DRAFT SUPPLEMENT ANALYSISFOR LOCATION(S) TO DISPOSE OF DEPLETED
URANIUM OXIDE CONVERSION PRODUCT GENERATED FROM DOE'’S
INVENTORY OF DEPLETED URANIUM HEXAFLUORIDE
(DOE/EIS-0359-SA1 AND DOE/EIS-0360-SA1)

March 2007






CONTENTS

NOTATION ...ttt st besaeebesae e st e se e e e tessesbesbesbenreenenneeneas
1 INTRODUCTION AND BACKGROUND .......ccccotiiiieieeesiesiese e sie e sre e
1.1  Why DOE Has Prepared This Draft Supplement Analysis.........cccccveueeee.
1.2 BatKground ..o e
1.3  Proposed Actions Considered in this Draft Supplement Analysis.............
2 SUMMARY OF DUF6 PROGRAMMATIC AND CONVERSION FACILITY
NEPA ANALYSES ... oottt st st
P20t R ©0 017/ £ T o] o 1SS
222 1 701 oo 1 = 1 o o S
2.2.1  Impacts of Transport from Portsmouthto Disposal Locations...
2211 Collective Population RiSK ........cccccoerenerenerenenieenns

2.2.1.2 Maximaly Exposed Individuals during
Routine Conditions ..........ccceeereenenieneeseee e
2.2.1.3 Accident Conseguence ASSESSMENt ........ccceverererieenas
2.2.14 Intentional DeSIructive ACES........cccovevenevenerenenieenens
2.2.2  Impacts of Transport from Paducah to Disposal Locations........
2221 Collective Population RiSK ........cccccovreneieneneneneenes

2.2.2.2 Maximally Exposed Individualsduring
Routine Conditions ..........ccceceveenenienieeneee e
2.2.2.3 Accident Conseguence ASSESSMENT ........cccereriererieenas
2.2.24 Intentional DeSIructive ACES........cocovvvenevenenenieniennns
2.3 DISPOSAL ..ot nree s
2.3 1 BaCKQrOUNG .......cccoieeieiiiisie et
2.3.2  Programmatic EIS Digposal ANalySeS ........cccceveveeneeninsienseenenn
2.3.2.1 Summary of PEIS Disposal Analyses........cccccvecveennns
2.3.2.2 Detailed Results of PEIS Disposal Analyses...............
3 NEED FOR ADDITIONAL NEPA ANALYSES......ccoooirereeerese e
3.1  Altanative DiSpoSal SITES......cccciieiiicee e
3.2 DisPOoSal @ NTS ...
3.3 Disposal @ ENVIFOCAIE.........ccceerieeiesiiesieeieseesteesieseesseesesseesseensesseesseesenns
3.4  Transportation to NTS and ENVIrocare..........ccccveveeviieeiieccie e
35  Issues Associated with DUF6 Cylinder Contamination.............ccceeeeueene.

3.6  Potential Impacts Associated With Adding a Fourth Line to

the Conversion Plant at Portsmouth, Ohio...........ccccevvrivennenceneeeee
4 DETERMINATION. ...ootiie sttt et e et ae e resnesneene e ennens
5  REFERENCES ..ottt sttt

March 2007

a1 A WLk

~N O o1 o1

....... 17
....... 19
....... 20

....... 21
....... 21
....... 28
....... 28
....... 28
....... 29
....... 29
....... 30

....... 41

....... 41

....... 46
....... 49
....... 52

....... 53

....... 56
....... 57



2.2-1

2.2-2

2.2-3

2.2-4

2.2-5

2.2-6

2.2-7

2.2-8

2.2-9

2.2-10

2.2-11

231

2.3-2

TABLES

Collective Population Transportation Risks for Shipments from
Portsmouth, Assuming Envirocare is the Primary Disposal Location

and U30g is Disposed of in BUIK BagS.......cccevveieneerie e

Collective Population Transportation Risks for Shipments from
Portsmouth, Assuming NTS is the Primary Disposal Location

and UzOgis Digposed of in Bulk Bags........cccceeveeveeiiecciece e

Collective Population Transportation Risks for Shipments from

Portsmouthin Emptied Cylinders..........cccoeveciienie i

Estimated Radiological Impacts to the MEI from Routine Shipment

of Radioactive Materials from Portsmouth..........cooovov

Potential Radiological Consequences to the Population from Severe

Trangportation Accidents Due to Shipments from Portsmouth...................

Potential Chemica Consequences to the Population from Severe

Transportation Accidents Due to Shipments from Portsmouth...................

Potential Radiological Consequences to the MEI from Severe
Transportation Accidents Involving Shipment of Radioactive

MaterialS from POrtSMOULN ..........ee e eeennn

Collective Population Transportation Risks for Shipments from
Paducah, Assuming Envirocare is the Primary Disposal Location

and U30g is Disposed of in BUIK BagS.......cccevveieneeie e

Collective Population Transportation Risks for Shipments from
Paducah, Assuming NTS is the Primary Disposal Locationand

U30g is Disposed of in BUIK BagS........ccoieeiiiiiie et

Collective Population Transportation Risks for Shipment of Depleted

U30g from Paducahin Emptied Cylinders.........cccooovevieiceeveevieecie e

Estimated Radiological Impacts to the MEI from Routine Shipment

of Radioactive Materials from Paducah............ooooevi

Summary of Disposal Option Impacts for U3Og during the Operational

Phase ¥ Generic Assessment % Grouted UzOg .......ooeeveererneenienee e

Summary of Disposal Option Impacts for U3Og during the Operational

Phase ¥ Generic Assessment % Ungrouted UsOg ......coceeeeieenieneeniceneene

March 2007

........... 11

........... 13

........... 14

........... 16

........... 17

........... 18

........... 22

........... 24

........... 26

........... 27

........... 33

........... 36



2.3-3

March 2007

TABLES (Cont.)

Summary of Post-Closure Phase Impacts for UsOg Disposal in

aWet Environment



March 2007

NOTATION

The following isalist of acronyms and abbreviations, chemical names, and units of
measure used in this document. Some acronyms used only in tables may be defined only in those
tables.

GENERAL ACRONYMSAND ABBREVIATIONS

CEQ Council on Environmental Quality

CFR Code of Federal Regulations

DOE U.S. Department of Energy

DUFg depleted uranium hexafluoride

EIS environmental impact statement

ETTP East Tennessee Technology Park

FR Federal Register

ICRP International Commission on Radiological Protection
INEEL Idaho National Engineering and Environmental Laboratory
LANL Los Alamos National Laboratory

LCF latent cancer fatality

LLW low-level radioactive waste

LLWPA Low-Level Radioactive Waste Policy Act

MEI maximally exposed individual

NEPA National Environmental Policy Act of 1969
NRC U.S. Nuclear Regulatory Commission

NTS Nevada Test Site

ORR Oak Ridge Reservation

PCB polychlorinated biphenyl

PEIS programmatic environmental impact statement
P.L. Public Law

ROD Record of Decision
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SA Supplement Analysis

SRS Savannah River Site

UAC Utah Administration Code

UDEQ Utah Department of Environmental Quality
uDS Uranium Disposition Services, LLC

usC United Sates Code

WAC waste acceptance criteria

WM PEIS Waste Management Programmatic Environmental |mpact Statement
WCS Waste Control Specialists

CHEMICALS

CaF> calcium fluoride

HF hydrogen fluoride; hydrofluoric acid
Tc technetium

U30Og triuranium octaoxide

UFe uranium hexafluoride

UNITSOF MEASURE

ft foot (feet) ppm part(s) per million
ft3 cubic foot (feet)
rem roentgen equivalent man
ga gallon(s)
t metric ton(s)
ha hectare(s) ton(s) short ton(s)
km kilometer(s) yd3 cubic yard(s)
yr year(s)
L liter(s)
m meter(s)
m3 cubic meter(s)
mi mile(s)

mrem  millirem(s)
m/s meters per second
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DRAFT SUPPLEMENT ANALYSISFOR LOCATION(S) TO DISPOSE OF DEPLETED
URANIUM OXIDE CONVERSION PRODUCT GENERATED FROM DOE'’S
INVENTORY OF DEPLETED URANIUM HEXAFLUORIDE
(DOE/EIS-0359-SA1 AND DOE/EI'S-0360-SA1)

1 INTRODUCTION AND BACKGROUND

1.1 WHY DOE HASPREPARED THISDRAFT SUPPLEMENT ANALYSIS

Pursuant to the National Environmental Policy Act (NEPA), the Department of Energy
(DOE or the Department) has prepared this Draft Supplement Analysis (SA) in order to
determine whether it must supplement two site-specific Environmental Impact Statements
(EISs), or prepare any new EISs, for depleted uranium hexafluoride (DUFg) conversion facilities
at Paducah, Kentucky, and Portsmouth, Ohio, in order to decide where it will dispose of the
depleted uranium oxide product from these facilities. See, Final Environmental |mpact Statement
for Construction and Operation of a Depleted Uranium Hexafluoride Conversion Facility at the
Paducah, Kentucky, Ste, DOE/EIS-0359 (June 2004, DOE 2004a) (Paducah Site- Specific EIS)
and the Final Environmental Impact Statement for Construction and Operation of a Depleted
Uranium Hexafluoride Conversion Facility at Portsmouth, Ohio, Ste, DOE/EIS-0360 (June
2004, DOE 2004b) (Portsmouth Site-Specific EIS).

