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PREFACE 

In 1973 the Office of Radiation Programs issued an environmental 
analysis of the ur,anium fuel cycle, which was is~ued in three volumes 
covering fuel supply, power reactors, and fuel reprocessing. Sub
sequent to the issuance of this analysis, the Agency proposed 
environmental radiation protection standards on May 29·, 1975, for 
nuclear power operations of the uranium fuel cycle (40 CFR Part 190). 
The_ Agency held public hearings .on these. proposed standards in 
Washington, D.C., on March 8 - 10, 1976. As a result of the ensuing 
comments, a number of areas were identified in which the development 
of additional information was necessary. · 

It is the objective of this new Part IV, entitled "Supplementary 
Analysis - 1976," to address several technical areas in which new 
information is available or which were discussed only briefly in 
previous reports. In.the former category are sections pertaining to 
uranium milling and fuel reprocessing, while items such as transuranic 
effluents from recycled uranium .and nitrogen-16 skysh:i:ne at BWRs fall 
into the second category. Finally, Part IV replacef? and updates the 
technical discussions present~d in the· Janu'ary 5, 1976, Supplementary 
Information document. 

As in the original reports,- the principal purposes of these. 
analyses are to project the impact on man of the environmental releases 
of radioactive materials from the fuel cycle, and to assess the capa
bilities and costs of controls available to manage envi+onmental 
releases of these materials. 

tl. 
Comments on this analysis would be appreciated. These should be 

sent to the Director, Technology Assessment Division (AW-459), Office 
of Radiation Progra~ms. _ 

I /1,...-7,,,._p ,___, ------· . l"V!I""' 

W. D. 'Rowe, Ph.D. 
Deputy Assistant Administrator 
for Radiation Programs (AW~458) 
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I. FUEL SUPPLY 

A. Environmental Analysis of the Uranium Fue~ Cycle, 

Part I (Fuel Supply): Uranium Milling 





1.0 Introduction 

The EPA recently completed a technial review(!) of the 

uranium milling industry as, part of an overall analysis of the 

uranium fuel cycle (I,1)- This review included a description of 

the milling process, estimations of radioactive effluent releases, 

radiological impact, health effects impact, and the costs and 

effectiveness of control technologies for mills. An analysis of 

the tailings piles associated with mills was also included. This 

review- w~s prepared in support of EPA's proposed standards for the 

nuclear fuel cycle, 40 CFR Part 190 (~). 

Since publication in 1973, considerable new information on the 

uranium milling industry has become available (1,.§..,.Z.,~,2.,10,11); 

in particular,, the engineering survey report(_§_), "Correlation of 

Radioactive Waste Treatment Costs and the Environmental Impact of 

Waste Effluents in the Nuclear Fuel Cycle for Use in Establishing 

'as Low as Practicable' Guides - Milling of Uranium Ores," has been 

prepared by Oak Ridge National Laboratory for the Nuclear Regulatory 

Connnission (NRC). This report contains an extensive review of the 

costs and the effectiveness of various control technology systems 

for uranium mills and mill tailings piles. 

The EPA believes it to be worthwhile to revise its previous 

technical review of the milling industry, taking into account these 

new sources of information. Because radon-222 releases from fuel 

cycle facilities have been specifically excluded from EPA's proposed 



standard, analysis of radon-222 releases from uranium mills and 

uranium mill tailings piles has been omitted from this document. 

Radon-222 will be the subject of separate regulatory actions at a 

later date. 
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2.0 General description of the milling process 

A,uraq.ium mill extracts uranium from'ore. The product is a 

semi-refined uranium compound (u
3
o8) called "yellowcake" which is 

the feed material for the production of uranium hexafluoride (UF .). 
6 

As of March 1975, seventeen mills CJ) were operating in the United 

$tates (table 2.0-1) with nominal capacities ranging from 250 to 

7,000 tons of ore per day. These mills are characteristically 

located in arid, low population regions of the west. States with 

significant high grade ore reserves are(§_) Wyoming, New Mexico, 

Texas, Colorado, and Utah. 

Eighty-five percent .of yellowcake is currently produced by a 

process ·that uses sulfuric acid to leach the uranium out of the ore; 

the remainder is produced by a sodium carbonate, alkali leach process. 

