

1.  Introduction

The Department of Energy is reviewing ideas for the long-term management and use of its depleted
uranium hexafluoride.

The Department of Energy (DOE) owns about 560,000
metric tons (over a billion pounds) of depleted uranium
hexafluoride (UF6). This material is contained in steel
cylinders located in storage yards near Paducah,
Kentucky, and Portsmouth, Ohio, and at the East
Tennessee Technology Park (formerly the K-25 Site) in
Oak Ridge, Tennessee. 

On November 10, 1994, DOE issued a Request for
Recommendations and an Advance Notice of Intent in the Federal Register (59 FR 56324 and
56325) to initiate the consideration of alternative strategies for the long-term management and use
of depleted UF6. The first part of the Depleted UF6 Management Program consists of engineering,
cost, and environmental impact studies. Part one will conclude with the selection of a long-term
management plan, or strategy. Part two will carry out the selected strategy.

1.1  Background—What Is Depleted Uranium Hexafluoride?

Uranium is made up of several different types of atoms. One of these, uranium-235 (U-235), can be
made to split apart and release a large amount of energy. As found in nature, uranium contains only
a very small amount of U-235. In order for uranium to produce significant amounts of energy, the
percentage of U-235 must be increased. For example, uranium fuel for powerplants usually contains
between three and five percent U-235, while natural uranium contains only about 0.71 percent
U-235. Uranium with more than 0.71 percent U-235 is called “enriched” uranium.

The enrichment process used in the United States is gaseous diffusion. It was first used on a large
scale in the 1940s as part of the Manhattan Project in Oak Ridge, Tennessee. Later, plants were also
built at Paducah, Kentucky, and Portsmouth, Ohio. On July 1, 1993, DOE leased these two plants
to the United States Enrichment Corporation, as required by the Energy Policy Act of 1992. Oak
Ridge had stopped enriching uranium in 1985.
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Depleted UF6 is stored in cylinder yards like this one
at Portsmouth.

The first step in gaseous diffusion is to heat solid natural UF6 until it becomes a gas. The UF6 gas
is repeatedly separated into two streams. Gradually, one stream gains U-235, while the other loses
U-235. When the U-235 in this second stream has been reduced to between 0.2 and 0.4 percent, the
depleted UF6 is removed from processing and placed in storage. Between 1945 and July 1, 1993,
about 560,000 MT of depleted UF6 was stored at the
three gaseous diffusion plant sites.

Why is there so much depleted UF6?  For every
pound of enriched uranium, between eight and nine
pounds of depleted uranium are produced.

DOE’s depleted UF6 is stored in a partial vacuum
inside steel cylinders. Most cylinders are about
twelve feet long and 48 inches in diameter and hold
between 9 and 12 MT of solid depleted UF6. In all,
there are 46,422 cylinders:

28,351 at Paducah 
13,388 at Portsmouth
  4,683 at Oak Ridge. 

1.2  Selecting a Management Strategy

The current management strategy is to continue safe storage of the depleted UF6 cylinders in the
existing storage yards. Activities in this strategy include inspection, handling, monitoring, and
maintenance, as needed, to keep the cylinders in good condition. Other possible management
strategies could involve use of the depleted uranium, long-term storage, disposal, or some
combination of these. A complete management strategy may include a number of different activities.
Examples are transportation or conversion of the depleted UF6 to another chemical form, such as an
oxide or metal.

The Draft Programmatic Environmental Impact Statement (Draft PEIS) looks at alternative
strategies for the long-term management of depleted UF6. They include the current management
strategy (the "No Action alternative"), two alternatives for long-term storage, two alternatives for
use, and one for disposal. DOE’s preferred alternative is to use 100 percent of the depleted uranium,
either as uranium oxide or uranium metal, or a combination of both. The fluorine in the depleted UF6

would also be used.

The Engineering Analysis Report contains the technical data on which the Draft PEIS and the cost
analysis are based. The PEIS, the Cost Analysis Report, and the Engineering Analysis Report will
help DOE select a management strategy. The Record of Decision is expected in 1998.
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Figure 1.  Depleted UF6 Management Work Breakdown Structure, Showing 
Modules (Level 2) and Options (Level 3)

2.  The Engineering Analysis Project

Data from the engineering analysis will help DOE  compare the environmental impacts and costs
of management strategy alternatives.

In November 1994, DOE asked members of the public, industry, and other government agencies to
submit recommendations for the use or long-term management of depleted UF6. Fifty-seven replies
were received and reviewed by independent technical experts. The results were published in the
Technology Assessment Report in June 1995. Most of the recommendations were judged to be
feasible, or capable of being carried out now or in the near future. These ideas and technologies were
analyzed in more detail. 

