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Preface

The Environmental Protection Agency ig promulgating National
Emission Standards for Hazardous Air Pollutants (NESHAPs) for
Radionuclides. An Environmental Impact Statement (EIS) has been
prepared in support of the rulemaking. The EIS consists of the
following three volumes:

VOLUME I - Risk Assessment Methodology

This document contains chapters on hazard
identification, movement of radionuclides through
environmental pathways, radiation dosimetry,

estimating the risk of health effects resulting from
expose to low levels of ionizing radiation, and a
summary of the uncertainties in calculations of dose
and risks.

VOLUME II - Risk Assessments
This document contains a chapter on each radicnuclide
source category studied. The chapters include an
introduction, category description, process

description, control technology, health impact
assessment, supplemental control technoleoagy, and cost.
It has an appendix which contains the inputs toc all
the computer runs used to generate the risk
assessment.

VOLUME III - Economic Assessment

This document has chapters on each radicnuclide source
category studied. Each chapter 1includes an
introduction, industry profile, summary of emissions,
risk 1levels, the benefits and costs of emission
contrels, and economic impact evaluations.

Copies of the EIS in whole or in part are available to all
interested persons; an announcement of the availability appears in
the Federal Register. For additional information, contact James
Hardin at (202) 475-9610 or write to:

Director, Criteria and Standards Division
Office of Radiation Programs (ANR-460)
Environmental Protection Agency

401 M Street, SW

Washington, DC 20460
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INTRODUCTION

The purpose of this report is to analyze the economic factors affecting the regulation of radionuclides
in the twelve categories listed below. For each category, the industry was profiled and analyses
regarding the cost of applying the controls suggested in the Volume II of the Background Information
Document, the cost effectiveness of the controls, and their effect on production costs and on regional
and local economies were performed.

The categories considered were:

The Uranium Fuel Cycle Facilities
Underground Uranium Mines

Inactive Uranium Mill Tailings
Licensed Uranium Mill Tailings
High-Level Waste Disposal Facilities
Department of Energy Facilities
Department of Energy Radon Facilities
Elemental Phosphorus

A I T S

. Phosphogypsum Stacks
10. Coal Fired Boilers

i1. Nuclear Regulatory Commission Licensed and non-DOE Federai Facilities
12. Surface Uranium Mines

The data regarding the control options was developed for Volume II and was incorporated into the
economic analysis. Other economic data was gathered from public available information.
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CHAPTER 1
URANIUM FUEL CYCLE






{. URANIUM FUEL CYCLE FACILITIES

}.1 Introduction and Summary

The uranium fuel cycle involves six types of major industrial facilities, These major facilities
include:

o Uranium mills

o Uranium hexaflouride conversion facilities
o Uranium enrichment facilities

o Fuel fabricators

o Light-water power reactors

o0 Fuel reprocessing plants

Releases of radioactive materials from these sources are subject to the limits established by 40 CFR
190. A comprehensive evaluation of the potential public health impacts of the release of radioactive
materials into the ambient air from the uranium fuel cycle was prepared by the EPA and a list can
be found in Volume 2 of this Final Environmental Impact Statement [EPA89]. The uranium
enrichment facilities are discussed in Chapter 6, "Department of Energy Facilities." Fuel reprocessing
plants are not discussed since there are currently no operating fuel reprocessing plants in the United
States. The remaining four types of facilities are discussed below.

This chapter will provide a brief industry profile, estimates of emissions and associated risk levels,
discussion of feasible emission control methods, and an economic impact analysis. The risk to
regional populations (persons living within 80 km of the source) from the four facility types covered

T are estimated to be equivalent to one fatal cancer every one hundred years. Risk to

in this chapter
both regional and national populations are estimated to be equivalent to one fatal cancer every ten

years [EPASS],

1Excluding radon emissions from uranium mill tailings.
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1.2 Industry Profile

1.2.1 Introduction

The four major components of the uranium fuel cycle inciuded in this chapter are uranium mills,
uranium conversion facilities, fuel fabrication facilities, and nuclear power facilities, These facilities
are licensed by the Nuclear Regulatory Commission (NRC) or the Agreement States. Each of these
four facility types are briefly described below, More detailed descriptions for some may be found
in complementary chapters for uranium mill tailing piles and uranium enrichment plants. A fifth
major component, uranium enrichment facilities, are owned by the Federal government and operated
by contractors under the direction of the Department of Energy (DOE). Enrichment facilities are
considered in Chapter 6.

1.2.2 Uranium Mills

A detailed profile of the uranium mill industry is contained in Chapter 4: "Licensed Uranium Mili
Tailings." Although there are 27 uranium mills within the U.S., only four were operating in 1988.
Of the remainder, eight were on standby, fourteen were being decommissioned and one was never
operated. The four operating mills have a total capacity of 9,600 tons of ore per day, reflecting a
decline in capacity from 50,000 tons per day in 1981 when 21 plants were in operation, {Tables 1-
[ and [-2 present data on milling capacity and the recent capacity trends}. These developments are
due to a combination of }) rising imports and 2) declining demand resulting from cancellation of
nuclear power plant construction projects. Domestic production of yellowcake, the product of
uranium milling, is expected to increase over ten percent by the year 2000, but short-run forecasts
of domestic production call for a continuing decline {DOE87b]. The financial strength of the
industry has weakened considerably since its peak demand vears in late 1970’s and early 1980"s. The
industry was unprofitable for three of the past five years.

1.2.3 Uranium Conversion Facilities

There are two commercially operating conversion facilities in the United States. These facilities
purify uranium oxide or yellowcake to uranium hexafluoride (UFG), the chemical form of the
uranium entering the enrichment plant. The two conversion facilities are the Allied Chemical
Corporation facility at Metropolis, Illinois and the Kerr-McGee Nuclear Corporation at Sequoyah,
Oklahoma. The Allied plant is a dry process plant with a capacity of 12,600 metric tons per year and
has been operational since 1968, while the Kerr-McGee plant is a wet process plant with a capacity
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Table I-}:

as of December I, 1988

Licensee

American Nuclear
Anaconde

Atlas Minerals
Bear Creek Uranium
Bodum Resources
Chevron Resources
Conoco-Pioneer
Cotter

Dawn Mining
Exxon

Exxon Minerals
Homestake Mining
BP American
Minerals Exploration
Pathfinder Mines
Pathfinder Mines
Petrotomics
Plateau Resources
Quivira

Rio Alogm

TVA

Umetco Minerals
Umetco Minerals
Umetco Minerals
UNC Mining
Western Nuclear
Western Nuclear

STATUS CODES:

LI ]

L B e

SOURCE: [EPA89)

Facility Operating
Facility Shutdown
Facility Being Decommissioned
Facility Built, Never Operated

Location

Gas Hills, WY
Bluewater, NM
Moab, UT
Converse Co., WY
Marquez, NM
Panna Maria, TX
Falls City, TX
Cannon City, CO
Ford, WA

Ray Point, TX
Converse Co., WY
Grants, NM
Seboyeta, NM
Sweetwater Co., WY
Gas Hills, WY
Shirley Basin, WY
Shirley Basin, WY
Shootaring, UT
Ambrosia Lake, NM
La Sar, UT
Edgemont, SD
Gas Hills, WY
Blanding, UT
Uravan, CO
Church Rock, NM
Jeffrey City, WY
Wellpinit, WA

Rated
Capacity
(tons/day)

950
6000
1460
2000
2000
2500
3400
1200

450
3200
3400
1600
3000
2500
1700
1500

750

750
1400
2000
1300
3000
1700
2000

PROCESS CODES:

Eluex

~1 N LA B B
LI 1 T | N < I

1-3

Acid Leach
Alkaline Leach
Solvent Extraction
Carbonate Leach

Caustic Precipitation
Column ion exchange

Uranium Mills Licenses by the U.S, Nuclear Regulatory Commission

Status
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Table [-2: Uranium Mill Capacity (Tons of Ore per Day)

" Operating Total
] Capacity Capacity
Total Operating Utilization Utilization

Year Capacity Capacity Rate Rate
i981 54,050 49,800 23% 77%
1982 55,050 33,650 74% 45%
1983 51,650 26,250 58% 33%
1984 48,450 19,250 64% 25%
1985 47,250 6,550 78% 11%
1986 42,650 11,650 32% 9%

Source: (DOE 87 )
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of 9,100 tons per year that has operated since 1970 [AEC74, DOE88]. It is anticipated that the
existing uranium conversion plants will be able to accommodate the future demand for uranium by

nuclear power plants.

1.2.4 Fuel Fabrication Facilities

There are seven licensed uranium fuel fabrication facilities in the United States, but only five were
actively operating as of January 1, 1988, Table 1-3 lists and describes the seven facilities. Light
water reactor {LWR) fuels are fabricated from uranium which has been enriched in the U-235
isotope. The uranium hexafluoride, UFG, is processed to increase the U-235 content from 0.7
percent up to two to four percent by weight. The enriched uranium hexafluoride product is shipped
to the LWR fuel fabrication plant where it is converted into solid uranium dioxide pellets and
inserted into zirconium tubes that are fabricated into fuel assembilies for use in nuclear power plants.
Two of the five operating facilities use enriched uranium hexafluoride to produce fuel assemblies,
while two use uranium dioxide. The fifth facility converts UFg to UO, and recovers uranium from
scrap materials generated in the various processes at the plant. There are two processes used to

convert UF¢ to UOZ - a wet process, ammonium diuranate, and a dry process, direct conversion.

1.2.5 Light-water Power Reactors

There are 102 operable commercial nuclear power reactors in the United States., Of these,
approximately two-thirds are pressurized water (PWR) and one-third are boiling water reactors
(BWR) [NN88].

The future of the nuclear power industry in the United States depends on the demand for electricity,
interest rates, prices of alternative fuels, environmental concerns, the regulatory climate, and public
attitudes. The probable range of nuclear power capacity by the year 2000 is estimated to be from
100 to 110 plants.

1.3 Current Emissions, Risk Levels, and Feasible Controls Methods

§.3.1 Introduction

The emission rate for a facility will depend on the source and the control system currently in use.
Risk levels depend on the emission levels, release points, demographic and meteorological factors and
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Table 1-3: Light dater Commerciel Fuel Fabrication Facilities Licensed by the Nuclear
Regulatory Commission as of June, 1987.

1980 Operating
Process Used Operating License
Facility to Convert Capacity as of
Licensee Location Operations UF6 to U2 Final Product (tons/year) June 1987
Advanced Richland, LEU &/ Conversicn pry & Wet Complete Fuel 650 KO
Nuclear Washingten (UFé to uo2), Assemblies
Fuels Fabrication & Scrap
Recovery; Commercial
LWR Fuel
Babcock & Lynchburg, LEU Fabrication; Use L0Z2 Powder 250 YES
Wilcox - Virginia Commercial LMR Fuel -—- to Produce Fuel
CNFP Assemblies
Babcock & Apollo, Authorized Decontam- Wet U2 Powder 250 HO
Wileox Pennsylvenia inatieon; Pending
Nuclesr Reactor
Service Operations
Combustion Windsor, LEU Fabrication; Use UO2 Powder (150) YES
Engineering Connecticut Commercial LWR Fuel - to Produce Fuel
Assemblies
Combustion Hematite, LEU Conversion ory Uo2 Powder 150 YES
Engineering Missouri (UF6 to LOZ) &
Scrap Recovery
General Wwilmington, LEU Conversion Dry & Vet Complete Fuel 1,500 YES
Electric North Carolina (UF6 to LO2) & Assemblies
Fabrication;
Commercial LWR Fuel
Westinghouse Cotumbia, LEU Conversion Dry & Wet Complete Fuel 750 YES
Electric South Carolina (UF6 to U02); Assemblies
Fabrication & Scrap
Recovery; Commerciasl
LWR Fuel
TOTAL 3,300

a8/ lLow enrichment uranium

Source: LEPABY)



the pathways for exposure or ingestion. Estimates of exposure and lifetime Fatal cancer risks to
nearby individuals and to those within an 80 kilometer radius serve as the basis for the risk
assessments. The risks are summarized in Table 1-4 for both nearby and regional populations
[EPARY].

1.3.2 Current Emissions and Estimated Risk Levels

§.3.2.1 Uranium Mills

Emissions of radionuclides from uranium mills include those created during ore storage and milling
processes, and those emitted by the mill tailings. Radon emissions from mill tailings piles are
discussed in Chapter 4 of this volume and are not considered in this chapter.

Emissions from ore storage result from the drying of the are and its subsequent entrainment by wind
or from transfer operations. The milling process includes the crushing and grinding of ore and the
leaching of uranium from the ore through either acid or alkaline processing, depending upon the
lime content of the ore. The precipitate that is formed is then dried in large ovens and packaged for
transport. After the uranium product that can be extracted by leaching is separated from the ore,
the remaining ore is pumped as slurry to a tailings impoundment area. A portion of the liquid is
recovered and recycled, while the remainder is allowed to evaporate, producing a solid tailings pile
composed of a sand fraction and a slime fraction, Active tailings piles contain both wet and dry
areas. Ag sections dry out, the tailings can become a source of windblown dust. The dried slime
component is particularly prone to becoming windborne due to its small particie size. The process
steps that generate the significant emissions (other than radon from tailings piles) are crushing,
drying, and packaging. Ninety percent of the U-234 and U-238 are released from the dryer area,
while the Th-230 and Ra-226 emissions result primarily from operations such as crushing,

Emissions for this source category are analyzed in detail in Chapter 4 of Velume 2 of the
Environmental Impact Statement, including a description of the basis for the site-specific and model
facilities used to assess the airborne releases of radionuclides from uranium mills, Also presented is
information on the source term, meteorological, and demographic assumptions. Site-specific source
term, meteorological, and demographic data for each of the four operating mills and for six of the
seven mills on standby, were supplied as input to the assessment codes. A model mill was used for
the assessment of doses and risks from the tailings piles of inactive mills. Outputs of the codes

include estimates of: dose equivalents to the most exposed individuals {mrem/y}; lifetime fatal
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Table 1-4 Fatal Cancer Risks from Atmospheric Radioactive Emission from Uranium Fuel
Cycle Facilities (Excluding Radon from Tailing Piles)

Highest Individuai Regional (6-80 km)
Lifetime Fatal Population

Facility Cancer Risk Deaths/y
Uramvm Mills

Ambrosia Lake 2E-7 3E-5

Homestake 2E-4 2E-3

La Sal 2E-6 3E-5

Lucky Mc 1E-7 TE-6

Panna Maria 3E-6 5E-5

Sherwood 1E-6 8E-5

Shirley Basin 6E-7 9E-5

Shootaring 2E-7 TE-7

Sweetwater 7E-7 2E-5

White Mesa 6E-7 2E-5

Model Inactive Tailings 2E-4 1E-4

Total 2E-3

Uranium Conversion

Dry 3E-5 SE-4

Wet 4E-5 6E-4
Fuel Fabrication 4E-6 8E-5
Nuctlear Power Reactors

Pressurized

Water Reactors 3E-6 7E-4

Boiling Water

Reactors 5E-6 1E-3
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cancer risk to the most exposed individuals; dose equivalents to the regional (0-80 km} population
{person-rem/y); and the number of cancer deaths in the regional population per year of operation
{deaths/year).