Exact details vary from mill to mill, but, as an example, the principal 

steps in an acid leach process mill are as follows: 

a, Ore is blended and crushed to pass through a 2.5 cm (1 inch) 

screen. The crushed ore is then wet ground in a rod or ball mill 

and is transferred as a slurry to leaching tanks. 

b. The ore is contacted with sulfuric acid solution and an 

oxidizing reagent to leach uranium from the ore. The product liquor 

is pumped to the solvent-extraction circuit while the washed residues 

(tailings) are sent to the tailings pond or ,_ pile. 

c. Solvent extraction or ion exchange is used to purify and 

co'ri.¢entrate the uranium. 

3 



Table 2. 0-1 (D 

URANIUM MILLS IN OPERATION AS OF MARCH 1975 

YEAR OPERATIONS NOMINAL CAPACITY 
COMPANY LOCATION INITIATED (Tons of Ore/Day) 

Anaconda Company 

Atlas Corporation 

Conoco & Pioneer 
Nuclear, Inc. 

Cotter Corporation 

Dawn Mining Company 

Exxon, U.S.A. 

Federal-American 
Partners 

Kerr-McGee Nuclear 

Petrotomics Company 

Rio Algom Corp. 

Union Carbide Corp. 

Union Carbide Corp. 

Grants, New Mexico 

Moab, Utah 

Falls City, Texas 

Canon City, Colorado 

Ford, Washington 

Powder River Basin, Wyoming 

Gas Hills, Wyoming 

Grants, New Mexico 

Shirley Basin, Wyoming 

La Sal, Utah 

Uravan, Colorado 

Natrona County, Wyoming 

1953 

1956 

1961 

1958 

1957 

1971 

1959 

1958 

1962 

1972 

1950 

1960 

3000 

800-1500 

220-1750 

150-450 

0-400 

2000 

500-950 

3600-7000 

525-1500 

500 

0-1300 

1000 



Table 2.·0-1 (Continued) 

.YEAR OPERATIONS NOMINAL CAPACITY 
COMPANY LOCATION INITIATED (Tons of Ore/Day) 

United Nuclear
Homestake Partners 

Utah International, 
Inc. 

Utah International, 
Inc. 

Western Nuclear, Inc. 

TVA (Mines Develop
ment, Inc.) 

Grants, New Mexico 

Gas Hills, Wyoming 

Shirley Basin, Wyoming 

Jeffrey City, Wyoming 

Edgemont, South Dakota 

1958 1650-3500 

1958 750-1200 

1971 1200· 

1957 

1956 

,,-
400-1200 

250-500 



d. The uranium is precipitated with ammonia and transferred 

as a slurry. 

e. Thickening and centifuging are used to separate the 

uranium concentrate from residual liquids. 

f. The concentrate is dried at 400°F and is sometimes 

calcinated at 750 to 1100°F. 

g. The concentrate or yellowcake is packaged in 208 liter 

(55 gallon) drums for shipment. 

Large amounts of solid waste tailings remain following the 

remo7al of the uranium from the ore. A typical mill may generate 

1,800 metric tons per day of tailings solids slurried in 2,500 

metric tons of waste milling solutions. Over the lifetime of the 

mill, 100 to 200 acres may permanently be committed to store this 

material. 
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3.0 Release of radioactive effluent from uranium milling operations 

The radioactivity associated with uranium mill effluents comes 

from the natural uranium and its daughter products present,in the 

ore. During the milling process, the bulk of the natural. uranium 

is separated and concentrated, while most of the radioactive daughter 

products of uranium remain in the uranium-depleted solid. residues 

that are pumped to the tailings retention. system. Liquid. and s.olid 

wastes from the milling operation will contain low level concentrations 

of these radioactive materials, and airborne radioactiv~ .releases 

include radon gas and particles of the ore and the product uranium 

oxide. External gamma radiation levels associated with uranium milling 

processes are low, rarely exceeding a few mrem/y even at surfaces 

of process vessels. 

The tailings retention system or ·11 tai1iri'gs pond" will have a 

radiological impact on the environment through the air pathway by 

continuous discharge of radon-222 gas (a daughter of radium-226), 

through gamma rays given off by radium-226, radon-222 and daughters 

as they undergo radioactive decay,· and finally through air and water 

pathways if radium-226 and thorium-230 are blown off dried out areas 

of the tailings pond by wind or are leached from the pond into surface 

waters (10,11). 

