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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 I1 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: 

I. The Uranium Fuel Cycle Facilities 

2. Underground Uranium Mines 

3. Inactive Uranium Mill Tailings 

4. Licensed Uranium Mill Tailings 

5. High-Level Waste Disposal Facilities 

6. Department of Energy Facilities 

7. Department of Energy Radon Facilities 

8. Elemental Phosphorus 

9. Phosphogypsum Stacks 

10. Coal Fired Boilers 

I I .  Nuclear Regulatory Commission Licensed and non-DOE Federal Facilities 

12. Surface Uranium Mines 

The data regarding the control options was developed for Volume I1 and was incorporated into the 

economic analysis. Other economic data was gathered from public available information. 
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CHAPTER 1 

URANIUM WEL. C V a E  





1. U R A N I U M  F U E L  CYCLE FACILITIES 

1.1 Introduction and Summarv 

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 

o 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 Environn~ental Impact Stalement [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 
1 in this chapter are estimated to be equivalent to one fatal cancer every one hundred years. Risk to 

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

years [EPA89]. 

l ~ x c l u d i n ~  radon emissions from uranium mill tailings. 

1-1 



1.2 Industrv Profile 

1.2.1 Introduction 

The four major components of the uranium fuel cycle included 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 Mill 

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 l -  

I and 1-2 present data on milling capacity and the recent capacity trends). These developments are 

due to a combination of I )  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 years 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 (UF6), 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 



Table 1-1: Uranium Mills Licenses by the U.S. Nuclear Regulatory Commission 
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 
U N C  Mining 
Western Nuclear 
Western Nuclear 

Location 

Gas Hills. WY 

Moab, U T  
Converse Co., WY 
Marouez. NM 
~ a n n a   aria, T X  
Falls City, T X  
Cannon City, CO 
Ford, WA 
Ray Point, T X  
Converse Co., WY 
Grants, NM 
Seboyeta, NM 
Sweetwater Co., WY 
Gas Hills, WY 
Shirley Basin, WY 
Shirley Basin, WY 
Shootaring, U T  
Ambrosia Lake, NM 
La Sat, U T  
Edgemont, SD 
Gas Hills, WY 
Blanding, UT 
Uravan, CO 
Church Rock, NM 
Jeffrey City, WY 
Wellpinit, WA 

Rated 
Capacity 

(tons/day) 

950 
6000 
1400 
2000 
2000 
2500 
3400 
1200 
450 
- - 

3200 
3400 
1600 
3000 
2500 
1700 
1500 
750 
- - 

750 
- -  

1400 
2000 
1300 
3000 
1700 
2000 

STATUS CODES: PROCESS CODES: 

= Facility Operating 1 = Acid Leach 
Facility Shutdown 2 = Alkaline Leach 

= Facility Being Decommissioned 3 = Solvent Extraction 
= Facility Built, Never Operated 4 = Carbonate Leach 

5 = Eluex 
6 = Caustic Precipitation 
7 = Column ion exchange 

Status Process 

SOURCE: [EPA89] 



Table 1-2 Uranium Mill Capacity (Tons of Ore pea Day) 

Year 

Operating Total 
Capacity Capacity 

Total Operating Utilization Utilization 
Capacity Capacity Rate Rate 

Source: (DOE 87 ) 



of 9,100 tons per year that has operated since 1970 [AEC7J, DOE881. 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 assemblies 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 UF6 to U02  and recovers uranium from 

scrap materials generated in the various processes at the plant. There are two processes used to 

convert UF6 to U 0 2  - a wet process, ammonium diuranate, and a dry process, direct conversion. 

1.2.5 Lieht-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) [NNSS]. 

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. 

1.3.1 Introduction 

The emission rate for a facility wilt 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 



Table 1-3: Light Uater Commercial Fuel Fabrication Fac i l i t ies  Licensed by the Nuclear 
Regulatory Cmiaaion as o f  June, 1987. 

1980 Operating 
Proccas Used operating License 

Fac i l i ty  t o  Convert Capacity as of 
L i  censee ~oca t ion  operations UF6 t o  UOZ Final Product ttonslycar) J m  1987 
= = = S = I E = = ~ - l = I L ~ ~ = 3 ~ = - ~ 3 - - - C -  _--a___I__E==l====_ 

Advanced 
Nuclear 
Fuels 

Babcock L 
Nilcox - 
CNFP 

Babcock & 
U i  lcox 

Rf chland, LEU a/ Conversion Dry L Uet Complete Fuel 650 NO 
Vashington (UF6 t o  U02), A s s b l i e s  

Fabrication L Scrap 
Recovery; Corercia1 
LUR Fuel 

Lynchburg, 
Virginia 

LEU Fabrication; Use W2 Powder (250) YES 
Cwuicrcial LUR Fuel --- t o  P d u c e  Fuel 

Assnblier 

m l l o ,  Authorized Decontam- Vet WZ Powder 
Pennsylvania ination; Pmding 

Nuclear Rcactor 
service operations 

Combustion Uindsor, LEU Fabrication; Use UOZ Powder (150) YES 
Engineering Connecticut Commer~ial LUR Fuel --- t o  Produce Fuel 

Y Asanblies 
0 

Colbustion Hematite, LEU cmversion D ~ Y  W ?  Powder 
Engineering Uiaswri  (UF6 t o  U02) & 

scrap Recovery 

150 YES 

General Ui Lmington, LEU C m v e r ~ i m  Dry P Vet Conplcta Fuel 1,5W YES 
Electric North Camlina (UF6 t o  WZ) L Assnblies 

Fabrication; 
Commercial LUR Fuel 

Vestinghwse Colulbia, LEU Conversion Dry L Uet Complete Fuel 750 YES 
Electric South Carolina (UF6 t o  W); A s s b l i e s  

Fabricstion 8 Scrap 
Recovery; Collercial 
LUR Fuel 

- - - - - - - 
TOTAL 3,m 

a1 Low enrichment uranium 

Source: CEPA893 



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 

[EPA89]. 

1.3.2 Current Emissions and Estimated Risk Leveh. 

1.3.2.1 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 ore 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. As 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 particle 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 Volume 2 of the 

Environmenlal lnzpact 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 



Table 1-4 Fatal Cancer Risks from Atmospheric Radioactive Emission from Uranium Fuel 
Cycle Facilities (Excluding Radon from Tailing Piles) 

Highest Individual Regional (0-80 km) 
Lifetime Fatal Population 

Facility Cancer Risk Deaths/y 

Uranium Mills 
Ambrosia Lake 2E-7 3E-5 
Homestake 2E-4 2E-3 
La Sal 2E-6 3E-5 
Lucky Mc IE-7 7E-6 
Panna Maria 3E-6 5E-5 
Sherwood IE-6 8E-5 
Shirley Basin 6E-7 9E-5 
Shootaring 2E-7 7E-7 
Sweetwater 7E-7 2E-5 
White Mesa 6E-7 2E-5 
Model Inactive Tailings 2E-4 IE-4 

---- 
Total 2E-3 

Uranium Conversion 
Dry 3E-5 8E-4 
Wet 4E-5 6E-4 

Fuel Fabrication 4E-6 8E-5 

Nuclear Power Reactors 
Pressurized 
Water Reactors 3E-6 

Boiling Water 
Reactors 



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. 

Two 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 1-5. The plant parameters utilized are specific to each plant [NRC 84, 

NRC85bI. 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 

a 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 a t  Columbia, 

South Carolina which was the basis for the model plant. 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. 



Table 1-5 Atmospheric Radioactive Emissions Assumed for Reference Dry and Wet Process 
Uranium Conversion Facilities. 

Emissions Solubility Class (%)(a) 
Facility Process Radionuclide (Ci/year) D W Y 

Allied Corp. Dry u-~at%?l@) 0.10000 56 30 14 
Metropolis, IL Th-230 0.00050 0 0 100 

Ra-226@) 0.00001 100 0 

Sequoya Fuels Wet ~ - ~ a t y - ~ l ( ' )  0.050 65 5 30 
Sequoga, OK Th-230 0.005 0 0 100 

Ra-2261') 0.005 0 100 0 

(a) 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. 