The fatal cancer risks are summarized in Table 1-4 for both nearby and regional populations affected
by either operating or closed mills. The total deaths per year in the 80 km regional population for
uranium mill segment of the source category is estimated to be 2E-3.

1.3.2.2 Uranium Fuel Conversion Facilities

Twao processes are used to convert uranium oxide to uranium hexaflouride. The dry hydrofluor
process generates higher uranium emissions than the solvent extraction process since large amounts
of dust are produced in the sampling, pre-treatment, and reaction stages. The solvent extraction
process releases uranium as both soluble and insoluble aerosols which are vented to the environment.
The atmospheric emissions used in the risk assessments for the reference dry and wet conversion
facilities are shown in Table 1-3. The plant parameters utilized are specific to each plant [NRC 84,
NRC§5b]. Table 1-4 shows fatal cancer risks due to atmospheric radioactive emissions. The risk to
nearby individuals of fatal cancer is estimated at 3E-5 and 4E-5 for the dry and wet processes,
respectively. The lifetime risk to the regional population is 8E-4 and 6E-4 fatal cancers per year for
the dry and wet processes, respectively (see Table 1-6). The total risk for all uranium conversion
facilities is estimated to be 1E-3 fatal cancers per year of operation in the regional populations, with
3 total of about 900,000 persons.

1.3.2.3 Uranium Fuel Fabrication Facilities

A model fuel fabrication facility was developed to estimate the risks associated with this class of
facilities. The Westinghouse plant at Columbia, South Carolina was used as the basis for the model
facility for most emissions.

Table 1-7 shows the expected emissions from the model plant. The climatological and demographic
data utilized are representative of the area proximate to the Westinghouse Facility at Columbia,
South Carolina which was the basis for the model piant. The predominant exposure pathway is via
inhalation, primarily of U-234. On a regional basis the risk of fatal cancers is estimated to be 8E-
5 per year of operation. The total risk for an assumed industry of five operating fuel fabrication
facilities is approximately 4E-4 fatal cancers per year.
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Table 1-5 Atmospheric Radioactive Emissions Assumed for Reference Dry and Wet Process
Uranium Conversion Facilities.

Emissions  Solubility  Class  (%)®
D W Y

Facility Process Radionuclide (Ci/year)

Allied Corp. Dry U-Nat 31(") 0.10000 56 30 14

Metropolis, IL Th-230 0.00050 0 0 100
Ra-226®) 0.00001 100 0

Sequova Fuels Wet U—Nantr i) 0.050 65 5 30

Sequova, OK Th-230LC 0.005 0 0 100
Ra-226( 0.005 0 100 0

(@)

Solubility classes D, W, and Y refer to the retention of inhaled radionuclides in the lungs;
representative half-times for retention are less than 10 days for class D, 10-100 days for class
W, and greater than 100 days for class W, and greater than 100 days for class Y.

®) Particle size 3.4 um.

() Particle size (um) % (Average: 1980-1984)

4.2 to 10.2 9.3
21tod?2 9.7
1.3 t0 2.1 5.5
06910 1.3 6.5
0.39 to 0.69 13.5
0.00 w0 0.39 55.3

SOURCE: [EPA 89]



Table 1-6 Fatal Cancer Risks due to Atmospheric
Uranium Conversion Facilities

Radioactive Emissions-

Nearby Regional (0-80 Km)
Individuals Lifetime Population
Process Fatal Cancer Risk Deaths/Year
Dry 3E-5 8E-4
Wet 4E-5 6E-4

Source: EPA 89
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Table 1-7 Fatal Cancer Risks due to Atmospheric Radioactive Emissions-
Uranium Conversion Facilities
Nearby Reglonal (0-80 Km)
Individuals Lifetime Population
Process Fatal Cancer Risk Deaths/Year
Dry ‘3E-5 8E-4
Wet 4E-3 6E-4

Source: EPA 89
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1.3.2.4 Nuclear Power Reacfors

Radionuclides are produced during the fission process and accumulate within the nuclear fuel.
Reactors also experience periodic fuel failure, resulting in leakage of fission or activation products
out of the fuel and into the coolant. The primary sources of gaseous emissions from boiling water
reactors (BWR's) are from the off-gas treatment system and building ventilation system exhaust.
Pressurized water reactors (PWR) discharge radioactive products through four systems, inciuding
those for BWRs plus the steam generator’s biowdown exhaust and the exhaust of non-condensable
gases at the main condenser.

The predominant pathway of exposure from BWRs is air immersion, resulting from the release of
radioactive xenon and krypton. Air immersion and inhalation are the most important ekposure
pathways for the model PWRs, with the primary exposures coming from strontium-90 and xenon.
Doses and risks were estimated in Volume 2 of the Environmental {mpact Statement. The lifetime
risk of fatal cancer for nearby individuals ranges from 3E-6 for the model PWR to SE-6 for the
model BWRs. The incremental risk to the regional population is 1E-3 fatal cancers per model BWR
per year of operation and 7E-4 fatal cancers per model PWR per year of operation. Summing this
risk across the population of power plants vields a total risk of 9E-2 cancers per year for the United
States. These estimates assume non-overiapping populations for exposure to nuclear power reactors
and may understate the risk to some individuals residing near multiple reactors.

1.3.3 Contrgl Technologies

Currently available emission control techniques for the four components of the uranium fuel cycle
covered by this chapter are discussed in the following sub-sections. Because all achieve emission
control and risk levels that are considered adequate, no further work was done to identify more
stringent emission control approaches,

1.3.3.1 Uranium Mills

Controls to reduce radioactive particulate emissions currently exist and can be applied to various
stages of uranium milling. These include grinding and leaching of the ore to extract uranium oxide,
drying and packaging the product, and storage of the mill tailings. These controls are briefly
discussed in this section. Control of radon emissions from tailings piles is discussed in Chapter 4 of
this volume,



Controls for emissions from the milling operations -- grinding, leaching, drying and packaging --
have been evaluated by the NRC [NRCB80]. Milling dust is controlled by the placing of exhaust
hoods at the crusher, screens and transfer points. The off-gases {rom the drying operation are passed
through a dust separation system before discharge. Air exhaust hoods are placed in the packaging
area and run through a dust collector prior to venting. The use of wet scrubbers is the primary
method of removing dust from the exhaust gases. Rated collection efficiencies vary from
approximately 94 to 99.9 percent depending upon the type of scrubber.

The cost for each additional tenth of a percent of improvement of efficiency increases as the
efficiency level increases. For example, 2 medivm-energy venturi scrubber, with 99.7 percent rated
efficiency, costs $305,000 (in 1980 prices) over a fifteen year lifetime, while a high-energy venturi
scrubber, with 99.9 percent rated efficiency, costs $430,000. The additional 0.2 percent of efficiency
costs $125,000.

A variety of controls for windblown radioactive particulates from mill tailings piles have also been
analyzed and are discussed in Volume 2, Chapter 4 of Environmental Impact Statement. These
include: wetting of tailings, the use of tank trucks or sprinkling systems: leaching of tailings;
solidification of tailings; application of stabilizers such as latex or polymers to tailings surfaces; and
covering of tailings, either above or below ground. The application of latex stabilizers fo the tailings
piles is a cost-effective method for controiling dust from the piles. This method is currently in use
and has proved effective for up to one year per application. Its cost is estimated at $1.03 million for

an annual application to a 30 hectares pile,

The stationary sprinkling system is the second most cost effective alternative. When installed and
operated by existing maintenance personnel, this alternative is more cost-effective than the
application of latex stabilizers. The cost of a stationary sprinkling system to cover a total of 30
hectares is estimated to be $1.9 million. Some evidence at specific plants indicate that this cost can
be reduced considerably [EPA89). An added advantage of such a system is that evaporation of the
tailings pond water, an operationat goal of each milling operation, would be substantially increased.
The value of this benefit has not been estimated.



1.3.3.2 Uranium Conversion Facilities

Well-proven particulate control technologies such as fabric filters and scrubbers can be added to the
existing control systems at uranium hexafluoride conversion plants to reduce emissions. The
selection of additional controls must take into account the presence of moisture and corrosive
contaminants (particularly fluorine) in some of the exhaust lines.

A previous study has estimated the cost of providing additional fabric filters for both the wet and
dry process plants [TEK81]. The estimated capital costs of the systems (1979 $) are approximately
$2.1 million and $4.5 million for the wet and dry plant, respectively. The total annual costs
(operating and maintenance) for the wet and dry process plants are approximately $0.6 million and
$1.3 million, respectively [EPAS89].

1.2.3.3 Uranium Fuel Fabrication Facilities

Current control techniques for fuel fabrication facilities depend upon the processes involved. The
ammonium diuranate facility process gases are processed through wet scrubbers and high efficiency
particle air (HEPA) filters with 90 and 95 percent efficiency, respectively. Ventilation off-gases are
sent through roughing and HEPA filters prior to discharge. The direct conversion facility process
gas is passed through sintered metal filters to remove solids and then to scrubbers for HF removal,
dilution and final discharge.

1.3.3.4 Nuclear Power Reactors

Nuclear power reactors in use in the U.S. are of two iypes: boiling water reactors (BWRs) and
pressurized water reactors (PWRs). While there are common approaches to contro! of radionuclide
emissions released to the atmosphere from the two types of reactors, there are also differences in
approach.

Both types of reactor use HEPA filters and charcoal filtration units to remove particulate and
radioiodine emissions from building and ventilation exhausts. HEPA filters are designed and treated
to ensure 99.97 percent efficiency for particulate emissions. Charcoal filters can be designed for
various levels of efficiency, the most common of which has a decontamination factor of 100. Both
also employ various strategies to delay the release of noble gases, aliowing those with shorter lives
to decay before being released. Both BWRs and PWRs also employ various indirect methods of
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reducing atmospheric emissions. These are applied to individual pumps, tanks and valves on a case-
by-case basis.

There are also control strategies and methods that are applied to BWRs or PWRs uniquely, depending
on their special features. Because there are so many possible configurations, and the cost of each
element depends on factors specific to the application, there is no concise summary of costs for
controlling radicactive emissions from nuclear power reactors.

1.4 Industry Cost and Economic Impact Analysis

Any radionuclide emission control costs imposed on the uranium fuel cycle facilities would be
expected to weaken further the position of the domestic nuclear industry. Alternative sources of
nuclear fuel supply from imports and the alternatives to nuclear etectric power will become more
attractive if uranium fuel production costs increase.
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CHAPTER 2
UNDERGROUND URANIUM MINES






2 UNDERGROUND URANIUM MINES

ta

J ENTRODUCTION

Underground uranium mines are part of the domestic uranium industry that provides commercial
nuclear power plants their fuel. Other industrial categories in this industry are surface uranium
mines, uranium mills and other segments of the nuclear fuel cycle. All these activities are dependent

to a degree on nuclear power plants to generate demand for their output.

As is detailed in Chapter 4 of this volume, "Licensed Uranium Mill Tailings,” and summarized in this
chapter, the demand for the products of domestic wranium production has been falling for some
time. Most mines and mills have gone out of production and many are permanently closed. The

remaining are analyzed here.

This chapter provides a brief profile of the uranium industry, describes the options for reducing
radon emissions from underground mines, the health benefits attributable to each option, the costs
attribuiable to each option and the impacts a regulation would have on the industry, the miners, their

communities and the U.S. economy.

2.2 Industry Profile

The 1.8, uranium mining industry is an integral part of a domestic uranium production mdustry that
includes companies engaged in uranium exploration, mining, milling, and downstream activities
leading to the production of fuel for nuclear power plants, The product of uranium mining is

uranium ore.

Domestic producers of uranium ore send it to uranium mills. The milis have two markets for their
production; the U.S. nuclear power industry and exports. The nuclear power industry is by far
the more important of the two. Military uses, once the only source of demand for uranium, have

been supplied solely by government stockpiles since 1970 [DOE 87a}.

Demand for domestic uranium has declined since the late 1970s. In 1979, utilities delivered 15,450
tons of domestic uranium oxide to DOE for enrichment, 86 percent more than 1986 deliveries.
Exports 100 have declined substantially, In 1979, exports amounted to 3,100 tons, almost four times
as much as in 1986. A number of negative forces have combined to cause the current depressed state



of the industry, Perhaps most importantly, the groewth in electricity generated by nuclear plants and
the expansion of nuclear power capacity has been much slower than had been forecast in the mid-
1970s. This slower growth is due in part to numerous construction defays and cancellations. Second,
imports have begun to play a major role in the U.S. uranium market. Import restrictions were
gradually withdrawn between 1975 and 1985. The result has been a steady increase in uranium
imports from nations possessing high grade {and thus low cost) uranium deposits. Expectations are
that a growing portion of utility requirements will be supplied by foreign-origin uranium during the
second half of this decade [JFA 85a].