3.1 Airborne releases from the mill 

Airborne releases from uranium milling operations include both 

particulate matter and gases. Dusts containing uranium and uranium 

7 



daughter products (principally thorium-230 and radium-226) are released 

from ore piled outside the mill. Dusts containing uranium and uranium 

daughter products are released from the ore crushing and grinding 

ventilation system, while a dust containing mostly uranium without 

daughters is released from the yellowcake drying and packaging 

operations. These dusts are discharged to the atmosphere by means 

of low stacks. 

Uranium discharged to the air pathway as ore dust and as calcinated 

yellowcake and the radium-226 and thorium-230 discharged to the air 

pathway as ore dust are all considered insoluble aerosols. If they 

are inhaled, aerosols that are insoluble in body tissue fluids tend 

to remain in the pulmonary region of the lung so that the lung becomes 

the critical organ when the critical radiation dose is calculated. 

The air flow through a typical crushing and grinding ventilation 

system is about 27,000 cfm; that through the yellowcake drying and 

packaging ventilation system is about 6,000 cfm. Because of the 

different air flows, dust characteristics, and locations within the 

plant, separate air cleaning equipment systems are usually required. 

A mill is usually considered to have two separate airborne effluent 

release streams, each with its own control systems, costs, and source 

terms. 

Radon gas is released from the ore storage piles, the ore crushing 

and grinding ventilation system, leach tank vents, and the tailings 

retention system. There is no practical method presently identifiable 
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that will prevent-the release of radon gas from uranium mills. 

As an example, table 3.1-1 gives the estimated maximum release 

rates and conservative estimates of site boundary concentrations 

considering all potential sources of airborne dust fumes and mists 

as predicted for the Highland Uranium Mill in Wyoming (12,13). The 

capacity of the Highland Mill is about 2000 tons of ore per day. 

3.2 Waterborne releases from the mill 

The liquid effluent from an acid-leach process mill consis'ts 

of waste solutions from the leaching, grinding, extraction, and 

washing circuits of the mill. These solutions, which have an initial 

pH of 1.5 to 2, contain the unreacted portion of the sulfuric acid 

used as the· leaching-agent in the mill process, sulfates, and some 

silica as the primary dissolved solids, along with trace quantities 

of toxic soluble metals and organic solvents. This liquid is discharged 

with the solids into the tailings pond. 

Concentrations of radioactive materials predicted in the 2,500 

tons per day of waste milling solutions from the Highland milling 

plant are shown in table 3.2-1 (12,13). Radioactive products of 

radon decay may also be present in small concentrations. Since the 

concentrations of radium-226 and thorium-230 are about an order of. 

magnitude above the specified limits in 10 CFR 20, considerable 

effort must be exerted to prevent any release of this material from 

the site. The wa,ste milling solution is, therefore, stored in the. 

tailings retention pond which is constructed to prevent discharge 
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Table 3.1-1 (12,13) 

Predicted airborne releases of radioactive materials from the Highland Uranium Mill, 
Powder River Basin. Wyominga 

Radionuclide Release rate Site boundary Ab Site boundary Bc 
(Ci/y) Air concentration Air concentration 

(pCi/m3) (pCi/m3) 

Uranium-natural 0.1 0.003 0.0004 

I-' Thorium-230 0 0.06 0.001 · 0.0001 
(insoluble) 

Radium-226 0.06 0.001 0.0001 
(insoluble) 

~ominal mill capacity 2000 tons of ore/day (1200 MT of yellowcake per year). 

bDistance to site boundary A assumed to be 800 m (2,600 ft.) west of mill. 

cDistance to site boundary B ass·umed to be 5,200 m (12,700 ft.) east of mill. 
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	I. FUEL SUPPLY 
	A. Environmental Analysis of the Uranium Fue~ Cycle, Part I (Fuel Supply): Uranium Milling 
	Figure
	1.0 Introduction 
	The EPA recently completed a technial review(!) of the uranium milling industry as, part of an overall analysis of the uranium fuel cycle (I,1)-This review included a description of the milling process, estimations of radioactive effluent releases, radiological impact, health effects impact, and the costs and effectiveness of control technologies for mills. An analysis of the tailings piles associated with mills was also included. This review-w~s prepared in support of EPA's proposed standards for the nucle
	Since publication in 1973, considerable new information on the uranium milling industry has become available (1,.§..,.Z.,~,2.,10,11); in particular,, the engineering survey report(_§_), "Correlation of Radioactive Waste Treatment Costs and the Environmental Impact of Waste Effluents in the Nuclear Fuel Cycle for Use in Establishing 'as Low as Practicable' Guides -Milling of Uranium Ores," has been prepared by Oak Ridge National Laboratory for the Nuclear Regulatory Connnission (NRC). This report contains an
	The EPA believes it to be worthwhile to revise its previous technical review of the milling industry, taking into account these new sources of information. Because radon-222 releases from fuel cycle facilities have been specifically excluded from EPA's proposed 
	Figure
	standard, analysis of radon-222 releases from uranium mills and uranium mill tailings piles has been omitted from this document. Radon-222 will be the subject of separate regulatory actions at a later date. 2 
	Figure
	2.0 General description of the milling process A,uraq.ium mill extracts uranium from'ore. The product is a 
	semi-refined uranium compound (uo) called "yellowcake" which is the feed material for the production of uranium hexafluoride (UF .). 
	3
	8