CC) Particle size (uml % (Average: 1980- 1984) 

SOURCE: [EPA 891 



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

Process 

Nearby Regional (0-80 Km) 
Individuals Lifetime Population 
Fatal Cancer Risk Deathslyear 

Dry 3E-5 8E-4 

Wet 

Source: EPA 89 



Table 1-7 Fatal Cancer Risks due to Atmospheric Radioactive Emissions- 
Uranium Conversion Facilities 

Nearby Regional (0-80 Km) 
lndlviduals Liletime Population 

Process Fatal Cancer Risk Deathslyear 

b = y  r 
Wet 4E-5 6E-4 

Source: EPA 89 



1.3.2.4 Nuclear Power Reactors 

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, including 

those for BWRs plus the steam generator's blowdown 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 exposure 

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 Envirotznzenlal lnzpact Staterne?zt. The lifetime 

risk of fatal cancer for nearby individuals ranges from 3E-6 for the model PWR to 5E-6 for the 

model BWRs. The incremental risk to the regional population is IE-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 yields a total risk of 9E-2 cancers per year for the United 

States. These estimates assume non-overlapping populations for exposure to nuclear power reactors 

and may understate the risk to some individuals residing near multiple reactors. 

1.3.3 Control Technoloeies 

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 [NRCSO]. Milling dust is controlled by the placing of exhaust 

hoods at the crusher, screens and transfer points. The off-gases from 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 improl-ement of efficiency increases as the 

efficiency level increases. For example, a medium-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 Eirvironmeiltal Impact SIatement. 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 to the tailings 

piles is a cost-effective method for controlling 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 operational 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 [TEKBI]. 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 [EPA89]. 

1.3.3.3 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 types: boiling water reactors (BWRs) and 

pressurized water reactors (PWRs). While there are common approaches to control 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 fitters 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, allowing those with shorter lives 

to decay before being released. Both BWRs and PWRs also employ various indirect methods of 



reducing atn~ospheric eniissions. 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 radioactive emissions from nuclear power reactors. 

1.4 Industrv Cost and Economic I m ~ a c t  Analvsis 

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 electric power will become more 

attractive if uranium fuel production costs increase. 
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CHAPTER 2 

UNDERGROUND URANIUM MINES 





2.1 INTRODUCTION 

Underground uraniunl 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 uranium 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 

attributable to each option and the impacts a regulation would have on the industry, the miners, their 

c.omniunities and the U.S. economv. 

2.2 l t~dustrv Profile 

The U.S. uranium mining industry is an integral part of a domestic uranium production industry 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. 

1.2.1 Demand 

Domestic producers of uranium ore send it to uranium mills. The  mills 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 87al. 

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 too 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  indust ry .  Perhaps most importantly,  the g rowth  in electrici ty generated by nuclear  plants nnd 

t h e  expansion of nuclear power  capacity has been niuch slower than had been f o r e c a s t i n  the mid-  

1970s. 'This slower growth is d u e  in part  to numerous  construstion delays and cancellat ions.  Second,  

impor ts  have begun to play a major  role in the  U.S. u ran ium market.  Impor t  restr ict ions were  

gradually wi thdrawn  between 1975 and 1985. T h e  result has been a steady increase in u ran ium 

impor t s  f r o m  nations possessing high grade  ( and  thus  low cost )  uranium deposits .  Expectations a r e  

tha t  a growing portion o f  utility requirements will besupp l i ed  by foreign-origin u ran ium dur ing  the  

second half o f  this  decade  [ JFA 85al. 

Also con t r ibu t ing  to the  cu r ren t  downtu rn  in the  uranium indust ry  a re  the large inventories being 

held by both producers  a n d  utilities. Utilities, anticipating a g rowing  need fo r  u ran ium,  entered in to  

long- term contrac ts  to purchase  large amounts  o f  domestically-produced u ran ium.  As actual  needs  

fel l  shor t  o f  expected needs d u e  to nuclear power  plant construction delays a n d  cancellat ions,  large 

inventor ies  accumulated .  These  inventory supplies,  current ly  est imated to cover  f o u r  to f ive  years 

o f  uti l i ty requirements ,  adversely af fec t  suppliers in two ways.  They  may ex tend  t h e  d o w n t u r n  in 

u ran ium d e m a n d  f o r  a number  o f  years by decreasing the  need f o r  utilities t o  en te r  into n e w  

contracts.  Also, h igh interest  rates increased inventory  holding costs, leading some  utilities to 

con t r ibu te  to c u r r e n t  excess supply  by o f fe r ing  inventory  stocks f o r  sale o n  the  spot  marke t  

[ J F A  XSa]. More  detail  o n  uranium uses can be  found  in Chap te r  4 of this volume.  

7.2.2. Sources  of  Supply 

T h e  u ran ium used to fue l  nuclear reactors is suppl ied  b y  domest ic  a n d  foreign producers ,  inventories 

held by utilities, a n d  secondary  market  transactions s u c h  as producer- to-producer  sales, 

ut i l i ty-to-uti i i ty sales a n d  loans, and uti l i ty-to-producer sales. T h e  role of each is described in the  

fo l lowing sections.  

7 .2 .2 . I  D o m e ~ t i c  Product ion 

T a b l e  4 -7  i n  C h a p t e r  4 shows trends in domestic production of u ran ium concentra te  f r o m  1947 to 

1986, by state.  Tota l  product ion was relatively constant  a t  10.500 to 12,500 tons p e r  year unti l  1977, 

when  it began a n  increase that  peaked in 1980 a t  21,852 tons. Production has decl ined almost eve ry  

year since,  reaching on ly  6 ,753 tons in 1986 [DOE 87b]. 



A second source of uranium is the import market. Until 1975, foreign uranium 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 1980. 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]. 

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 froin Australia 

and South Africa [DOE 87aj. 

Forecasts of import penetration call for the import share to grow through the 1990's. The Departnlent 

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 (U308) and seven months for enriched uranium hexafluoride (UF6) [DOE 85aj. Table 4- 

I I 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 included. 

The uranium inventory owned by utilities alone at the end of 1984 represented almost four years of 

forward coverage. 

2.2.2.4 Secondarv Market Transactions 

The secondary market for  uranium includes producer-to-producer sales, utility-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-year changes in 



inventories. The secondary market has been significant in recent years. During 1986, sales of 6,800 

tons of  U308 equivalent were rnade between domestic utilities and suppliers in the secondary rnnrket. 

2.2.3 Fi~taticiai Analysis 

Selected financial data for the domestic uranium industry for  1982 to 1986 are shown in Table 4- 

i n  ch-:>'?r 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 firnis 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 years, 1982 and 1983. The returns on assets (net income divided by total assets) in these 

years were 0.7 and 1.4 percent respectively, and aggregate net earnings totalled $69.8 million. 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 niillion. The 10% in 1984 alone was $304.7 million on revenues of $608.9 

million. Thus, the aggregate loss for the five years was $695.9 million. In 1977, 146 firms were 

involved in domestic uranium exploration, 135 in mining 3nd 26 in milling. In contrast, only 31 

firms were actively engaged in exploration, 1 1  in mining and 5 in milling toward the end of 1986. 

Of  these firms, only 27 percent had positive net income aft?r meeting operating expenses and other 

obligations such as payment of taxes and recovery of depletion, depreciation and an~ortization. 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 financial impro\,erneiit in 1986 stemmed from the slowdown or the coinpietion 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 87aj. 

Company-specific information on uranium production, rebenues, profits, and plans is provided in 

the f o l l o ~ i n g  paragraphs. More detail is provided in Chapter 4. 

Honlestake Mining Company owns one conventional uranium mine and a 3400 ton per day mill in  

Grants. New Mexico. During 1984, production of uranium was reduced to the niinimurn level at 

which satisfactory unit costs could be maintained. Mine production has been confined to one mine 



operating on n five-day-week schedule for ten months of the year. Uranium concentrate was also 

reco\t.red From solution mining and ion-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 year is attributed to existing contracts, expiring in 1987, that provide for sale prices above 

currenr spot prices and production costs [AR 84, AR 85, AR 861. 

2.2.3.2 Rio Aleom 

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 457 tons of uranium oxide from its Utah 112ine. 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 861.' In 1987, the La Sal mill produced about 350 tons of 

uraniunl oxide using both company ore and ore from the Thornberg mine. The mill was placed on 

standby in September of 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 I976 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 ail uranium assets were written down by 

$46 n~il l ion after taxes in 1984 and $21 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 \Vyoming 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 



Phelps Dodge wrote off its entire "Energy" operation, o f  which Western Nuclear was a major part 

[AR 83, AR 851. 

2.2.4 lnduslry Forecast a i ~ d  Oullook 

This section presents projections of total U.S. utility market requirements, domestic uranium 

production, from both conventional and non-conventional sources, imports, employment and 

electricity consumption. Developed for a 14-year period (1987-2000), these projections are 

considered "near term." A basic assumption of the near term projections is that current market 

conditions, as defined by the Department of Energy's Energy Information Administration 

(DOE,EI.A), 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 8721. 

2.2.4.1 Proiections of Dorneslic Productior~ 

The EIA's Reference case2 forecasts, for 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 EUREKA 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 
3 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 rhe EIA's Uranium Industry Annual 1986. 

'prior to the 1986 Viability Assessn7en1, 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 Refersnce case ir? the lP86 Viabiliry Assessnler~t uses the underlying assumptions for  the Lower 
Reference case described in Conln~ercial Nuclear Power 1987: Prospects /or !he Uuited Stales and 
fhe IYorld [DOE 87al. 

3 ~ h e s e  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 
industr) 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. 



2.2.4.2 Near-Term Proiections 

Total domestic production of U308, from both conventional and non-con\entional uraniurii 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 U308 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 historically has 

accounted, on average, for roughly 70 percent of total annual domestic production) has fallen more 

steeply: from 85 percent in 1980 to 53 percent in 1985. Houever, it increased from its 1985 level of 

3,275 short tons to 5,825 short tons in 1986. This increase uas due to an increase in the U30, 

concentration of the ore milled in that year. 

Changes in the market, such as the ban on iniports of uranium ore or concentrate fro111 South Africa 

and iYamibia4, could influence conventional production much more than non-conventional U30, 

production, because non-conventional U308 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 bellyriunl ores constitute by-product methods of production of U30,. 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 U30, in 1986. Other 

sources include mine water, and heap leaching, which accounted for the remaining 21 percent of total 

annual non-con\~entional production in 1986. 

The Reference case ElA projections of doriiestic U308 production through the year 2000 are based 

on a 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 1987 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 87al. Historical data 

4 ~ h e  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 U.S. 
Department of the Treasury on which the U.S. Nuclear Regulatory Commission has concurred 
[EPA 87bI. 



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 hlethods 

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. 

1.3.2 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 -  I,  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 # I  will operate for five more years. Only the Mt. Taylor mine, with an expected life of 

twenty years, has the possibility of operating for  a significant amount of time. Section 23, owned 

by the Honiestake Mining Company, has an expected life of only 1.25 years. 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 Technoioeies 

2.3.3.1 Introduction 

After extensive efforts to devise control technologies that would reduce the emissions of radon-222 

from underground mines, it was concluded that no suitable technology is available [EPA 891. 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 



Table 2-2 .  Currenriy Operating Underground Uren im Mines i n  the United States. 

Type Expected Assuned Current 

L i f e  ( y )  Production Rate 

(MT/d) 

Arizona 

Kanab North Energy Fuels Nuclear, Inc 

Pigeon Energy Fuels Nuclear, Inc 

P i  nenut Energy Fuels Nuclear, Inc 

Colorado 

Calliham UMETCO Minerals Corp. 

Deremo-Snyder UMETCO Minerals Corp. 

King Soloman UMETCO Minerals Corp. 

Hi l UMETCO Minerals Coro. 

Schuartzualder Cotter Corp. 

Sunday UMETCO Minerals Corp. 

Yi lson-Siverbel l  UMETCO Minerals Coro. 

New Mexico 

M t .  Taylor Chevron Resources Co. 

Section 23 Hanestake Mining Co 

Utah 

La sal  UMETCO Minerals Corp. 

Snouball-Pandora UMETCO Minerals Coro. 

Waning 

Sheep Mountain 1 U.S. Energy Co. 

Modified Roan 

and P i l l a r  

Modified Roan 

and P i l l a r  

Modified R o a n  
and P i l l a r  

Modified Roam 

and P i  l Lar 

Modified Room 

and P i l l a r  u i t h  

Vein Structure 

Modified Room 

and Pi l i a r  

Modified Room 

and P i l l a r  

Modified Room 

and P i l l a r  

Modified Roan 

and P i l l a r  

Modified Room 

and P i l l a r  

Modified Room 

and P i l l a r  

Randm D r i f t i n g  

NA NA 

NA 280 

N A 350 

NA 50 

Standby 0 

NA: Information Not Available 

Source: (EPA89) 



T A B L E  2-2 CURRENT RISK LEVELS DUE TO RAOON-222 
(Ranked by Maximum Individual Risk) 

Maxim 

Expsed 
Individual Regional Exposure 
_________...~___________...____~~~.~..~......... 

Cmitted Fatal 
Annual Radon-222 Lifetime 1980 Poprlation Cancers Per Yr 

Nine Release (Cily) Cancer Risk ulin 80 km (0-80 km) 
............................................................................................. 
L a  Sat 2460 4.4E-03 21,000 3.OE-03 
Derema-Snyder 960 1.7E-03 30,000 1.OE-03 
Snowball-Pandora 2920 1.3E-03 21.0W 4.OE-03 
Schuartruaider 6385 1.2E-03 1,800,000 7.OE-01 
Catiiham 260 l.lE-03 30,000 4.OE-04 
Sect icn 23 8894 4.1E-04 65,000 5.OE-02 

King Soiomon 2020 3.5E-04 67,000 5.OE-03 
Witson-Silverbell 790 3.4E-04 30,000 1.OE-03 
Sunday 3120 3.3E-04 24.000 4.OE-03 
N i l  690 7.3E-05 55,000 2.OE-03 

Pigeon 2560 6.1E-05 7 . m  2.OE-03 
Mt. Taylor 2180 3.6E-05 50,000 3.OE-03 
Kanab North 1640 2.4E-05 11,MO 1.OE-03 
Sheep Mountain No. 1 170 6.5E-06 5,200 2.OE-04 
Pinenut 350 2.7E-06 8,300 2.OE-04 
............................................................................................. 

TOTAL 7.8E-01 



would reduce the higher concentrations of radon-222 at sites close to the mines. Tlie proposed 

regulations would nilow colnbinations of these measures, and other liieasures that may be developed 

in  the future, so long as risk is reduced to acceptable levels. 

Three alternative rules are under consideration and are discussed in this chapter. The first is to 

require mines to reduce eniissions through partial shutdowns and stack installations such that the 

lifetime risk of cancer for  the most exposed individual, also referred to as maximum individual risk 

(MlR), is under 3E-4. The second is to similarly reduce the MIR to below IE-4. The third is to 

reduce the MIR to below 3E-5. 

2.j.3.2 Alteroatire One: lrlaxilnu~n Individual Risk Under 1E-4 

The first alternative rule is that ~ilines should employ a combination of I)  a reduction of operating 

days per year to reduce annual I-adon-222 emissions and 2) construction of stacks to release radon- 

222 emissions from higher elevations such that the risk of fatal cancer to the niost exposed individual 

is reduced to under IE-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 

that would be otherwise achieved. Estimating the cost of the vents is more straight forward. 

Analysis of the eniission and risk levels due to alternative one, shown in Table 2-3, is based on the 

assuniption that radon emissions are proportional to the percentage of time the mine is open. 

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

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 eniissions from zero to one 

hundred percent was calculated. For each stack height, the smallest emission reduction that reduced 

the h4IR to the designated level was then determined. The least costl>- 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. 



Table 2-3': Alternat ive 1: neasures leken and Their Ef fects on M a x i m  Exposed Indiv iduals and 

Poprlations u i t h i n  80 km 

mine 

Al ternat ive 1: M I R  BELW 3E-4 
.......................................................................................... 

Reduction Annual Risk t o  Reduction 

Stack Emission +ran i n i t i a l  P a p l a t i o n  i n  P ~ p l t a t i o n  

Height Reduction M I R  M l R  w i th in  80 km Risk 

La Sal 0 95% 2.2E-04 
Schuartzualder 0 75% 3.OE-04 
Call  iham 0 75% 2.8E-04 
Deremo-Snyder 0 85% 2.6E-04 
Snowball-Pandora 0 80% 2.OE-04 
Ui lson-Si lverbel l  0 15% 2.9E-04 
King Solomon 0 15% 3.OE-04 
Section 23 0 30% 2.9E-04 
Sunday 0 10% 3.OE-04 
M t .  Taylor 20 0% 3.M-05 
Sheep Mountain No. 1 0 0% 6.5E-06 
Pinenut 0 OX 2.E-06 
Kanab North 0 0% 2.4E-05 
N i l  0 OX 7.3E-05 
Pigeon 0 OX 6 .1~-05  



Tnble 2 - 4  describes the eniissions and risk levels due to alternative two. Alternative two would 

require soilie inines to t'urtlier reduce operations in order to additionally reduce cancer risks to the 

111ost exposed individunls. The  same six mines that would not have to do  anything under alternative 

one would still nor have to do  anything under alternative two. 

2.3.3.J Alternatibe Three: hlasitnurn lrrdividual Risk  tinder 3E-5 

Tnble 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 

reduce cancer risks to the niaxinium exposed individuals. Note that three mines - -  Sheep Mountain 

No. I .  Knnab 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 

nlternntive three. 

2 .4  Ar~alvsis of  Bet~efi ts  and Costs 

i n  this section, the benefits and costs of the alternatives under consideration are examined. Benefits 

in terrus of reductions of the risk of cancer to the most exposed individual and the 80 km population 

are denionstrated. Costs for  alternative one and two and cost differentials between the base case and 

alternati\es one and t u o  are calculated. Finally, the effects of various assuniptions on the conclusions 

drnivii i n  the above are assessed. 

2.4.2 Least-Cost Conrrol Strategies for Meeting Alternatives One. Two and Three 

In order to con~plete  the analysis of alternatives one, two, and three, it is necessary to determine 

which combination of conrrol parameters (emission reductions and stack heights) the mines' operators 

would select. T h e  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 outcome of the analysis 

in ternls of the combination of enlission reduction and stack height selected, reductions in MIR and 

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

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

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



Table 2-4: A l te rm t i ve  2: Measures Taken and Their Effects on nsxi.un Exposed lndividusls and 

Poplet ions within 80 km 

Alternative 2: M l R  BELW 1E-4 

Reduction Annual Risk to Reduction 

Stack Emission from i n i t i a l  Population i n  Population 

Height Reduct ion HlR M I R  within 80 km Risk 

La Sal 

Schuartzualder 

Calliharn 

oeremo-Snyder 

Snouball-Pandora 

UiIson-Silverbel l  

King S o l a n  

Section 23 
Sunday 

M t .  Taylor 

Sheep nountain No. 

Pinenut 

Kanab North 

N i  I 

Pigeon 



Table 2-5: A l t e rna t i ve  3: nessures Taken a d  Their  E f f ec t s  on M a x i m  Exposed I n d i v i d u a l s  and 

Pop l le t ions  w i t h i n  80 km 

A l te rna t i ve  3: HIR BELW 3E-5 

mine 

~ ~ ~ ~ ~ ~ . . . . . . . . . .  
Reduction Annuat Risk t o  Reduction 

Stack Emission frm i n i t i a l  Populat ion i n  Popuiation 

Height Reduct i on  M l R  HlR w i t h i n  80 km Risk 

La  Sal 

Schvartzvalder 

Cal l iham 

Cerema-Snyder 

Snoubaii-Pandora 

Wi lson-Si lverbelL 

King Soloman 

sec t i on  23 

Sunday 

M t .  Taylor 

sheep Mountain No. 1 
Pinenut 

Kanab North 

Ni 1 

Pigeon 



Teble 2 - 6 :  Matrix of nlRs as Stack Height and Emissions 
e t  Pigeon Mine Vary 

R I S K  TO NEAREST INDIVIDUAL ( I I l R )  
R E D U C T ~ O ~  REDUCTION 

I N  STACK HEIGHT I N  
EMISS~ON EMISSION 

LEVEL o M 10 II 2 0  M 3 0  w 60 n LEVEL 



Mine. For e;~cll stack height, MlRs increase as reductions in ernission levels decrease. For alternative 

two, MlR < 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 enlission reductions. The largest number 

in the column is less than I€-4. Table 2-7 shows the reduction i n  emission levels needed to comply 

with alternatives one, two, and three. For each stack height, 3lternatives one and two can be satisfied 

with no emission reductions. When the third alternative is considered, looking down the first colunln 

of Table 2-6 indicates that a fifty-five percent reduction in emissions is needed to meet the 3E-5 

limit. \\'ith 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 suff'ices; 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 \:ariaus 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 re\-enues 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 $1 10.23 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 Mr. Taylor Mine would opt for stack construction, and Mt. Taylor already has a 

twenty meter stack. 

In the case of Pigeon hline 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 hline at first remains relatively constant, 

reaching a maximum at twenty meters, and then declines sharply after thirty meters. Sixty meters 

is the optitiial stack height for Pigeon Mine under alternative three because i t  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 also performed for  the other fourteen mines. 

These are summarized in Tables 2-3, 2-4, and 2-5 above. 



TABLE 2 - 7 :  Piaeon Mine. Surmery of Risk Reductions and Costs 

r isk  to nearest individual 
for  MlR <= 3e-4 

REDUCTION 
I N  

STACK HEIGHT EMlSSlON resulting 
( i n  meters) LEVEL MIR Cost 
....................................................... 

0 0% 6.1E-05 10 
10 OX 5.9E-05 531,200 

20 OX 5.6E-05 380,500 

30 OX 5.OE-05 5146.600 

60 0% 3.OE-05 5291.400 
....................................................... 

M i n i m  cost: M 

r isk to nearest individual 
for MIR <= le-4 

REDUCTION 
I N  

STACK HEIGHT EMISSION resulting 
( in  meters) LEVEL MIR cost 
....................................................... 

0 OX 6.1E-05 M 
10 0% 5.9E-05 131,200 
20 OX 5.6E-05 380,500 

30 0% 5.OE-05 S146,M)O 

60 0% 3.OE-05 5291,400 
....................................................... 

M i n i m  cost: M 

r isk to nearest individual 
for  MlR <= 3e-5 
........................................... 

REOUCTlON 
IN 

STACK HEIGHT EMISSION resulting 

( i n  neters) LEVEL MlR cost 

M i n i m  cost: 5291,400 

2-18 



TABLE 2-8: Matrix of Costs of Various Ccnbinations of Stack Height and 

shutdoun lime for Pigeon Wine. 

The last  colum i s  the cost 
o f  shutdoun by percent of 

The f i r s t  rou is the cost of constructing stacks of various heights. a one year shutdown 
Other rous are swns of costs of shutdown and of coostrwting stacks. - - - . .~~~--- - - - .~. . .~~~.~--- - - -  
........-......-..-..-.......-.-........*....-...--.-.-..--.----------.-*.. I percent of cost of 

0 H 10 I4 20 M 30 U 60 M I year shutdoun shutdown 
.......................................................................................................... 

$0 $31,200 $80,500 $146,600 1291.4W I 0% $ 0 
$76,042 $107,242 $156,542 $222,642 $367.442 I 5% $76.042 

$152.084 $183,284 $232,584 $298,684 U 4 3 . W  1 1 0% 1152,084 
$228.126 $259,326 '6308,626 $374,726 1519.52t 1 15% $228,126 
$304,169 $335,369 $384,669 U50.769 1595,569 1 20% $304,169 
$380.211 $411,411 $460.71 1 1526,811 5671.611 1 25% 5380,211 
$456,253 $487,453 $536,753 $602,853 1747,653 1 30% U56.253 
$532,295 $563,495 $612,795 $678,895 SE23.695 1 35% 1532,295 
$608,337 $639,537 $688.837 $754.937 1899.737 1 40% $608,337 
$63,379 $715,579 $764.879 $830,979 $975.779 1 45% 5684,379 
$760,422 $791,622 $840.922 $907,022 $1,051,822 1 50% 1760,422 
$836,464 f867.664 $916.964 $983.064 11,127,864 1 55% $836,464 
$912,506 $943,706 $993.006 51,059,106 $1,203,906 1 60% 1912.506 
$988,548 $1,019,748 $1,069,048 $1,135,148 11,279,9481 65% $988,548 

51,064,590 $1,095,790 $1,145,090 $1,211,190 11,355,990 1 70% $1,064,590 
$1,140,632 $1,171,832 $1,221,132 $1.287.232 $1,432,032 1 75% 11,140,632 
$1,216,675 $1,247,875 $1,297,175 $1,363,275 $1,508,073 1 80% 11,216,675 
$1,292,717 $1,323,917 $1,373,217 $1,439,317 11,584,117 1 85% $1,292,717 
$1,368,759 $1,399,959 $1,449,259 $1.515.359 11,664,159I 90% 51,368,759 
$1,444,801 $1,476,001 $1,525,301 51,591,401 $1,736,201 I 95% $1.444.801 
$1,520,843 $1,552,043 $1,601,343 $1,667,443 $1,812,243 1 100% $1,520,843 

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





Tables 2-9, 2-10, and 1 - 1  1 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 fatal cancer 

to the most exposed individual and the incidence of fatal cancer in the 80 k ~ n  population. Alternative 

one will reduce tlie highest MIR fro111 4.4E-3 to 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.OE-5, a reduction of 4.4E-3. With regard to the 80 krn population, alternative one will reduce 

the incidence of fatal cancers froill 7.8E-1 to 2.3E-I, a reduction of 5.5E-I. Alternative two will 

reduce the incidence of fatal cancers from 7.8E-I to 5.9E-2, a reduction of 7.2E-1 cases annually 

relative to the baseline incide~,ce and a reduction of l.7E-I re1atiL.e to alternative one. For 

alternati\e three the resulting incidence of fatal cancer will be 1.OE-2, an annual reductio~l of 7.7E- 

I 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 krn population under 

alternative one will be 5.3E-I deaths avoided annually. For alternative two tlie reduction is 6.7E- 

1 and for alternative three it is 7.OE-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 tlie 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 o f  Co~itrol  Alterr~alives 

I n  this section the aggregated costs of alternatives one, two, and three are analyzed. The economic 

effects of the timing of costs are evaluated 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, fi\:e, 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 costs for each year in which output restrictions are 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 



Table 2-9 :  Health Benefits Due to Alternative One 

mine 

Initial Risk of Fatal Cancer ALTERNATIVE 1: MlR B E L W  3E-4 
.................--......--..---I---.------..-.----...-.--..----.-------.-------.....-...-.- 

Comnitted Fatal Annual Risk to 

Maximum Cancers Per Yr Reduction Papuletion Reduction in 
Individual Risk (0-80 km) MlR in MlR uithin 80 km Poplation Risk 

La Sal 
Calliham 
Oeremo-Snyder 
Schwartzwalder 
Snouball-Pandora 

King Solomon 
Wilson-Silverbell 
Section 23 
Sunday 
Mt. Taylor 
Nil 
Pinenut 

Sheep Mountain No. 
Pigeon 

Kanab North 

Totals: 7.8E-01 2.3E-01 5.5E-01 



l n b l e  2-10: Health Benefi ts Due t o  Aiternative Two 

mine 

ALTERNATIVE 2: W I R  BELW 1E-4 
................................................................................................ 

Reduction in MlR Reduction i n  P o p l a t i o n  Risk 
Amual Risk to 

Relat ive t o  Relat ive t o  Population Relat ive t o  Relat ive t o  

M l R  Base A L ~ .  1 u i t h i n  80 km Base A L t .  1 

La Sal 

Calliham 

Derm-Snyder  

Schvartzvalder 

Snouball-Pandora 

King Solomon 

Wi lson-Si lverbel l  

Sect ion 23 

sunday 

Ht. Taylor 

N i l  

Pinenut 

Sheep Mountain No. 1 

Pigeon 

Kanab North 

Totals: 



Toble 2.11: Wealth Benefi ts Due t o  Al ternat ive Three 

mine 

ALTERNATIVE 3: HIR BELOU 3E-5 , ............................................................................................... 
Reduction i n  W I R  Reduction i n  Popl la f ion Risk 

................................ Risk to 

Relat ive t o  Relat ive t o  Population Relat ive t o  Relat ive t o  

M I R  Base I l t .  2 w i th in  80 km Base A l t .  2  

La Sal 

Cal l  iham 

Oeremo-Snyder 

Schnartzwalder 

Snoubali-Pandora 

King Solomon 

Wilson-Si lverbel l  

Section 23 

Sunday 

Mt. Taylor 

N i l  

Pinenut 

Sheep Mountain No. 

Pigeon 

Kanab North 



Table 2-12: Casts of A l ternat ive One 

Uranium Ore Pr ice a t  Mine: $110.23 per MT Expected Rate of Return: 2% 

Ore NPV of Atternat ive over l i f e  of mine 

Expected Production Annual a t  a discount r a t e  o f  1 
Stack Emission L i f e  Rate Opportunity s tack  I 

Mine I0  Hcight Reduction ( i n  years) (MTlday) Cost Cost 077 1% 5% 10771 
.................................................................................................................................................. I 
La Sal 0 95% 7 160 $122,311 0 8856,178 $831,163 1743,125 $655.008 j 
Calliham 0 75'6 ( a )  $0 (a )  0 $0 $0 $0 So 1 
Oerm-Snyder 0 85% 7 280 $191,514 0 $1,340,595 S1.301.426 $1,163,578 51,025,605 j 
schuartzualder 0 75% standby 0 $0 0 $0 SO SO So 1 
Snoubatt-Pardora 0 80% 7 54 $34,762 0 $243.335 $236,225 1211,204 6186,160/ 
King S o k m ~ ~  0 15% 7 350 $42.246 0 $295,720 1287,079 1256,672 1226,234j 
Wilson-Si lverbel l  0 15% 7 90 $10.863 0 $76,042 173,820 Mb.001 158,IK ) 

z Section 23 0 30% 1.25 68 $16.415 0 $20,519 120,479 520,324 520,146 1 
0 Sunday 0 1 OX 7 200 116,094 0 $112,655 $109.364 197,700 186,185 1 

nt. Taylor 20 OX 20 544 $0 o SO SO SO 
N i l  

I 
0 0% 7 50 SO 0 M SO M 

P i n e w t  0 0% 3 315 SO 0 SO SO SO 
SQ i 
$0 1 

Sheep Mwnta in na. 1 0 0% 5 220 SO 0 SO $0 SO 
Pigeon 0 0% 6 315 $0 0 $0 SO SO 

I 
Kanab North 0 0% 6 315 SO 0 SO SO I 0  

s.0 1 
so I .................................................................................................................................................. I 

(a) no information avaitabte regarding production a c t i v i t y  a t  Calliharn. 



Table 2-13: Costs of A l ternat ive Two 

Uranium Ore Pr ice a t  Mine: $110.23 per MT Expected Rate of Return: 2% 

Ore NPV of  A l te rna t i ve  over L i f e  o f  mine 

Expected Production Annual a t  a discount r a t e  of 1 
Stack Emission L i f e  Rate Opportunity stack ..................................................... 

Mine I D  Height Reduction ( i n  years) (MT/day) Cost Cost 077 1% 5% i O % /  
.................................................................................................................................................. I 
La Sal 0 100% 7 160 $128,749 0 $901,240 $874.908 $782,237 6689,683 1 
Calliham 0 95% (a) $0 ( a )  0 80 50 $0 $0 i 
Oeremo-Snyder 0 95% 7 280 $214,045 0 $1,498,312 $1,454,535 $1,300,469 61,146,265 1 
Schwartzwalder 0 95% standby 0 $0 0 10 $0 SO so 1 
Snowball-Pandora 0 95% 7 54 141,280 0 t2BB.960 1280,517 $250,805 S221,065 1 
King S o l m  0 75% 7 350 $21 1,228 0 11,478,598 S1,435,397 $1,283,358 S1,131#382 1 
UiLson-Si lverbelt  0 75% 7 90 $54,316 0 $380,211 S369.102 1330.006 1290,8751 
Section 23 0 75% 1.25 68 $41.039 0 551.298 $51,197 350,810 150,M 1 

'9 S ~ Y  0 70% 7 ZOO $112,655 0 S788.585 S765.545 $684.457 E603,m71 
N M t .  Taylor 20 0% 20 544 SO 0 SO SO SO I0 I m 

N i l  0 0% 7 50 SO 0 SO SO SO so 1 
Pimnut 0 0% 3 315 $0 0 SO SO SO So 1 
Sheep M a n t a i n  no. 1 0 0% 5 220 SO 0 M SO M 
Plpeon 0 0% 6 315 SO 0 SO SO SO So 1 

1 

Kanab Worth 0 0% 6 315 SO 0 SO $0 SO E 
--------------------------------------------------.----.-.------.-------..-------...----..------.-~-~~-~~------------------~---.--~-~..---.---- " - -  i 
(a) no information avai lab le regarding product ion a c t i v i t y  a t  Calliham. 





of tiie tii i~e strennr. Tlie iniiiie with tile liighesi cost is Derenlo-Snyder Mine, under ai ter~~ntives one 

:~i id two, n~ id  King Solonloii Mine under alternative three. 

2 . 5  l~ttluslrv Cost and Ecor~ornic Irapacl A~~a lvs i s  

111 this section the effects of the alternatives analyzed on economic entities are considered. This 

includes 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. 

2 . j . 2  Production Cost lrnni~cts 

For purposes of illustration, these costs can be compared with the assumed return on uranium mining 

of 7 percent, based on the experience of the last decade. Also, the trend towards closing all mines 

indicntes that profits xilay well be insufficient to sustain operations in the industry and any additional 

costs m a y  speed the demise of the mines. 

2.5.3 E c o ~ ~ o m i c  Impact Arialvsis 

Although the cost of regulating uranium mines could result i n  mine closures, the effects of these 

closures would be isolated to a small group of people - -  the stockholders of the corporations who 

on  n the mines, the 230 nliners 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 enlploynlent and community 

situation 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 I)  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 i n  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. 

hlost 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 2-16 shows the number of nliners at each of the six mines along with the total population in 

the respective county. It also shows the number of mining establishnlents in the county and contrasts 



TABLE 2 - ! 5 :  M&r o i  nioers and Shifts Per Oey by nine 
For the Six nines Uhere Informstion Is Avaitabte 

n ine Shifts/Dey Perswnel ............................................. 
Schuartzualder 
Section 23 
Ut. Taylor 
Pigeon 
Kanab North 
Pinenut ............................................. 

TOTAL 230 

TABLE 2-16: Nmber of Miners and Mining Operations by County 
For the Six Mines Uhere Information i s  Avai lable 

Nunber Total Mining 
County of nine Establish- Establish- 

Mine County Population Uorkers ments ments 

Schuartzualder Jefferson 427400 31 10387 7 
Section 23 Grant na 27 580 10 

Cibola 23000 na na na 
M t .  Taylor McKinley 65800 57 92 1 4 
P i  gem Coconino 86100 38 2101 4 
Kanab North Coconino 86100 42 2101 4 
Pinenut nohave 76600 35 1827 d 

d = withheld t o  prevent disclosure of pr ivate information 
na = not avai lable 

Sources: County Business Patterns, 1986 
Bureau of Census, PersoMl C m n i c a t i o n  



t l u t  wit11 the total ~iurnber of wo~hpiaces. Because the number of miners involved i s  such a sli~aii 

proportion of the overali population, no effect on unemploy~~ient  rates is expected. The oiily ripple 

el'i'r.ct would be the effect of mine closure on uranium mill employees who are also very smail in 

number. 

2.5.4 Reeulatorv Fleribilitv Ai~alvsis 

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 unnieasurable, since the miners represent well under one percent of the 

county populations. 
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CHAPTER 3 

INACTIVE URANIUM MIU TAILINGS 





3.1 111troduction and Suininarv 

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 ilnpacts of reducing the 

maximum allowable levels of radon-222 emissions after closure from the 20 pci/m2/sec limit 

established under UMTRCA. Options that are evaluated include reducing radon-222 emissions to 

a maximum of 6 pci/m2/sec, and to a maximum of 2 pCi 'm2/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. 

3.1.1 Rulemaking Historv arid Current Regulations 

In enacting the UMTRCA (Public Law 95-604, 42 USC 7901), Congress found that: 

o "Uranium mill tailings located at active and inacti\.e mill operations may pose a 

potential and significant radiation health hazard to the public, and that ..." 

o "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 ..." 



To these ends, the Act required tlie EPA to set generally applicable standards to protect the public 

against both radiological and notlradiological hazards posed by residual radioactive materials at 

uraniulii mill tailings sites. Residual radioactive material means ( I )  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 I1 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 go\erning 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 I. The 

Department of Energy (DOE) is responsible for tlie 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 

cleanup of the Title I sites. These standards required, to the maximum extent practicable, that these 

operations be colisistent with the requirements of the Solid Waste Disposal Act (SWDA), as amended. 

The SWDA includes the pro\~isions of the Resource Conservation and Reco\.ery 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 Regisrev on April 22, 1980. This 

allowed the DOE to proceed with the cleanup of off-site tailings contamination without waiting for 

the forliial promulgation of a regulation through the EPA rulemaking process. During this time, 

proposed standards for the cleanup of tlie inactive mill tailings were published for  comment. 

The proposed cleanup standards were followed by proposed disposal standards, published in the 

Fede~.al Regislev on January 9, 1981. The disposal standards apply to the tailings a t  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 



reinanc1t.d to EPA for revision. The EPA is currently developing new standards under this rule. The 

disposnl standard that applies to the 24 Title 1 sites (40 CFR 192, Subpart A) requires long-term 

stabilizntion of the tailings and establishes n design standard limiting the average radon-222 en1ission 

rate to 20 pCi/ni2/sec or less. 

3.2 Inactive Industry Profile 

3.2.1 Ciirreiit Status of I~iact ire  hlills 

A typical site contains the mill buildings where ore was processed to renlove the uranium, ore storage 

areas, and a tailings pile covering approximately 50 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 slurried 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 tailings 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. 

j.2.2 Use of lnactire hlill Sites 

Mousing and other structures tha t  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. 



Table 3-1. Status and Planned Remedial Action at  i nac t i ve  Uranium M i l l  S i tes ( a ) .  

S i t e  auanti t y  

of Tai l ings 

(1,000,000 tons) 

Proposed 

Act ion 

Schedule(b) 

Star t  F in ish 

Monument Val ley, AZ 1.2 

Tuba Ci ty ,  AZ 0.8 

Durango, CO 1.6 

Grand Junction, CO 1.9 

Gunnison, CO 0.5 

Maybell, CO 2.6 

Naturi ta, CO 0.6 

New R i f l e ,  CO 2.7 

Old R i f l e ,  CO 0.4 

S l i c k  Rock (NC)(d), CO 0.04 

S l i c k  Rock (UC)(e), CO 0.35 

Louman, ID 0.09 
Ambrosia Lake, NM 2.6 

Shiprock, NM 1.5 

B e l f i e l d ,  ND ... 
Bowman, ND ... 
Lakeview, OR 0.13 

Canonsburg, PA 0.4 

F a l l s  C i t y ,  T X  2.5 

Green River, UT 0.12 

Mexican Hat, UT 2.2 

Sai t  Lake Ci ty ,  UT 1.7 
Converse County, UY 0.19 

Riverton, UY 0.9 

Removal t o  Mexican Hat S i t e  

S t a b i l i z a t i o n  i n  place 

Removal t o  Bodo Canyon S i t e  

Removal t o  Cheney S i t e  

Removal t o  L a n d f i l l  S i t e  

s t a b i l i z a t i o n  i n  place 

Removal t o  Dry F ia ts  S i t e  

Removal t o  Estes Gulch S i t e  

Removal t o  Estes Gulch S i te  

Removal t o  S l i c k  Rock (UC) 

S tab i l i za t ion  i n  place 
S tab i l i za t ion  i n  p lace 

S tab i l i za t ion  i n  p lace 

S tab i l i za t ion  i n  p lace 

Removal t o  Bouman S i t e  

S tab i l i za t ion  i n  place 

Removal 
S tab i l i za t ion  i n  place 

S t a b i l i z a t i o n  i n  p lace 

S t a b i l i z a t i o n  i n  p lace 

S tab i l i za t ion  i n  place 

Removal t o  S .  Cl ive  S i t e  

S t a b i l i z a t i o n  i n  place 

Removal t o  UMETCO's Gas 

H i l l s  Licensed S i t e  

FY90 FY91 

U U ( c )  FY9O 

UU FY9O 

UU FY93 

FY90 FY92 

FY91 FY92 

FY91 FYPZ 

UU FY92 

UU FY92 

DONE 

DONE 
FY92 FY92 

UU FY9O 

DONE 

FY92 FY93 

FY92 FY93 

DONE 

DONE 
FY9O FY92 

UU DONE 

UU FY91 

DONE 

UU FY89 

UU FY9l 

(a) DOE88 

(b) The s t a r t  and f i n i s h  dates refer  t o  construct ion a c t i v i t i e s  t o  s t a b i l i z e  and cover 

the t a i l i n g s .  The f i n i s h  dates do not include development and implimentation of 

the Survei l lance and Monitoring Program or  C e r t i f i c a t i o n  tha t  the remedial act ion i s  

cwp le te .  

(c) UU = underuay, i.e., remedial act ions t o  s t a b i l i z e  the t a i l i n g s  have been 

i n i t i a t e d .  

(d) North Continent p i l e  

( e )  Union Carbide p i l e .  



3.3 Current E~nissinns, Kivks, and Control ~ e t h n d s '  

All but one of the 24 processing sites designated under Title I of the UhlTRCA are situated in tlie 

generally semi-arid to arid western United States. The site locations vary from isolated, sparsely 

populated, rural settings to populated, urban co~llnlunities. 

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 b!. 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 
0 

Con\.erse County site calls for disposal under 40 feet of cover, there will be 18 sites where there is 

3 
a potential for  radon-222 emissions that could cause risks to public health. 

Pre\.ious analyses have shown that the only effective nieans of controlling radon emissions from the 

tailings is to bury the tailings with an earthen cover thick enough to attenuate the radon flux from 

the iailings. The UMTRCA standards require that the cover be designed so that the average radon 

flux does not exceed 20 pCi/ni2/sec. The design flux from the covers approved by the DOE range 

from the UMTRCA limit of 20 p ~ i / m 2 / s e c  down to 0.5 p~i/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 E~lviro~~nlerilal Inlpact 

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

 h he source for the following section on emissions, risks and control methods is Chapter 8, 
Volume 2 of the E~i~:~ro~rnzet~ra l  Inlpacl Slalen~ent (EPA89). 



tlic 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 coliipleted 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. 

3.3.1.1 Deuelo~lnellt of the Radon Source T e r m  

Estiliiates 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 DOE88. For the 

alternative fluxes of 6 and 2 pCi/ni2/sec, the source ternis are calculated using the lower of  the design 

f lu s  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 Demograahic a ~ i d  hleteoroloeical Data 

T o  assess the exposures and risks that result f rom the release of radon-222, site-specific 

nieteoroiogical 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 S C B r  for certain piles (see Appendix A of 

Vol I 1  for details). The results of that survey are summarized in Table 3-3. Data for  the populations 



Table 3-2. Sumnary o f  Radon-222 Emissions f rom Inact ive U r a n i m  M i l l  Ta i l ings Disposal Sites.(a) 

Area of Cover - Radon-222 Releases (Ci/y)- 
s i t e  Design Design 6 pCi/mZ/s 2 pCilm2Is 

(acres) Flux f l u x  L imi t  L im i t  
(pCi/mZ/s) 

Arizona 
Tuba C i t y  

Colorado 
Durango -Bod0 Canyon 
Grand Junct ion - Cheney S i t e  
Gunnison - L a n d f i l l  S i t e  
Maybel l 
Natu r i ta  - M i l l  S i t e  
NeulOld R i f l e  - Estes Gulch 
S l i c k  Rock - Combined 

Idaho 
Lowman 

Neu Mexico 
Ambrosia Lake 
Shiprock 

North Dakota 
BoumanlBelfield 

Oregon 
Lakevieu 

Pennsylvania 
Canonsburg 

Texas 
F a l l s  C i t y  

Utah 
Green R ive r  
Mexican Hat 
Salt  Lake C i t y  - S. C l ive 

Totals 857 1.3E+03 5.9E+02 2.2Et02 

( a )  Emnissions are calculated based on the area of  the s i t e  aod the loner of the given f l u x  

l i m i t  and the DOE approved design f lux. 

(b) Final cover design not available, design f l u x  of 5 pCilmZ/sec assumed due t o  the fac t  
that  only residual contamination ex is ts  a t  t h i s  s i te .  



bctwectl 5-80 hnj arc generated using the computer code SECPOP. Meteorological data are obtained 

frotn the nearest station with suitable joint frequency arrays. Details of the inputs that were provided 

to the AIRDOS/DRTAB/RADRISK codes are presented in  Appendix A of Volume 2 of the 

E I I I J I ~ ~ I I I ~ C I I ~ ~  In~yocl  Sfalcnze~~l.  

3.3.1.3 Esnosures 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 flux rates of 6 and 2 pCi/m2/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 lifetime fatal cancer risk of about 2E-4 is estimated at the Shiprock site in New Mexico 

at a distance of 750 meters froni the impoundment center. 

3.3.1.4 E s ~ o s u r e s  and Risks to the Reeional Ponulation 

Collective population'risks, in deaths per year, for  the region wound 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 

~nultiplying the estimated concentration in each annular sector by the population in that sector. The 

estimated regional fatal cancers per year in the regional populations are presented for the-DOE 

approved design flux and for alternative fluxes of 6 and 2 pci/m2;sec in Table 3-5. 

3.3.1.5 Esnosures and Risks Under Alternative Standards 

Once the tailings piles are stabilized and disposed of a t  the DOE cover design flux, the radon-222 

emission rates will all be at or below the UMTRCA design limit of 20 pci/m2/sec. As mentioned 

above, alternative flux limits of 6 and 2 p ~ i / m 2 / s e c  are also evaluated. The exposures and risks 

under each of the alternative standards are presented in Tables 3-4 and 3-5, respectively. These 

estimates show that the maximum lifetime fatal cancer risk could be reduced from 2E-4 at the DOE 

design flux to 7E-5 at a limit of 6 pcijm2/sec, and to 2E-5 a t  a limit of 2 pci/m2/sec. The number 

of deaths per year that will occur in the regional population would be reduced by about one-half 



Table 3 - 3 .  Estimated Nwnber of Persons L iv ing  U i t h i n  5 km of the Centroid of  Ta i l i ngs  

Disposal S i tes fo r  Inac t i ve  M i l l s f a ) .  

Distance (ki lwneters) 

State/Si te  0-0.5 0.5-1.0 1.0-2.0 2.0-3.0 3.0-4.0 4.0-5.0 Tota l  

Arizona 

Tuba C i t y  

Colorado 

Durango 

Grand Junction 

Gunni son 

Maybell 

Na tu r i ta  

NewlOLd R i f l e  

S l i c k  Rock 

Idaho 

L o m n  

Neu Mexico 

Ambrosia Lake 

Shiprock 

North Dakota 

B o m n / B e l f i e l d  

Oregon 

Lakeview 

Pennsylvania 

Canonsburg 
Texas 

F a l l s  C i t y  

Utah 

Green River 

Mexican Hat 

Sa l t  Lake C i t y  

Total 

(a) PNL84, updated per SC&A s i t e  v i s i t s  and DOE data (see Vol. 2, Appendix A).  



Table 3-4. Estimated Exposures and Risks t o  Nearby Populations Assuming Alternative FLux Rates. 

DOE Design Flux 6 pc i l rd ls  Limit 2 pCi/&/s Limit 
Maximum Maximum Maximum 
Radon Maximum Maximum Lifetime Radon Maximum Maximua Lifetime Radon naximum Elaxioum Li fet iac 

Statelsite Distance (a) Concentration Exposure Fatal Cancer Risk Concentration Exposure Fatal Cancer Risk Concentration Exposure Fatal Cancer Risk 
(meters) (pc i l l )  (UL) To Individual (pc i l l )  (UL) To Individual (pCi l l )  (VL) To IndividusV 

Arizona 
Tuba City 

Colorado 
Durango 
Grand Junction 
Gunnison 
naybe 1 1 
Naturita 
NewlOLd R i f l e  
Slick Rack 

I d a b  
Loman 

New Uexico 
Ambrosia Lake 
Shiprock 

North Dakota 
BournsnlBelfieLd 

Oregon 
Lakeview 

Pennsylvania 
Canonsbtrrg 

Texas 
Falls City 1,5W 1.4E-02 4.5E-05 6.OE-05 6.OE-03 2.OE-05 3.OE-05 2.OE-03 6.6E-06 9.Of-06 

Utah 
Green River 750 2.1E-04 6.2E-07 9.OE-07 2.1E-04 6.2E-07 9.OE-07 2.1E-04 6.2E-07 9.OE-07 
Hexican Hat 750 1.4E-02 4.1E-05 6.OE-05 5.6E-03 1.9E-05 3.OE-05 1.8E-03 6.1E-06 B.OE-D6 
Salt Let@ City 15,WO 4.2E-05 2.7E-07 4.0E-07 1.3E-05 8.2E-08 1.OE-07 4.2E-06 2.7E-08 4.OE-OB 

(8) Distanca from center of a honqlenous circular equivalent impoundment t o  the p i n t  where the exposures and r isks were estioated. 



Table 3-5. Estimated Fatal Cancers per Year i n  the Regional (0-80 km) Populations Around 

Inac t i ve  Tai l ings Disposal S i tes Assming A l te rna t i ve  Radon Flux Rates (a) .  

Oesign f l u x  6 pCi/m2/s 2 pCi/mZ/s 

Fatal Cancers Fatal Cancers Fatal Cancers 

per Year per Year per Year 

Arizona 

Tuba C i t y  

Colorado 

Ourango 

Grand Junct ion 

Gunni son 

Maybel l 

Natu r i ta  

New/OLd R i f  Le 

S l i ck  Rock 

Idaho 

Lowman 

New Mexico 

Ambrosia Lake 

Shiprock 

North Dakota 

Bouman/Belfield 

Oregon 

Lakeview 

Pennsylvania 

Canonsburg 

Texas 

Fa l l s  C i t y  

Utah 

Green River 

Mexican Hat 

Sal t  Lake C i t y  

Totals 1.8E-02 1.OE-02 3.5E-03 

(a) Fatal cancers per year a re  calculated based on the loner of the given f l u x  l i m i t  

a r d  the DOE design f l u x .  



(fro111 2E-2 to I E-2) at a l i t l l i t  of 6 p~i/n12/sec.  At a limit of 2 p ~ i / m 2 / s e c ,  the deaths pcr year 

\vould bc reduced by about nine-tenths (from 2E-2 to 3E-3). 

3.3.1.6 I)istril~utiotl of the Fatal Ca~lcer  Risk 

The fl-equency 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 

indi\,idual. 

Previous studies habe examined the feasibility, effectiveness, and cost associated with various options 

for controlling releases of radioactive materials from uranium mill tailings (NRC80, EPA82, EPA83, 

EPA86). These studies ha \ e  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 1 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 releases to an average flux no greater 

than 20 pci/m2/sec. 

Both active and passive controls are available to reduce radon-222 emissions from tailings. 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 of 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 - 6 .  Estimated D is t r ibu t ion  of Fatal Cancer Risk t o  the Regional (0-80 kin) Populations 
from Inactive Uranium h i l l  TaiLings Disposal s i tes  Asswing Alternative Flux Rates. 

DOE Design Flux 6 p t i l d / s  2 pti/rn2/s 
.................... .-.-.........-----.- ..-.......-......... 
Number of Deaths Nunber of Oeaths Number o f  Deaths 

Risk In te rva l  Persons Per Yr Persons Per Yr Persons Per Y r  

Totals* 5,000.000 ZE-2 5.000.000 1E-2 5,000,000 3E-3 

( a )  A l l  ind iv iduals i n  th is  r i sk  in terval  reside near the Shiprock disposal s i t e  i n  New Mexico. 
* Totals may not add due t o  independent rounding. 



l'revious studies (see above) lhave identified a nuinber of options to provide long-term control of 

radon-222 e~nissions fro111 the tailings. These include earthen or synthetic covers, extraction of 

radiuni from the tailings, chemical Fixation, and sintering. These long-term control options are 

discussed in detail in Volume 2 of this E~~virorrme~ttal Inlpact Slateme111 (Appeudix 5). 

In comparison to other control technologies earth covers have been shown to be cost-effective 

(NRC80). 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 pro\ided the erosion caused by rain and wind is contained with \egetation or rock covers, 

and appropriate precautions are taken against natural catastrophes. 

Earthen covers also reduce the contamination of ground\\-ater that results from two alternative 

control methods: storing radioactive materials in underground rnines(underground mines are typically 

located under tlie 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 ne\,ertheless incurs a social 

cost. For example, storing tailings in underground mines eliminates the future development of the 

mines' residual resources. 

Finally, earthen covers provide more effective long-term stabilization than either water or soil 

cement coJ7ers. 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 tlie 1000-year 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. uired for  a given amount - 
cf-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 ilnnlediately achie\t.d by applying almost any type of earth. High-moisture content earths provide 

greater radon-222 emission reduction because of their smaller diffusion coefficient. 

In practice, eartlien co \e r  designs must take into account uncertainties in  tlie nieasured values of the 

specific cover materinls 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 layout, 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. i n  general, the more 

difficult the excavation, tlie more elaborate and expensive the equipment required and the higher the 

cost. The availability of materials, such as gravel, dirt, and clny, 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. 

This section presents the benefits and costs of reducing the allowable radon emissions after closure 

from tlie maximuin limit of 20 p ~ i / n ~ 2 / s e c  established under UMTRCA. Options which are 

e\:alunted include lowering radon emissions to a maximum of 6 pCi/m2/sec or a maximum of 2 

p ~ i , ' n i ~ / s e c .  

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/m2/sec and that nieasures will be undertaken to achieve the long-run stability required by the 

UhlTRCA rules. 

Benefits are measured as reductions i n  the estimates of committed 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. 



All  costs are tiicasured i n  I988 dollars and represent the cost of both the disposal and stabilization of 

the 1:lilrngs. Cost eslimntes are calculated assuming no remedial actions have taken place. The costs 

of mccting the DOE design flux, the 6 p ~ i / m 2 / s e c  and the 2 pci/m2/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 /m2/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 

yield proportional reductions i n  committed cancers. The resulting estimates of committed cancers 

per year on a pile-by-pile basis are presented abo\e for the DOE cover design flux, 6 and 2 

pci/m2/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 100-year period as well as annual 

averages. Over the 100-year time frame, the 6 pCi/m2/sec option lowers regional risks by 0.8 

conimitted cancers. The incremental benefit of lowering the allowable flux rate from 6 pci/m2/sec 

to 2 i/rn2/sec is estimated as 0.65 committed cancers. 

For reasons described in Section 3.3.2, the supplemental control selected for  long-term radon-222 

control at inactive tailings inipoundments 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 

E ~ i i ~ i r o ~ i n i e ~ r ~ a l  Inipaci S la ie~nr~i r .  

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 cost 

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, 



Table 3-7: Total and Annualized Risk end Reduction of  Risk ( C m i t t e d  Cancers) 

of Louering the Allowable Flux Limit t o  6 and 2 pCi/Q/sec. 

20 pdCi/Q/sec 6 pCilQ/sec 2 p€i/Q/sec 
Baseline Option opt ion 

I===.;;;;;;=z===;;,===================z=z======,================e~==========-----------------l *---------------- 

Risk Risk Risk 

Reduction frm Reduction f r ~  Reduction f r w  

Risk Risk 20 pCi /d /sec Risk 20 p C i / d l s e c  6 pCi /d /sec 

Baseline Baseline Baseline 
................................................................................................................. I 

Risk 1.8 1.00 0.35 

Cancers avoided 

over 100 years: 

Risk 0.0180 0.0100 0.0035 

Annual cancers 

avoided: 














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