Also contributing to the current downturn in the uranium industry are the large inventories being
held by both producers and utilities. Utilities, anticipating a growing need for uranium, entered into
long-term contracts to purchase large amounts of domestically-produced uranium. As actual needs
fell short of expected needs due to nuclear power plant construction delays and cancellations, large
inventories accumulated. These inventory supplies, currently estimated to cover four to five years
of utility requirements, adversely affect suppliers in two wavs. They may extend the downturn in
uranium demand for a number of years by decreasing the need for utilities to enter into new
contracts. Also, high interest rates increased inventory holding costs, leading some utilities to
contribute to current excess supply by offering inventory stocks for sale on the spot market

[JFA 85a]. More detail on uranium uses can be found in Chapter 4 of this volume.

2.2.2. Sources of Supply

The uranium used to fuel nuclear reactors is supplied by domestic and foreign producers, inventories
held by utilities, and secondary market transactions such as producer-to-producer sales,
utility-to-utility sales and loans, and utility-to-producer sales. The role of each is described in the

following sections.

2.2.2.1 Domestic Production

Table 4-7 in Chapter 4 shows trends in domestic production of uranium concentrate from 1947 to
1986, by state, Total production was relatively constant at 10,500 to 12,500 tons per year until 1977,
when it began an increase that peaked in 1980 at 21,852 tons. Production has declined almost every
vear since, reaching only 6,753 tons in 1986 [DOE 87b].
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2.2.2.2 Imports

A second source of uranium is the import market, Until 1975, foreign vranium was effectively
banned from U.S. markets by a Federal law prohibiting the enrichment of imports for domestic use.
This restriction was lifted gradually after 1975, and was eliminated completely in 1984, From 1975
through 1977, imports amounted to a small portion of total domestic requirements, and U.S. exports
actually exceeded imports in each year from 1978 through 1580. By 1986, however, imports supplied
44 percent of U.S. requirements. Table 4-10 in chapter 4 lists U.S. imports from 1974 through 1986
[DOE 87a)l.

Historically, the primary sources of U.S. uranium imports were Canada, South Africa and Australia.
In 1986, 59 percent of U.S. uranium imports were from Canada, and 41 percent were from Australia
and South Africa {DOE §7al.

Forecasts of import penetration cail for the import share to grow through the 1990’s. The Department
of Energy projects that without government intervention, between the years 1990 and 2000 imports

will range between 50 and 64 percent of domestic utility requirements, depending on demand.

2.2.2.3 Inventories

Utilities hold uranium inventories in order to meet changes in the scheduling of various stages of the
fuel cycle, such as minor delays in deliveries of uranium feed. Uranium inventories also protect the
utilities against disruption of nuclear fuel supplies. The average "forward coverage” currently desired
by domestic utilities (in terms of forward reactor operating requirements) is 18 months for natural
uranium (U,Og) and seven months for enriched uranium hexafluoride (UF,) [DOE 85a]. Table 4-
11 in chapter 4 lists inventories of commercially-owned natural and enriched uranium held in the
United States as of December 31, 1984, 1985, and 1987. DOE-owned inventories are not includad.
The uranium inventory owned by utilities alone at the end of 1984 represented almost four years of
forward coverage.

2.2.2.4 Secondarvy Market Transactions

The secondary market for uranium includes producer-to-producer sales, utiity-to-utility sales and
loans, and utility-to-producer sales. The secondary market, by definition, does not increase the
supply of uranium, only the alternatives for purchasing it. As such, secondary transactions can have

a significant impact on the demand for new production and on the year-to-vear changes in
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inventories. The secondary market has been significant in recent vears. During 1986, sales of 6,800

tons of U404 equivalent were made between domestic utilities and suppliers in the secondary market.

2.2.3 Financial Analysis

Selected tirancial data for the domestic uranium industry for 1982 to 1986 are shown in Table 4-
19 in ckantar 4. The data cover a subset of firms {the same firms for all years) that represent over
80 percent of the assets in the industry in each year. The firms included are those for which uranium
operations could be separated from other aspects of the organization’s business, and for which an
acceptable level of consistency in financial reporting practices was available for all years,

As shown in Table 4-18 in chapter 4, net income accruing to the uranium industry was positive in
only two vears, 1982 and 1983. The returns on assets {(net income divided by total assets) in these
vears were 0.7 and 1.4 percent respectively, and aggregate net earnings totalled $69.8 miilion. In
1984, 1985, and 1986, the returns on assets were -10.3, -21.6, and -2.3 percent, and aggregate net
losses reached $765.7 miltion. The loss in 1984 alone was $304.7 millicn on revenues of $608.9
million. Thus, the aggregate loss for the five vears was $695.9 million. In 1977, 146 firms were
involved in domesti¢c uranium exploration, 135 in mining and 26 in milling. In contrast, anly 31
firms were actively engaged in exploration, 11 in mining and 5 in milling toward the end of 1986.
Of these firms, only 27 percent had positive net income after meeting operating expenses and other
obligations such as payment of taxes and recovery of depletion, depreciation and amortization. Many
of the firms (55 percent) reported net losses; the remaining 18 percent either had left the industry

or had no data to provide.

Most of the fipancial improvement 1n 1986 stemmed from the slowdown or the completion of
writeoffs of discontinued operations, revaluation of assets and abandonments. The domestic uranium
industry is significantly smaller than before, and its financial state will depend on higher product
prices or demand [DOE 87a].

Company-specific information on uranjum production, revenues, profits, and plans is provided in

the following paragraphs. More detail is provided in Chaptér 4,

2.2.3.1 Bomestake Mining Company

Homestake Mining Company owns one conventional uranium mine and a 3400 ton per day mill in
Grants, New Mexicoe. During 1984, production of uvranium was reduced to the minimum level at

which satisfactory unit costs could be maintained. Mine production has been confined to one mine
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operating on u five-day-weeak schedule for ten months of the vear. Uranium concentrate was also
recovered from solution mining and lon-exchange. In 1986, uranium accounted for 14 percent of
the company's revenues, and 21 percent of operating earnings. The high profitability of the sector
for the vear is atiributed to existing contracts, expiring in 1987, that provide for sale prices above

current spot prices and production costs [AR 84, AR 85, AR 86}

2.2.3.2 Rio Algom

Rio Algom is a Canadian corporation engaged in the mining of a wide variety of materials, including
copper, steel, and uranium. In 1986, uranium operations accounted for 26 percent of corporate
revenue, but most (89 percent) was from Canadian production. In the United States, the company

owns one uranium mine and a 750 ton per day mill in La Sal, Utah.

In 1986, the company produced 437 tons of uranium oxide from its Utah mine. The mine operated
at approximately 50 percent of capacity in 1986, while the mill operated at capacity due to a
significant amount of toll milling [AR 86]." In 1987, the La Sal mill produced about 350 tons of
uranium oxide using both company ore and ore from the Thornberg mine. The mill was placed on
standby in September ot 1988, because the Lisbon and Thornberg mines’ reserves were depleted [EPA
891

2.2.3.3 Plateau Resources Limited

Plateau Resources, a wholly owned subsidiary of Consumers Power Co., was organized in 1976 to
acquire, explore, and develop properties for the mining, milling, and sale of uranium. All operations
were suspended in 1984 because of depressed demand and all uranium assets were writien down by
$46 million after taxes in 1984 and $2! million in 1985, to an estimated net realizable value of
approximately $34 million. There is no assurance that the amount will ever be realized however.

2.2.3.4 Western Nuclear

Western Nuclear, a subsidiary of Phelps Dodge Corporation, owns two mine and mill complexes, one
in Wvoming and one in Washington. The capacities of its mills are 1700 and 2000 tons per day,
respectively. The Wyoming mill has been on standby since the early 1980s, and decommissioning is
anticipated. The Washington complex operated intermittently from 1981 through 1984, In late 1984,

! "Toll milling” is the processing of ore from another company’s mines on a contract basis.
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Phelps Dodge wrote off its entire "Energy” operation, of which Western Nuclear was a major part
{AR 84, AR 831

2.2.4 Endustry Forecast and Qutlook

This section presents projections of total U.S. utility market requirements, domestic uranium
praduction, from bhoth conventional and non-conventional sources, imports, employment and
electricity consumption. Developed for a [4-year period (1987-2000), these projections are
considered “near term." A basic assumption of the near term projections is that current market
condirions, as defined by the Department of Energy’s Energy Information Administration
(DOE,EIA), will continue unchanged through the end of this century. This section is based on the
reference case projections in EIA’s Domestic Uranium Mining and Milling Industry: 1986 Viability
Assessment [DOE 87a].

2.2.4.1 Projections of Domestic Production

The EIA's Reference case® forecasts, {or the 1987-2000 time period, are based on the output of EIA’s
economic model, Domestic Evaluation of Uranium Resources and Economic Analysis (EUREKA).
The EUREK A model’s methodology goes beyond the scope of this study; it is fully described in
Appendix C of the 1986 Viability Assessment. The EIA examines future developments in the
domestic uranium industry and in the domestic and international uranium markets under current
market conditions and under certain hypothetical supply disruption scenarios>. The current market
conditions are generally the same as those presented in Sections 4.2.1-4.2.4 of this study and are based
on historical trends in the domestic uranium industry as outlined in both the Viability Assessment

and the E1A’s Uranium Industry Annual 1986.

2Prior to the 1986 Viability Assessment, EIA published two reference cases: a Lower Reference
case and an Upper Reference case, each with a low, a mean, and a high range of projected values.
In 1986, however, only the Lower Reference case was published. It is referred to simply as the
Reference case. As before, low, mean and high projected values were produced by EIA. This study
uses the mean,

The Referance case in the J986 Viahility Assessment uses the underiying assumptions for the Lower
Reference case described in Commercial Nuclear Power 1987: Prospects for the United States and
the World [DOE 87a].

3These scenarios, the "current disruption status" scenario and the "projected disruption status"
scenario, are used to test the viability of the U.S. uranium industry, to examine the ability of this
industry to respond to an abrogation of various fractions of contracts for uranium imports intended
for domestic end use. Both of these bear only tangentially on this study and will not be discussed
further here,
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2.2.4.7 Near-Term Projections

Total domestic production of U304, from both conventional and non-conventional uranium sources,
for 1980-1986 is shown in Table 4-18 of chapter 4, along with reference case projections for 1987-
2000. Annual domestic production peaked at 21,900 short tons after milling in 1980, and declined
to 6,750 short tons in 1986, Production is projected to remain below its 1980 peak. For example,
EIA has projected domestic U;Qg production in 1992 at 6,450 short tons, while the output in the year
2000 is estimated to be 7,500 short tons. Annual domestic production from conventional mining
sources (i.e., from milling ore obtained from underground or open-pit mines, which historicafly has
accounted, on average, for roughly 70 percent of total annual domestic production) has tallen more
steeply: from 85 percent in 1980 to 33 percent in 1983, However, it increased from its 1985 level of
3,275 short tons to 5,825 short tons in 1986. This increase was due to an increase in the U3OB

concentration of the ore milled in that year,

Changes in the market, such as the ban on imports of uranium ore or concentrate from South Africa '
and Namibia®, could influence conventional production much more than non-conventional U30q
production, because non-conventional U;0, producers tend to have lower marginal costs of
production than do conventional producers. Therefore, production from non-conventional sources
tends to be less affected by fluctuations in uranium market prices. Wet process phosphoric acid,
copper waste dumps, and bellyrium ores constitute by-product methods of production of U;0,. The
second significant non-conventional source is in situ leaching. By-product and in situ leaching both
accounted for 79 percent of the total non-conventional annual production of U3OB in 1986. Other
sources include mine water, and heap leaching, which accounted for the remaining 21 percent of total

annual non-conventional production in 1986,

The Reference case EIA projections of domestic U304 production through the year 2000 are based
ona unit by unit review of nuclear power plants that are new, operating, under construction, or units
for which orders have been placed and for which licenses are currently being processed. Under EIA’s
Reference case, nuclear generating capacity is expected to increase from 94.0 GWe in 1687 to 103.0
GWe in the year 2000 (Table 4-19). Historical and forecast data of total enrichment feed deliveries
(demand), net imports, and total production are graphed in Figure 4-1 {DOE 87a}. Historical data

“The U S. Congress passed the Comprehensive Anti-Apartheid Act of 1986 on October 2, 1986.
Section 309 of that Act forbade the import into the United States of uranium ore or concentrate of
South African of Namibian origin after January 1, 1987. However, natural or enriched uranium
hexafluoride from these countries may be imported, according to a regulation issued by the US,
Department of the Treasury on which the U.S. Nuclear Regulatory Commission has concurred
[EPA 87b].
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and reference case projections for conventional and non-conventional production of domestic

uranium are plotted in Figure 4-2,

2.3 Current Emissions, Risk Levels, and Feasible Control Methods

2.3.1 Introduction

In this section, the current risks due to radon emissions from underground uranium mines are
described, ways of reducing these risks are discussed and the effects of two alternative rules for
reducing the risks to maximum exposed individuals due to radon emissions from uranium mines are

estimated.

2.3.2 Current Emissions and Estimated Risk Levels

Due to the ongoing decline of the uranium industry, the list of firms in operation, shown in Table
2-1, has continued to shrink. As of the fall of 1988, fourteen mines were producing and one other,
the Schwartzwalder mine owned by the Cotter Corporation, was on standby and was being explored.
Three of the producing mines, Pigeon, Pinenut and Kanab North, all owned by Energy Fuels
Nuclear, Inc., were breccia-pipe mines, which will be mined out in two to five years. Sheep
Mountain #1 will operate for five more years. Only the Mt. Taylor mine, with an expected life of
twenty vears, has the possibility of operating for a significant amount of time. Section 23, owned
by the Homestake Mining Company, has an expected life of only 1.25 vears. Information regarding

the expected life of the other eight mines is not available.

Estimates of current emissions and risk levels for these fifteen mines, ranked by maximum individual
risk {(MIR), are shown in Table 2-2. Although Section 23 has the highest rate of radon emissions,
the highest individual risk is due to the La Sal mine and the highest population risk is due to

emissions from the Schwartzwalder mine.

2.3.3 Control Technologies

2.3.3.1 Introduction

After extensive efforts to devise control technologies that would reduce the emissions of radgen-222
from underground mines, it was concluded that no suitable technology is available [EPA 89]. The
approaches discussed here seek to limit the emissions of the mines by restricting their days of
operation and to reduce the risks from radon emissions to nearby populations by installing stacks that
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Table 2-%.

Currently Operating Underground Uranium Mines in the United States.

State/Nine Company Type Expected Assumed Current
Life (y) Production Rate
{MT/d)
Arizona
Kanab North Energy Fuels Nuclear, Inc Breccia-pipe & 270-380
Pigeon Energy Fuels Nuclear, Inc Breccia-pipe & 270-340
Pinenut Energy Fuels Nuclear, Inc Breccia-pipe 3 270-360
Colorado
Caltiham UMETCO Minerals Corp. Modified Room NA NA
and Pillar
Deremo-Snyder UMETCO Minerals Corp. Modified Room NA 280
and Pilttar
King Soloman UMETCO Minerals Corp. Modified Room NA 350
and Piltar
Nil UMETCO Minerals Corp. Modified Room NA 50
and Pillar
Schwartzwalder Cotter Corp. Modified Room Standby 0
and Pitlar with
Vein Structure
Sunday UMETCO Minerals Corp. Modified Room NA 200
and Pillar
Witson-Siverbell UMETCO Minerals Corp. Modified Room NA 90
and Pitlar
New Mexico
Mt. Taylor Chevron Resources Co. Modified Room 20 544
and Pillar
Section 23 Homestake Mining Co. Modified Room 1.25 &8
and Pillar
Utah
La sat UMETCO Minerals Corp. Modified Room NA 160
and Pillar
Snowbal L -Pandora UMETCO Minerals Corp. Modified Room NA 54
and Pillar
Wyoming
Sheep Mountain 1 U.S. Energy Co. Random Drifting 5 220

NA:
Source: (EPA8Y)

Iinformation Not Available

2.9



TRBLE 2-2 CURRENT RISK LEVELS DUE TO RADOK-222
(Ranked by Maximum Individual Risk)

Maximum
Exposed
Individual Regional Exposure

............ R L L LLROPEEE

Committed Fatal

Annual Radon-222 Lifetime 1980 Population Cancers Per Yr

Mine Release (Ci/y) Cancer Risk wW/in 80 km €0-80 km)
-------------------------- ol S E ] B
La Sal 2460 4 4E-03 21,000 3.0E-03
Deremo- Snyder 960 1.76-03 30,000 1.0e-03
Snowhal l -Pandora 2920 1.3E-03 21,000 4.0E-03
Schwartzwatder 6385 1.2E-03 1,800,000 7.0E-01
Calliham 260 1.1£-03 30,000 4.0E-04
Section 23 8894 4. 1E-04 45,000 5.0E-D2
King Soiomon 2020 3.56-04 47,000 5.0E-03
Wilson-Silverbell 790 3.4E-04 30,000 1.0£-03
Sunday 3120 3.3e-04 24,000 4.0E-03
Nil 690 7.3E-05 55,000 2.0e-03
Pigeon 2560 6.1E-05 7,800 2.0E-03
Mt. Taylor 2180 3.6E-05 50,000 3.0e-03
Kanab North 1640 2.48-05 11,000 1.0E-03
Sheep Mountain No. 1 170 6.56-06 5,200 2.0E-04
Pinenut 350 2.7E-06 8,300 2.0E-04
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would reduce the higher concentrations of radon-222 at sites close to the mines. The proposed
regulations would aflow combinations of these measures, and other measures that may be developed
in the future, so long as risk 1s reduced to acceptable levels.

Three alternative rules are under consideration and are discussed in this chapter. The first is to
require mines to reduce emissions through partial shutdowns and stack installations such that the
hifetime risk of cancer for the most exposed individual, also referred 10 as maximum individual risk
{MIR}, 15 under 3E-4, The second is to similarly reduce the MIR to below [E-4. The third is to
reduce the MIR to below 3E-5.

2.3.3.2 Alternative Qne: Maximum Individual Risk Under 1E-4

The first alternative rule is that mines should employ a combination of 1) a reduction of operating
davs per year to reduce annual radon-222 emissions and 2) construction of stacks to release radon-
222 emissions from higher elevations such that the risk of fatal cancer to the most exposed individual
is reduced to under 1E-4. Both of these measures have the effect of reducing the lifetime risk of
fatal cancer to the most exposed individual.

While reduced operations are feasible, there are some complications in estimating the cost and the
amount of emission reductions that would result. This is because the costs of temporarily closing a
mine and maintaining it while it is closed are not clear. Some venting of the mine will be necessary
for the safety of maintenance workers. This venting would affect the reduction of radon emissions
thay would be otherwise achieved. Esumating the cost of the vents is more straight forward.
Analysis of the emission and risk levels due to alternative one, shown in Table 2-3, is based on the

assumption that radon emissions are proportional to the percentage of time the mine is open,

Six of the mines -- M. Taylor, Nil, Pinenut, Sheep Mountain No. 1, Pigeon, and Kanab North --
can meet alternative one without reducing emissions or increasing stack height. Note that the Mg,

Taylor mine already has a twenty meter stack.

In determining the measures to be taken to meet alternative one, the MIR for each combination of
stack height (baseline, 10, 20, 30 and 60 meters) and reductions in emissions from zero to one
hundred percent was calculated. For each stack height, the smallest emission reduction that reduced
the MIR to the designated level was then determined. The least costly combination of emission
reduction and stack height for each mine was selected for further analysis. This analysis is discussed
more thoroughly in section 2.4.2 below,



Teble 2-3: Alternative 1: Measures Taken and Their Effects on Haximan Exposed Individusls and
Populations within 80 km

Alternative t: MIR BELOM 3E-4

..........................................................................................

Reduction Annual Risk to Reduction

Stack Emission from initial Population in Population

mine Height Reduction KIR MIR  within 80 km Risk
La Sat 0 95% 2.2E-04 4.2E-03 1.9E-04 2.9€-03
Schwartzwalder o 75% 3.0E-04 . 9.0E-04 1.86-01 5.3E-01
Calliham 0 75% 2.8e-04 8.3:-04 1.0E-04 3.0e-04
Deremo-Snyder 0 85% 2.6E-04 1.4E-03 1.5E-04 B.5E-04
Snowbal | -Pandora ] 80% 2.06-04 1.1E-03 8.0E-04 3.2E-03
Wilson-Silverbell 0 15% 2.9E-04 5.1E-05 8.5E-04 1.5E-04
King Solomon 0 15% 3.0E-04 5.2E-05 4.3e-03 7.5E-04
Section 23 0 3o% 2.9e-04 1.28-04 3.5e-02 1.5e-02
Sunday ¢ 10% 3.0E-04 3.38-05 3.6E-03 4.0E-04
#t. Taylor 20 0% 3.6E-05 0.0E+00 3.0e-03 0.0E+00
Sheep Mountain No. 1 0 0% 6.56-06 0.0E+00 2.0E-04 0.0E+00
Pinenut a 0% 2.76-06 0.0E+00 2.0E-04 0.0E+D0
Kanab North 1] 0% 2.4E-05 0.0E+00 1.0E-03 0.0E+00
Nil 1} 0% 7.3e-05 0.0E+00 2.0E-03 0.0E+00
Pigeon 0 0% &.1£-05 0.0E+00 2.0e-03 0.0E+00



2333 Alternathve Twor Mavimum Individual Risk Ulnder 1E-4

Table I-4 describes the emissions and risk levels due to alternative two. Alternative two would
require some mines to further reduce operations in order to additionally reduce cancer risks to the
most exposed individuals. The same six mines that would not have to do anvthing under alternative

one would stili not have to do anything under alternative two.

2334 Alternative Three: Maximum Individual Risk Under 3JE-58

Table 2-5 describes the emission and risk levels due to alternative three. Alternative three would
require some mines to further reduce operations or increase stack height in order to additionally
rectuce cancer risks to the maximum exposed individuals., Note that three mines -- Sheep Mountain
No. |, Kanab North, and Pinenut -- meet alternative three without any reduction of emissions or
construction of stacks. The same issues as are involved in alternative one and two pertain to

alternative three.

2.4 Analvsis of Benefits and Costs

2.4.1 Introduction

in this section, the benefits and costs of the alternatives under consideration are examined. Benefits
in terms of reductions of the risk of cancer to the most exposed individual and the 80 km population
are demanstrated. Costs for alternative one and two and cost differentials between the base case and
atternatives one and two are calculated. Finally, the effects of various assumptions on the conclusions

drawn i the above are assessad.

2.4.2 Least-Cost Control Strategies for Meeting Alternatives One, Two and Three

In order to complete the analysis of alternatives one, two, and three, it is necessary to determine
which combination of control parameters (emission reductions and stack heights) the mines’ operators
would select. The rule allows them a set of options; the analysis assumes they would choose the least
costly option that meets the rule. Tables 2-3, 2-4, and 2-5 above show the cutcome of the analysis
in terms of the combination of emission reduction and stack height selected, reductions in MIR and

population risk. This section discusses the details of the analysis.

The exampie used in this discussion 15 Pigeon Mine. Table 2-6 shows a matrix of maximum

individual risks (MIRs) for various combinations of emission reductions and stack heights for Pigeon

2-13



Tabie 2-4: Alternative 2: Measures Taken and Their Effects on Maximm Exposed Individuals and
Populations within 80 km

Alternative 2: MIR BELOW 1£-4

Reduction Annual Risk to Reduction

$tack Emission from initiat Population in Population

mine Height Reduction HIR MIR  within 80 km Risk
La sal 0 100% 0.0£+00 4.4£-03 0.0£+00 3.0e-03
Schwartzwalder 0 o5% 6.0e-05 1.1E-03 3.5£-02 6.7E-01
Calliham 0 95% 5.5E-05 1.0E-03 2.0e-05 3.8E-04
Deremo-Snyder o 95% B.5E-0% 1.6£-03 5.0E-05 9.5E-04
Snowbal | -Pandora 0 95% 6.5E-05 1.2E-03 2.0E-04 3.8E-03
Wilson-Silverbett 0 5% 8.5E-05 2.6E-04 2.5E-04 7.5E-04
King Solomon 0 5% 8.8k-05 2.6£-04 1.3e-03 3.8E-03
Section 23 o 80% 6.2E-05 3.5E-04 1.0E-02 4.0E-02
Sunday 0 T0% ¢.9£-05 2.3E-04 1.28-03 2.8E-03
Mt_ Taylor 20 0% 3.6E-05 0.0E+0C 3.0e-03 0.0E+00
Sheep Mountain No. 1 0 0% 6_5E-06 0.0£+00 2.0E-04 0.0£+00
Pinenut 0 174 2.7E-06 0.0E+CO 2.0E-04 0.0£+00
Kanab North 0 0% 2.4E-05 0.0E+00 1.0E-03 0.0E+00
Nit : 0 0% 7.3£-05 G.0E+00 2.0E-03 0.08+00
Pigeon 0 0% 6.1E-0% 0.0E+G0 2.0E-03 0.0E+00
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Table 2-5: Alternative 3: Measures Taken and Their Effects on Maximum Exposed Individuats and
Populations within 80 km

Alternative X: MIR BELOW 3E-5

Reduction Annual Risk to Reduction

Stack Emission from initial Population in Population

mine Height Reduction MIR MIR  within B0 km Risk
La Sal 0 100% 0.0£+00 4. 4E-03 0. 0E+00 3.0E-03
Schwartzuwatder 0 100% 0.0E+00 1.2e-03 0.0£+00 7.0E-0%
Calliham 0 100% 0.0E+00 1.1£-03 0.0£+00 4 ,0E-04
Deremo- Snyder a 100% 0.0E+00 1.7e-03 0.0e+00 1.0£-03
Snowbal | -Pandora 1] 106% 0.0E+G0 1.3E-03 0.6E+00 4.0E-03
Wilson-Sitverbell 0 95% 1.7E-05 3_2E-04 5.0E-05 9.5E-04
King Solomon 0 95% 1.8e-0% 3.3E-04 2.5E-04 4.8E-03
Section 23 0 95% 2.1E-05 3.9E-04 2.5E-03 4 .8E-02
Sunday 0 95% 1.7E-05 3.1E-04 2.0E-04 3.8E-03
Mt. Taylor 30 0% 2.7E-05 9.0E-06 3.0E-03 G.0E+00
Sheep Mountain No. 1 0 0% 6.56-06 0.0E+00 2.0E-04 0.0E+00
Pinenut 0 0% 2.7E-06 0.0E+QG 2.GE-04 0.CE+0Q
Kanab North 0 0% 2.4E-05 0.CE+GC 1.0E-03 0.0E+00
Nil 0 60% 2.9E-05 4 .4E-05 8.0E-04 1.26-03
Pigeon 60 0% 3.0E-05 3.1E-05 2.0E-03 0.0E+00
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Table 2-6: Matrix of MiRs as Stack Height and Emissions
at Pigeon Mine Vary

REDUCTION === % s e mmmm oottt ot e dde e e e

H ]

EMISSION = ewwmmmmm s et oot ot

LEVEL oM

RISK TO NEAREST INDIVIDUAL (MIR)

REDUCTION
N
EMISSION
LEVEL

100% 0.0e+00
95% 3.1E-06
90% 6.1E-06
85% 9.2E-06
80% 1.26-05

75% 1.56-05
70% 1.8e-05
65% 2.1E-05
60% 2.4E-05
55% 2.7e-05
50% 3.1E-05
45% 3.4E-05
40% 3.7e-05
35% 4.0E-05
30% 4,3E-05

25% 4.6E-05
20% 4.9E-05

15% 5.2e-05
10% 5.5E-05
5% 5.8E-05
0% 6.1E-05

oM

0.0E+00
3.0E-06
5.9E-06
8.95-06
1.2E-05
1.5e-03
1.8€-05
2.1E-05
2,4E-05
2.7E-05
3.0E-05
3.2e-05
3.56-05
3.BE-05
4 %E-05
4, 4E-05
4. 7€-05
5.0-05
5.3-05
5.6E-05
5.9E-05

0.0E+00
2.8E-06
5.6€-06
8.4E-06
1.1E-05
1.4E-05
1.7E-05
2.0E-05
2.2E-05
2.5e-05
2.86-05
3.1e-05
3.4E-05
3.6E-05
3.9E-05
4.2E-05
4.5E-05
4,.8E-05
5.0E-05

0.0E+00
2.5E-06
5.0E-06
7.5E-06
1.0E-05
1.38-05
1.56-05
1.76-05
2.0E-05
2.3E-05
2.5€-05
2.8E-05
3.0E-05
3.3e-05
3.5€-05
3.8e-05
4.0E-05
4,3E-05
4.5E-05
4.8E-05
5.0E-05

0.0E+C0
1.56-06
3.0E-06
4.5E-06
6.0E-06
7.5e-06
9.0E-06
1.16-05
1.28-05
1.4E-05
1.5e-05
1.7e-05
1.8e-05
2.0E-05
2.1E-05
2.3e-05
2.4E-05
2.6E-05
2.7e-05

2-16



Mine. For each stack height, MIRs increase as reductions in emission levels decrease. For alternative
two, MIR < le-4, looking down the column for a stack height of zero (i.e., the baseline stack height),
the table shows the rule can be met at Pigeon Mine with no emission reductions. The largest number
in the column is less than 1E-4. Table 2-7 shows the reduction in emission levels needed to comply
with alternatives one, two, and three. For each stack height, alternatives one and two can be satisfied
with no emission reductions. When the third alternative is considered, looking down the first column
of Table 2-6 indicates that a fifty-five percent reduction in emissions is needed to meet the 3E-5
limit. With a stack height of ten meters, a fifty percent reduction is needed; with a stack height of
twenty meters, a fifty percent reduction is again needed; for thirty meters, a forty-five percent

reduction suffices; and for a sixty meter stack, no emission reduction is required.

The next step is to determine associated costs. Table 2-8 shows the cost for each stack height and
emission reduction combination. These costs are summarized in table 2-7, The costs of constructing
stacks of various heights were obtained from [SC89]. The other cost component is the present value
of the opportunity cost to the mine owners of removing the various quantities of uranium from the
market due to shutdowns. It was assumed, based on historical records, that all but two percent of
mine revenues are used to pay obligations to workers, capital improvements and other costs of doing
business. Also, the price of uranium at the mines was assumed to be $110.23 per MT. The
opportunity cost calculations were done without discounting. This accentuates the relative value of
uranium mined in future years. It is therefore interesting that tables 2-3, 2-4, and 2-5 indicate that
partial and sometimes complete shutdowns are less costly to mine owners than building stacks. Only
Pigeon Mine and Mt. Tavlor Mine would opt for stack construction, and Mt. Taylor already has a

twenty meter stack.

In the case of Pigeon Mine the value of the uranium that could be mined if a sixty meter stack were
installed was sufficient to justify building the stack. Figure 2-1 (based on Table 2-7) shows that the
overall cost of complying with alternative three at Pigeon Mine at first remains relatively constant,
reaching a maximum at twenty meters, and then declines sharply after thirty meters. Sixty meters
is the optimal stack height for Pigeon Mine under alternative three because it meets the rule. A taller

stack would gain nothing because it would not allow any greater production of uranium.

Analyses similar to that done for Pigeon Mine were aiso performed for the other fourteen mines.
These are summarized in Tables 2-3, 2-4, and 2-5 above.
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TABLE 2-7: Pigeon Wine, Summary of Risk Reductions and Costs

risk to nearest individual
for HIR <= 3Je-4

REDUCTION
IN
STACK HEIGHT EMISSIOR resutting
{in meters) LEVEL MIR cost
0 0% 6.1E-05 $0
10 0% 5.9E-05 $31,200
20 0% 5.6E-05 $80,500
30 0% 5.0£-05 $146,600
60 0% 3.0E-05 $291,400
Minimum cost: 30
risk to nearest individual
for MIR <= le-4
REDUCTION
IN
STACK HEIGHT EMISSION resulting
{in meters) LEVEL KIR cost
0 0% 6.1€-05 $0
10 0% 5.9e-05 $31,200
20 0% 5.6E-05 $£80,500
30 0% 5.0£-05 $146,600
1] 0% 3.0E-05 $291,400
Minimum cost: $0
risk to nearest individual
for MIR <= 3e-5
REDUCTION
1N
STACK HEIGHT EMISSION resulting
(in meters) LEVEL MIR cost
\] 55% 2.7E-05 $836,464
10 S0% 3.0-05 $791,622
20 50% 2.BE-05 $840,922
30 45% 2.8E-05 $830,979
&0 0% 3.0E-05 $291,400

Minimum cost: $291,400
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TABLE 2-8:

Matrin of Costs of varicus Combinations of Stack Height ard

Shutdown Time for Pigeon Mine.

The first row is the cost of constructing stacks of various heights.
Other rows are sums of costs of shutdown and of constructing stacks.

$76,0642
$152,084
$228,126
$304, 169
$380,211
$456, 253
$532,295
$608,337
$684,379
$760,422
$836, 464
$912,506
$988,548
$1,064,590
$1, 140,632

31,216,675

$1,292,717
$1,368,759
$1,444,801
$1,520,843

$31,200
£107,242
$183,284
$259,326
$335,369
$411,41
$487,453
$563,495
$639,537
$715,579
$791,622
$867, 664
$643,706
$1,019,7648
$1,085,790
$1,171,832
$1,247,875
$1,323,917
$1,399,959
$1,476,001
$1,552, 043

$156,542
$232,584
$308,626
$384, 669
$460,711
$536,753
$612,795
$688, 837
$764 ,879
$840,922
$916,964
$993, 006
$1,069,048
$1,145,080
$1,221,132
$1,297,175
$1,373,217
$1,449,259
$1,525,301
$1,601,343

$146,600
$222,642
$298, 684
$374,726
$450, 769
$526,811
$602,853
$678,895
$754,937
$830,979
$907,022
$983, 064
$1,059,106
$1,135,148
$1,211,190
$1,287,232
$1,363,275
$1,439,317
$1,515,359
$1,591,401
$1,667,443

219

The last column is the cost
of shutdown by percent of
a one year shutdown

; percent of cost of
60 M | year shutdown shutdown
$291,400 | 0% $0
$367,442 | 5% $76,042
$443,484 | 10% $152,084
$519,526 | 15% $228,126
$595,569 | 20% $304, 169
$671,611 | 25% $380,211
$747,653 | 30% $456,253
$823,695 | 35% $532,295
$899,737 | 40% $608,337
$975,779 | 45% $684,379
$1,051,822 | 50% $760,422
$1,127,864 | 55% $836, 464
$1,203,906 | 60% $912,506
$1,279,948 | 65% $988,548
$1,355,990 | 70% $1,064,590
$1,432,032 | 75% $1,140,632
$1,508,075 | a0% $1,216,675%
$1,584,117 | a5% $1,292,717
$1,660,159 | 90% $1,368,759
$1,736,201 | 95% $1,444,801
$1,812,243 | 100% $1,520,843
|
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2.4.3 Benefits of Contrpl Alternatives

Tables 2-9, 2-10, and 2-11 list the health benefits of alternatives one, two, and three relative to the
baseline and relative to each other. The benefits are in terms of reductions in the risk of {atal cancer
to the most exposed individual and the incidence of fatal cancer in the 80 km population. Alternative
one will reduce the highest MIR from 4.4E-3 t0 9.9E-5, a reduction of 4.3E-3. Alternative two also
eliminates the highest MIR {4.4E-3) and leaves the same uncontrolled mine as the new contributor
to the highest MIR which is again 9.9E-5. Alternative three will reduce the highest MIR from 4.4E-
3 to 3.0E-5, a reduction of 4.4E-3. With regard to the 80 km population, alternative one will reduce
the incidence of fatal cancers from 7.8E-1 1o 2.3E-1, a reduction of 3.3E-1. Alternative two will
reduce the incidence of fatal cancers from 7.8E-1 to 5.9E-2, a reduction of 7.2E-1 cases annually
relative to the baseline incidence and a reduction of 1.7E-1 relative to alternative one. For
alternative three the resulting incidence of fatal cancer will be 1.0E-2, an annual reduction of 7.7E-
! relative to the baseline incidence and of 4.9E-2 relative to alternative two. The greatest reduction
in risk to the 80 km population at an individual mine will be experienced at Schwartzwalder Mine
for all three alternatives. Schwartzwalder’s reduction in risk to the 80 km population under
alternative one will be 5.3E-1 deaths avoided annually. For alternative two the reduction is 6.7E-

1 and for alternative three it is 7.0E-1.

Six mines will have no reductions in MIR or risk to the 80 km population under alternatives one and
two because they already meet the 1E-4 level. Similarly under option three, three mines already meet
the 3E-5 level. Applying alternative three to two other mines will reduce their MIRs, but will have
no effect on the risk to the 80 km population. At these two mines, stack heights will be raised, but

emissions will not be reduced,

2.4.4 Costs of Congrel Alternatives

In this section the aggregated costs of alternatives one, two, and three are analyzed. The economic
effects of the timing of costs are gvaluated using the net present value of the cost stream. Tables 2-
12, 2-13, and 2-14 show the net present value of the cost streams for controlling emissions and
ambient concentrations during the remaining life of each mine. This is calculated using net discount

rates of zero, one, five, and ten percent.

In calculating the net present value, it was assumed that lower annual production rates would prolong
the life of the mine. The cosis for each year in which output restrictions ére binding include the
difference between revenues from operating at full capacity and at restricted capacity. When
restrictions are binding, the revenues from those additional years of production are added to the end
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Tabie 2-9: Health Benefits Due to Alternative One

Initial Risk of Fatat Cancer ALTERWATIVE 1: MIR BELOW 3E-4
................................ fo o e e e
Committed Fatal Annual Risk to

Maximum Cancers Per Yr Reduction Population Reduction in

mine Individual Risk (0-80 km) MIR in MIR within 80 km Population Risk
La Sal 4.4E-03 3.0e-03 0.CE+00 4,.4E-03 1.5€-04 2.9E-03
Catliham 1.1E-03 4.0E-04 5.5€-05 1.0£-03 1.0E-04 3.0E-04
Deremo- Snyder 1.7e-03 1.0E-03 8.5E-05 1.6E-03 1.5E-04 8.5E-04
Schwartzwalder 1.26-03 7.0e-01 &.0E-05 1.1€-03 1.7E-01 5.3e-01
$newball -Pandora 1.3E-03 4.0E-03 &.58-05 1.26-03 8.0E-04 3.2E-03
King Solomon 3.56-04 5.0e-03 8.8E-05 2.6E-04 4.3E-03 7.56-04
Wilson-Silverbell 3, 4E-04 1.0e-03 B.5E-05 2.6E-04 8.5e-04 1.5e-04
Section 23 4.1E-04 5.0E-02 6.2E-05 3.5E-04 3.5£-02 1.5€-02
Sunday 3.3£-04 4.0E-03 9.9E-05 2.3£-04 3.6E-03 4. 0E-04
Mt. Taylor 3.6E-05 3.0e-03 3.6E-05 0.0E+00 3.0E-03 0.0E+00
Nitl 7.3E-05 2.0E-03 7.3E-05 0.0E+00 2.0e-03 0.0E+Q0
Pinenust 2.7e-06 2.0E-04 2.7E-06 0.0E+00 2.0E-04 0.0E+00
Sheep Mountain No. 1 6.5£-06 2.0E-04 6.5E-06 0.0E+00 2.0e-04 0.0E+00Q
Pigeon 6.1E-05 2.0e-03 6.1E-05 0.0e+00 2.08-03 0.0E+00
Kanab North 2.4E-05 1.08-03 2.4E-05 0. 0E+00 1.0E-03 0.0£+00
Totals 7.86-01 2.3E-01 5.35¢-01
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Table 2-10: Health Benefits Due to Aiternative Two

ALTERNATIVE 2: MIR BELOW 1£-4

Reduction in MIR Reduction in Population Risk
-------------------------------- Annual Risk to =--mssmmmcmmmsmmmer e
Relative to Relative to Population Relative to Relative to
mine MIR Base Alt. 1 within 80 km Base Att. 1
La Sal 0.0E+00 4.4E-03 0.0E+00 0.0E+00 3.0E-03 1.5E-04
Calliham 5.5E-05 1,0E-03 0.0E+00 2.0E-05 3.86-04 8.0E-05
Deremo- Snyder 8.5E-05 1.6E-03 0.0E+00 5.0E-05 9.58-04 1.0E-04
Schwartzwalder 6.0E-0% 1.1E-03 0.0E+00 3.56-02 &.7e-01 1.4E-01
Snowballt-Pandora 6.5E-05 1.2E-03 0.0E+00 2.0E-04 3.8E-03 &6.0E-04
King Solomon 8.8E-05 2.56E-04 0,.0E+00 1.2e-03 3.8E-03 3.0E-03
Wilson-Silverbell 8.5E-05 2.6E-04 0.0E+00 2.5E-04 7.5E-04 6.0E-04
Section 23 6.2E-05 3.58-04 0.0E+090 1.2E-02 3.8E-02 2.38-02
Sunday 9.9€-05 2.3E-04 0.0E+00 1.2E-03 2.8e-03 2.4E-03
Mt. Taylor 3.6E-05 0.0E+00 0.0E+00 3.0E-03 0.0E+00 0.0E+00
Hil 7.3E-05 0.0E+00 0.0E+00 2.0E-03 0.0E+09 0.0e+00
Pinenut 2.7E-C4 0.0E+00 0.0E+00 2.06-04 0.0E+00 0.0E+00
Sheep Mountain No. 1 &6.5E-06 0.0E+00 0.0E+00 2.0E-04 0.0E+00 0.0E+Q0
Pigeon 6.1e-05 0.0£+00 0.0e+00 2.0E-03 0.0e+00 G.0E+G0
Kanab North 2.4£-05 0.0E+00G 0.0E+00 1.0E-03 0.0E+00 0.0E+CO
Totals 5.9E-02 7.2E-01 1.7e-01



Table 2-11: Health Benefits Due to Alternative Three

ALTERNATIVE 3: MIR BELOW 3E-5

Reduction in MIR Reduction in Population Risk
-------------------------------- Annual Risk to w-smmsemerommso e
Relative to Relative to Poputation Relative to Relative to
mine MIR Base Alt. 2 within 80 km Base Alt. 2
La Sal 0.0E+00 4.4E-03 0.0£+00 0.0E+00 3.0e-03 0.0E+00
Calliham 0.0E+G0 i.1e-03 5.5£-05 0. 0E+0D 4. 0E-D4 2.0e-05
Deremo- Snyder 0.0E+C0 1.7e-03 8.5E-05% 0.0E+00 1.0E-03 5.0E-05
Schwartzwalder 0.0E+00 1.26-03 6.0E-05 0.0E+00 7.0E-01 3.5-02
Snowbal | -Pandora 0.0E+DD 1.36-03 6.5E-05 0.0E+00 4.0E-03 2.0E-04
King Solomon 1.8E-05 3.3E-04 7.0£-05 2.5E-04 4.8E-03 1.0E-03
Wilson-$ilverbell 1.7E-05 3.2E-04 6.8E-05 5.0E-03 9.5E-04 2.0E-04
Section 23 2.3E-05 3.9E-04 4.1E-05 2.5e-03 4 ,8E-02 1.0E-02
Sunday 1.7E-05 3.1E-04 B,2E-05 2.0E-04 3.86-03 1.0E-03
Mt. Taylor 2.7£-05 9.0E-06 9.0E-06 3.0E-03 0.0E+00 0.0E+0C
Nil 2.9£-05 4.4E-05 4 4E-05 8.0E-04 1.2E-03 1.28-03
Pinenut 2.7E-06 0.0E+00 0.0E+00 2.0E-04 0.0E+00 0.0E+00
Sheep Mountain No. 1 6.5E-06 0.0E+00 0.0£+00 2.0E-0& 0.0E+00 0.0E+00
Pigeon 3.0e-05 3.1E-0% 3.1E-05 2.CE-03 0.0E+00 0.0E+00
Kamab North 2.4E-05 0.0E+00 0.0E+00 1.0E-03 0.0E+00 0. 0e+00
Totals: 1.0E-02 7.7-01 4.9E-02
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Table 2-12:

Uranium Ore Price at Mine:

Mine 10

La Sal

Calliham
Deremo-Snyder
Schwartzualder
Snowbal t-Pandora
King Solomon
Wilson-Silverbell
Section 23
Sunday

Kt. Taylor

Nil

Pinenut

Sheep Mountain no.

Pigeon
Kanab North

Stack
Hoight

oo O o0 QC o0 o

2

(=]

Costs of Alternative One

$110.23 per MT

Expected
Emigsion Life
Reduction (in years)
95% 7
75%
85% 7
5% standby
80% 7
15% 7
15% 7
30% 1.25
10% 7
0% 20
ox 7
0% 3
0% 5
0% 6
ox 6

Expected Rate of Return:

Ore
Production
Rate
(MT/day)

Annual
Opportunity
Cost

$122,311
(a) %0
$191,514
$0
$34,762
$42,246
$10,863
$16,415
$16,094
$0

$0

$0

$0

$C

$0

(a) no information available regarding production activity at Calliham.

NPV of Alternative over life of mine
at a discount rate of

$856,178

$0

1,340,595

30

$243,335
$295,720
$76,042
$20,519
$112,655

$0
%0
$0
$0
$G
$0

£831,163
$0
$1,301,426
$0
$236,225
$287,079
$73,820
$20,479
$109,364
$0

$0

$0

$0

$0

$0

$743,125
$0
$1,163,578
$0
$211,204
$256,672
$66,001
$20,324
$97,780

$0

$0

$0

30

$0

0

$186, 160
$226, 236
$58, 175
$20, 166
$86, 185



922

Table 2-13: Costs of Alternative Two

Uranium Ore Price at Mipe: $110.23 per M7 Expected Rate of Return: 2%
Ore NPV of Alternative over (ife of mine
Expected Production Annual at a discount rate of

Stack  Emission Life Rate Opportunity StACK ~-- - e e bt e e ]
Mine 1D Height Reduction (in years) (MT /day} Cost Cost 0% 1% 5% 10%5
__________________________________________________________________________________________________________________________________________________ ;
La Sal ¢ 100% 7 160 $128, 749 ¢ $901,240 $874,908 $782,237 8689,483 |
Calliham 0 95% (a) 80 (a) ¢} %0 30 30 $0 |
Deremo-Snyder 0 95% 7 280 $214,045 0 $1,498,312 $1,454,535  $1,300,469 $1,146,265 |
Schwartzwalder 0 95% standby 0 30 o £0 $0 50 $0 1
Snowbaii-Pardora 0 95% 7 54 $41,280 ¢ $288,960 $280,517 $250, 805 $221,065 |
King Solomon 0 5% 7 350 $211,228 0 $1,478,598 $1,435,397 $1,283,358 $1,131,182 |
Wilson-Sitverbell 0 75% 7 0 $54,316 0 $3380,211 $369,102 $330,006 $290,875 |
Section 23 Q 75% 1.25 68 $41,039 ¢ $51,298 $£51,197 $50,810 $50,366 |
Sunday 1] 70% 7 200 $112,655 ] $788,585 $745,545 $684, 457 $603,29F |
Mt. Taylor 20 o% 20 544 $0 0 $0 $0 $0 80 §
Nil 0 0% 7 50 $0 0 $0 $0 50 %0 |
Pinenut 0 % 3 315 $0 ] $0 $0 30 $0 |
Sheep Mountain no. 1 0 0% 5 220 30 0 $0 $0 30 82 |
Pigeon 0 0% 6 35 $0 0 $0 $0 30 0 |
Kanab North 0 0% 6 35 30 0 $0 $0 $0 $0 |
__________________________________________________________________________________________________________________________________________________ i

(a) no information available regarding production activity at Caltiham.
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of the time stream. The mine with the highest cost is Deremo-Snyder Mine, under aliernatives one

and two, and King Solomon Mine under alternative three.

1J

5 Industry Cost and Economic Impact Analysis

ra

5.1 Introduction

In this section the effects of the alternatives analyzed on economic entities are considered. This
inciudes assessing the relative impact of regulation on production costs, identifying which sectors of
the economy might experience adverse {or beneficial) economic effects, and the potential of the
regulation to affect small economic entities, such as small firms or small counties.

~

5.2 Production Cost Impacts

For purposes of illustration, these costs can be compared with the assumed return on uranium mining
of' 2 percent, based on the experience of the last decade. Also, the trend towards closing all mines
indicates that profits may well be insufficient to sustain operations in the industry and any additional

costs may speed the demise of the mines,

2.3.3 Econemig Impact Analysis

Although the cost of regulating uranium mines could result in mine closures, the effects of these
closures would be isolated to a small group of people -- the stockholders of the corporations who
own the mines, the 230 miners considered in Table 2-15 who currently work in six of the mines, and
the miners in the other mines for which no data was available. The employment and community
sitgation at the other mines, though undocumented, is likely to be similar to that for the mines
represented in Table 2-15. The effects of mine closure would not spread to the larger economy
because 1) in the depressed market for uranium there are other producers of ore -- U.S. surface
mines, by-product producers, and foreign mines -- who could continue to meet the current price and
to respond competitively in case of increased demand and 2) the miners live in different counties and

constitute a small proportion of workers in each.

As discussed in section 2.2, most underground uranium mines are subsidiaries of large corporations.
Most of the direct costs of compliance will be borne by stockholders or owners. Because operators
of underground uranium mines currently have little or no monopoly power they will not be able to

pass these costs on to the electric power industry.

Table 216 shows the number of miners at each of the six mines along with the total poputation in

the respective county. It also shows the number of mining establishments in the county and contrasts
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TABLE 2-15: Humber of Hiners and $hifts Per Bay by Mine
For the $ix ®ines Where Information Is Availaeble

Mine shifes/Day Personnel
Schuwartzwalder é 31
Section 23 1 27
e, Taylor 2 57
Pigeon 3 18
Kanab dorth 3 &2
Pinenut 3 35

TOTAL 230

TABLE 2-16: Number of Miners and Mining Operations by County
For the Six Mines Where Information Is Available

Numnber Total Mining

County of Mine Establish- Establish-

Mine County Population Workers ments ments
Schwartzwalder Jefferson 427400 3 10387 7
Section 23 Grant na 27 580 10
Cibola 23000 na na na

Mt. Taylor McKinley 65800 57 921 4
Pigeon Coconino 846100 38 21014 4
Kanab North Coconino 86100 42 2101 4
Pinenut Mohave 76600 35 1827 d

d = withheld to prevent disclosure of private information
na = not available

Sources: County Business Patterns, 1986
Bureau of Census, Personal Communication



that with the towal nember of workplaces, Because the number of miners invelved is such a small
proportion of the overall population, no effect on unemployment rates is expected. The only ripple
effect would be the effect of mine closure on uranium mill empioyees who are also very small in

number.

2.5.4 Regulatory Flexibility Analysis

As shown in the previous sections, the major effects of the regulations will fall on relatively large
entities, the corporations that own the mines. Effects on unemployment rates in counties where the
mines are located will be unmeasurable, since the miners represent well under one percent of the

county populations.
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CHAPTER 3
INACTIVE URANIUM MILL TAILINGS






3. INACTIVE MILL TAILINGS

3.1 Introduction and Summary

The inactive uranium mill tailings source category is comprised of tailings and other wastes at 24
former processing sites designated as Title I sites under the Uranium Mill Tailings Radiation Control
Act (UMTRCA) of 1978. Radon-222, the decay product of the residual radium-226 in the tailings,
is emitted to the air from the tailings. Radon emissions from licensed uranium mill tailings sites are
addressed in Chapter 4.

The purpose of this chapter is to examine the costs, benefits, and economic impacts of reducing the
maximum allowable levels of radon-222 emissions after closure from the 20 pCi/m%/sec limit
established under UMTRCA. Options that are evaluated include reducing radon-222 emissions to
a maximum of 6 pCi/m?%/sec, and 10 a maximum of 2 pCi,—"mz/sec.

The remainder of this introduction provides a brief summary of the rulemaking history and the
current regulations. A profile of the inactive uranium milling industry is given in Section 3.2.
Section 3.3 addresses current emissions, risk levels and feasible control methods. Section 3.4 provides
estimated benefits and costs of the proposed options. The economic impacts are considered in
Section 3.5,

3.1.! Rulemaking History and Current Regulafions

In enacting the UMTRCA (Public Law 93-604, 42 USC 7901}, Congress found that:

0 "Uranium mill taiiings located at active and inactive mill operations may pose a
potential and significant radiation health hazard to the public, and that..”

0 "Every reasonable effort should be made to provide for the stabilization, disposal, and
control in a safe and environmentally sound manner of such tailings in order to
prevent or minimize radon diffusion into the environment and to prevent or minimize

other environmental hazards..."
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To these ends, the Act required the EPA to set generally applicable standards to protect the public
against both radiological and nonradiological hazards posed by residual radioactive materials at
uranium mill tailings sites. Residual radicactive material means (1) tailings waste resulting from the
valuable constituents, and (2) other wastes, including unprocessed ores or low-grade materials at sites
related to uranium ore processing. The term "tailings” is used to refer to all of these wastes.

UMTRCA divided uranium mill tailings sites into two groups: Title 1 covering inactive and
abandoned sites, and Title Il covering those sites for which licenses had been issued by the Nuclear
Regulatory Commission (NRC), by its predecessor or by an Agreement State. Twenty-four sites
have been designated Title I sites under UMTRCA. Under the Act, the EPA developed generally
applicable standards governing the remedial activities of the Secretary of Energy or his designee
under Section 275a of the Atomic Energy Act of 1954 for those sites identified under Title 1. The
Department of Energy (DOE) is responsible for the cleanup and long-term stabilization of the tailings
at these sites, consistent with the generally applicable standards developed by the EPA.

Under UMTRCA, the EPA was required to promulgate standards before the DOE could begin
cteanup of the Title I sites. These standards required, to the maximum extent practicable, that these
operations be consistent with the requirements of the Solid Waste Disposal Act (SWDA), as amended.
The SWDA includes the provisions of the Resource Conservation and Recovery Act (RCRA).

Because some buildings had been found to be contaminated with tailings resulting in high radiation
levels, interim standards for buildings were published in the Federal Register on April 22, 1980, This
allowed the DOF to proceed with the cleanup of off-site tailings contamination without waiting for
the formal promulgation of a regulation through the EPA rulemaking process. During this time,
proposed standards for the cleanup of the inactive mill tailings were published for comment.

The proposed cleanup standards were followed by proposed disposal standards, published in the
Federal Register on January 9, 1981, The disposal standards apply to the tailings at the 24 designated
sites and are designed to place them in a condition that would remain safe for a long time. The final
UMTRCA standards for the disposal and cleanup of inactive uranium mill tailings were issued on
January 5, 1983,

The American Mining Congress and others immediately petitioned the Tenth Circuit Court of

Appeals for a review of the standards. On September 3, 1985, the Tenth Circuit Court upheld the
inactive mill tailings standards except for the ground-water protection portions, which were
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remanded to EPA for revision. The EPA is currently developing new standards under this rule, The
disposal standard that applies to the 24 Title 1 sites (40 CFR 192, Subpart A) requires long-term
stabilization of the tailings and establishes a design standard limiting the average radon-222 emission

rate to 20 pCi/n12/sec or less.

3.2 Inactive Industry Profile

3.2.1 Current Status of Inactive Mills

A typical site contains the mill buildings where ore was processed to remove the uranium, ore storage
areas, and a tailings pile covering approximately 30 acres. The tailings pile is usually made by
depositing slurried sand wastes on flat ground to form a pond into which there is further deposition
of s!urfied sand, finer grained wastes ("slimes"), and process water. The water has since evaporated
or seeped into the ground, leaving a large pile of mostly sand-like material. Some inactive sites also
contain dried up raffinate ponds, special ponds where contaminated process water was stored until
it evaporated. Mill buildings, ore storage areas, and dried up raffinate ponds are usually heavily
contaminated with radioactive material. The amount of tilings produced by a mill is about equal
in both weight and volume to the ore processed, since the recovered uranium is only a small part of

the ore.

3.2.2 Use of Inactive Mill Sites

Housing and other structures that remain from milling operations have been frequently put to use.
Housing at Tuba City, Naturita, Slick Rock, Shiprock, and Mexican Hat is occupied. Buildings on
mill sites at Gunnison, Naturita, Shiprock, Green River, and Mexican Hat are being used for
warehousing, schools, and for other purposes. Further, buildings are still used for company activities
at several sites. A sewage disposal site is operating at the former site in Salt Lake City, The pressure
for use of sites In urban areas is likely to increase with time as a result of population growth., The
status and current reclamation schedule for inactive uranium mill sites are presented in Table 3-1,
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Table 3-1. Status and Planned Remedial Action at Inactive Urarmium Hill Sites (a).

Site Quantity Proposed Schedule(b)
of Tailings Action Start Finish
¢1,000,000 tons)

Monument Valley, AZ 1.2 Removal to Mexican Hat Site FYP0 FY91
Tuba City, AZ 0.8 Stabitization in place UW(c) FY90
Durango, CO 1.6 Removal to Bodo Canyon Site uw FYS0
Grand Junctian, CO 1.9 Removal to Cheney Site uw FY93
Gunnison, CO 0.5 Removal to Landfill Site FYoo FY92z
Maybell, CO 2.6 Stabiiization in place Fro Frez
Naturita, €O 0.6 Removal to Dry Flats Site FYeo1 FYQ2
New Rifle, CO 2.7 Removal to Estes Guich Site uw FY92
old Rifle, CO 0.4 Removal to Estes Gulch Site 18] FY92
Slick Rock (NCY(d), CC 0.04 Removal to Slick Rock (UD) - DONE
slick Rock (UC)(e), CO 0.35 Stabilization in place - DONE
Lowman, ID 0.09 Stabilization in place FYg2 FY9?
Ambrosia Lake, NM 2.6 Stabilization in place e FYS0
Shiprock, NM 1.5 Stabilization in place - DONE
Belfield, WD - Removal to Bowman Site _ FYg2 FYo3
Bowman, ND --- Stabilization in place Fyge FYS3
Lakeview, OR 0.13 Removal - DONE
Canonsburg, PA 0.4 Stabilization in place - DONE
Fails City, TX 2.5 Stabilization in place FY$0 FY92
Green River, UT 0.12 Stabiiization in place Ust DONE
Mexican Hat, UT 2.2 Stabilization in place Uw FYeq
Salt Lake City, UT 1.7 gemoval to §. Clive Site - DONE
Converse County, WY 0.19 Stabilization in place U FY&9
Riverton, WY 0.9 Removal to UMETCO's Gas Uk FY$1

#ills Licensed Site

(a) DDEBS

{b) The start and finish dates refer to construction activities to stabilize and cover
the tailings. The finish dates do not include development and implimentation of
the Surveillance and Monitoring Program or Certification that the remedial action is
complete,

{(c) W = underway, i.e., remedial actions to stabilize the tailings have been
initiated.

(d} North Continent pile

(e} Union Carbide pile’
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3.3 Current Emissions, Risks, and Control Methods'

All but one of the 24 processing sites designated under Title I of the UMTRCA are situated in the
generally semi-arid to arid western United States. The site locations vary from isolated, sparsely
populated, rural settings to populated, urban communities.

The tailings contain residual radioactive materials, including traces of unrecovered uranium and most
of the daughter products, as well as various heavy metals and other elements, often at levels
exceeding established standards. The DOE’s Uranium Mill Tailings Remedial Action Program
(UMTRAP) calls for the removal of tailings from sites in highly populated areas or where the long-
term stabilization is threatened by flooding or could result in the contamination of groundwater.
Under Public Law 95-604 the DOE is to complete disposal and stabilization by the end of fiscal year
(FY) 1994,

To date, disposal at seven sites has been completed and tailings at all sites are scheduled to be covered
by February 1993 (DOE88). As can be seen in Table 3-1, once the DOE planned actions are
completed, there will be a total of 19 disposal sites. However, since the remedial action at the

Converse County site calls for disposal under 40 feet of cover, there will be I8 sites where there is

a potential for radon-222 emissions that could cause risks to public health.

Previcus analyses have shown that the only effective means of controlling radon emissions from the
tailings 1s to bury the 1ailings with an earthen cover thick enough to attenuate the radon flux from
the tailings. The UMTRCA standards require that the cover be designed so that the average radon
flux does not exceed 20 pCi/m®/sec. The design flux from the covers approved by the DOE range
from the UMTRCA limit of 20 pCi/m?/sec down to 0.5 pCi/m?/sec.

At sites where remedial action is pending, no controls are currently in place to reduce radon
emissions. Thin interim earthen covers have been used at some sites. These are intended primarily
to control wind erosion of the tailings and may reduce the amount of radon released to the air. At
sites where long-term stabilization under UMTRCA has been completed, thick earthen covers have
been placed on the tailings. As discussed in detail in Volume 2 of this Environmental Impact

Statement (Appendix B) earthen covers reduce the amount of radon released to the air by retaining

'The source for the following section on emissions, risks and control methods is Chapter 8,
Volume 2 of the Fnvironmental Impact Statement (EPASS).
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the radon under the cover long enough for it to decay. It is assumed that these covers reduce the

radon flux to the flux for which they were designed.

3.3.1 Current Emissions and Estimated Risk Levels

The radon releases from the tailings at the 18 inactive sites that will remain once UMTRCA disposal
is completed are assessed on a site-by-site basis, The following sections discuss how the radon release
rates are developed and the sources of the meteorological and demographic data used in the

assessment,

31.3.1.1 Development of the Radon Source Terms

Estimates for the radon source terms for the post-UMTRCA disposal sites are based on the DOE’s
estimated radon fluxes through the approved cover designs and the areas of the disposal sites. The
DOE’s design fluxes and the areas of the disposal sites are those reported in DOEBS. For the
alternative fluxes of 6and 2 pCi/mz/sec, the source terms are calculated using the lower of the design
flux or the appropriate flux limit. The areas of the final disposal sites, the cover design flux rate,

and the radon source terms calculated for each pile are presented in Table 3-2.

3.3.1.2 Demographic and Meteorological Data

To assess the exposures and risks that result from the release of radon-222, site-specific
meteorological and demographic data have been used. Demographic data for the nearby (0-5 km)
individuals are developed for each site by surveys conducted during site visits (PNL84). These
demographic data have been updated by the DOE and SC& A for certain piles (see Appendix A of
Yol II for details). The results of that survey are summarized in Table 3-3. Data for the populations



Table 3-2, Summary of Radon-222 Emissions from Imactive Urenium Hitl Teilings Disposal Sites.(a}

State/Site Area of Cover __Radon-222 Releases (Cify)_
site Design besign & pli/me/s 2 pCi/m2/s
{acres) Flux Flux Limit Limit
(pCi/me/s)

Arizona

Tuba City 22 9.3 2.6E+01 1.7E+01 5.6E+00
Colorade

Durange -Bodo Canyon 40 20.0 1.0e+02 IE+0 1.0E+0%

Grand Junction - Cheney Site 62 6.5 5.1+ 4.88+1 1.6E+01

Gunnison - Landfill Site 38 1.9 9.2E+00 9.2E+00 @.2E+00

Maybel | 80 7.1 7.3E+01 &6.1E+01 2.08+01

Naturita - Mill Site 23 5¢b) 1.58+01 1.5E+01 5.9E+00

New/Old Rifle - Estes Gulch 71 20.0 1.BE+02 5.4E+01 1.8E+01

Stick Rock - Combined [ 5.8 4. 4E+00 4. 4E+00 1.5E+00
Idaho

Lowman 5 5.7 3.6E+00 3.6E+00 1.3E+00
Hew Mexico

Ambrosia Lake 165 16.7 2.26+02 8.0E+01 2. 7e+01

Shiprock 72 20.0 1.8E+02 5.5e+01 1.8E+01
North Dakota .

8owman/Belfield 12 3.9 6.0E+00 6.0E+00 3.1E+00
Oregon

Lakeview 30 7.5 2.96+01 2.3E+01 7.7E+00
Pennsylvania

Canmonsburg 18 7.0 1.6E+01 1.4E+01 4. 6E+0C
Texas

Falls City 146 13.2 2.56+02 1.16€+02 3.7E+C1
Utah

Green River g 0.5 5.76-01 5.7e-01 5.7E-01

Mexican Hat &8 12.0 1.0E+02 5.2E+(1 1.76+01

Salt Lake City - S. Clive 50 20.0 1.3e+02 3.9E+01 1.3E+01
Totals 857 1.36+03 5.9e+02 2.2€+02

(a) Emmissions are calculated based on the area of the site and the lower of the given flux
Limit and the DOE approved design flux.

(b) Final cover design not available, design flux of 5 pCi/m2/sec assumed due to the fact
that only residual contamination exists at this site.
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between 5-80 km are generated using the computer code SECPOP. Meteorological data are obtained
from the nearest station with suitable joint frequency arrays, Details of the inputs that were provided
to the AIRDOS/DARTAB/RADRISK codes are presented in Appendix A of Volume 2 of the

Environmental Impact Statenent.

3.3.1.3 Exposures and Risks to Nearby Individuals

The AIRDOS-EPA and DARTAB model codes are used to estimate the increased chance of lung
cancer for individuals living near a tailings impoundment and receiving the maximum exposure.
Estimates for the exposure and risk to nearby individuals once UMTRCA disposal is completed, as
well as under alternative {lux rates of 6 and 2 pCi/mz/sec are shown in Table 3-4. The lifetime fatal
cancer risks for individuals residing near inactive disposal sites range from 4E-7 to 2E-4. The
maximum tifetime fatal cancer risk of about 2E-4 is estimated at the Shiprock site in New Mexico

at a distance of 750 meters from the impoundment center,

3.3.1.4 Exposures and Risks to the Regional Population

Collective population'risks, in deaths per year, for the region around the mill site are calculated from
the annual exposure in person-WLM (working level months) for the population in the assessment
area. Collective exposure calculations expressed in person-WLM are performed for each mill by
multiplying the estimated concentration in each annular sector by the pepulation in that sector. The
estimated regional fatal cancers per vear in the regional populations are presented for the DOE

approved design flux and for alternative {luxes of 6 and 2 pCi/mE,/sec in Table 3-35,

3.3.1.5 Exposures and Risks Under Alternative Standards

Once the tailings piles are stabilized and disposed of at the DOE cover design flux, the radon-222
emission rates will all be at or below the UMTRCA design limit of 20 pCi/mZ/sec. As mentioned
above, alternative flux limits of 6 and 2 pCi/mz/sec are also evaluated. The exposures and risks
under each of the alternative standards are presented in Tables 3-4 and 3-3, respectively. These
estimates show that the maximum lifetime fatal cancer risk could te reduced from 2E-4 at the DOE
design flux to 7E-3 at a limit of 6 pCi,’mE/sec, and to 2E-~5 ata limit of 2 pCi/mz/sec. The number
of deaths per vear that will occur in the regional population would be reduced by about one-half
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Table 3-3. Estimated Number of Persons Living Within 3 km of the Centroid of Tailings

Disposal Sites for Inactive Mitls{a).

Distance (kilometers)

State/Site 0-0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.C 4.0-5.0 Total
Arizona

Tuba City 0 18 12 15 0 19 64
Colorado

Durango 0 0 2 0 0 0 2

Grand Junction g 1] g 0 26 31 57

Gunnison 0 1] 1] 8 T 22 41

Maybel [ ] 0 ] 8 0 0 G

Naturita 0 8 65 20 106 902 1,093

New/Old Rifle 0 0 0 16 0 49 65

Slick Rock 3 16 0 3 0 0 22
Idaho

Lowman 9 76 87 0 14 3G 218
New Mexico

Ambrosia Lake 0 f v] 0 0 0 0

Shiprock 0 155 1,904 1,034 1,016 839 4,948
North Dakota

Bowman/Belfield o} 3 9 3 [ 12 33
QOregon

takeview 0 16 343 1,704 1,457 464 4,184
Pennsylvania

Canonsburg 950 2,960 7,988 5,126 2,830 281 22,135
Texas

Falls City 0 3 18 0 15 2 45
Utah

Green River 0 14 257 810 397 20 1,498

Mexican Hat 0 0 279 56 0 0 335

Salt Lake City 0 0 b 0 G 0 0
Total 962 3,261 11,164 8,795 5,880 4,678 34,740

(a) PNL84, updated per SCEA site visits and DOE data (see Voi. 2, Appendix A).




Tabie 3-4. Estimated Exposures and Risks to Nearby Popuistions Assuming Alternative Flux Rates.
DOE Design ¥lux 6 pti/m2/s Limit 2 pli/m2/s Limit
Maximum Maximum Haximum
Radon Haximum  Maximum Lifetime Radon Maximum  Maximum Lifetime Radon Haximur Maximum Lifetime
State/Site Distance (a) Concentration Exposure Fatal Cancer Risk Concentration Exposure Fatal Cancer Risk Concentration Exposure Fatal Cancer Risk
(meters) (pCisl) (L) To Individual {pCi/L) (WL) To Individusl {pCi/L) (WL} To Individual

Arizana

Tuba City 1,500 2.0E-03%3 &.7E-06 9_0E-06 1.38-03 4_4E-06 &.0E-D6 4 4E-06  1.48-06 2.08-06
tolorado

Durango 1,500 1.1e-02 3.7e-05 5.0E-05 3.3e-03 1.1E-D5 2.0E-05 1.16-03  3.7e-06 5.08-06

Grand Junction 4,500 1.36-03  5.7E-06 B.0E-06 1.35-03 5.4E-06 7.DE-D& 4 2e-02 1.BE-05 2. 0E-06

Gunnison 4,500 1.6E-04  7.0E+D7 1.0E-06 1.6E-04 7.0E-O07 1.0E-06 1.66-04  7.GE-O7 1.08-06

Maybell 15,000 B.9E-04 5.8E-06 8.0E-06 T 4E-04 4 BE-D6 7.0E-06 2_4E-04  9.6E-08 2.0E-06

Naturita 250 1.3e-02 3.SE-35 5.0e-05 1.36-02  3.5e-05 5.0E-05 5.0E-03  1.4E-05 &.0E-U5

New/Old Rifle 2,500 2.7E-03  9.BE-06 1.0E-05 8.0E-D4 2.9E-D6 4.0E-06 2.76-04  9.BE-O7 10808

$lick Rock 250 3.6E-03  1.0E+05 1.0E-05 3.6E-03 1.0E-05 1.0E-05 1.26-03  3.4E-08 5.08-08
Idaho

L.owman 250 4_4E-03  1.2€-05 2.08-G5 4.4E-03 1,2E-05 2.0E-D5 1.96-D3  5.4E-06 &.0E-06
New Mexico

Ambrosis Lake 7,500 3.7e-06 1.9E-06 3.DE-06 1.4E-04  6.9e-07 ¢.0E-07 4 6E-05 2.36-07 3 o007

Shiprack 750 5.2E-02  1.6E+D4 2.0E-D4 1.6E-02 4.BE-05 7.0E-05 5.26-02  1.6E-05 2.08-03
North Dakota

Bowman/Belfield 750 T.5E-04  2.2E-06 2 _0E-06 7.5E-04 2.26-06 3.0E-06 Z.6e-046 .2E-06 2, 0E-08
Oregon

Lakeview 2,500 1.96-03  &.8E-06 %.0E-06 1.5e-03  5.4E-06 7.0E-D6 &£, 9E-04  1.BE-06 2.0E-06
Pennsylvania

Canonsburg 250 2.0E-02 5.4E-05 B.0e-05 1.7e-02  4.7:-05 7.0E-05 5.6E-03 1.6E-05 2.08-05
Texas

Falis city 1,500 1.4E-02  4.5E-05 6.0E-05 6.0e-03 2.0E-05 3.0E-05 2.08-03 4.68-06 Q.08-08
Utah

Green River 750 2.1e-04 6.2E-07 9.0E-07 2.1-06  6.2E-07 9.0E-07 2.16-04  6.2E-07 &, 0E-07

Hexican Hat 750 1.4E-02  4.1E-05 6.0E-05 5.6e-03 1.9e-05 3.08-05 1.8E-03 6.1E-D6 B.0E-05

Sait Lale City 15,000 4. 26-05 2.7e-07 4.0E-O7 1.3e-05 8.2e-08 1.08-07 4 2E-D6 2.7E-08 & QE-U8

(a) Distance from center of a homogenous circular equivatent impoundment to the point where the exposurss and risks were estimated,




table 3-5. Estimated fatal Cancers per Year in the Regional (0-80 km) Populations Around
Inactive Tailings Disposal Sites Assuming Alternative Radon Flux Rates (a).

Design flux 6 pCi/m2/s 2 pCi/m2/s
Fatal Cancers Fatat Cancers Fatal Cancers

State/Site per Year per Year per Year
Arizona

Tuba City 1.36-04 8.8E-05 2.9E-05
Colorado

Durango &.7E-04 2.1E-04 6.7E-05

Grand Junction 9.9E-04 9.3E-04 3.1E-04

Gunnison 7.5E-05 7.5E-05 7.5e-05

Maybel L 1.0E-94 8.5E-05 2.8E-05

Naturita 3.5E-05 3.5€6-05 1.4E-05

New/Cld Rifle 5.3E-04 1.6E-04 5.3E-05

Stick Rock 6.4E-06 &.4E-06 2.2E-06
[daho

Lowman 9.7E-06 9.7E-06 3.6E-06
New Mexico

Ambrosia Lake 5.3E-04 1.9E-04 6.5E-05

Shiprock 3.0E-03 9.2E-04 3.0E-04
North Dakota

Bowman/Belfield 4 _CE-06 4 DE-06 2.1E-06
Oregon

Lakeview 1.3E-04 1.1E-04 3.6E-05
Pennsylvania

Canonsburg 4.7E-03 4. 1E-03 1.4E-03
Texas

Falls City 7.1E-03 3.1E-03 1.1£-03
Utah

Green River 3.3E-06 3.36-06 3.3£-06

Mexican Hat 3.4E-04 1.7E-04 5.7E-05

Salt Lake City 4.9E-05 1.5E-05 4.96-06
Totals 1.8E-02 1.0E-G2 3.56-03

{a) Fatal cancers per year are calculated based on the lower of the given flux Limit
and the DOE design flux.
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(from 2E-2 1o 1E-2) at a limit of 6 pCi/mZ/sec. At a fimit of 2 pCi/mE/sec, the deaths per year
would be reduced by about nine-tenths (from 2E-2 to 3E-3).

3.3.1.6 Distribution of the Fatal Cancer Risk

The frequency distribution of the estimated lifetime fatal cancer risk for all inactive uranium mill
tailings piles for each alternative are presented in Table 3-6. This distribution is developed by
simply summing the frequency distributions projected for each of the 18 facilities. The distribution
does not account for overlap in the populations exposed to radon-222 released from more than a
single mill. Given the remote locations of these facilities and the relatively large distances between
mills, this simplification does not significantly understate the lifetime fatal cancer risk to any
individual.

3.3.2 Contrg] Technologies

Previous studies have examined the feasibility, effectiveness, and cost associated with various options
for controlling releases of radioactive materials from uranium mil tailings (NRC80, EPAB2, EPAS83,
EPAB86). These studies have concluded that long-term stabilization and control will be required to
protect the public from the hazards associated with these tailings. The standards for long-term
disposal, established for these Title I sites under UMTRCA, provide for controls to prevent misuse
of the tailings, protect water resources, and limit releases of radon-222 to the air. The UMTRCA
standard established a design standard to limit long-term radon refeases to an average flux no greater
than 20 pCi/mZ/sec.

Both active and passive controls are available to reduce radon-222 emissions from taifings. Active
controls require that some institution, usually a government agency, take the responsibility for
continuing oversight of the piles, and for making repairs to the control system when needed. Fences,
warning signs, periodic inspections and repair, and restrictions on land use are measures that may be
used by the oversight agency. Passive controls are measures ot sufficient permanence to require little
or no active intervention. Passive controls include measures such as thick earth or rock covers,
barriers (dikes) to protect against floods, burial below grade, and moving piles out of flood prone
areas or away from population centers. Of the two methods, active or institutional controls are not
preferred for long-term stabilization of radon-222 emissions, since institutional performance of

oversight duties over a substantial period of time may not be reliable.



Table 3-&, Estimated Distribution of Fatal Cancer Risk to the Regional (0-80 km) Populatians
from Inactive Uranium Mill Tailings Disposal Sites Assuming Alternative Flux Rates,

DOE Design Flux

Number of Deaths

6 pti/me/s

Humber of Deaths

2 pLi/me/s

Number of Deaths

Risk Interval Persons Per Yr Persons Per Yr Persons Per Yr
1E-1 to %E+0 0 0 0 0 0 0
1E-2 to 3E-1 0 1] 0 0 8] 0
1€-3 to 1E-2 1] G o} 0 [¢] 0
1€-4 to 1E-3 130(a) 4.0E-04 g 0 0 0
tE-5 to 1£-4 4,500 2.0E-03 2,500 1E-3 1,100 2E-&
1E-6 to 1E-5 89,000 2.0e-03 28,000 1E-3 7,500 3E-4

< 18-6 4,9G0,000 1.0£-02 5,000,000 8E-2 5,000,000 3E-3
Totais¥ 5,000,000 2E-2 5,000,000 1E-2 5,000,000 3E-3

{a} All individuals in this risk interval reside near the Shiprock disposal site in New Mexico.
*  Totals may not add due tc independent rounding.
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Previous studies (see abave) have identified a number of options to provide long-term control of
radon-222 emissions from the tailings. These include earthen or synthetic covers, extraction of
radium from the tailings, chemical fixation, and sintering. These long-term control options are
discussed in detail in Volume 2 of this Environmental Impaet Statement ( Appendix B).

In comparison to other control technologies earth covers have been shown to be cost-effective
(NRCB80). Apart from cost considerations, there are other benefits that accrue by using earth covers
as a method to control radon-222 emissions. For example, synthetic covers, such as plastic sheets,
do not reduce gamma radiation. However, earth covers that are thick enough to reduce radon-222
emissions will reduce gamma radiation to insignificant levels. Further, chemical and physical stresses
over a substantial period of time destabilize synthetic covers, while earthen covers are stable over the
long run provided the erosion caused by rain and wind is contained with vegetation or rock covers,
and appropriate precautions are taken against natural catastrophes.

Earthen covers also reduce the contamination of groundwater that results from two alternative
control methods: storing radioactive materials in underground mines (underground mines are typically
located under the water table), or using the leaching process to extract radioactive and non-
radioactive contaminants from mill tailings, Moreover, although underground mine disposal is an
effective method to protect against degradation and intrusion by man, it nevertheless incurs a social
cost. For example, storing tailings in underground mines eliminates the future development of the

mines’ residual rescurces.

Finally, earthen covers provide more effective long-term stabilization than either water or scil
cement covers. Soil cement covers are comparable to earthen covers in terms of cost-effectiveness,
but the long-term performance of these is as yet unknown. Water covers do not provide the long-
term stability required for the 1000-vyear time periods required. Moreover, earth covers are more

effective stabilizers in arid regions than are water spraying control technologies.

Covering the dried tailings with earth is an effective method for reducing radon-222 emissions and

is already in use at inactive tailings impoundments. The depth of soil required for a given amount

af control varies with the type of earth and radon-222 exhalation rate.

Earth covers decrease radon-222 emissions by the retaining radon-222 released from the tailings long
enough to allow a significant portion to decay in the cover. A rapid decrease in radon-222 emissions



is immediately achieved by applying almost any type of earth. High-moisture content earths provide

reater radon-222 emission reduction because of their smaller diffusion coefticient.
g

In practice, earthen cover designs must take into account uncertainties in the measured values of the
specific cover materials used, the tailings to be covered, and predicted long-term values of
equilibrium moisture content for the specific location. The uncertainty in predicting reductions in
radon-222 flux increases rapidly as the required radon-222 emission limit is lowered.

The cost of adding earth covers depends on the location of the tailings impoundment, its lavout, the
availability of earth, the topography of the disposal site, its surroundings, and the hauling distance.
Another factor affecting costs of cover material is its ease of excavation. In general, the more
difficult the excavation, the more elaborate and expensive the equipment required and the higher the
cost. The availability of materials, such as gravel, dirt, and clay, also affects costs, If the necessary
materials are not available locally, they must be purchased and/or hauled, and costs could increase

significantly as a result.

3.4 Anatvsis of Benefits and Costs

This section presents the benefits and costs of reducing the allowable radon emissions after closure
from the maximum limit of 20 pCi/m‘?/sec established under UMTRCA. Options which are
evaluated include lowering radon emissions to 2 maximum of 6 pCi/mz/sec or a maximum of 2

pCi,-’mz/sec.

This analysis assumes that UMTRCA is in place and that all controls required under UMTRCA will
be met regardless of any provisions resulting from this reconsideration of the CAA standards.
Therefore, the beginning point of this analysis (i.e., the baseline) assumes that all controls required
by UMTRCA are met, specifically that radon emission levels will be limited to a maximum of 20
pCi/n12/sec and that measures will be undertaken to achieve the long-run stability required by the
UMTRCA rules.

Benefits are measured as reductions in the estimates of commirtted fatal cancers resulting from lower

allowable emissions. Results are presented in terms of both total benefits and average annual

benefits. For the calculation of total benefits a 100-year time period is assumed.
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All costs are measured in 1988 dollars and represent the cost of both the disposal and stabilization of
the tailings. Cost estimates are calculated assuming no remedial actions have taken place. The costs
of meeting the DOE design flux, the 6 pCi/mZ/sec and the 2 pCi/m?/sec are then estimated. The cost
of the alternative standards are the incremental costs from the baseline (DOE design flux) to the 6
or 2 pCi/mz/sec alternative, Results are presented in net present value and annualized cost, and are
estimated using real interest rates of zero, one percent, five percent and ten percent. A 100-year

time period is used.
3.4.1 Benefits

It is assumed that reductions in the radon flux rate provided by increasing the depth of cover will
vield proportional reductions in committed cancers. The resulting estimates of committed cancers
per vear on a pile-by-pile basis are presented above for the DOE cover design flux, 6 and 2
pCi/m®/sec options in Table 3-5.

Table 3-7 summarizes the estimates of risk and reduction of risk (committed cancers) for the various
regulatory options. The table presents these estimates for the 10Q-year period as well as annual
averages. Over the 100-year time frame, the 6 pCi/mz/sec option lowers regional risks by 0.8
committed cancers. The incremental benefit of lowering the allowable flux rate from 6 pCi/m?/sec

to 2 pCi/mZ/sec is estimated as 0.65 committed cancers.

3.4.2 Costs

For reasons described in Section 3.3.2, the supplemental control selected for long-term radon-222
control at inactive tailings impoundments is the earthen cover control option. The thickness of cover
required to achieve a given radon flux is a function of the initial radon flux from the pile. Five
operations are required to place earthen covers on inactive tailings piles. These include: regrading
slopes, procurement and placing of the dirt cover, placing gravel on the pile tops, placing of rip-
rap on the pile sides, and reclamation of the borrow pits. The estimation of earth cover thicknesses
and the costs for the five operations are described in detail in Appendix B of Volume 2 of the

Environmenial Impact Statement.

Three overhead cost factors were used to adjust the cost of earth cover described above. First, a
factor of 1.07 was applied to reflect general industry overhead and costs, (for a discussion of ¢ost
factors see Appendix B, Volume 2). Second, a project cost factor of 3.4, based upon UMTRAP
experience, was applied to reflect additional government costs for community participation,
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Table 3-7: Total and Annualized Risk and Reduction of Risk (Committed Cancers)
of Lowering the Allowable Flux limit to 6 and 2 pli/m2/sec.

20 pdCi/m2/sec & pCism2/sec 2 pLi/m2/sec
Baseline Option Option
[:::c:zzzz::::::u.—.f:z -------------- -{ “““““““““““““““““““““““ '
Risk Risk Risk
Reduction from Reduction from Reduction from
Risk Risk 20 pCi/md/sec Risk 20 pCi/m2/sec 6 pCi/m2/sec
Baseline Baseline Baseline
I-------**——:::::-- b S S e R e P E PR PR RS e e IS e e B =I
Risk 1.8 1.00 0.35
Cancers avoided
over 100 years: 6.80 1.45 0.65
Risk 0.0180 0.0100 0.0035
Annual cancers
avoided: 0.00B0 0.0145 0.0065
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