	6 As of March 1975, seventeen mills CJ) were operating in the United $tates (table 2.0-1) with nominal capacities ranging from 250 to 7,000 tons of ore per day. These mills are characteristically located in arid, low population regions of the west. States with significant high grade ore reserves are(§_) Wyoming, New Mexico, Texas, Colorado, and Utah. Eighty-five percent .of yellowcake is currently produced by a process ·that uses sulfuric acid to leach the uranium out of the ore; the remainder is produced b
	b. 
	b. 
	b. 
	The ore is contacted with sulfuric acid solution and an oxidizing reagent to leach uranium from the ore. The product liquor is pumped to the solvent-extraction circuit while the washed residues (tailings) are sent to the tailings pond or pile. 
	,_ 


	c. 
	c. 
	Solvent extraction or ion exchange is used to purify and co'ri.¢entrate the uranium. 


	3 
	Table 2. 0-1 (D URANIUM MILLS IN OPERATION AS OF MARCH 1975 
	YEAR OPERATIONS NOMINAL CAPACITY COMPANY LOCATION INITIATED (Tons of Ore/Day) 
	Anaconda Company Atlas Corporation Conoco & Pioneer 
	Nuclear, Inc. Cotter Corporation Dawn Mining Company Exxon, U.S.A. Federal-American 
	Partners Kerr-McGee Nuclear Petrotomics Company Rio Algom Corp. Union Carbide Corp. Union Carbide Corp. 
	Grants, New Mexico Moab, Utah Falls City, Texas 
	Canon City, Colorado Ford, Washington Powder River Basin, Wyoming Gas Hills, Wyoming 
	Grants, New Mexico Shirley Basin, Wyoming La Sal, Utah Uravan, Colorado Natrona County, Wyoming 
	Grants, New Mexico Shirley Basin, Wyoming La Sal, Utah Uravan, Colorado Natrona County, Wyoming 
	1953 1956 1961 

	1958 1957 1971 1959 
	1958 1962 1972 1950 1960 
	3000 800-1500 220-1750 
	150-450 0-400 2000 
	500-950 
	3600-7000 525-1500 
	500 0-1300 1000 
	Table 2.·0-1 (Continued) 
	.YEAR OPERATIONS NOMINAL CAPACITY COMPANY LOCATION INITIATED (Tons of Ore/Day) 
	United NuclearHomestake Partners 
	Utah International, Inc. 
	Utah International, Inc. 
	Western Nuclear, Inc. 
	TVA (Mines Development, Inc.) 
	Grants, New Mexico Gas Hills, Wyoming Shirley Basin, Wyoming Jeffrey City, Wyoming 
	Edgemont, South Dakota 
	1958 
	1958 
	1958 
	1650-3500 

	1958 
	1958 
	750-1200 

	1971 
	1971 
	1200· 

	1957 1956 
	1957 1956 
	,,
	-

	400-1200 250-500 


	Figure
	d. The uranium is precipitated with ammonia and transferred 
	as a slurry. 
	e. 
	e. 
	e. 
	Thickening and centifuging are used to separate the uranium concentrate from residual liquids. 

	f. 
	f. 
	The concentrate is dried at 400°F and is sometimes calcinated at 750 to 1100°F. 