In each of those site-specific reviews, DOE considered transportation and disposal of the
oxide product (primarily depleted triuranium octaoxide [U3Og]) from converting DUFs and two
concurrent waste streams (i.e., emptied cylinders, and a small amount of CaF, produced during
normal conversion operations).1 DOE’'s Nevada Test Site (NTS) and the Envirocare of Utah
(Envirocare)2 site near Clive, Utah were the assumed destinations. DOE had intended to identify
disposal locations in its Records of Decision (RODs). Prior to issuing the RODs, however, DOE
discovered that it had inadvertently not formally provided copies of the draft and final EISs to

1 The Portsmouth and Paducah conversion facilities will generate respectively approximately 18 metric tons (t)
(20 tons) and 24 t (26 tons) of CaF, annually as aresult of normal DUFg conversion operations. These amounts
are small compared to the 10,800 t (11,800 tons) and 14,300 t (15,800 tons) annually of depleted uranium oxide
conversion product that will be produced respectively at the Portsmouth and Paducah facilities, and DOE plans
to concurrently arrange for disposal of these small amounts of CaF, and the depleted uranium oxide conversion
product. Similarly, emptied DUF; cylinderswill be generated at both conversion facilities (1,980 t/yr 2,200
tons/yr] at Paducah and 1,177 t/yr [ 1,300 tons/yr] at Portsmouth). These emptied cylinders are expected to be
used as containers for, and hence will be co-disposed with, the depleted uranium oxide conversion product.
Hydrogen fluoride (HF) also will be produced as a conversion co-product. The HF will be sold for commercial
use. A sales contract with Solvay Fluorides, acommercial vendor, was signed in May 2006. If for some
unexpected reason, sale of the HF is not accomplished, DOE will undertake additional NEPA review, as
necessary, to examine disposal options.

2 on February 3, 2006, it was announced that Envirocare of Utah, Scientech D& D, and BNG Americawould join
together and become EnergySolutionsL L C. Notwithstanding, the names “ Envirocare of Utah” or “ Envirocare’
are used throughout this report to refer to the EnergySolutionsfacility located at Clive, Utah, in order to maintain
consistency with earlier documents discussed herein.
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either Nevada or Utah, and DOE concluded that it was bound by the Council on Environmental
Quality’s (CEQ) regulations at 40 CFR 1502.19 to forego decisions on disposal location(s) until it
had properly served these states. Accordingly, in its RODs, DOE did not include decisions with
respect to specific disposal location(s), but instead informed the public that it would make the
decisions later and that any supplemental NEPA analysis would be provided for review and
comment. See 69 Federal Register (FR) at 44653 and 44658 (July 27, 2004).

DOE has now corrected its oversight, provided all appropriate stakeholders with
documentation as required by the regulations, and is prepared to select NTS and/or Envirocare as
disposal locations for both conversion facilities. The purpose of this Draft SA isto determine
whether, in order to now make its decision on disposal locations, DOE can ssimply amend the
existing RODs or must instead either supplement the existing site-specific EISs or prepare a new
ElIS.

Based on this Draft SA, DOE believes that existing NEPA documentation adequately
supports its decisionto dispose of the depleted uranium oxide conversion product from both
DUFs conversion facilities emptied cylinders, and the small amount of CaF, produced during
normal conversion operations at the NTS and/or Envirocare. In other words, all of the impacts
discussed in this Draft SA have been presented to the public in previous NEPA documents The
Draft SA identifies no significant new circumstances or information relevant to environmental
concerns that bear on DOE’ s decision on disposal locations or the impacts of that decision.
Hence, DOE believes that neither supplementing the site-specific EISs nor preparing any new
ElSisrequired.3

3 Criteriafor determini ng the need for a Supplemental EIS are set out in the CEQ regulations for implementing
NEPA at Section 1502.9(c) of Title 40 in the Code of Federal Regulations(CFR) (40 CFR 1502.9(c)) and in the
DOE NEPA regulations at 10 CFR 1021.314:

40 CFR 1502.9(c) Agencies:
(2) sShall prepare supplements to either draft or final environmental impact statementsiif:
(i) The agency makes substantial changes in the proposed action that are relevant to environmental
concerns; or
(ii) There are significant new circumstances or information relevant to environmental concerns and
bearing on the proposed action or itsimpacts.
(2) May also prepare supplements when the agency determines that the purposes of the Act will be
furthered by doing so.
(3) Shall adopt procedures for introducing a supplement into its formal administrative record, if such a
record exists.
(4) shall prepare, circulate, and file a supplement to a statement in the same fashion (exclusive of scoping)
asadraft and final statement unless alternative procedures are approved by the Council.

10 CFR 1021.314 Supplemental environmental impact statements.
(a) DOE shall prepare a supplemental EIS if there are substantial changes to the proposal or significant new
circumstances or information relevant to environmental concerns, as discussed in 40 CFR 1502.9(c)(1).
(b) DOE may supplement a draft EIS or final EIS at any time, to further the purposes of NEPA, in
accordance with 40 CFR 1502.9(¢)(2).
(c) When it is unclear whether or not an EIS supplement is required, DOE shall prepare a Supplement
Analysis.
(1) The Supplement Analysis shall discuss the circumstances that are pertinent to deciding whether to
prepare a supplemental EIS, pursuant to 40 CFR 1502.9(c).
(2) The Supplement Analysis shall contain sufficient information for DOE to determine whether:
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1.2 BACKGROUND

The Department manages approximately 700,000 t (759,000 tons) of DUFg at DOE’s
former production sites (gaseous diffusion plants) located near Paducah, Kentucky and
Portsmouth, Ohio. Consistent with the ROD for the Portsmouth DUFg conversion facility, all
DUFs cylinders once stored at DOE’ s East Tennessee Technology Park (ETTP) have been
shipped to Portsmouth for conversion See 69 FR at 44653 (July 27, 2004). In order to allow
safer and more secure disposition of the DUFs, it will be converted to a more stable chemical
form

DOE has looked exhaustively at options for disposition of its DUFg inventory. In its Final
Programmatic Environmental Impact Statement [PEIS] for Alternative Strategies for the Long-
Term Management and Use of Depleted Uranium Hexafluoride, DOE-EIS-0269 (DOE 1999),
the Department assessed the potential impacts of aternative management strategies for DUFe. In
its August 10, 1999, programmatic ROD (64 FR 43358), DOE decided to convert the DUFg
inventory to depleted uranium oxide, depleted uranium metal, or a combination of both. DOE
stated that any proposal to proceed with siting, construction, and operation of a conversion
facility or facilities would involve additional review under NEPA.

The incentive to act intensified when, on August 2, 2002, the President signed into law
the 2002 Supplemental Appropriations Act for Further Recovery From and Response To
Terrorist Attacks on the United Sates (P.L. 107-206). Section 502 in that law required DOE,
within thirty (30) days of the law’s enactment, to award a contract for the design, construction,
and operation of DUFg conversion plants a the Department’ s gaseous diffusion plant sites near
Paducah, Kentucky and Portsmouth, Ohio. Accordingly, on August 29, 2002, DOE awarded a
contract to Uranium Disposition Services, LLC (UDS) for such services.

Between 2002 and 2004, DOE reviewed the environmental consequences of building and
operating the conversion facilities. On June 18, 2004, DOE issued two site-specific EISs for the
construction and operation of the Paducah and Portsmouth DUFg conversion facilities (DOE
20043, b). In the RODs for these facilities, DOE decided that it would build both facilities and

(i) An existing EIS should be supplemented,;
(ii) A new EIS should be prepared; or
(iii) No further NEPA documentation is required.
(3) DOE shall make the determination and the related Supplement Analysis available to the public for
information. Copies of the determination and Supplement Analysis shall be provided upon written
request. DOE shall make copies available for inspection in the appropriate DOE public reading room(s)
or other appropriate location(s) for areasonable time.
(d) DOE shall prepare, circulate, and file a supplement to adraft or final EIS in the same manner as any
other draft and final EISs, except that scoping is optional for a supplement. If DOE decides to take action
on aproposal covered by a supplemental EIS, DOE shall prepare a ROD in accordance with the provisions
of § 1021.315 of this part.
(e) When applicable, DOE will incorporate an EI'S supplement, or the determination and supporting
Supplement Analysis made under paragraph (c) of this section, into any related formal administrative
record on the action that is the subject of the EI'S supplement or determination (40 CFR 1502.9(c)(3)).
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convert DOE’s inventory of DUFg to depleted uranium oxide (primarily depleted UsOg) and
aqueous hydrogen fluoride (HF). The agueous HF produced during conversion is projected to be
sold for use in commercia applications in accordance with approved authorized release limits.
The depleted uranium oxide conversion product will be reused to the extent possible or be
disposed of as low-level waste (LLW) concurrently with emptied cylindersand the small amount
of CaF, produced during normal conversion operations. As noted earlier, though the site-specific
ElSs considered the NTS and Envirocare as destinations for transportation and disposal of the
these materials, DOE did not decide specific disposal location(s) due to its oversight in serving
Nevada and Utah. See DOE 2004b at Section 1.6.2.4; see also Id. at Section S.2.3.4 and Table
2.2-2; seealso 69 FR at 44653 and 69 FR at 44658 (July 27, 2004).

In determining whether supplements to the site specific EISsor any new EISs are needed,
this Draft SA considers the PEIS, the site-specific EISs, and their respective RODs. The Draft
SA aso considers other relevant information, including the Final Environmental Impact
Satement for the Nevada Test Ste and Off-Ste Locations in the State of Nevada (DOE 1996a)
and certain analyses and findings of the U.S. Nuclear Regulatory Commission (NRC). (NRC
20054, b, ¢, d, and 20063, b)

1.3 PROPOSED ACTIONS CONSIDERED IN THISDRAFT
SUPPLEMENT ANALYSIS

DOE proposes to amend the decision announced in the site-specific RODs (DOE
2004c,d) regarding specific location(s) for disposal. All other aspects of the DUFg conversion
activities remain as described previoudly in site-specific EISs and RODs.

In the site-specific EISs it was estimated that the Portsmouth DUFg conversion facility
would operate for 18 years while the Paducah facility would operate for 25 years. The longer
assumed operating life of the Paducah facility is principally aresult of the larger DUF g inventory
that is located and will be converted at the Paducah site. The site-specific EISs further assumed
that, during the operating life of each conversion facility, the depleted uranium oxide conversion
product, emptied cylinders, and the small amount of CaF, produced during normal conversion
operations would be transported from the facility to a disposal site. Hence, the impacts from such
transportation, and impacts from transport of aqueous HF to a site for use were included in the
ElSs. For the purpose of analysis, the depleted uranium oxide conversion product was assumed
to be depleted U30g. Both truck and rail modes of transportation were evaluated. For the purpose
of analyzing potential transportation impacts, two potential disposal sites were considered:
Envirocare and the NTS.

The site-specific EISs assumed that the depleted uranium oxide conversion product
would be packaged and transported in the emptied cylinders that have been used for DUFg
storage. Alternatively, if not used as disposal containers for depleted uranium oxide product, the
site-specific EISs assumed that the emptied cylinders would be crushed and shipped in 20-ft
(6-m) cargo containers, approximately 10 to a container.
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2 SUMMARY OF DUFg PROGRAMMATIC AND CONVERSION
FACILITY NEPA ANALYSES

This section provides a brief summary of the actions considered in the site-specific
conversion facility EISs. It also summarizes the generic NEPA analyses for disposal of depleted
uranium oxide that were conducted for the PEIS. The information is presented in order to
provide a basis for the decision as to whether additional NEPA analysisis required for deciding
on specific disposal location(s).

2.1 CONVERSION

The site-specific EISs analyzed the impacts of converting 13,500 t/yr (15,000 tons/yr) of
DUFgat the Portsmouth facility and 18,000 t/yr (20,000 tons/yr) at the Paducah facility.
Construction, operation, maintenance, and decontamination and decommissioning were
considered. The start of operations was assumed to be in 2006; the Portsmouth facility would
operate for 18 years and the Paducah facility would operate for 25 years. Impacts in the areas of
human health, air quality and noise, water and soil, socioeconomics, ecology, waste
management, resource requirements, land use, cultural resources, and environmental justice were
assessed. |mpacts were compared with a no action alternative that considered the continued
storage of the cylinders at their current storage locations (DOE 2004a, Section 1.6.2, page 1-17,
DOE 2004b, Section 1.6.2, page 1-18).

The site specific ElSs analyzed three areas at each site for locating the conversion
facilities, locations A, B and C (DOE 2004a, Section 2.2.1, page 2-5; DOE 2004b, Section 2.2.1,
page 2-6). DOE considered impacts for each aternative location. DOE identified construction
and operation of the proposed DUF g conversion facilities at Location A at both sites as the
preferred alternatives. Although no significant adverse impacts were estimated for the preferred
alternatives at both sites, mitigation measures were identified to further minimize impacts.

2.2 TRANSPORTATION

Transportation risk associated with disposal were evaluated in the conversion facilities
ElSs (DOE 20044, Section 5.2.3, page 5-73; DOE 2004b, Section 5.2.5, page 5-93). DOE used
the collective population risk assessment as the primary means of comparing various
transportation options in the site-specific EISs. The collective population risk, expressed as
additional latent cancer fatalities (LCFs), additional deaths, or additional injuries (i.e., reversible
or irreversible adverse effects) is a measure of the total risk posed to society as awhole from
actions being considered. For a collective population risk assessment, the persons exposed are
considered as a group, without specifying individual receptors. Collective population risks were
calculated for both vehicle- and cargo-related causes for routine transportation and for accidents.
Risks from vehicle-related causes are independent of the cargo in the shipment and include risks
from vehicular exhaust emissions and traffic accidents (fatalities caused by physical trauma).
Risks from cargo-related causes include radiological risks caused by ionizing radiation, and risks
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from human exposures that could occur after the release and dispersal of radioactive or chemical
cargo components during an accident. In addition to estimating collective risks, DOE also
estimated risks to maximally exposed individuals (MEISs) of the public and to crew members. A
detailed discussion of the methodologies, assumptions, and models used to estimate
transportation impacts are provided in DOE 2004a (Appendix F, page F-21) and DOE 2004b
(Appendix F, page F-21). The results of the assessments are presented in DOE 2004a (Section
5.2.3, page 5-73) and DOE 2004b (Section 5.2.5, page 5-93).

2.2.1 Impactsof Transport from Portsmouth to Disposal L ocations

For the Portsmouth site, the transportation assessment analyzed the annual transport of
10,800 metric tons uranium oxide/yr (11,800 tons/yr), 18 t/yr (20 tonslyr) of CaF», and 1,177 t/yr
(1,300 tons/yr) of unused emptied cylinders from Portsmouth to both the Envirocare facility and
NTS. The operational period was assumed to be 18 years. If UsOgwere disposed of in emptied
cylinders, there would be atotal of approximately 4,200 railcar shipments or up to 21,000 truck
shipments. If bulk bags (large capacity, strong, flexible bags) were used as disposal containers,
there would be a total of about 2,200 shipments for railcars or 8,800 shipments for trucks (DOE
2004b, Section 2.4.2.3, page 2-35).

The results of the transportation assessment to Envirocare or NTS are presented in
Section5.2.5 of the Portsmouth EIS (DOE 2004b, page 5-93). A brief summary of the results
follows:

» For the entire 18 year shipping campaign, cargo-related radiological impacts
to crew members and the genera public would result inless than 1 LCF for
shipmentsto either Envirocare or NTS.

» Health risks from cardiovascular and pulmonary diseases have been linked to
incremental increases in particulate concentrations in air, such as those
produced by vehicle exhaust emissions. In the Portsmouth site-specific EIS,
health risks from vehicle emissions were calculated by multiplying the total
distances shipped over the duration of the campaign by health risk factors
presented in Biwer and Butler (1999). Because estimating health risks
associated with vehicle emissions is subject to a great deal of uncertainty, the
risk factors used in the EIS (from Biwer and Butler 1999) purposely provide
an overestimate of the actual risk (referred to as a “conservative’ estimate).
Therefore, the emissions-related health impacts presented in the Portsmouth
ste-specific EIS should be considered an upper bound estimate of potential
impacts, with the actual impacts expected to be much less. For the 18-year
shipping campaign, the transportation assessment results for vehicle-related
emission fatalities for truck shipments were estimated to be about 8 for
shipment to Envirocare and 9 for shipment to NTS using bulk bags; no
emission fatalities would be expected for railcar shipments. If the emptied
cylinders were used as disposal containers, the estimated emission fatalities
would be similar but could vary depending on the number of cylinders per
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truck or railcar shipment. As discussed in the Portsmouth site-specific EIS, the
emissionrisks are believed to overestimate actual emission impacts by at least
afactor of 30 (see DOE 2004b, page 5-100).

» Truck accidents (non-cargo-related) for the life of the project were estimated
to result in about 1 fatality for transportation to either Envirocare or NTS,
whereas rail accidents would be expected to result in less than 1 fatality based
on state-specific accident statistics for average fatalities per kilometer driven
for interstate-registered heavy combination trucks and average fatalities per
kilometer traveled per railcar, respectively.

Severe transportation accidents could also result in a release of radioactive material or chemicals
from a shipment. The consequences of such a release would depend on the material rel eased,
location of the accident, and atmospheric conditions at the time. Potential consequences would
be greatest in urban areas and under stable atmospheric conditions (calm/stagnant wesather
conditions with low wind speeds [approximately 1 to 2 m/s] such as at nighttime).

In the following paragraphs, results of the transportation assessment are presented in
greater detail, with accompanying tables taken from the Portsmouth site-specific EIS
(DOE 2004b).

2.2.1.1 Collective Population Risk

As stated above, both truck and rail options were considered for shipments to both
Envirocare and NTS. For analyzing an all-rail transport option to NTS, it was assumed that a rail
line would be available for the entire distance. Currently, however, the nearest rail termina to
NTSisabout 70 mi (113 km) from the site. Accordingly, if NTS were to be selected as the
disposal location arail spur would have to be constructed connecting the existing rail line to the
site in order to redize the al-rail option. Alternatively, railcar shipments would haveto go to a
terminal from which trucks could carry the shipment contents the rest of the way. The
Portsmouth site-specific EIS (DOE 2004b, Section 5.2.5.1, page 5-94) indicated that if arail spur
to NTS were built, additional NEPA review would need to be conducted to evaluate the impacts
resulting from such construction. The Portsmouth site-specific EIS aso indicated that, if
shipments of depleted uranium oxide conversion product from Portsmouth to NTS were made
instead through intermodal transfers from rail to trucks, the impacts would be dightly greater
than for the all-rail option, but less than for the all-truck option (DOE 2004b, Section 5.2.5.1,
page 5-94).

Estimates of the collective population risks for shipment to Envirocare of the depleted
U30g, emptied cylinders, and the small amount of CaF» produced during normal conversion
operations over the entire 18-year operational period are presented in Table 2.2-1, assuming that
the U30g is shipped in bulk bags. As an option, risks for the shipment of these materialsto NTS
are provided in Table 2.2-2. No radiological LCFs, traffic fatalities, or emission fatalities are
expected for rail transport under either option. If the truck option was used, about 1 traffic
fatality would occur and up to 7 fatalities from vehicle emissions might occur over the project
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period (see discussion in Section 2.2.1 [page 6] related to the “conservative’ nature of the
emission fatality estimates). No L CFs are expected.

If the emptied DUFg cylinders were refilled with the conversion product and used to
transport the product to the disposal location(s), as preferred, the risks shown in Tables 2.2-1 and
2.2-2 for transportation of emptied cylinders would not be applicable, and for this scenario, the
risks associated with transportation of CaF> would be unchanged. The risks of transporting the
conversion product in cylinders (Table 2.2-3) would be about the same as the sum of the risks for
transporting the product in bulk bags and the risk of shipping the crushed cylinders for the truck
option (compare with Tables 2.2-1 and 2.2-2), assuming two refilled cylinders per truck. If one
cylinder per truck were shipped, routine risks to the crew and vehicle-related risks would
approximately double because the number of shipments would double. If the rail option was
used, the risks would be dlightly higher for the cylinder refill option, primarily because the
quantity of U30g shipped in a single railcar would be less under the cylinder refill option than
under the bulk bag option, and the number of shipments would be proportionally higher.

2.2.1.2 Maximally Exposed I ndividuals during Routine Conditions

During the routine transportation of radioactive material, specific individuals may be
exposed to radiation in the vicinity of a shipment. The RISKIND code (a computer-based risk
assessment program) was used to estimate the risk to these individuals for a number of
hypothetical exposure-causing events (Y uan et a. 1995). The receptors include transportation
crew members, ingpectors, and members of the public exposed during traffic delays, while
working at a service station, or while living near an origin or a destination site. The assumptions
about exposure are given in Biwer et a. (2001). The scenarios for exposure are not intended to
be exhaustive; they were selected to provide arange of representative potential exposures. Doses
were assessed and are presented in Table 2.2-4 on a per-event basis for the shipments of all
radioactive materials (DOE 2004b, Section 5.2.5.2, page 5-101).

As discussed above, the assessment of potential impacts to individuals considered a
number of hypothetical exposure scenarios from which exposures and risks were estimated. As
presented in Table 2.2-4, the highest potential routine radiological exposure to an MEI, with an
LCFrisk of 2 x 10-7 per event, would be for a “Person in Traffic.” For calculational purposes,
the “Person in Traffic” was assumed to be stopped in traffic near arailcar for 30 minutes at a
distance of 3 ft (1 m). Thisis aconservative exposure scenario in that it is not likely that a person
in traffic would be exposed in such close proximity (i.e., 1 m [3 ft]) to the depleted uranium
oxide conversion product for aslong as 30 minutes. There is also the possibility for multiple
exposures. For example, if an individual lived near the Portsmouth site or the disposal location
and all shipments of U30g were made by rail in bulk bags, the resident could receive a combined
dose of approximately 2.4 x 10-5 rem if present for all shipments (calculated as the product of
about 2,200 shipments and an estimated exposure per shipment of 1.1 x 10-8 rem). The
individual dose would increase by afactor of approximately 2 if the U3Og were shipped in
refilled cylinders. This dose is more than 6,000 times lower than the individual average annual
exposure of 0.3 rem from natural background radiation (DOE 2004b, Section5.2.5.2,
page 5-101).



TABLE 2.2-1 Collective Population Transportation Risksfor Shipments from Portsmouth, Assuming Envirocareis
the Primary Disposal L ocation and U3Og is Disposed of in Bulk Bags

U30g Emptied Cylinders CaF,¢
Portsmouth Portsmouth Portsmouth Portsmouth to
to Envirocare to Envirocare? toNTS Envirocare
Truck Rail Truck Rail Truck Rall Truck Rall
Mode (option) (proposed)? (option)  (proposed)?  (proposed) (option)2 (option)  (proposed)?
Shipment summary
Number of shipments 8,846 2,212 2,007 1,004 2,232 558 15 4
Total distance (km) 25,860,000 7,315,000 5,866,000 3,320,000 7,504,000 2,240,000 43,850 13,230
Cago-related®
Radiological impacts
Dose risk (person-rem)
Routine crew 150 350 35 88 79 170 NAT NA
Routine public
Off-link 2.6 12 0.7 2.9 12 3.9 NA NA
On-link 7.2 0.31 1.9 0.077 3.0 0.12 NA NA
Stops 60 54 16 13 23 2.7 NA NA
Total 70 17 19 4.3 27 6.6 NA NA
Accident9 28 9.3 0.24 0.075 0.02 0.0062 NA NA
Latent cancer fatalitiesh
Crew fatalities 0.06 0.1 0.01 0.04 0.03 0.07 NA NA
Public fatalities 0.05 0.01 0.009 0.002 0.01 0.003 NA NA
Chemical impacts
Adverse effects 0.0009 0.0003 NA NA NA NA NA NA
Irreversible adverse effects 0.0001 0.00009 NA NA NA NA NA NA
Vehicle-related
Emission fatalities 5 0.2 1 0.1 2 0.05 0.008 0.0005
Accident fatalities 0.53 0.24 0.12 0.11 0.13 0.061 0.0009 0.00043

28 Risksare presented on arailcar basis. One shipment is equivalent to one railcar. For assessment purposes, it was assumed that all-rail accessto NTS
would be available in the future.

Footnotes continued on next page.
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TABLE 2.2-1 (Cont.)

Emptied cylinders are crushed and shipped 10 per cargo container, with 1 container per truck or 2 containers per railcar.
Cylinders assumed not to meet waste acceptance criteria (WAC) for Envirocare. Shipped “as-is,” 1 per truck or 4 per railcar.
Assuming HF can be sold for beneficial use and is not converted to CaF, for disposal.

Cargo-related impacts are impacts attributable to the radioactive or chemical nature of the material being transported.

NA = not applicable.

Doserisk isasocietal risk and is the product of accident probability and accident conseguence.

Latent cancer fatalities were calculated by multiplying the dose by the International Commission on Radiological Commission (ICRP)
Publication 60 health risk conversion factors of 4 x 10 fatal cancers per person-rem for workers and 5 x 104 for members of the public
(ICRP 1991).

Vehicle-related impacts are impacts independent of the cargo in the shipment.

Source: DOE 2004b, Table 5.2.26, page 5-98.
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TABLE 2.2-2 Collective Population Transportation Risksfor Shipments from Portsmouth, Assuming NTSisthe
Primary Disposal Location and U3OgisDisposed of in Bulk Bags

U30g Emptied Cylinders CaF,¢
Portsmouthto NTS Portsmouthto NTS Portsmouthto NTS Portsmouthto NTS
Truck Rail Truck Rail Truck Rail Truck Rail
Mode (option) (option)2 (option) (option)2 (option) (option)@ (option) (option)2
Shipment summary
Number of shipments 8,846 2,212 2,007 1,004 2,232 558 15 4
Total distance (km) 29,740,000 8,879,000 6,748,000 4,030,000 7,504,000 2,240,000 50,430 16,060
Cargo-related®
Radiological impacts
Dose risk (person-rem)
Routine crew 180 410 41 100 79 170 NAf NA
Routine public
Off-link 36 9.2 0.96 2.3 12 3.9 NA NA
On-link 9.0 0.28 2.4 0.069 3.0 0.12 NA NA
Stops 69 6.4 18 16 23 2.7 NA NA
Total 82 16 22 39 27 6.6 NA NA
Accident9 20 75 0.18 0.053 0.02 0.0062 NA NA
Latent cancer fatalities"
Crew fatalities 0.07 0.2 0.02 0.04 0.03 0.07 NA NA
Public fatalities 0.05 0.01 0.01 0.002 0.01 0.003 NA NA
Chemical impacts
Adverse effects 0.001 0.0004 NA NA NA NA NA NA
Irreversible adverse effects 0.0002 0.0001 NA NA NA NA NA NA
Vehicle-related
Emission fatalities 6 0.2 1 0.09 2 0.05 0.01 0.0004
Accident fatalities 0.53 0.24 0.12 0.11 0.13 0.061 0.0009 0.0004

2 Risksare presented on arailcar basis. One shipment is equivalent to one railcar. For assessment purposes, it was assumed that all-rail accessto NTS

would be available in the future.

b Cylinders are crushed and shipped 10 per cargo container, with 1 container per truck or 2 containers per railcar.

Footnotes continued on next page.
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TABLE 2.2-2 (Cont.)

¢ Cylinders assumed not to meet WAC for Envirocare. Shipped “as-is,” 1 per truck or 4 per railcar.

Assuming HF can be sold for beneficial use and is not converted to CaF, for disposal.

€  Cago-related impacts are impacts attributabl e to the radioactive or chemical nature of the material being transported.
f NA = not applicable.

9 Doserisk isasocietal risk and is the product of accident probability and accident consequence.

h Latent cancer fatalities were calculated by multiplying the dose by the ICRP Publication 60 health risk conversion factors of 4 x 104 fatal cancers
per person-rem for workers and 5 x 104 for members of the public (ICRP 1991).

I Vehicle-related impacts are impacts independent of the cargo in the shipment.
Source: DOE 2004b, Table 5.2-27, page 5-99.
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TABLE 2.2-3 Callective Population Transportation Risksfor Shipment of Depleted UsOg from
Portsmouth in Emptied Cylinders

Portsmouth to Envirocare (proposed)

Portsmouth to NTS (option)

Truck (option)

Truck (option)

Rail Rail2
Mode lcylinder 2cylinders (proposed) 1lcylinder 2cylinders (option)
Shipment summary
Number of shipments 21,000 10,500 4,200 21,000 10,500 4,200
Total distance (km) 61,380,000 30,690,000 13,890,000 70,600,000 35,300,000 16,860,000
Cargo-related?
Radiological impacts
Dose risk (person-rem)
Routine crew 330 180 520 390 210 600
Routine public
Off-link 45 45 19 6.1 6.2 15
On-link 12 12 0.52 15 15 0.46
Stops 100 100 8.8 120 120 10
Total 120 120 29 140 140 26
Accident 31 31 10 21 21 8
Latent cancer fatalities
Crew fatalities 0.1 0.07 0.2 0.2 0.08 0.2
Public fatdities 0.07 0.08 0.02 0.08 0.08 0.02
Chemical impacts
Adverse effects 0.0008 0.0008 0.0004 0.0009 0.0009 0.0005
Irreversible adverse 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
effects
Vehicle-related®
Emission fatalities 10 5 05 10 7 04
Accident fatalities 13 0.63 0.45 1.3 0.63 0.46

& For assessment purposes, it was assumed that all -rail accessto NTSwould be availablein the future.

b Cargo-related impacts are impacts attributable to the radioactive or chemical nature of the material being

transported.

¢ Vehicle-related impacts are impacts independent of the cargo in the shipment.
Source: DOE 2004b, Table 5.2-28, page 5-100.
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TABLE 2.2-4 Estimated Radiological | mpactsto the M EI from Routine Shipment of
Radioactive M aterials from Portsmouth

Personin Personat Gas Person near
Material Mode Inspector Resident Traffic Station Rail Stop

Routine Radiological Dose from a Single Shipment (rem)

Depleted U3Og (in bulk bags)? Truck 4.0 105 31" 109 16" 104 4.4  10° NAP
Rail 9.3° 10° 1.1° 108 2.7 104 NA 6.9” 107
Crushed, emptied DUFg Truck 5.37 10° 57 109 16" 104 7.7" 106 NA
cylinders® Rail 6.6° 10° 9.4° 109 17" 104 NA 6.1" 107
Emptied DUFg cylindersd Truck 6.8° 105 54" 109 2.7 104 7.5 10° NA
Rail 15" 104 2.0° 108 4.0° 104 NA 13" 10°

Routine Radiological Risk from a Single Shipment (lifetimerisk of a LCF)€

Depleted U3Og (in bulk bags)? Truck 27 108 271012 8" 108 2 10° NA
Rail 5108 6 1012 1”7 107 NA 4 1010

Crushed emptied DUFg cylindersC Truck 3~ 108  3” 1012 8" 108 4° 10° NA
Rail 37108 5 1012 g’ 108 NA 37 1010

Emptied DUFg cylindersd Truck 37108 371012 1107 4° 10° NA
Rail 7108 1 1011 27 107 NA 6~ 1010

@ Per-shipment doses and L CFs would be approximately the same for the cylinder refill option.
b Not applicable.

¢ Crushed, emptied DUFg cylinders are shipped 10 per cargo container, with 1 container per truck or
2 containers per railcar.

d  Cylinders assumed not to meet WA C for Envirocare. Shipped “as-is,” 1 per truck or 4 per railcar.

€ LCFswere calculated by multiplying the dose by the ICRP Publication 60 health risk conversion factors of
4" 104 fatal cancers per person-rem for workersand 5~ 104 for members of the public (ICRP 1991).

Source: DOE 2004b, Table 5.2-31, page 5-103.

2.2.1.3 Accident Consequence Assessment

Whereas the collective accident risk assessment considers the entire range of accident
severities and their related probabilities, the accident consequence assessment assumes that an
accident of the highest severity category has occurred. The consequences, in terms of committed
dose (rem) and LCFs for radiological impacts and in terms of adverse effects and irreversible
adverse effects for chemical impacts, were calculated for both exposed populations and
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individuals in the vicinity of an accident. Tables2.2-5 and 2.2-6 present the radiological and
chemical consequences, respectively, to the population from severe accidents involving shipment
of depleted U30g and emptied DUFg cylinders (DOE 2004b, Section 5.2.3, page 5-102).

No LCFs are expected for accidents involving emptied DUF6 cylinders. However, the
calculations indicate that 3 LCFs might occur from radiation exposure, and chemical exposure
might cause 103 adverse effects (i.e., mild and temporary effects, such as respiratory irritation or
temporary decrease in kidney function) and 38 irreversible adverse effects (such as lung damage
or kidney damage) if one assumed that a severe rail accident involving arailcar of depleted Us;Og
occurred in an urban area under stable atmospheric conditions (calm/stagnant weather conditions
with low wind speeds [approximately 1 to 2 m/s] such as at nighttime), with about 3 million
people being exposed to the uranium that would be dispersed by the wind (DOE 2004b, Section
5.2.3, page 5-102). Asindicated in Tables 2.2.5 and 2.2.6, these consequences would be
considerably less if the same accident occurred in arural or suburban environment under
unstable daytime atmospheric conditions or if it involved atruck carrying depleted UsOsg. Also,
the probability that a severe rail accident would occur in an urban area under the stable
atmospheric conditions assumed (i.e., nighttime) is expected to be considerably lower than the
probability that such an accident would occur in other locations and under other atmospheric
conditions, yielding lower consequences (DOE 2004b, Section 5.2.3, page 5 102). For
comparison, the number of cancer fataities from all other causes in a population of 3 million
people, is expected to be approximately 700,000.

Conservative estimates meant to over predict any actual doses that can potentially be
received by an individual were a'so made. For these estimates, the MEI was assumed to be
located 100 ft (30 m) away from the accident site along the transportation route for shipment of
depleted UsOgand emptied DUFg cylinders (assuming they are not used as containers for
depleted UsOg). The results for radiological impacts are shown in Table 2.2-7. If the person was
located at adistance of 100 ft (30 m) and if the accident occurred under the most severe
conditions described above, the individual could suffer acute and potentially lethal consequences
from both radiation exposure and the chemical effects of uranium. At 328 ft (100 m) or farther
from the accident, the MEI would not be expected to suffer acute effects. However, the chance of
the MEI developing alatent cancer would increase by about 10% for the train accident and about
3% for the truck accident under those conditions (DOE 2004b, Section 5.2.3, page 5-102).

The consequences of severe accidents can be reduced or mitigated through design
(e.g., by limiting the quantity of material per vehicle), operational procedures (e.g., by judicious
selection of routes and times of travel, increased protection and tracking of transport vehicles),
and emergency response actions (e.g., by sheltering, evacuation, and interdiction of contaminated
food materias following an accident) (DOE 2004b, Section 5.2.3, page 5-102).
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TABLE 2.2-5 Potential Radiological Consequencesto the Population from Severe
Transportation Accidents Due to Shipments from Portsmouth2

March 2007

Neutral Meteorological Conditions

Stable Meteorological Conditions

Materia Mode  Rurd Suburban  Urban® Rura  Suburban  UrbanP
Radiological Dose (person-rem)
Depleted U 0g (in bulk bags) Truck 250 250 550 630 610 1,400
Rail 1,000 990 2,200 2,500 2,400 5,400
Depleted UsOg (1 cylinder) Truck 120 110 250 280 280 620
Rall 290 280 630 710 690 1,500
Depleted U 0g (2 cylinders) Truck 230 230 500 570 550 1,200
Rail 580 560 1,300 1,400 1,400 3,100
Crushed, emptied DUF; cylinders®  Truck 25 0.67 15 4.4 12 26
Rall 5.0 13 3.0 8.7 2.3 5.2
Emptied DUFg Cylindersd Truck 0.25 0.067 0.15 0.44 0.12 0.26
Rail 10 0.27 0.60 1.7 0.47 1.0
Radiological Risk (LCF)®
Depleted U5Og (in bulk bags) Truck 0.1 0.1 0.3 0.3 0.3 0.7
Rail 05 0.5 1 1 1 3
Depleted UsOg (1 cylinder) Truck 0.06 0.06 0.1 0.1 0.1 0.3
Rail 0.1 0.1 0.3 0.4 0.3 0.8
Depleted U5Og (2 cylinders) Truck 0.1 0.1 0.3 0.3 0.3 0.6
Rail 0.3 0.3 0.6 0.7 0.7 2
Crushed, emptied DUF; cylinders®  Truck 0.001 0.0003 0.0007 0.002 0.0006 0.001
Rail 0.002 0.0007 0.001 0.004 0.001 0.003
Emptied DUF; cylinders? Truck 0.0001 37 10° 77 105 0.0002 67 10° 0.0001
Rail 0.0005 0.0001 0.0003 0.0009 0.0002 0.0005

2 National average population densities were used for the accident consequence assessment, corresponding to densities

of 6 persons/km?, 719 persons/km?, and 1,600 persons’km? for rural, suburban, and urban zones, respectively.

Potential impacts were estimated for the population within a 50-mi (80-km) radius, assuming a uniform population

density for each zone.

b Itisimportant to note that the urban population density generally appliesto arelatively small urbanized area % very
few, if any, urban areas have a population density as high as 1,600 persons’km? extending as far as 50 mi (80 km). The
urban population density corresponds to approximately 32 million people within the 50-mi (80-km) radius, well in
excess of the total populations along the routes considered in this assessment.

¢ Crushed, emptied DUFg cylinders are shipped 10 per cargo container, with 1 container per truck or 2 containers per

railcar.

d  Cylinders assumed not to meet WAC for Envirocare. Shipped “as-is,” 1 per truck or 4 per railcar.

€ LCFswere calculated by multiplying the dose by the ICRP Publication 60 health risk conversion factors of 4~ 104

fatal cancers per person-rem for workers and 5 x 10 for members of the public (ICRP 1991).
Source: DOE 2004b, Table 5.2-32, page 5-105.
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TABLE 2.2-6 Potential Chemical Consequencesto the Population from Severe
Transportation Accidents Dueto Shipments from Portsmouth2

Neutral Meteorological Stable Meteorological
Conditions Conditions
Chemical
Effect Mode Rural Suburban UrbanP Rural Suburban  UrbanP

Number of Personswith the Potential for Adverse Health Effects

Depleted U30g  Truck 0 1 1 0 12 28
(in bulk bags) Rail 0 3 9 0 47 103
Depleted U3Og  Truck (1 cylinder) 0 0 1 0 6 13
(incylinders) Truck (2 cylinders) 0 1 1 0 11 26
Rail 0 2 5 0 27 58
Number of Personswith the Potential for Irreversible Adverse Health Effects
Depleted U30g  Truck 0 0 0 0 5 10
(in bulk bags) Rail 0 0 0 0 17 33
Depleted U3Og  Truck (1 cylinder) 0 0 0 0 2 5
(incylinders) Truck (2 cylinders) 0 0 0 0 4 8
Rail 0 1 1 0 10 22

2 National average population densities were used for the accident consequence assessment,
corresponding to densities of 6 persons/km?, 719 persons/km?, and 1,600 persons/km? for rural,
suburban, and urban zones, respectively. Potential impacts were estimated for the population within
a50-mi (80-km) radius, assuming a uniform population density for each zone.

b It isimportant to note that the urban population density generally appliesto arelatively small
urbanized area ¥ very few, if any, urban areas have a population density as high as
1,600 persons/km? extending as far as 50 mi (80 km). The urban population density corresponds to
approximately 32 million people within the 50-mi (80-km) radius, well in excess of the total
populations along the routes considered in this assessment.

Source: DOE 2004b, Table 5.2-33, page 5-106.

2.2.1.4 Intentional Destructive Acts

The releases caused by intentional destructive acts (such as terrorism) during the
transportation of depleted uranium oxide conversion product from the conversion facility to a
disposa location were not expressy calculated in the site-specific EIS (DOE 2004b). However,
should an intentional destructive act occur, the consequences of the accident scenarios
considered in the site-specific EISs and presented therein would either bound or be comparable
to the consequences from the act. As discussed in the EIS, releases for and the consequences
from severe transportation accidents involving the depleted uranium oxide conversion product
were derived using highly conservative assumptions. Therefore any releases caused by and the
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TABLE 2.2-7 Potential Radiological Consequencesto
the MEI from Severe Transportation Accidents
Involving Shipment of Radioactive Materialsfrom
Portsmouth

Neutral M eteorol ogical Stable Meteorological

Conditions Conditions

Dose Radiological Dose Radiological
Mode (rem) Risk (LCF)2 (rem) Risk (LCF)2

Depleted U30g (in bulk bags)
Truck 11 0.005 1700 0.08
Rail 42 0.02 6700 0.3

Depleted U3Og (1 cylinder)

Truck 4.8 0.002 76 0.04

Rail 12 0.006 190 0.09
Depleted U3Og (2 cylinders)

Truck 9.6 0.005 1500 0.08

Rail 24 0.01 3800 0.2

Crushed, emptied DUFg cylindersC

Truck 0.28 0.0001 0.63 0.0003

Rail 0.55 0.0003 1.3 0.0006
Emptied DUFg cylindersd

Truck 0.028 1 10° 0.063 3° 10°

Rail 0.11 6~ 10° 0.25 0.0001

a2 L CFswere calculated by multiplying the dose by the ICRP

Publication 60 health risk conversion factors of 4 x 104 fatal
cancers per person-rem for workersand 5 x 104for the public

(ICRP 1991).

b Seetext for discussion. Because of the conservative
assumptions made in deriving the numbersin this table, the
MEI islikely to receive adose that is less than that shown

here. However, if the doses were as high as those shown in the

table, the MEI could develop acute radiation effects. The
individual might also suffer from chemical effects due to
uranium intake.

€ Crushed, emptied DUFg cylinders are shipped 10 per cargo
container, with 1 container per truck or 2 containers per
railcar.

d  Shipped“asis,” 1 cylinder per truck or 4 cylinders per railcar.

Source: DOE 2004b, Table 5.2-34, page 5-109.

March 2007
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consequences from any potentia intentional events during transportation of the depleted uranium
oxide conversion product would either be bounded by or be comparable to the releases and
consequences presented in the EIS for severe accidents.

2.2.2 Impacts of Transport from Paducah to Disposal L ocations

For the Paducah site, the transportation assessment analyzed the annual transport of
14,300 metric tons uranium oxidelyr (15,800 tons/yr), 24 t/yr (26 tons/yr) of CaF,, and 1,980 t/yr
(2,200 tong/yr) of unused emptied DUFg cylinders from Paducah to both the Envirocare facility
and NTS. The operationa period was assumed to be 25 years. If U3Ogwas disposed of in
emptied DUFg cylinders, there would be atotal of approximately 7,240 railcar shipments or up
to 36,200 truck shipments. If bulk bags were used as disposal containers, there would be a total
of about 4,100 shipments for railcars or 16,400 shipments for trucks (DOE 20044, Section 5.2.3,
page 5-73).

The results of the transportation assessment to Envirocare or NTS are presented in
Section 5.2.3 of the Paducah EIS (DOE 20044). A brief summary follows:

» For the entire shipment campaign (25 years), cargo-related radiological
impacts to crew members and the general public would result in less than 1
LCF for disposal either at Envirocare or NTS.

» Health risks from cardiovascular and pulmonary diseases have been linked to
incremental increases in particulate concentrations in air, such as those
produced by vehicle exhaust emissions. In the Paducah site-specific EIS,
health risks from vehicle emissions were calculated by multiplying the total
distances shipped over the duration of the campaign by health risk factors
presented in Biwer and Butler (1999). Because estimating the health risks
associated with vehicle emissions is subject to a great deal of uncertainty, the
risk factors used in the EIS (from Biwer and Butler 1999) purposely
overestimate the actual risk (referred to as a“conservative” estimate).
Therefore, the emissions-related health impacts presented in the Paducah
site-specific EI'S should be considered an upper bound estimate of potential
impacts, with the actual impacts expected to be much less. For the 25-year
shipping campaign, the transportation assessment results for vehicle related
emissions fatalities for truck shipments were estimated to be about 12 for
shipment to Envirocare and 13 for shipment to NTS using bulk bags; no
emission fatalities would be expected for railcar shipments. If the emptied
cylinders were used as disposal containers, the estimated emission fatalities
would be similar but could vary depending on the number of cylinders per
truck or railcar shipment. As discussed in the Paducah site-specific EIS, the
emission risks are believed to overestimate actual emission impacts by at |east
afactor of 30 (see DOE 20044, page 5-80).
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»  Truck accidents (non-cargo-related) for the life of the project were estimated
to result in 1 to 2 additional fatalities for transportation to either Envirocare or
NTS, whereas rail accidents would be expected to result in less than 1 fatality
(based on state-specific accident statistics).

»  Severe transportation accidents could also result in a release of radioactive
material or chemicals from a shipment. The consequences of such arelease
would depend on the material released, location of the accident, and
atmospheric conditions at the time. Potential consequences would be greatest
in urban areas and under stable atmospheric conditions (cal m/stagnant
weather conditions with low wind speeds [approximately 1 to 2 m/s] such as
a nighttime).

In the following paragraphs, the results of the transportation assessment are presented in
greater detail, with accompanying tables taken from the Paducah site-specific EIS (DOE 2004a).
The types of materials shipped, methods, and assumptions used in the assessment were the same
as described previoudly for the Portsmouth site-specific EIS.

2.2.2.1 Collective Population Risk

As stated previoudly, both truck and rail options were considered for shipments to both
Envirocare and NTS. For analyzing an all-rail transport option to NTS, it was assumed that arail
line would be available for the entire distance. Currently, however, the nearest rail terminal to
NTSisabout 70 mi (113 km) from the site. Accordingly, if NTS were to be selected as the
disposal location arail spur would have to be constructed connecting the existing rail line to the
site in order to redize the al-rail option. Alternatively, railcar shipments would haveto goto a
terminal from which trucks could carry the load the rest of the way. The Paducah site-specific
EIS (DOE 200434, Section 5.2.3.1, page 5-75) indicated that if arail spur to NTS were built,
additional NEPA review would need to be conducted to evaluate the impacts resulting from such
construction. The Paducah site-specific EIS also indicated that, if shipments from Paducah to
NTS were made instead through intermodal transfers from rail to trucks, the impacts would be
dightly greater than for the all-rail option, but less than for the all-truck option (DOE 2004a,
Section 5.2.3.1, page 5-75).

Estimates of the collective population risks for shipment to Envirocare of the depleted
U30g, emptied cylinders, and the small amount of CaF» produced during normal conversion
operations over the entire 25-year operationa period are presented in Table 2.2-8, assuming the
U30g was shipped in bulk bags. As an option, risks for the shipment of these materialsto NTS
are provided in Table 2.2-9. No radiological LCFs, traffic fatalities, or emission fatalities are
expected for rail transport under either option. No radiological L CFs would be expected for the
truck option either. However, approximately 1 traffic fatality might occur, and up to 11 fatalities
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from vehicle emissions might occur over the project period if the truck option was used (see
discussion in Section 2.2.2 [page 19] related to the “conservative” nature of the emission fatality
estimates).

If the emptied DUFg cylinders were refilled with the U3sOg conversion product and used
to trangport it to the disposal location(s), as proposed, the risks shown in Tables 2.2-8 and 2.2-9
for transportation of emptied cylinders would not be applicable, and for this scenario, the risks
associated with transportation of CaF» would be unchanged. The risks of transporting the U3Og
in cylinders (Table 2.2-10) would be about the same as the sum of the risks for transporting the
U30g in bulk bags and the risk of shipping the crushed cylinders for the truck option (compare
with Tables 2.2-8 and 2.2-9), assuming two refilled cylinders per truck. If one cylinder per truck
was shipped, routine risks to the crew and vehicle-related risks would be approximately double,
because the number of shipments would double. If the rail option was used, the risks would be
dightly higher for the cylinder refill option primarily because the quantity of UsOg shipped in a
single railcar would be less under the cylinder refill option than under the use of the bulk bag
option, and the number of shipments would be proportionally higher.

2.2.2.2 Maximally Exposed Individuals during Routine Conditions

During the routine transportation of radioactive material, specific individuals may be
exposed to radiation in the vicinity of a shipment. The doses and risks to the MEI for a number
of hypothetical exposure scenarios during routine shipments from Paducah are presented in
Table 2.2-11 on a per-event basis for the shipment of all radioactive materials. As described for
Portsmouth shipments, the highest potential routine radiological exposure to an MEI, with an
LCFrisk of 2 x 107 per event, would be for a“Person in Traffic,” assumed for assessment
purposes to be a person stopped in traffic near arailcar of emptied DUF g cylinders for
30 minutes at adistance of 3 ft (1 m). There is aso the possibility for multiple exposures. For
example, if an individua lived near the Paducah site or the disposal location and all shipments of
U30g were made by rail in bulk bags, the resident could receive a combined dose of
approximately 4.5 x 10-5 rem if present for all shipments (calculated as the product of 4,105
shipments and an estimated exposure per shipment of 1.1 x 10-8 rem). The individual’s dose
would increase by approximately a factor of 2 if the UsOg were shipped in refilled cylinders.
This dose is more than 3,000 times lower than the individual average annual exposure of 0.3 rem
from natural background radiation (DOE 2004a, Section 5.2.3.2, page 5-82).

2.2.2.3 Accident Consequence Assessment
Because the same materials would be shipped and the consequences were determined on

a per-shipment basis, the results of the Paducah accident consequence assessment are the same as
those discussed in section 2.2.1.3 for Portsmouth.



TABLE 2.2-8 Collective Population Transportation Risksfor Shipments from Paducah, Assuming Envirocareisthe
Primary Disposal Locations and UzOgisDisposed of in Bulk Bags

U,0q Emptied Cylinders CaF,?
Paducah to Envirocare Paducah to Envirocare Paducah to NTS Paducah to Envirocare
Mode Truck Rall Truck Rail Truck Rall Truck Rall
(option) (proposed)? (option)  (proposed)®  (proposed) (option)2 (option)  (proposed)?
Shipment summary
Number of shipments 16,420 4,105 3,715 1,858 4,150 1,038 28 7
Total distance (km) 41,710,000 11,010,000 9,436,000 4,985,000 11,690,000 3,559,000 71,120 18,780
Cargo-related®
Radiologica impacts
Dose risk (person-rem)
Routine crew 240 560 55 140 120 270 NAf NA
Routine public
Off-link 4.3 11 11 2.7 17 4.6 NA NA
On-link 12 0.35 31 0.085 4.4 0.16 NA NA
Stops 97 9.5 26 2.3 36 4.6 NA NA
Total 110 21 30 51 42 94 NA NA
Accident9 35 9.9 0.35 0.076 0.02 0.0085 NA NA
Latent cancer fatalitiesh
Crew fatalities 0.1 0.2 0.02 0.06 0.05 0.1 NA NA
Public fatalities 0.07 0.02 0.02 0.003 0.02 0.005 NA NA
Chemical impacts
Adverse effects 0.002 0.0004 NA NA NA NA NA NA
Irreversible adverse effects 0.0002 0.0001 NA NA NA NA NA NA
Vehicle-related
Emission fatalities 8 0.2 2 0.1 2 0.06 0.01 0.0004
Accident fatalities 1.0 0.24 0.23 0.11 0.27 0.08 0.0018 0.00041

2 Risksare presented on arailcar basis. One shipment is equivalent to one railcar. For assessment purposes, it was assumed that all-rail accessto NTS
would be available in the future.

b Emptied cylinders are crushed and shipped 10 per cargo container, with 1 container per truck or 2 containers per railcar.
¢ Cylinders assumed not to meet the WAC for Envirocare. Shipped “asis,” 1 per truck or 4 per railcar.

Footnotes continued on next page.
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TABLE 2.2-8 (Cont.)

d Assuming HF can be sold for beneficial use and is not converted to CaF,, for disposal.

€ Cago-related impacts are impacts attributabl e to the radioactive or chemical nature of the material being transported.
f NA =not applicable.

9 Doseriskisasocieta risk and is the product of accident probability and accident consegquence.

h Latent cancer fatalities were calculated by multiplying the dose by the ICRP Publication 60 health risk conversion factors of 4 x 104 fatal cancers
per person-rem for workers and 5 x 104 for members of the public (ICRP 1991).

i Vehicle-related impacts are impacts independent of the cargo in the shipment.
Source: DOE 200443, Table 5.2-21, page 5-76.
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TABLE 2.2-9 Collective Population Transportation Risksfor Shipments from Paducah, Assuming NTSisthe

Primary Disposal Location and U3OgisDisposed of in Bulk Bags

U504 Emptied Cylinders CaF,¢
Paducah to NTS Paducah to NTS Paducah to NTS Paducah to NTS
Truck Rall Truck Rail Truck Rall Truck Rall
Mode (option) (option)@ (option) (option)@ (option) (option)? (option) (option)@
Shipment summary
Number of shipments 16,420 4,105 3,715 1,858 4,150 1,038 28 7
Total distance (km) 46,240,000 14,080,000 10,460,000 6,371,000 11,690,000 3,559,000 78,850 24,000
Cargo-related®
Radiological impacts
Dose risk (person-rem)
Routine crew 270 670 61 170 120 270 NAf NA
Routine public
Off-link 5.2 11 14 2.7 1.7 4.6 NA NA
On-link 13 0.39 3.6 0.094 4.4 0.16 NA NA
Stops 110 11 29 2.7 36 4.6 NA NA
Total 130 22 34 54 42 9.4 NA NA
Accident9 14 9.9 0.18 0.076 0.02 0.0085 NA NA
Latent cancer fatalities"
Crew fatalities 0.1 0.3 0.02 0.07 0.05 0.1 NA NA
Public fatalities 0.07 0.02 0.02 0.003 0.02 0.005 NA NA
Chemical impacts
Adverse effects 0.002 0.0006 NA NA NA NA NA NA
Irreversible adverse effects ~ 0.0002 0.0002 NA NA NA NA NA NA
Vehicle-related
Emission fatalities 9 0.2 2 0.1 2 0.06 0.02 0.0004
Accident fatalities 1.1 0.32 0.24 0.14 0.27 0.08 0.0018 0.0005

8 Risksare presented on arailcar basis. One shipment is equivalent to onerailcar. For assessment purposes, it was assumed that all-rail accessto NTS

would be available in the future.

b Emptied cylinders are crushed and shipped 10 per cargo container, with 1 container per truck or 2 containers per railcar.

Footnotes continued on next page.
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TABLE 2.2-9 (Cont.)

¢ Cylinders shipped “asis,” 1 cylinder per truck or 4 cylinders per railcar.

d Assuming HF can be sold for beneficial use and is not converted to CaF, for disposal.

€  Cago-related impacts are impacts attributable to the radioactive or chemical nature of the material being transported.
f NA =not applicable.

9 Doserisk isasocietal risk and isthe product of accident probability and accident consequence.

h Latent cancer fatalities were calculated by multiplying the dose by t he ICRP Publication 60 health risk conversion factors of 4 x 10 fatal cancers per
person-rem for workers and 5 x 10 for the public (ICRP 1991).

I Vehicdlerelated impacts are impacts independent of the cargo in the shipment.
Source: DOE 20044, Table 5.2-22, page 5-78.
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TABLE 2.2-10 Collective Population Transportation Risksfor Shipment of Depleted U3Ogfrom
Paducah in Emptied Cylinders

Paducah to Envirocare (proposed) Paducah to NTS (option)
Truck (option) Truck (option)
Rail Rail
Mode 1 Cylinder 2 Cylinders (proposed) 1 Cylinder 2 Cylinders (option)2
Shipment summary
Number of shipments 36,200 18,100 7,240 36,200 18,100 7,240
Total distance (km) 91,950,000 45,970,000 19,420,000 101,900,000 50,970,000 24,830,000
Cargo-related?
Radiological impacts
Dose risk (person-rem)
Routine crew 490 260 770 540 290 930
Routine public
Off-link 6.8 6.9 17 8.1 8.3 17
On-link 18 18 0.53 21 21 0.59
Stops 150 150 14 170 170 17
Total 180 180 31 200 200 A
Accident 35 35 9.8 14 14 9.8
Latent cancer fatalities
Crew fatalities 0.2 0.1 0.3 0.2 0.1 0.4
Public fatalities 0.1 0.1 0.02 0.1 0.1 0.02
Chemical impacts
Adverse effects 0.001 0.001 0.0005 0.001 0.001 0.0007
Irreversible adverse effects ~ 0.0002 0.0002 0.0002 0.0002 0.0002 0.0002
Vehicle-related®
Emission fatalities 20 8 0.4 20 10 0.4
Accident fatalities 2.3 1.1 0.42 2.4 1.2 0.56

&  For assessment purposes, it was assumed that all -rail accessto NTSwould be availablein the future.

b Cargo-related impacts are impacts attributable to the radioactive or chemical nature of the material being
transported.

€ Vehicle-related impacts are impacts independent of the cargo in the shipment.

Source: DOE 20044, Table 5.2-23, page 5-80.
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TABLE 2.2-11 Estimated Radiological Impactsto the MEI from Routine Shipment of

Radioactive M aterials from Paducah

Person in Person at Person near
Material Mode I nspector Resident Traffic Gas Station Rail Stop
Routine Radiological Dose from a Single Shipment (rem)
Depleted U30g Truck 4.0 10° 31" 10° 16" 10% 4.4 106 NAD
(in bulk bags)?
Rail 9.3 10° 11" 108 27 104 NA 6.9" 107
Crushed, emptied Truck 5.3 10° 57 10° 1.6 104 7.7 106 NA
DUFg cylindersC
Rail 6.6° 10° 94" 10° 1.7 104 NA 6.1” 107
Emptied DUFg Truck 6.8 10° 547 10° 27 104 75" 106 NA
cylindersd
Rail 1.5~ 104 2.0 108 4.0 104 NA 1.3° 106
Routine Radiological Risk from a Single Shipment (lifetimerisk of a LCF)€
Depleted U30g Truck 2° 108 2° 1012 8" 108 2° 10° NA
(in bulk bags)
Rail 5 108 6" 1012 1”107 NA 4 1010
Crushed, emptied Truck 3 108 3 1012 8" 108 4" 10° NA
DUFg cylinders®
Rail 3”108 5 1012 8" 108 NA 37 1010
Emptied DUFg Truck 3”108 37 1012 1" 107 4”109 NA
cylindersd
Rail 7" 108 1”101 2”107 NA 6~ 1010

@  Per-shipment doses and L CFswould be approximately the same as for the cylinder refill option.

b NA =not applicable.

€ Crushed, emptied DUFg cylinders are shipped 10 cylinders per cargo container, with 1 container per truck

or 2 containers per railcar.

d  Shipped“asis,” 1 cylinder per truck or 4 cylinders per railcar.

€ LCFswere calculated by multiplying the dose by the ICRP Publication 60 health risk conversion factors of
4° 104 fatal cancers per person-rem for workersand 5~ 104 for members of the public (ICRP 1991).

Source: DOE 2004a, Table 5.2-26, page 5-83.
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2.2.2.4 Intentional Destructive Acts

The releases caused by intentional destructive acts (such as terrorism) during the
transportation of depleted uranium oxide conversion product from the conversion facility to a
disposal location were not expressy calculated in the site-specific EIS (DOE 2004a). However,
should an intentional destructive act occur, the consequences of the accident scenariosconsidered
in the site-specific ElSs and presented therein would either bound or be comparable to the
conseguences from the act. As discussed in the EIS, releases for and the consequences from
severe transportation accidents involving the depleted uranium oxide conversion product were
derived using highly conservative assumptions. Therefore any releases caused by and the
consequences from any potential intentional events during transportation of the depleted uranium
oxide conversion product would either be bounded by or be comparable to the releases and
consequences presented in the EIS for severe accidents.

2.3 DISPOSAL

2.3.1 Background

The DUFg PEIS (DOE 1999) considered the environmental impacts of six alternative
strategies for long-term management of DOE’s DUFg inventory. The aternative strategies
included options for continued storage of DUFg in cylinders at the three, then current, storage
sites; long-term storage as UF g at a consolidated site; conversion of the DUFg to an oxide
followed by long-term storage; conversion to an oxide or depleted uranium metal followed by
use; conversion to an oxide followed by disposal; and the No Action aternative (DOE 1999,
Section 2.2, page 2-5). The analyses of the long-term storage and disposal alternatives included
the transportation of the converted depleted uranium product to a generic storage or disposal site
located 155 mi (250 km), 620 mi (1,000 km), or 3,100 mi (5,000 km) from the conversion
facilities. Analyses for the impacts of converted depleted uranium disposal, which are further
described in Section 2.3.2 below, were completed using generic assumptions about disposal site
characteristics, rather than actual characteristics for any particular disposal site (DOE 1999,
Section 2.2.6, page 2-17).

The conversion facility site-specific EISs stated that disposal |ocation(s) would be
(1) selected in a manner consistent with DOE policies and orders, and (2) authorized or licensed
to receive the depleted uranium oxide conversion product, emptied cylinders, and CaF, produced
during normal conversion operations by DOE (in conformance with DOE orders), the NRC
(in conformance with NRC regulations), or an NRC agreement state agency (in conformance
with state laws and regulations determined to be equivalent to NRC regulations) (DOE 2004a,
Section 1.6.2.4, page 1-19; DOE 2004b, Section1.6.2.4, page 1-20).
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2.3.2 Programmatic EIS Disposal Analyses

2.3.2.1 Summary of PEIS Disposal Analyses

The DUFg PEIS included a generic assessment of disposal of depleted uranium oxide (as
U30g or UO») in either ungrouted or grouted form, in a wet or dry environment. The results of
the disposal assessment are presented in Appendix | of the PEIS (DOE 1999), with additional
detailed information provided in Tomasko (1997). Assessment of impacts for disposal in shallow
earthen structures, vaults, or mines was included. The operational phase (time during which
waste would be actively placed in the disposal units) and the post-closure phase were considered
separately. Post-closure impacts were estimated for the 1,000-year period after the disposal
facility was assumed to fail (i.e., Slowly release depleted uranium compounds to the subsurface
through leaching). The impact assessment concluded the following for UsOg (DOE 1999,
Appendix 1.1, page |-4):

» Potential impacts during the operationa phase would be much less than
regulatory limits.

* The maximum dose to an individual assumed to live at the edge of a disposal
site within 1,000 years after failure of a disposal facility in awet setting and
using the contaminated ground water was estimated to be about 110 mrem/yr,
which would exceed the 25 mrem/yr limit specified in 10 CFR 61 and
Directive DOE M 435.1-1 (DOE 2001) for protection of the general public
from releases of radioactivity from LLW disposal facilities.

* Essentially no impacts to human health or goundwater would be expected in
adry setting for more than 1,000 years because of the low water infiltration
rate and greater depth to the water table.

» Possible exposures on the order of 10 rem/yr could occur if the cover materid
of shallow earthen structures or vaults was to be disturbed (e.g., by digging) or
were to erode and expose the uranium material. However, sufficient erosion
would not occur until several thousand years post-closure, and the exposure
could be eliminated by adding new cover material to the top of the waste area.

* Dur