The main part of the Engineering Analysis Project developed engineering data for the feasible
technology options. The data include general layouts for facilities, descriptions of processes, and
analysis of  hazards.

2.1  Work Breakdown Structure

A work breakdown structure shows the work that will need to be done on a project, moving from
a general level to more and more detailed levels. It provides an orderly way to analyze and compare
complex management strategies. Figure 1 shows the first three levels of the work breakdown
structure for depleted UF6 management.  
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Module
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Figure 2.  Modules are broken 
down into options. Options are 
broken down into suboptions.

The recommendations received early in the Engineering Analysis Project fell into several general
categories. These general categories are called modules because they are the most basic building
blocks for management strategies (see Level 2 in Figure 1). The modules are transportation,
conversion, use, long-term storage, and disposal. Most management strategy alternatives combine
two or more of these five modules. For example, conversion of the depleted UF6 to another chemical
form is involved in the use and disposal alternatives and in one of the long-term storage alternatives.
Transportation of materials occurs in all strategies except the No Action alternative.

In each module, there are various options (Level 3 in Figure 1), or different ways of doing things.
For example, in the long-term storage module there are three different options for the type of facility
in which the depleted uranium could be stored: building, vault, and mine. 

The next level of detail after options is called suboptions. For
example, the long-term storage facility types are further
broken down by the forms of depleted uranium which might
be stored in each. Figure 2 shows the general relationship
among modules, options, and suboptions. 

The Engineering Analysis Report focuses on technology
options and suboptions. Data for the options and suboptions
can be combined to provide overall data for alternatives. To
get a better idea of how options and suboptions were linked
together to form management strategy alternatives, see
Figure 3, which appears at the end of this Summary.

2.2  Methodology

The Engineering Analysis Report contains 13 Engineering
Data Input Reports, covering the specific options and suboptions named in the unshaded boxes in
Table 1. These are the options and suboptions which were analyzed in depth. Options and suboptions
which were analyzed in less detail are discussed in Chapter 4 of the Engineering Analysis Report.

Each Data Input Report includes layouts for facilities, descriptions of processes, estimates of wastes
and emissions, estimates of resources and workers needed, hazard assessments, accident scenarios,
and transportation information. The data are estimates based on an early stage of design. More
detailed data for specific technologies will be developed in the second part of the Program.



Engineering Analysis O-7 Depleted UF6 PEIS

Transportation
Module

Conversion
Module

Use
Module

Long-Term Storage
Module

Disposal
Module

Options SuboptionsOptionsOptions Options OptionsSuboptionsSuboptions Suboptions Suboptions

•  U3O8 

cemented
•  UO2  

cemented
•  U3O8

 bulk
•   UO2

 bulk

Cylinder
preparation

for
shipment

Emptied
 cylinder
 treatment

Truck

Rail

Barge

U3O8

powder

UO2

ceramic

U
metal

• Dry process
  with AHF*

• Dry process
  with HF
  neutraliza-
    tion

• Wet process
(gelation)
with AHF*

• Dry process
  with AHF*

• Dry process
  with HF
  neutraliza-
    tion

• Batch
  reduction

• Continuous
  reduction

• Current
  cylinders

• Over-
container

• Transfer
   facility

Preparation
for disposal

Engineered
trench

Vault

Mine

Building

Vault

Mine

• UF6

• U3O8

• UO2

• UF6

• U3O8

• UO2

• U3O8

• UO2

• Cylinder
treatment
facility

• UF6 in
current
or new
cylinders
or over-
container
• Depleted
uranium
conversion
products
• Metal or
oxide
shields
• By-
products,
chemicals,
and wastes

Light
water
reactor

fuel

Advanced
reactor

fuel

• Re-
enrichment

• Breeder and
  other fast
  reactors

Dense 
material

applications

• Existing
  applications:
  munitions,
  armor,
  counter-
  weights,
  ballasts

• New
applications

Radiation
shielding

• UO2

• U metal

•  U3O8 

cemented
•  UO2  

cemented
•  U3O8

 bulk
•   UO2

 bulk

•  U3O8 

cemented
•  UO2  

cemented
•  U3O8

 bulk
•   UO2

 bulk

•  U3O8 

cemented
•  UO2  

cemented
•  U3O8

 bulk
•   UO2

 bulk

* Anhydrous hydrogen fluoride (HF)

• UF6 in
current
or new
cylinders or
over-
container

Table 1.  Options and Suboptions for the Various Modules

(Note: shaded boxes are principal options and suboptions analyzed in less detail)



Engineering Analysis O-8 Depleted UF6 PEIS

Examples of assumptions used in the
engineering analysis:

• Total time for project: 20 years.
• Processing rate: 28,000 MT (60 million

pounds) of depleted UF6 per year.
• Each of the different forms of depleted

uranium would always have the same
bulk density and the same type of
packaging for transportation. 

• Facilities are newly built on previously
unused sites.

To make it easier to compare  the different options
and suboptions, data were based on certain common
assumptions. 

Estimates based on different processing rates
(50 percent and 25 percent of the assumed rate) were
made for several technologies and are included in
Chapter 8 of the Engineering Analysis Report. 
 
Each Engineering Data Input Report includes its
own analysis of reasonably foreseeable accidents
involving radiological or hazardous materials. There
is also an accident analysis in Chapter 7 which
discusses two particular types of accidents:
(1) accidents associated with depleted UF6 cylinder

handling and storage and (2) accidents which would have significant hazardous and/or radiological
material releases but have a very low probability. In general, the higher the consequences of an
accident, the less frequently such an accident is likely to occur. The accidents discussed in Chapter 7
are what are called “incredible” accidents, which means that their likelihood of occurrence is
between once in one million years and once in ten million years.

The Engineering Analysis Report also includes discussions of license, permit, and regulatory
requirements and changes in regulations for the transportation of depleted UF6 cylinders. 
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3.  Summary of Options Analyzed in Depth

Feasible technologies for which data could be developed were analyzed in depth.

Options which were judged to be feasible in the Technology Assessment Report were analyzed in
depth. These are general types of technologies, but they have enough technical basis to allow
engineers to develop the data needed for estimates of environmental impacts and costs. Additional
options, most of which are at an earlier stage of development, were also considered. These are
described in the Engineering Analysis Report but are analyzed in less detail.

This section describes the technology options and suboptions which were analyzed in depth. They
are grouped into the five modules in the work breakdown structure. The modules are printed in
boldface type and the options are underlined. Table 1 gives an overall summary of the information.

3.1  Transportation Module 

All of the Engineering Data Input Reports include a discussion of transportation of materials by both
truck and rail. Materials which would be transported would include depleted UF6, depleted uranium
in other chemical forms (after conversion), manufactured products for use, and other materials such
as by-products and wastes. 

Two transportation options, preparation of depleted UF6 cylinders for shipment and treatment of
emptied cylinders, are analyzed in their own individual Data Input Reports.

Cylinder Preparation for Shipment. All alternatives in the Draft PEIS, except for the No Action
alternative, assume that depleted UF6 cylinders will be moved from their current locations.
Transportation of cylinders is regulated by the Department of Transportation (DOT). These
regulations involve (1) the amount of depleted UF6 inside the cylinder, (2) the pressure inside the
cylinder, and (3) the condition of the cylinder, especially the thickness of the steel walls. Some
cylinders meet the DOT requirements and would require minimal preparation; however, some would
require additional work to meet DOT regulations.

There are two suboptions for preparing these nonconforming cylinders.  In the overcontainer
suboption, the cylinder would be placed inside a container which meets DOT regulations. In the
transfer facility suboption, the depleted UF6 would be transferred to a new cylinder. Using the
overcontainer would require less handling and produce less waste. It would also avoid the
construction of a special facility. A transfer facility would be expected to have greater impacts, but
it could be used in developing an alternative for long-term storage of depleted UF6 in new cylinders.

Emptied Cylinder Treatment. In most of the management strategies, the depleted UF6 would be taken
out of the cylinders and converted to another chemical form. Any depleted UF6 left in the emptied
cylinder (called the “heel”) would be washed out with water. After the water evaporates, the mixture
of depleted uranium and fluorine would be converted to solid uranium oxide and hydrogen fluoride
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1. U3O8 (three parts uranium to eight parts oxygen)

powder

2. UO2 (one part uranium to two parts oxygen)

pellets
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3. Uranium  metal

….

UF6 Conversion Products

.....….…..

(HF) gas. Hydrogen fluoride gas is corrosive. To
neutralize it, or make it harmless, lime would be
added, forming calcium fluoride (CaF2). The
analysis assumes that the cleaned, emptied
cylinders will be stored as scrap metal.

3.2  Conversion Module

Most management strategy alternatives require
converting the depleted UF6 to another chemical
form. Three other chemical forms of depleted
uranium are analyzed in depth: triuranium
octaoxide (U3O8) powder, uranium dioxide (UO2)

ceramic, and uranium metal. The oxides are compounds of uranium and oxygen. Because the oxides
are very stable and slow to dissolve in water, they are presently the preferred forms for long-term
storage and disposal. Very dense depleted UO2 and depleted uranium metal are preferred for use in
shielding for spent nuclear fuel because they are good at absorbing the kind of radiation called
gamma rays. Depleted uranium metal is preferred for most dense material applications, which need
high density and mass.

Conversion starts by heating solid depleted UF6 to produce a gas. All the conversion processes being
analyzed in depth produce large quantities of hydrogen fluoride (HF). Uranium hexafluoride and HF
are the most significant chemical hazards to the environment and workers during conversion. The
designs for the conversion process buildings and the HF storage buildings use reinforced concrete
for added safety. Temperatures in the HF storage buildings would be kept between 45� and 55�
Fahrenheit. This would prevent the HF from becoming a gas that a worker might inhale in case of
a spill. 

The conversion facilities would be expected to operate about 7000 hours per year. They would have
enough outdoor storage for one month’s supply of full depleted UF6 cylinders. There would also
be enough indoor storage space for three months’ supply of nearly empty cylinders. This would
allow time for short-lived radioactive products in the heel to decay before the cylinders are treated
or shipped off site. The facilities would include storage for one month’s production of the new
depleted uranium form and one month’s production of HF.

U3O8 Option. Two suboptions are analyzed for converting depleted UF6 to depleted U3O8. (The
conversion of UF6 to an oxide is referred to as "defluorination" because fluorine atoms are
removed.) Both suboptions use a two-step process in which depleted UF6 reacts with steam at high
temperatures. This is called a "dry" process, as opposed to "wet" processes, in which the main
reactions occur in water. The process produces depleted U3O8 in fluffy powder form and
concentrated HF, which is about 70 percent HF and about 30 percent water. After the depleted U3O8

is compacted, it would have a bulk or packing density of about 3 grams per cubic centimeter (about
1 3/4 ounces per cubic inch).
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The first U3O8 suboption uses distillation to reduce the water content in the concentrated HF to one
percent or less. The resulting HF vapor is called anhydrous HF (AHF), meaning that it has very little
water. It is expected that the uranium content will be low enough that the AHF can be sold for use.
The second U3O8 suboption would neutralize the HF to produce CaF2 for sale or disposal. 

UO2 Option. Uranium dioxide in the ceramic form is very dense. Depending on the shape and size
of its particles, the UO2 will generally be two to three times denser than compacted U3O8 powder.
The denser product would require less space for storage or disposal. The denser form could also be
used in depleted uranium concrete for radiation shielding.

There are three suboptions for converting depleted UF6 to depleted UO2. Two of them use a dry
process (similar to the one described above for U3O8) to make UO2 powder. The UO2 powder is
pressed into pellets about 2 centimeters (3/4 inch) in diameter. To increase their density, the pellets
are then heated at about 1700� centigrade (about 3092� Fahrenheit). The furnaces are expected to
be larger than those currently used in nuclear fuel manufacturing plants. One of the dry process
suboptions provides an AHF by-product and the other neutralizes the HF.

The third technology suboption is based on a “wet” process which produces dense depleted UO2

in the form of very small spheres of a millimeter (about 1/20 inches) or less in diameter. These tiny
particles can be packed very close. The process, called "gelation,” dissolves U3O8 in an acid.
Various chemicals are added and the solution is fed through nozzles which break it into small
droplets. These droplets are then decomposed into jelly-like spheres of depleted uranium oxide.
These are further processed and finally heated at high temperatures. Gelation has yet to be proven
as an industrial process; therefore, the technological uncertainties with the wet process are greater
than with the more developed dry processes.

Uranium Metal Option. The analysis considers two suboptions, a batch process and a continuous
process, for converting depleted UF6 to depleted uranium metal. Both processes start by combining
depleted UF6 with hydrogen to make depleted uranium tetrafluoride (UF4) and AHF. In the second
step, magnesium (Mg) is used to remove the fluorine from the UF4 (known as “reduction”). Because
it uses a metal, Mg, and takes place at high temperatures, this process is called “metallothermic
reduction.” 

The batch process is the standard industrial process. A mixture of depleted UF4 and Mg metal is
heated in a sealed steel container until it forms liquid depleted uranium metal and a magnesium
fluoride (MgF2) by-product. The denser uranium metal settles to the bottom and the MgF2 collects
on top. After the container has cooled, the solid depleted uranium metal and MgF2 are removed and
separated from each other. The by-product contains some uranium. Without further treatment, it
would have to be disposed of as a radioactive low-level waste. The design for the batch process
includes a step for removing uranium from the MgF2. It is assumed that, after this step, the MgF2

could be disposed of as a nonradioactive, nonhazardous solid waste.
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The other suboption analyzed in depth is the continuous process, which is currently being
developed.  In this process, depleted UF4 and Mg are continuously fed into a heated container. The
dense liquid uranium metal settles to the bottom and is removed. The liquid MgF2 forms a middle
layer and is separately removed. The liquid Mg floats on the top. 

The continuous process has three possible advantages over the batch process: (1) a higher
processing rate, (2) a lower level of uranium in the by-product, and (3) a liquid depleted uranium
product which could be directly formed into an end product. The early design assumes that the
amount of uranium in the by-product will be small enough that a decontamination step would be
unnecessary. Based on the design, the continuous process would have a lower cost than the batch
process. However, since the continuous process is still being developed, the technological
uncertainties are greater.

3.3  Use Module

The use option analyzed in depth is to make depleted uranium into a shielding material to put
around spent nuclear fuel. The fuel in nuclear powerplants has to be replaced every so often. The
used-up, or spent, nuclear fuel (SNF) is still radioactive and must be shielded. The Engineering
Analysis Report analyzes two suboptions for use as radiation shielding, but this is only one of
several possible uses for depleted uranium. Other uses include fuel for light (regular) water reactors
or advanced reactors and dense material applications. Section 4.3 discusses use options which were
analyzed in less detail. The two radiation shielding suboptions analyzed in depth are examples of
possible uses. 

Radiation Shielding Option - UO2 Suboption. This suboption would use depleted uranium in the
form of UO2 pellets. These dense pellets can be used instead of gravel to make concrete shielding
for SNF storage  containers. Depleted uranium concrete, also known as DUCRETE™, provides
shielding with less weight and bulk than regular concrete. It might also be usable in overcontainers
for SNF disposal, but this use has yet to be developed.

In the designs for storage containers, the depleted uranium concrete is enclosed inside stainless
steel. The shielding manufacturer receives partly finished steel shells and other parts and puts the
containers together in one building. In another building, where radiological materials can be
handled, depleted UO2 pellets from a conversion plant are combined with sand, cement, and water,
and the depleted uranium concrete is poured between the stainless steel shells. After the cement
hardens, the container is completed.

Radiation Shielding Option - Uranium Metal Suboption. This suboption would manufacture
depleted uranium metal into shields for use inside a multi-purpose unit system. A multi-purpose
unit is a container that would provide confinement of SNF during storage, transportation, and
disposal.
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In this design, the manufacturer receives depleted uranium metal (or alloy), partly completed
stainless steel or metal alloy shells, and other pieces to enclose the uranium metal. The containers
are put together in one building. In a separate building, where radiological materials can be handled,
the depleted uranium metal is melted and poured between the steel or alloy shells. After the
depleted uranium metal cools, the container is completed. 

3.4  Long-Term Storage Module

Long-term storage means that the depleted uranium could be used at some later date. Three long-
term storage options are analyzed in depth: (1) storage in a building, (2) storage in a below ground
vault, and (3) storage in a mine. The suboptions are the chemical forms in which the depleted
uranium is stored. Three forms are considered for storage in buildings or mines: UF6, U3O8, and
UO2. Two forms are considered for storage in vaults: U3O8 and UO2. These chemical forms have
very different bulk densities. A denser product takes up less space and could therefore cost less to
store. This analysis assumes that the tiny, dense UO2 spheres produced by the gelation process
would need the least storage space and U3O8 powder would need the most storage space.  

The building option uses metal framed buildings for storage. The below ground vault would be
made of reinforced concrete with a steel roof supported by trusses. Storage in a mine would use
underground tunnels.

3.5  Disposal Module

The engineering analysis for this module considers three options for disposal: (1) disposal in an
engineered trench, (2) disposal in a below ground vault, and (3) disposal in a mine. The engineered
trench is an 8-meter (26-foot) deep trench covered with a sloping cap of closely packed clay and
other barriers. This option would work best in drier areas. 
 
A form which is stable and slow to dissolve is preferred for disposal. Therefore, the chemical forms
analyzed for disposal are the oxides, U3O8 and UO2. In addition, the depleted uranium oxide powder
or pellets may either be mixed with cement before disposal or disposed of in bulk form inside
drums. Altogether, there are four waste form suboptions: (1) cemented U3O8, (2) cemented UO2,
(3) bulk U3O8, and (4) bulk UO2. Each disposal facility option is analyzed for all four waste forms.

The analysis covers a wide range of conditions, including variations in the climate and geology of
possible disposal locations and variations in the amount of disposal space needed. Cemented U3O8

requires the most space because U3O8 is less dense than UO2 and because the cement adds to the
mass. The form requiring the least space for disposal is bulk UO2. 

All the disposal facility designs include a waste form facility (preparation for disposal option). This
is where the depleted uranium oxide is received from the conversion plant. For cemented waste
forms, preparation would include mixing the oxide with cement, repackaging it in new or recycled
drums, and allowing it to harden. Bulk waste forms would require less preparation.
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4.  Summary of Principal Options and Technologies Analyzed in Less Detail

Technologies analyzed in less detail in this part of the Program are preserved for the second part
of the Program.

Most of the options considered in the engineering analysis were replies to DOE’s Request for
Recommendations. The technologies discussed in Section 3 are general types, but they have enough
technical basis to allow engineers to develop data which can be used to estimate environmental
impacts and costs. A number of other technologies were also recommended. These options are
promising but are analyzed in less detail for one or more of the following reasons: they are in earlier
stages of design or development; they would take more time than the 20-year schedule assumed in
this analysis; they are proprietary; they involve uses of depleted uranium which are already in
practice.

Technologies analyzed in less detail during the first part of the Depleted Uranium Hexafluoride
Program are still available for consideration for the next part of the Program. These technologies
are briefly described below. The options and suboptions analyzed in depth are general enough that
the estimates made could cover a variety of specific technologies.

4.1 Transportation Module

Transport by barge was considered. However, at this time the locations for most activities are
unknown and the possibility of using barge transportation is uncertain. All three gaseous diffusion
plant sites mainly use ground transportation. Except for the East Tennessee Technology Park,
facilities for using barges would have to be developed.  

4.2  Conversion Module

Many good ideas for conversion technologies were submitted. In general, they are in the early stages
of design or development. Some of them are also proprietary. When more fully developed, these
processes might offer such advantages as more flexibility, fewer processing steps, reduced
environmental impacts, lower costs, and higher profits.

Uranium Oxide Suboptions. A number of responses recommended using the well-known dry
process for converting UF6 to an oxide with an AHF by-product. There were also several
recommendations for  newer technologies with important features. One example uses a wet process
to convert depleted UF6 to an intermediate compound which is then heated and converted to
depleted U3O8. Anhydrous hydrogen fluoride is directly produced. Another technology uses a liquid
metal such as iron to speed up the decomposition of depleted UF6. Afterwards, uranium oxides and
AHF are formed in a single step.

Two general processes were recommended which have a by-product other than AHF. One makes
a depleted  uranium oxide and a solid aluminum and fluoride compound which is used in the
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production of aluminum metal. The other technology uses depleted UF6 as a source of fluorine for
making hydrofluorocarbons. Hydrofluorocarbons can be used instead of chlorofluorocarbons, which
are believed to reduce ozone in the atmosphere. 

Uranium Metal Suboptions. As discussed earlier, the more familiar processes for producing
depleted uranium metal also produce large amounts of MgF2 waste. A different type of technology
called plasma dissociation avoids the MgF2 waste stream. In this one-step process, a gas such as
argon is heated to more than 5000� centigrade or 9032� Fahrenheit, using electrical energy. At these
very high temperatures, depleted UF6 is broken down into uranium and fluorine atoms. After the
gas cools, the fluorine atoms react with added hydrogen to produce AHF, and the uranium atoms
combine with each other to form depleted uranium metal.

This process would avoid the uncertainties about the disposal of MgF2. It would also bring in more
money from the sale of AHF, because all the fluorine in the depleted UF6 is recovered. This process
is in the early stage of development.

Several other recommendations contained improved ideas for removing uranium from MgF2. These
recommendations also had suggestions for the recovery and possible use of by-products (for
example, converting the MgF2 to AHF). These advanced treatment technologies could reduce waste
and be more economical.

4.3  Use Module

Three use options are analyzed in less detail. These are (1) use as fuel for a light (regular) water
power reactor, (2) use as fuel for an advanced power reactor, and (3) use in dense material
applications. A number of people recommended these uses. The fuel options are analyzed in less
detail because they would take a long time to use up significant amounts of depleted UF6. The long-
term storage options discussed in the Engineering Analysis Report and the preferred alternative in
the Draft PEIS would allow these, and other, uses to be reconsidered in the future. The
environmental impacts of existing or new dense material applications are expected to be similar to
those of the uranium metal radiation shielding option which is analyzed in depth.

Light Water Reactor Fuel Option. The main suboption for this use would involve re-enriching the
depleted UF6, that is, increasing the percentage of U-235. The technologies that are used for
enriching natural uranium could also be used to enrich depleted uranium. If all the U-235 in DOE’s
depleted UF6 were recovered, it could provide fuel for the equivalent of about 100 power reactors
operating for 10 years apiece. Re-enriching depleted uranium would save natural uranium resources
and avoid the impacts of uranium mining and milling. However, only a small amount of the
depleted uranium would actually be converted into enriched uranium. Most of the depleted uranium
(over 90 percent) would remain after processing, and would still require management. 
 
It is uncertain when re-enrichment would be economical. Continued storage preserves the
possibility for the future, particularly for depleted uranium which has more than 0.3 percent U-235.
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Another possible use of depleted uranium in light water reactors could involve converting the
depleted UF6 to UO2. The depleted UO2 could then be mixed with plutonium oxide to produce
mixed oxide fuel. However, this suboption would use up only a very small amount of the depleted
UF6. 

Advanced Reactor Fuel Option. One reason why DOE considered the depleted UF6 a valuable
resource was its potential use in advanced reactors of the future. One such type of reactor, called
a fast breeder reactor, actually produces additional fuel. Used in an advanced reactor, the depleted
uranium could provide hundreds of years of electrical power at the present U.S. production rate.
However, this option would require a change in national policy, which is based on a once-through
fuel cycle. In addition, since the advanced reactors are very fuel efficient, they would use up only
a small amount of depleted uranium.

Dense Material Applications Option. Dense material applications include some ways in which
depleted uranium metal is already being used, such as armor-piercing munitions, vehicle armor,
ballasts in aircraft, and weights for stabilizing machinery. Other new uses were suggested in
responses to the Request for Recommendations. These include energy storage flywheels (heavy
metal wheels that store energy and make shafts rotate evenly), drill collars to keep oil well drill
shafts centered, and explosives for the petroleum industry to open up the earth around natural gas
and oil wells. Future dense material applications are uncertain at this time. The long-term storage
options discussed in the Engineering Analysis Report and the preferred alternative in the Draft PEIS
would allow these, and other, uses to be considered in the future. 

4.4  Long-Term Storage Module

Storage as depleted uranium metal and storage as depleted uranium tetrafluoride (UF4) were
considered but analyzed in less detail. Uranium metal bars would require much less space than
oxides or UF6, but it costs much more to convert depleted UF6 to metal than to U3O8. In addition,
there are safety issues with storage as metal. Unless it is protected, bulk uranium metal slowly
corrodes. In air, the metal flakes can catch fire and release energy rapidly. The reaction between
moisture and uranium metal creates hydrogen, which could explode if it collected in closed storage
containers. For these reasons, storage as metal would require special packaging and more
supervision.

Depleted uranium in the form of UF4 was considered for long-term storage or disposal but was
analyzed in less detail. Conversion to UF4 is fairly simple and inexpensive, but another conversion
step would probably be required before the material could be used. Depleted UF4 is less chemically
reactive than depleted UF6 but more reactive than the oxides and it would take up about the same
amount of storage or disposal space as depleted U3O8. Other forms are more generally
recommended for disposal.
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4.5  Disposal Module

Disposal as depleted UF6, depleted uranium metal, and depleted UF4 were considered but analyzed
in less detail. Regulations restrict the chemical forms that can be used for disposal. Reactive waste
forms such as the fluorides and metal are specifically excluded by the Nevada Test Site and Hanford
and by DOE Orders. 

The Engineering Analysis Report analyzes bulk and cemented waste forms in detail. Another
possible suboption is vitrification, in which depleted uranium oxide would be enclosed in glass. The
basic technology is developed (for disposal of high-level radioactive waste), but other types of
waste preparation are generally preferred for depleted uranium. Vitrified waste would require more
space for disposal. In addition, a vitrification facility would be more complicated and costly to build
and operate than a cementing facility.
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5.  Roadmap for Integration of Engineering Data Input Reports into Long-Term Management
Strategy Alternatives

Figure 3 shows how complete management strategy alternatives can be put together from the
options and suboptions analyzed in the Engineering Analysis Report. Depleted UF6 stored in the
cylinder yards at Paducah, Portsmouth, and Oak Ridge (the current management strategy) is shown
at the left of the figure. Moving from left to right are the transportation, conversion, use, long-term
storage, and disposal modules (work breakdown structure Level 2).

The options and suboptions which are analyzed in depth are shown as blocks below the module
names. The arrows on the chart indicate the flow of material for the various management strategies.
Offsite transportation may be required between one option or suboption and another. This is shown
by the small boxes marked “T.” Activities such as construction of facilities, transportation of other
materials and by-products, and transportation and disposal of wastes are also included in the
assessments of the management strategies.



Engineering Analysis O-19 Depleted UF6 PEIS

CONVERSION
TRANSPORTATION

USE 
(SHIELDING

APPLICATIONS)

LONG-TERM
STORAGE

DISPOSAL

CURRENT
MANAGEMENT

DUF6     UO2 pellets

DUF6

     UO2 pellets

     Tiny UO2 spheres

DUF6              Metal shields

Emptied
cylinders

     U metal bars

     U metal bars

DOE scrap
metal pile

 Empty cylinders from
conversion factilities

Crushed
cylinders

         Transportation by truck or rail

Depleted
UF6 stored
in 
cylinders
 at current
sites 

Cylinder
preparation
for shipment
(overcontainer
or transfer
facility)

Dry
process
 HF neut.

Dry 
process
with AHF

Wet 
(gelation)
process

Batch
metallo-
thermic

Continuous
metallo-
thermic

SNF
container 
user

Manufacture
U metal
shielding 

Dry 
process
HF neut.

Cylinder
treatment 

T

T

T

T

T

Building  
or mine 

Building, 
vault, or 
mine

T

T

T

T

T

T

Eng. trench, 
 vault, or
mine
 

T

T

T

Dry 
process 
with AHF

U3O8
powder

Manufacture
UO2 concrete
shielding

Figure 3.  Flowchart for Developing Management Strategy Alternatives from Options and
Suboptions



Engineering Analysis O-20 Depleted UF6 PEIS

References

Dubrin, J.W., et al. Engineering Analysis Report for the Long-Term Management of Depleted
Uranium Hexafluoride. UCRL-AR-124080. Lawrence Livermore National Laboratory. May 1997.

Elayat, H., J.N. Zoller, and L. Szytel. Cost Analysis Report for the Long-Term Management of
Depleted Uranium Hexafluoride. UCRL-AR-127650. Lawrence Livermore National Laboratory.
May 1997.

U.S. Department of Energy. Draft Programmatic Environmental Impact Statement for Alternative
Strategies for the Long-Term Management and Use of Depleted Uranium Hexafluoride. December
1997.

Zoller, J.N, et al. The Technology Assessment Report for the Long-Term Management of Depleted
Uranium Hexafluoride. UCRL-AR-120372. Lawrence Livermore National Laboratory. June 30,
1995.


	DOE/EIS-0269 Volume 2: APPENDICES - Front Matter
	A. CHEMICAL FORMS AND PROPERTIES OF URANIUM
	B. CYLINDER CORROSION AND MATERIAL LOSS
FROM BREACHED CYLINDERS
	C. ASSESSMENT METHODOLOGIES
	D. ENVIRONMENTAL IMPACTS OF CONTINUED CYLINDER STORAGE AT CURRENT STORAGE SITES
	E. ENVIRONMENTAL IMPACTS OF OPTIONS FOR PREPARING CYLINDERS FOR SHIPMENT OR LONG-TERM STORAGE
	F. ENVIRONMENTAL IMPACTS OF OPTIONS FOR CONVERSION OF UF6 TO OXIDE OR METAL 
	G. ENVIRONMENTAL IMPACTS OF OPTIONS FOR LONG-TERM STORAGE AS UF6 AND URANIUM OXIDE
	H. ENVIRONMENTAL IMPACTS OF OPTIONS FOR THE MANUFACTURE AND USE OF URANIUM OXIDE AND URANIUM METAL
	I. ENVIRONMENTAL IMPACTS OF OPTIONS
FOR DISPOSAL OF OXIDE
	J. ENVIRONMENTAL IMPACTS OF TRANSPORTATION
	K. PARAMETRIC ANALYSIS: ENVIRONMENTAL IMPACTS OF CONVERSION, LONG-TERM STORAGE, MANUFACTURE AND USE, AND DISPOSAL OPTIONS 
FOR PROCESSING LESS THAN THE TOTAL DEPLETED UF6 INVENTORY
	L. RESPONSES TO COMMENTS RECEIVED DURING THE SCOPING PROCESS
	M. CONTRACTOR DISCLOSURE STATEMENT
	N. PUBLIC LAW 105-204
	O. SUMMARY OF THE ENGINEERING ANALYSIS REPORT