	g. 
	g. 
	The concentrate or yellowcake is packaged in 208 liter (55 gallon) drums for shipment. Large amounts of solid waste tailings remain following the remo7al of the uranium from the ore. A typical mill may generate 1,800 metric tons per day of tailings solids slurried in 2,500 


	metric tons of waste milling solutions. Over the lifetime of the mill, 100 to 200 acres may permanently be committed to store this material. 
	6 
	3.0 Release of radioactive effluent from uranium milling operations 
	The radioactivity associated with uranium mill effluents comes from the natural uranium and its daughter products present,in the ore. During the milling process, the bulk of the natural. uranium is separated and concentrated, while most of the radioactive daughter products of uranium remain in the uranium-depleted solid. residues that are pumped to the tailings retention. system. Liquid. and s.olid wastes from the milling operation will contain low level concentrations of these radioactive materials, and ai
	The tailings retention system or ·tai1iri'gs pond" will have a radiological impact on the environment through the air pathway by continuous discharge of radon-222 gas (a daughter of radium-226), through gamma rays given off by radium-226, radon-222 and daughters as they undergo radioactive decay,· and finally through air and water pathways if radium-226 and thorium-230 are blown off dried out areas of the tailings pond by wind or are leached from the pond into surface waters (10,11). 
	11 

	3.1 Airborne releases from the mill 
	Airborne releases from uranium milling operations include both particulate matter and gases. Dusts containing uranium and uranium 
	7 
	daughter products (principally thorium-230 and radium-226) are released 
	from ore piled outside the mill. Dusts containing uranium and uranium daughter products are released from the ore crushing and grinding ventilation system, while a dust containing mostly uranium without daughters is released from the yellowcake drying and packaging operations. These dusts are discharged to the atmosphere by means 
	of low stacks. 
	Uranium discharged to the air pathway as ore dust and as calcinated yellowcake and the radium-226 and thorium-230 discharged to the air 
	pathway as ore dust are all considered insoluble aerosols. If they are inhaled, aerosols that are insoluble in body tissue fluids tend to remain in the pulmonary region of the lung so that the lung becomes 
	the critical organ when the critical radiation dose is calculated. 
	The air flow through a typical crushing and grinding ventilation system is about 27,000 cfm; that through the yellowcake drying and packaging ventilation system is about 6,000 cfm. Because of the different air flows, dust characteristics, and locations within the plant, separate air cleaning equipment systems are usually required. A mill is usually considered to have two separate airborne effluent release streams, each with its own control systems, costs, and source terms. 
	Radon gas is released from the ore storage piles, the ore crushing and grinding ventilation system, leach tank vents, and the tailings retention system. There is no practical method presently identifiable 
	8 
	that will prevent-the release of radon gas from uranium mills. 
	As an example, table 3.1-1 gives the estimated maximum release rates and conservative estimates of site boundary concentrations considering all potential sources of airborne dust fumes and mists as predicted for the Highland Uranium Mill in Wyoming (12,13). The capacity of the Highland Mill is about 2000 tons of ore per day. 
	3.2 Waterborne releases from the mill 
	The liquid effluent from an acid-leach process mill consis'ts of waste solutions from the leaching, grinding, extraction, and washing circuits of the mill. These solutions, which have an initial pH of 1.5 to 2, contain the unreacted portion of the sulfuric acid used as the· leaching-agent in the mill process, sulfates, and some silica as the primary dissolved solids, along with trace quantities of toxic soluble metals and organic solvents. This liquid is discharged with the solids into the tailings pond. 
	Concentrations of radioactive materials predicted in the 2,500 tons per day of waste milling solutions from the Highland milling plant are shown in table 3.2-1 (12,13). Radioactive products of radon decay may also be present in small concentrations. Since the concentrations of radium-226 and thorium-230 are about an order of. magnitude above the specified limits in 10 CFR 20, considerable effort must be exerted to prevent any release of this material from the site. The wa,ste milling solution is, therefore,
	9 
	Figure
	Table 3.1-1 (12,13) 
	Predicted airborne releases of radioactive materials from the Highland Uranium Mill, Powder River Basin. Wyominga 
	Release rate Site boundary Ab Site boundary Bc (Ci/y) Air concentration Air concentration (pCi/m3) (pCi/m3) 
	Radionuclide 

	Uranium-natural 0.1 
	0.003 0.0004 
	Thorium-230 
	I-' 

	0 0.06 0.001 · 0.0001 
	(insoluble) Radium-226 
	0.001 0.0001 
	0.06 

	(insoluble) 
	~ominal mill capacity 2000 tons of ore/day (1200 MT of yellowcake per year). bDistance to site boundary A assumed to be 800 m (2,600 ft.) west of mill. cDistance to site boundary B ass·umed to be 5,200 m (12,700 ft.) east of mill. 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure





