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FOREWORD

This Environmental Statement was prepared by the Division of Waste Management, Office of
Nuclear Material Safety and Safeguards, U.S. Nuclear Regulatory Commission (the staff), in
accordance with the Commission's regulation 10 CFR Part 51, which implements the requirements
of the Naticnal Environmental Policy Act of 1969 (NEPA).

The NEPA states, among other things, that the Federal Government has the continuing responsi-
bility to use all practicable means, consistent with the other essential considerations of
national pelicy, to improve and to coordinate Federal plans, functions, programs and resources
to the end that the Nation may:

“Fulfill the responsibilities of each generation 3s trustee of the environment for
succeeding generations.

"Ensure for all Americans safe, healthful, productive, and esthetically and culturaliy
pieasing surroundings.

"Attain the widest range of beneficial uses of the environment without degr: ‘ation,
risk o health or safety, or other undesirable and unintended consequences

"Preserve important historic, cultural, and natural aspects of our national heritage,
and maintain, wherever possitile, an environment that supports diversity and variety of
individual choice.

"Achieve a balance between population and recource use that will permit high standards
of living and a wide sharing of life's amenities.

“"Enhance the quality of renewable resources and approach the maximum attainable recycling
of depletable resources.

Ferther, with respect to major Federal actions significantly affectino ihe quality of the
human environment, Section 102(2)(C) of the NEPA calls for the preparation of a detailed
statement on:

(i) The environmental impact of the proposed action.

(i1) Any adverse environmental effects that cannot be avoided shou d the proposal be
implemented.

(111) Alternatives to the proposed action.

{iv) The relationship between local short-term uses of man'. environmen! and the main-
tenance and enhancemant of long-term productivity.

(v; Any irreversibie and irretrievable commitments of resources tha <ould be invelved
in the proposed action should it be implemented.

From time to time a generic is<ue must be considgered in the form o. a generic environmental
impact statement. A public nc.ice of intent to prepare the s‘stement is published by the
Commission. [n conducting the NEPA review, the staff meets with cognizant individuals and
organizations to seek new information and to ensure a thorough understanding of tne issues of
concern. On the basis of the foregoing and other such activities or inquiries as are deemed
useful and appropriate, the staff makes an independent assessment of the considerations
specified in Section 102(2)(C) of the NEPA and in 10 CFR 51.

This evaluation leads to the publication of a 1ra‘( environmental statement, prepared by the
NRC staff, that is circulated to appropriate governmental agencies for comment. A summary
notice is published in the Federal Register of the availability of the draf. environmental
statement. [nterested persons are also invited te comment on the draft statement. Comments
should be addressed to the Director, Division Waste (.. “7ement, at the address shown below:

Jirector, Division of Waste Management

Office of Nuclear Material Safety and Safeguards
U S. Nuclear Regulatory Commission

Washington, DC 2055%
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The NRC intends to implement the conclusion of this draft statement by revising its
regulations. Revised regulatiors incorporating the specific conclusions of this statement are
+seing prepared and will be proposed shortly. After receipt and consideration of comments on
the Dvaft 5. ament and on reguiation changes soon to be proposed, the staff prepares a Final
Environmental Statement wh ch includes: a discussion of concerns raised by the comments; a
benefit-cost analysis, which considers the envircnmental costs and the alternatives available
for reducing or avoiding them, and balances the adverse effects against the environmental,
economic, technical, and other benefits; and a conclusion. The final regulations prepared hy
the staff will be submitted to the Commission for its approval prior to issuance.

For this Generic Environmental Statement on Uranium Milling the foliowing comments may be
made :

1) This action is taken in response to the Intent to Prepare Generic Environmental Impact
Statement on Uranium Milling, Federal Register, June 3, 1976 (41 FR 22430).

2) The following Federal agencies have been atsked to comment on this environmental
statement:

Department of the Army, Corp of Engineers
Department of Commerce

Department of the Interior

Deparument of Health, Edication & Welfare
Federal Energy Reguiatory Commission
Department of Energy

Department of Transpertation
Environmental Protection Agency
Department of Agriculture

Advisory Council on Historic Preservation
Department of Housing and Urban Dovelopment

In addition, all State clearinghouses have been sent copies of this statement.

3) This Draft Environmental Statement was made available to the public, to the
Environmental Protection Agency, and to other agencies in April, 1979.

4) Single copies of Lhis statement may be cbtained by writing:

Director, Division of Technical Information
and Document Control

Office of Administration

U.5. Nuclear Regulatory Commission

Washington, DC 20555

This project was completed with Hubert J. Miller as Project Manager. Should .)e“e be
questions regarding the content of this Statement, Mr. Miller may be contactec ', care of the
Director, Division of Waste Management or at (301) 427-4205.
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SUMMARY
OVERVIEW

In preparing this generic environmenta) impact statement on the U.5. uranium milling industry,
the staff has evaluated a wide range of issues. It has examined the problem of controlling
emissions from mills during operations and the problem of mil) decommissioning. The latter,

of course, includes the special praoblem of dealing with the large volume wastes--mill tailings--
produced by milling operations. These wastes will remain hazardous for very long periods ot
Lime owing t, the long half-lives of radioactivity present. They emit a radioactive gas,
Radon-222, which can be transported long distances exposing large populations, albeit to
concentrations of radioactivity which are small increments above background. In addition to
technical controls, supplementary institutional and financial arrangements for dealing with
these problems have been addressed.

In formulating proposals for dealing with these problems to assure public health and safety
and environmental protection, the staff has developed a full range of perspectives and facts.
It has analyzed the problems from short and long term points of view. Potential health risks
to individuals living in the immediate vicinity of mills, to iadividuals Tiving in mining and
milling reaions, Lo mil]l workers, and to large populations which can be exposed to radon,

have been addressed. Potential impacts on land use, air quality, water quality, water use,
biota and soils, and potential socioeconomic effects of milling operations a.e assessed,
Alternatives for tailings disposal which have been examined have ranged from the past prac-
tice of doing virtually nothing to isolate tailings, to utilizing potential advanced treatment
methods such as incorporation of tailings in a solid matrix, such as cement or asphalt

It is not possible to provide a complete summary of all the information developed in this
document. However a special effort has been made in preparing the Summary to refer the

reader to specific sections of the main text pertinent to each issue discussed. This has

been done to make it easy for readers to find and consider all of the information that has

been developed, so they may draw their own conclusions about the issues addressed. Specific-
ally, sections and chapters of the main text and appendices which provide details of material
covered in the Summary are identified in parentheses, next to the topics, headings and specific
material,

The staff has developed and expects to propose shortly, specific regulatory changes found to
be needed as a result of the analysis performed Hegquirements affecting emissions during
operaticn will assure that exposures to individuals are within existing public health stan~
dards. Furthervore, proposed requirements will have the effect of assuring that mill opera-
tions are performed in a manner that reduces population exposures and risks, to the maximum
extent reasonably achievable.

Requirements proposed for decommissioning and mill tailings disposal are stated primarily as
performance criteria. These criteria are intended to assure that mill and mill tailings
disposal sites are returned to conditions which are reasonably near those of surrounding
environs and to assure that ongoing active care and maintenance programs, to redress degrada-
tion of the tailings isolation by natural weathering and erosion forces, will not be neces-
sary. While continued surveillance of mill tailings disposal sites is recommended to confirm
that sites are not disrupted by unexpected natura)l erosion or human activity, decommissioning
of remaining sections of the mill site should assure their unrestricted use. The staff has
identified in its analysis a range of disposal methods, involving primarily below-grade
disposal of tailings., that can meet these criteria. These include methods worked out with
mi!l operators over the past year and represent a marked departure from past disposal prac-
tices. Improved insight into problems of tailings disposal and decommissioning, and the best
methods for solving them, will be gained as the first actual efforts of tailings dispesal and
mill site cleanup are undertaken at inactive sites in the next few years. Therefore, the
staff expects to reevaluate proposed criteria after remedial action has been taken at several
sites, to determine if more specific criteria fur tailings disposal are appropriate.

The staff also proposes guidelines for estab'isning financial arrangements which assure that
mill decommissioning and tailings dispasal is carried out in a manner consistent with proposed
technical criteria. In addition, it is propesed that mill operators contribyte funds te, - s
cover the expense of ongoing site surveillance. | 20 L 7
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Finally, the statt concluges that given the highly site-spacific nature of environmental
impacts that can occur and in view of the importance of the tailings dispesal problem, each
licensing w.iiun calls for a thorough environmental assessment. The staff considers that
this generic statement and associated rules that will be propesed can be no substitute for
documented environmental assessments performed for each mill and mill taiiings disposal site.

', PURPOSE AND SCOPE OF STATEMENT

This generic environmental impact statement on uranium milling has been prepared in accord-
ance with a notice of intent published by the Nuclear Regulatory Commission (NRC) in the
federal Register (41 FR 22430) on June 3, 19/6. As stated in the notice, the purpose of the
statement would be to assess the potential environmental impacts of ura~ium mi'iing opera-
tions, in a programmatic context, including the management of uranium mill tailings, and to
provide an opportunity for public participation ir decisions on any proposed changes in NRC
regulations based on this assessment. In support ¢f this purpese, the principal objectives
of the statement have been as fo!low:

To assess the nature and extent of Lhe environmental impacts of uranium milling in
the United States from !ocal, regional, and national perspectives on both short-
and long-term bases, to determine what regulatory actions are needed,

Mote specifically, to provide information on which to determine what regulatory
requirements for management and disposal of mill tailings and mill decommissioning
should be; and

To sugport any rule makings that mav be determined to Le necessary.

Hoth technical ang institutional issues are addrecied. The major technical issues break down
as follow:

Mill tailings disposal as a leng-term wacte management problem. fajor preblems are
those of isolating tailings from oeople for long time periods, control of persistent
airborne emissions (particularly radon) and protection of groundwater guality;

Decemmissicning of mill structure and site (exciuding the tailings disposal area);
Racioactive airborne emissions during mill operations; and
Nonradiniogical environmental impacts and resource use.
The major institutional guestions addressed in this document include:
Need for land use controls and site monitoring at tailings disposal sites;

Methods of providing financial surety tnat tailings disposal and site decommis-
sioning are accomplished by the mill operator; and

Need for and methods of funding any 'ung-term surveillance which may be necessary
at tailings disposal sites.

for convenience, sections, chapters and appendice: providing details of material covered in
this Summary are identified in parentheses. Chapter | contains a more complete yuide to the
organization of material developed in this statement.

As stated in the NRC Federa! Register Notice (42 FR 13874) on the propor .d scope and outline
for this study, conventional uranium milling operations in both Agreement and Non-Agreement
States, up to the year 2000 are evaluated. Conventional uranium miiling as used herein

refers to the milling of ore mined primarily for the recovery of uranium. It iavolves the
processes of crushing, grinding, and leaching of the ore, followed by chemical separation and
concentration of uranium. Nonconventional recovery processes include in situ extraction of
ore hodies, or leaching of uranium-rich tailings piles and extraction of uranium from mine
water and wet-process phosphoric acid. These processes are described to a limited extent for
completeness. They are not evaluated in depth, since they produce relatively small quanti-
ties ot uranium. Also, impacts from in situ extraction are almost exclusively related to
groundwater and are, therefore, highly site-specific. The localized nature of this potential
impact requires close examination on a case-by-case basis. Readers interested in this subject
are referred to a general study of potential in situ extraction impacts on groundwater recently
prepared by NRC, “Groundwater Elements of In Situ Leach Mining of Uranium," reference 1.

P T
- vy 7 ik \." H
' \ g -



3

2. METHOD OF ASSESSMEN]

‘n general, the method of assessment involves evaluation of & base case featuring a low level
of environmental control, te characterize the nature and extent of potential environmental
impacts from milling operations, primarily from tailings. (Chaps. 4, 5 and 6) Alternatives
for mitigating these potential impacts are then evaluated. (Chaps. 8, 9, and 11) No attempt
is made to analyze in detail the impacts from uranium milling which are highly specific to
the site and its environs. These must be evaluated for each mill, as is done through enviren-
mental statements prepared in connection with individual mill licensing actions. In this
statement, impacts that will result from a representative mill (a so called "mode!" mill) are
characterized to a ree sufficient to allow determining what, if any, programmatic changes
are required. To evaluate potential worst-case cumulative effects that could occur in a
iegion from milling operations, the staff examines effects of a level of concentrated mining
and milling activity which might reasonably be expected to occur in a worst case in the

year 2000: the eguivalent of tweive 1800 metric tons (MT) per day mills in a region having
an 80 km (50-mile) radius.

Cumulative impacts from the U.S, uranium milling industry were evaluated using conservative
assumptions abuut the need for uranium until the year 2000. MNuclear energy growth pro-
Jections resulting in a nuclear generating capacity of 380 Gwe in ihe year 2000 were used in
estimating U.S. uranium production necessary to meet estimated needs (Sec. 3.4). It was
conservatively assumed that there would be no reprocessing of spent fuel over this time
period.  The resulting uranium demand would require the addition of the eguivalent of about
60 additional 1860 ®T per day conventional mills over this time period, assuming ore grade
quality of 0.15 percent and an enrichment tails assay of 0.25% percent. It is assumed that
the 2} currently operating mills would continue in production. Mearly all the new mills

are expected to be located in the western U.S. A total of about 4.9 x 16" M1 of tailings, in
audition to the 1.3 x 10® MT of tailings already existing by the end of 1977, is estimated to
be generated by conventional uranium mills over the time period 1978 to 2000 (Sec. 3.5). In
the course of preparing this document, more recent nuclear energy growth projections by the
Department of Energy have become available (Sec. 3.4). These newer projections of nuclear
capacity in the year 2000 are 20 percent to 30 percent lower than those used in this document.
The use of lower projections would reduce both the estimates of environmental impacts and
costs to ameliorate these impacts proportionately. Where speculative factors such as nuclear
capacity influence estimates of cumulative impacts, a range of impacts is presented (App. ).

The model mill is based on an acid leach process which is common to the industry (Chap. %)
It produces 785 MT of Uy0y per year and about 5 6x10° MT/Zyr of mill tailings, the principal
waste generated. [n the base case, tailings are deposited in an above-ground tailings
impoundment which comprises about two thirds of the model mill site of 150 ha. About 40
percent of the mill tailings surface is either covered or saturated with tailings solution
during operation, the remainder presenting a source of radon and particulates. No steps are
taken to isolate the tailings following operation. The mode! site is depicted in a semi-arid
“model” region (80 km in radius), which is typical of actual milling regions in the western
U.5. (Chap. 4). The model region is sparsely populated with an average density of 2,89
persons/km?; the principal commercial activities are ranching and the extraction of mineral
resources.

3. ASSESSMENT OF BASE CASE [Chap. &)
3.1 General

Potential impacts in a variety of narrow categurres were considered including air gaality,
land use, mineral resources, water resources, soil resopurces, biota, community, and radio-
logical impacts. While complete summary is not possible, the nature and extent of potentisl
impacts are characterized by the following sections, which include selected examples identi-
fied in the Chapter 6 base case evaluation of the model mili. As previously stated, the base
case features a low-level of emission control te furm a basis upon which to analyze the
effects of alternative contral measures. Base case controis are representative mostly of
past miiling practice. For this reason, analysis of the base case brings into sharp facus
the patential environmental and publ!ic health impacts which can occur. Impacts cited for the
base case ave more serious than those that would be occurring near most curvent mills which
have been upgraded.

3.2 Radiological Impacts (5ecs. 6.2.8, 6.3.5, 4. 4,

With respect to heaith impacts, the critical mi!l-veleased radionuc!ides and their primary
sources are, in descending order of importance: Rn-222 from the tailings piie; Ra-226 and
Pb-210 from the tailings pile, ane U-23 and U234 from yellowcake operations. Health
impacts from Rn-227 result from inhalation of in-grown daughters aod ingestion of the
ie 3 i
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grouna-aeposited long-|ived daughter Pb-210. Hecause Rn-222 is released in gaseous form, it
is transported long distances exposing large populations albeit at extremely small levels
above background. The impacts of Ra-226 and Pb-210, released in particulate form from the
tailings pile, result primarily through ingestion pathways. Emissions from impounded tailings
materials have an enhanced importance due to their persistence beyond the operational 1.fetime
of the mill itself. VYellowcake emissions result in localized impacts, primarily via inhal-
ation, and essentially terminate when the mill shuts down.

Radiological impacts which result from mill operations under the iow level of emission
control assumed for the base case ars summarized for various individuals and populations.

In assessment of radiological impacts, the staff evaluated exposures that would occur to
individuals living at several locations near the model mill. This was done to evaluate the
problems of meeting appiicable individual exposure limits {those of the EPA Uranium Fuel
Cycle Standard, 40 CFR 190) and, in general, to state what health risks are faced by
individuals living near mills. Of the several reference locations examined in the radio-
logical assessment, a person located at a permanent residence 2 km downwind from the mill
was selected to summarize the effects of mill effluents on nearby residents. (This
individual is referred to as the "nearby" individual in the Summary.) To provide an additional
individual health risk perspective, exposures and risks to an "average” individua! livipng in
the model region are summarized. The average individual's exposure is determined by dividing
tutal regional population exposure by the number of people living in the mode! region.
Contrasted with the worst case exposures received by the nearby individual exposure te the
| average individual indicates the kind of risks which are faced by the bruader populace of
miiling regions. The foliowing also summarizes what exposures would be received by mill
workers. Because mill workers will normally rotate assignments over the course of their
career, exposures averaged over various locations in the mill are estimated instead of
focusing on single locations. In addition to estimating "average” worker exposures and
risks, cumulative industry wide health effects are predicted. +tinally, cxposures and health
effects to the United States and continental Nourth American populations are summarized.

The problem of meeting 40 CFR 190 exposure limits s first discussed in the following; these
limits require that exposures of whole body or any organ to any individual in the general
public not exceed 25 mrem per year. Because the limits apply only te exposure to nuclides
other than radon and its daughters, the first esposures discussed (referred to as 40 CFR 190
doses) do not include contributions from these nuclides. Total exposures to the individuals
and populations just discussed, including doses resulting from the radon component, and
health risks associated with these total exposures are then presented.

Individual Exposure Limits - 40 CFR 190

40 CFR 130 Timits are not met at Jocations near the miil. [Doses received by the
nearby individual greatly exceed 25 mrem per year; 40 CFR 190 bone and lung doses
are 120 and 36 . m, respectively. Analysis indicates the limit could not be met
within about four km downwind from the miti.

The effect on the nearby resident of a potential worst case concoatration of
milling activity, where a cluster of 12 mills is postulated in _2ar 2000, would be
to increase 40 CFR 190 doses to bone and lung by about 15 to 20 percent. While
not a large fractional increase, this shows that the contribution from surrounding
mills could be important in situations where meeting 40 CFR 190 was otherwise a
borderline case.

i Tota) Risks to Individuals

Total exposure estimates, which include radon and daughters, indicate that radon
is the greatest single contributor to risk. When total exposures are considered,
E the chances that the nearby individua! would prematurely die from cancer as a
result of living near the model mill for 20 years (a period assumed to include the
full operation and decommissioning cycle of the mill) would be about 600 in a
million. Because of the considerable uncertainties that exist in the health risk
estimators used (risks could be one-half to two times those estimated), comparison
with risks posed by background radiation proviae: valuable perspective. The
estimated risks to the nearby individual would be an increase of about 40 percent
above risks from background radiation exposures. Exposures and risks to an average
individual in the region cver a similar timespan would be a small fraction (zvout
one percent) of those for the nearby individual.

: The effect of concentrated milling activity would be to increase risks to the nearby
. individual, as discussed above, by about 50 percent. The milling cluster would
have a more dramatic effect on risks for the average individual, raising them
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by a factor of about ten, from five to over 50 chances in one million of premature
cancer death. This would be about 4 percent of that faced due to natural radia-
tion exposures.

The risks to an average individual living in a region of maximum mining and mil-

ling activity in the year 2000 is very roughly estimated to be double those |
described above for milling alone. This estimate is based on recent radon measure-

ments around open-pit and underground mines which indicate that releases from

active mining will be roughly equivalent to those which would occur from tailings

under the base case. (No attempt was made to study radon release trom mining in

detail in this study. Estimates are orovided of these releases for perspective

only; a comprehensive evaluation of these releases is being undertaken by NRC in

separate, but relates, efforts to update information on environmental impacts of

tha uranium fuel cycle.)

Occupationa. »isks

Average annuzl occupational exposures are estimated to be about 2090 and 4740 mrem
to bone and lung, respectively. This level! of exposure would lead to a lifetime
risk of premature cancer death of about 20 in one thousand if the work pericd were
about 50 years. This is about six times risks due to natural radiation exposure .
AL these exposure levels, a total of about 37 potential premature deaths are esti-
mated to occur among workers from operations of the U.5. milling industry to the
year 2000. These ricks are smaller than risks of death faced by wovkers from
nogeinlent causes alone in at lcact several other industries, such as mining (Sec.
6.2.8.2.7).

Risks to Populations

The most significant impact from mill operations under the base case would occur

from persistent radon releases from the tailings. About 9800 premature deaths are '
predicted over the period 1978 to 3000 in the United States, Canada, and Mexico,

from tailings which would be generated by the full operation of mills in existence

in the U.5. in the year 2000.

These cumulative potential impacts are a 1.3x10 ® fraction of the overall inci-
dence of cancer. Furthermore, the effects of releases from milling can be com-
pared with those occurring from natural and technologically enhanced sources of
radon. Specifically, exposures from milling radon releases would be about 0.4,
0.3, 5 and 13 percent of exposures occurring from releases from natural soils,
building interiors, evapotranspiration and tilling of soil, respectively.

The continuing annual rate of premature deaths from this volume of tailings is
estimated to be about ten per year. This annual rate could be used to deve lop
estimates of health effects beyond 1000 yea:s if this were desired; this would
require making very uncertain assumptions on long-term factors such as climate,
population growth, and the 1ike,

The information just summarizea about radiological impacts of the base case is tabulated in
Tables | and 2.
|

3.3 Non-Radiclogical Impacts

Air Quality (Secs. 6.2.1, 6.3.1)

In general. the impact of miil operations on air quality occurs as a result of dust which is
produced. Dusting from the tailings piles and traffic on dry ore hauling roads increases
suspended particulates.

In the single mill case, concentrations at a reference location nearby the mill

(one km) are close to but within Federal limits. An annual average concentration

of 57 ug/m* (22 ug/m* above the back ~-und concentration of 35 ug/m* which C.

includes contributions from other nonmi: ‘ng sources) is predicted. This compares e

with a limit of 60 ug/m® existing in some . ates. o
|
|

While the operation of a cluster of mills dou not cause a large increase in

dustina over that resulting from a single mil. (about a 33 percent increase), the =
increment may be important in meeting allowable limits on suspended particulates
near the mill. A concentration of 65 u/m* which would exceed some State standards .

is aredirted for the reference location near the model mi)ll. The relative effect

of the 11 cluster becumes greater as distances from the model mill increase (a

doubling uf suspended particulate concentration contributed by mills occurs at a

distance of 40 km), but total concentrations (37 pg/m®) are witnin allowable |imits.

R el
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lapie '. Ragiological Impacts from Radioactive Airborne kmissions during Operation, Base Case
Dose Commitment® Risk from Mill as
nr_e_q%; Percentage of Risk Dye |
Receptor 'e ne Lung to Background (%)"'

Nearby Individual®

Doses limited by 40 CFR 190
{excluding radon)

P mill 1 120 36 e
Mill cluster 13 140 42 e
Total dose ;
{including radon) 1
P il 21 130 330 43 |

Mili cluster 2€ 150 510 65 w

Average Individual®

1 mill 0.16 1.2 2.7 0.4
Mill cluster 1.7 14 27 4 :
Ayerage Uo--lun'
Annual 450 2100 4700 570
Career? 2.1x10% 9, 8x10%  2x2x10% 570
|
8ackground 143 250 704 .

%411 doses are total annual dose commitments except where noted as being those covered by

40 CFR 190 limits. That is, these doses exclude contributions from radon and daughters,

since these are not covered by 40 CFR 190, wnich Iimits annual exposures to whole body and

any single organ to 25 mrem. All doses are rounded to two significant figures. |

“The range in risks due to uncertainties in heaith effects models extends from about one-half
to two times the central value (App. G-7). This range does not include uncertainties in other
ireas (e.g., source term estimates and dose assessment models).

“Risks are presented for exposure received during entire mill life; that is, 15 years of
exposuve during operation of the mill, and 5 years of exposure post operations while tailings
are drying out, are considered. This value is greater than 20 times a<nual exposure pre-
sented hecause tailings dust releases increase in the period when tailings are drying.

dThe “nearby individual" occupies a permanent residence at a reference location

about 2 km downwind of the tailings pile.

*The "average individual" exposure is determined by dividing total population exposure in the
nodel regicn by its population total. |

"The “average worker" exposure is determined by averaging <xposures expected at the various
locations in the typical mill.

9The career dose is based on a person who has worked 47 years in the milling industry (that
is, from ages 18 to 65).
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labie 2. Potential Cumulative Somatic Health Effects from Milling Industry

j Mill Tailings Releases - Base Case s
United States North America

Premature cancer deaths

1978-210n 900 1,000

1978~ 30011 8,600 9,800
Maximum premature death rate
(years after 2015) - per year 8.5 9.8
Spontanecus cancer death rate - per ynr° 470,000 750,000
Fractional increase in - 4
death rate due to milling 1.8x10 © 1.3x10 ®

Yyranium mines are not included in this table While they will not be significant, conting~
ing radon sources following reclamation, they will constitute a major source during opera-
tion. It is estimated that in year the 2000, active mines would contribute about 1 x 107
Ci/year which is approximately the same as tne release from uncovered tailings piles at
active milis in ihe same year

O1he range ib risks due to uncertainties in health effects models extends from aboul one-nalf
to two times the central value. This range does not inciude uncertainties in other areas
(e.g., source term estimates aind dose assessment models).

Ctnuosuros in Continental Eurgpe and Asia would add about 2% percent more health effects to
the number of effects predicted for North America.

o
d Vital statistics of the United States " See reference 2.

Land Use (Secs. 6.2.2, 6.3.2)

Land use impacts from miiling operations and tailings disposal are both direct and indirect.
The most significant impact is permanent commitment of land to tailings disposal.

Approximately 150 ha are devoted to milling and allied activities during operaticns
at the model mill. During a hrief period of mill construction, a tatal of 300 ha
may be impacted.

Deposition of windblown tailings may vestrict use of land near tailings. Levels of
contamination extend several hundred meters beyond the model site poundary in the
prevailing wing direction affecting an area of 25 ha. fFxperience al inactive sites
and ongoing field studies at active mills confirm the potential for such land
contamination.

In the multiple mil} case, indirect impacts on land use occur; for example, the
need for housing and other services for incoming workers divert a small amount of
fertile land in the model region to urban uses.

The major potential land use impact is permanent commitment of 100 ha of semi-arid
tand for tailings disposal and restri-ted use of adjacent land that is contaminated
by continued blowing of tailings dust from the poorly controlled mitl tailings piie
in the base case.

Groundwater (Secs. 6.2.4.2, 6.3.4.2, App. E)

Tailings solutions contain a wide range of trace metal, radioactive and chemical contaminants
in concentrations significantiy above existing State and Federal water guality limits.
Seepage of such solutions can potentially adversely affect groundwater aquifers and drinking
water supplies.

A e e —— -
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About 50 percent of tailings solutions, or about 600 MT per day, are disposed of
by seepage in the base case.

Transport of contaminants is a complex function of parameters such as conductivity
and dispersivity of subsoils and underlying strata, hydraulic gradients of under-
lying groundwater formations, ion-exchange and buffering capacity of subsoils, and
amounts of precipitation and evaporation. In general, natural subscil conditions
will tend to remove many heavy metals and radionuc)ides such as radium and thorium
from the tailings seep. This will occur primarily as a result of chemical precipi-
tation and sorption processes.

Some heavy trace metals such as selenium, arsenic, and molybdenum may form ions
which behave similarly to anion contaminants such as sulfates which do not tend to
be removed by sorption.

Using conservative assumptions about transpori parameters, seepage in the base
case results in contamination of the underlying aquifer, and eventually nearby
wells, with concentrations of seienium and sulfate significantly above established
limits. Radium ang thorium are predicted to be retained by underlying soils.

Faollowing operation, rainfall will cause a continued, small amount of seepage from
the tailings area.

Surface Water (Secs. 6.6.4.1, 6.2 4.2)

There are no direct discharges from tailings impoundments to surface streams. Minor impacts
could occur indirectly from contaminated groundwater formations which intercept surface
streams.

Water Use (Secs. 6.2.4, 6.3.4)

Water used in the mill process typically comes from deep-lying aquifers. About 1260 M1 of
solution will be deposited in the mill tailings disposal area per day. Tailings solutions
will be disposed of by evaporation and seepage. 1240 MT of solution (which includes moisture
from both the mill and rainfall) evaporate from the tailings per day. In some areas, where
concentrated uranium development in conjunction with other heavy mining activity occurs,
evaporative losses could result in temporary lcwering of water wells tapping affected
aquifers.

Soils and Terrestrial Biota (Secs. 6.2.5, 6.2.6, 6.3.5, 6.3.6)

Generally, impacts on soils supporting growth of vegetation and on terrestrial biota wil! be
minor and localized. On the other hand, what impacts occur may be important because of the
slow rate of soi) formation in arid and semi-arid regions of the West.

150 to 300 ha of soils and wildlife habitat will be destroyed directly by construc-
tion and operation of the mill and mill tailings disposal site.

Indirect impacts occur from seepage and spread of windblown particulate from the
tailings pile. These lead to soi' salinization, and contamination of soils and
vegetation, with toxic elements, Extent of impacts would increase over the long
term as tailings continue to blow.

In the multiple mill case, impacts on biota of the region resulting from over-
grazing might be evident.

The amount of land potentially disturbed is relatively small. Only a few tenths
of a percent of primary and secondary productivity in the model region (80 km
radius), typical of sparsely populated and semi-arid western milling areas, would
be affected even in the multiple-mill case.

Socioeconomics (Secs. 6.2.7, 6.3.7)

In an effort to assess the socioeconomic impacts from uranium miniig and milling the follow-
ing areas were examined: 1) demography and settlement patterns; 2) social, economic and
political systems; 3) archeological and historical resources; and 4) esthetics and recrea-
tionai resources. Negative socioeconomic impacts in the cise of an isolated mill would be
minor in terms of regional impact. Cumulative impacts might occur where multiple mills are
located in a region. However, it 15 extremely difficult, in most cases, to isolate the
effects of uranium milling and mining from effects occurring as a result of ogper qinera!‘ o -
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resource exploitation and industrial developments which could be occurring in a ion, such
as coal linin?. In addition, it is difficult to project the level of these other industrial
activities. In any case, the severity of impacts that can occur as a result of uranium
milling and related mining activities would depend upon several factors including the propor-
tion of the population and regional economy that would be devoted to these activities, as
well as the general social, economic and political characteristics of the area. Generally
speaking, the potential sociceconomic impacts from uranium mining and milling are not unlike
those occurring as a result of other similar sized industrial deve lopments.

3.4 variants Examined

The staff evaluated the potential difference which could occur in impacts for two situations
which vary from routine operation of the 1800 MI/day, acid leach mill: operation of alkaline
leach mills and operation of much larger (7200 MT/day} mills. These different situations
were considered in proposing the regulatory action summarized in Section 6 of the Summary,

Alkaline Leach Mil) (App. H)

The mode! mill is an acid leach mill; however, 20 percent of the conventional milling indus-
try utilizes the alkaline leach process. Radioactive exposures would be virtually the sarce
for acid and alkaline mills. The major differences between impacts of alkaline and acid
leach mills are:

Water requirements of and, hence, seepage at the alkaline mill are 30 to 80
percent of an acid mili.

Concentration of contaminants will be generally less in the alkaline leach mill
However, toxic anonic salts such as selenium and arsenic will tend to be present
in greater concentraticns,

Large Mills (App 1)

General conclusions drawn from the comparison of large (7200 MT/day) and average size (1800
MT/day) mills are:

Combined capital and operating costs of the 7200 MT/day mill are about 70 percent
of those for the 1800 MT/day mode! mill per unit of ore proecessed.

For comparable siting situations, totzl population exposures will not signifi-
cantly change per unit of mill throughput.

Problems of meeting individual limits will be more difficult at large mills, since
emissions will increase with mill size.

Factors offsetting increased emissions might be increased operating efficiency of
control devices and greater management attention to emissions controls which could
be afforded as a result of large mi)l economic efficiencies.

Larger mills would reduce the number of separate sites being committed to mill
tailings, and hence reduce the long-term problem of site surveillance.

3.5 Accidents (Chap. 7)

The effects of accidents associated with milling and mill tailings dispcsal were cons idered,
including those associated with shipment of ore and yellowcake.

Generally, total releases, radiation exposures, and environmental impacts from
accidents will be small fractions of routine releases from the mill.

The most severe potential accidents are those involving shipment of yellowcake.
Under a worst case accident scenario in a relatively populated area, total expo-
sures are predicted to be as much as about ten times what would occur from a
single mill's annual operation.

N 1 Y T T PV e e au S e mm———
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4, ALTERNATIVES EVALUATED (Chap. &)
4.) General

Alternatives for mitigating potential environmental impacts were divided into three major
groups: (1) alternative controls of airborne emissicns during mill operation, inciuding
those from the tailings pile; (2) tailings disposal alternatives, including measures to
control iong-term airborne emissions (particularly radon) and to protect groundwater; and {(3)
alternative decommissioning modes for the mill site and structures.

4.2 Alternatives for Airborne Emission Control (Sec. B.2)

Radioactive em sions during operations are effectively limited by the EPA's recently developed
Uranium Fue) C,cle Standard (40 CFR 190} which limits annual dose commitments to offsite
individuals, excluding contributions from radon and its daughters, to 25 mrem. Since NKC has
responsibility for implementing this standard which takes effect in 1980, emphasis is on
identifying steps that should be taken to control particulate emissions so this standard is
met.

The major airborne control options identified as being available are:

water cover, sprinkling and chemical sprays to control diffuse sources of dust such
as the tailings, roads and ore storage areas.

Devices for wind shielding and dust collecting hood: such as may be applied in ore
starage, handling, and crushing areas

Stack contrgls including wet scrubbers and dry filters.

Process modifications such as wet. semi-autogenous grinding of ore which can
eliminate dry crushing of ore, and elimination of yellowcake drying operations by
shipping product as a moist cake or slurry,

With the exception of the two precess modifications which are relatively recent developments
specific types of control equipment and methods were not evaluated in detail, Instead, the
mitigative effects of several increasing control increments above the base case, which are
representative of what could be provided by various available controls, were examined. An
evaluation of emissions controls to establish new dose standards has not been conducted. The
staff has evaluated the problems of meeting the newly established EPA fuel cycle dose limits,
primarily focusing on the major mill emission sources--the yellowcake dryer and the tailings
pile.

In general, methods used to suppress surface dusting during operation will suppress radon
emissions. Saturation of the pile with tailings solution will be most effective in radon
control. The effect of superficial wetting or chemical stabilization on radon reiease is
less certain.

4.3 Tailings Disposal Alternatives (Secs. 8.3, 8.4)

There are at least four, interdependent aspects of a tailings disposal program for which
options can be identified. These relate to tailings treatment, disposal location, tailings
area preparation, and tailings stabilization and covering. The following summarizes these
wptions:

Tailings Treatment

Nitric acid leaching of ore to remove residual radicactivity from tailings
Segregation of slimes from sands for separate treatment

Neutralization

Barium chloride treatment

Removal of toxicants by ien-exchange

Dewatering of tailings by filtration, by thermal evaporators, or by solar drying
Fixation of tailings in asphalt or cement

)isposal Location

Above grade
Below grade, near surface
Far below surface




.11-

Tailings Area Preparation

None

Soil compaction
Clay liner
Synthetic liner

Tailings Stabilization and Isolating Cover

Nane

Native soil and overburden cover

Gravel or rip rap

Clay cover

Artificial covers and sealants

Combinations of above, in varying thicknesses

An extremely large number of tailings aispusa: programs could be constructed from :hese

options. However, the staff selected a limited range of alternative disposal prc ams for

detailed examination. The range of disposal programs was selected to be broad enough to

;o:tu;e %hten?{or options listed above in at least one of the pragrams considered. (Sec.
.4, Table 8.

The alternative programs all address, to some degree, concerns of reducing airborne radig-
active emissions (particu’ar’y radon), and the potential for groundwater contamination;
however, there are major ¢ifferences among them. The programs can be categorized according
to the degree of tailings isolation provided and the associated levels of ongoing care and
monitoring required. The three categories or modes assessed are referred to as (1) the
active care mode, (2) the passive monitoring mode, and (3) the potential reduced care mode

Active Care Mode

This mede encompasses those alternatives which would require extensive active care and main-
tenance indefinitely to ensure continued isolation of the tailings. Although the tailings
would be covered with overburden and soils, the isolation area would be susceptible to natural
erosion capable of causing relatively rapid deterioration of an unmaintained pite. One
tailings disposal program is described to illustrate this leve!l of protection (Alternative 1).

Passive Monitoring Mode

Tailings would Le isolated from ercsional forces to eliminate or reduce to negligible levels
the need for ongoing care. Five alternatives are described to illustrate the several, basic
approaches which can be taken to achieve this level of protection. These alternatives pri-
marily involve below-grade, near-surface burial of the tailings (Alternatives 2-5); however,
one case (Alternative 6) constitutes an above-grade disposal scheme whereby selection of
proper siting and design features would result in protection nearly equivalent to that
provided by below-grade disposal. The below-grade alternatives include use of available open
pit mines (Alternatives 2 and 3) or excavation of special pits for disposal (Alternatives 4
and 5).

Potential Reduce Care Mode

This mode (Alternatives 7, 8 and 9) is a loose collection of alternatives that represent
departures from current technology or practice. To one degree or another, they have the
potential of providing an added measure of isolation and protection, as well as a reduced
level of ongoing care, beyond that provided Ly the two other categories. Unique features of
the alternatives in this category are (1) disposal of tailings in relatively deep locations,
(2) fixation of tailings siimes in asphalt or conrrete, and (3) nitric acid leaching of ore,

4.4 Decommissioning of Mill Site and Structures (Sec. 8.5)

Two basic modes of mill decommissioning are considered, both of which would permit unre-
stricted use of the site (excluding the tailings pile) following operation. Alternatives
are:

The retention and use of some or all of the buildings and equipment after decon-
tamination, and;

The compiete removal of -~ 1] buildings,. toundations, and equipment, with the restor-
ation of the site to it original state

Cleanup of grouna contamination >t v evve wayld occur in either case.

il
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5. BENEFIT-COST DISCUSSION AND CONCLUSIONS (Chap. 12; Chaps. 9, 11)
5.1 Radiocactive Airborne Emissions During Operation (Secs. 12.3.6, 9.2.8)

Evaluation of emission controls indicates that a nigh ucaree of tailings dust control will be
required to meet 40 CFR 190 limits sinve this source is the preatest potential contributor to
exposures. Table 5 illustrates the general effect of airborne v>ission control in radiological
exposure and risk. From this it can be seen that 40 CFR 190 1imits can be met at the 2-km
reference location only with a high degree of tailings control (90 percent control of tailings
surfaces or greater).

Table 3 indicates the following with regard to total risk (that is, risks including ihe
contribution from radon), if tailings were contro!led at a level needed to meet the 40 (¥R 190
limits at the reference location.

Tota) exposures and risks to the nearby individual would be reduced to less thas
10 percent of those risks presented by background radiation, on the assumption that
surface control measures would reduce radon emissions as effectively as dust.

The risks to the average individual in the milling region would reduce to sma)l
fractions (less than | percent of background radiation-induced risks) even in the
worst case mil) cluster situation. The risk of premature death from cancer as a
result of milling would he reduced to iess than 10 in a million in the mill cluster
situation. These risks would be much smaller than those occurring as a result of
exposure to radon from mines in the region.

These risks are those associated with a level of tailings dust control which would be a
significant improvement over the base case, which represents past practice for most mills.
However, notwithstanding the fact that the risks estimated for this level of control would be
very small compared to those occurring as a result of backaround radiation, and individual
dose limits are met, the fact that zny potential health effects can occur calls for reducing
emissions to as low as reasonably achievable. This 15 also necessary to avoid spread of
ground contamination, which will lead to problems of final site decommissioning and cleanup.

The assumption that radon emissions will be suppressed to the same extent as surface dusting
is a good approximation, when a water cover or complete saturation of the upper tailings
surfaces is the contro! method employed. When chemical sprays and superficial wetting are
employed to control dusting from dried surfaces, this assumption is not expected to be as
accurate, since tnese would produce only a thin surface film. Thin films would be effective
in controlling dust, but smal) imperfections or penetrations which would likely be present in
such films would provide escape routes for radon. Water cover could be achieved in cases
where the tailings are disposed in a slurry. This, however, has potential negative aspects
when viewed from the broad perspective required in developing a long-term tailings disposal
program. For example, & water cover provides a driving force for seepage to groundwater,
creates additional problems of impoundment stability, and may make the praoblems of final
covering of the tailings more difficult than if tailings are dewatered or dried prior to
disposal. This conflict is resolved best by those tailings disposal schemes which involve
staged covering and reclamation of tailings.

In any case, since tailings dust controls are not automatic, constant vigilance and manage-
ment attention to the status of tailings surfaces will have to be exercised to meet offsite
dose limits,

Although the EPA limits can be met with effective stack controls, yellowcake emissions could
be virtually sliminated by shipment of moist product from the mill. Also, eliminating the
g:lloucate dryer would slightly reduce occupational exposure at mills as showri in Table 3.

spite these potential benefits of the wet shipment option, the staff does not consider that
wet shipment can be required because of the projected high cost of this shipment mode and
insufficient capacity of UFg conversion facilities to handle wet cake. In fact, the process
at one conversion plant is a "dry" one and is incompatible with the wet yellowcake shipment
option. Modifying the process would require a dryer at the receiving end and thus, in this
case, only would involve transferring associated problems from one location to another with
higher population densities. Further evaluation of these costs and uncertainties, as well as
transportation aspects of this aiternative, would have to be made before a regulatory position
requiring it could be taken.
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fable 3. Impacts from Radioactive Airborne Emissions during Operation;
with Controls Appiied

Dose Commitment® Risk from ﬂill‘u
mrem Percentage of Ris
Receptor and Control Level WhoTe Body A‘lﬁl Cung to Background (%)G‘Ew

Nearby Individual®+®:

Doses Timited by 40 CFR 190
{excluding radon)

| Mill Base Case’ " 122 3
Level 1 4.5 49 16
Level 2 1.9 21 13 ol
Level 3 0.1 1.7 11
Mil! Cluster P 24 1% el
Total dose
(including radon)
1 Mil) 3.5 22 65 7.6 (43)
Mill Cluster 44 26 a8 11 (65)
average Individual'
1 Mill 0.026 0.19 0.47 0.06 (0.4)
Mill Cluster 0.27 2.2 4.8 0.54 (4)
Average workerd
Base Case h 450 2100 4700 570
Semi-autogenous G;inding 410 B4y 3500 430
Wet U.04 Shipment 420 1600 4600 550

%A1 doses are total annual dose commitments except where noted as being those covered by 40
CFR 190 limits. That is, these doses exclude contributions from radon and daughters, since
these are not covered by these limits which prohibit annual exposures to whole body and any
single organ to 25 mrem. All doses are rounded to two significant figures.

°rm range in risks due to uncertainties in health effects models extends from about one-haif
to two times the central value (App. G-7). This range does not include uncertainties in
other areas (e.g., source term estimates and dose assessment modes}.

“Risks are presented for exposure received after entire mill 14fc. that is 15 years of
exposure during the operation of the mill, and 5 years of exposure post operations while
tailings are drying out, are considerad. This value is greater than 20 times annual
exposure presented, because tailings dust releases increase in period when tailings are
drying. Figures in parentheses state risks estimated for base case.

Yrne nearby individual is located at a permanent residence (about two km downwind of the
tailings pile).

'hccpt as noted, control level assumed is leve! 2 defined in footnote f, involving 90 percent
tailings surface control. This level of contral is that needed to meet 40 CFR 190 at the
two km reference location of the nearby individual.

'YM base case involves covering about 40 percent of the tailings surface to cortrol dusting
and radon emissicns; a 98 percent collection efficiency is assumed for the yellow- cake
emission control device; and, minimal controls are assumed for the ore storage, crushing
and grinding which still only lead to emissions which are less than 1 percent of those
occurring from tailings. The three control levels differ by the degree of tailings covering
provided, 75 percent, 90 percent and 100 percent for levels I, 2, and 3, respectively, each
control level involves 50 percent reductions in emissions from the base case non=tailings
sources.

Yose 14 based on a person working 47 years in the milling industry.

L, semi-autogenous grinding is assumed to virtually eliminate the suspension of ore dust
in-plant which will occur from dry ore handling and crushing in the base case.

iwet Us0q shipment from the mill eliminates the proguct arying and packaging operations
assumed for the base case and associated yellowcake exposures. 7 -
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As illustrated in the base case, emissions from ¢re crushing and handling operations are
relatively minor. Nevertheless, the wet, semi-autogenous ure grinding process offers signif-
icant advantages. It will virtually eliminate what ore crushing emissions do occur. Most
significantly, worker exposure is estimated to be reduced by nearly 25 percent, if this

process is utilized as shown in Table 3. For this reason, use of the semi-autogenous grinding
process <tould be evaluated as a substitute for dry crushing operations for new mill operations.

In general, methods to control each of the mill emissions evaluated in this study are employed
in the industry at the present time. Controls can be accomplished by using available tech-
nology at re>.unable costs. Utilizing best available eguipment, including semi-autogenous
grinding e sipment, would result in total lifetime costs of about $1 million gollars at the
model mill., This would constitute a very small fraction of product price (about 0.1 percent)

5.2 Tailings Disposal (Sec. 12.3)

The base case and alternative tailings dispesal programs were evaluated in terms of a series
of very narrow environmental impact areas; that is, impacts on air quality, water guality,
soils, biota, etc. It is difficult to summarize and quantify the severity of each of these
impacts and, conversely, the degree to which they can be avoided by the alternative mitiga~
tive measures evaluated. However, the extent to which these impacts will occur over the
long-term relates primarily to the following:

Extent of airborne emissions (particulates and radon gas) from mill tailings pile,
and

Extent of seepage of tailings sclutions.

Therefore, in its benefit-cost evaluation of 1omy cerm ¢ispesal alternatives, the staff
narrowed the range of concern to reducing airborne emissions and seepage and assuring lang-~
term stabl 'ty Generally the staff has weighed alternatives in terms of a proad criterion
‘hat tailings should be isolated so that conditions at disposal sites will be reasonably near
chose of surrounding environs, and so that the need for ongoing active care and maintenance
programs, to redress degradation of the tailinas isolation by natural weathering and erosion
forces, can be eliminated.

General staff conclusions regarding the tailings disposal modes evaluated are first presented.
These are farmed primarily by considering the long-term stability offered by each, overall
costs and technological limitations. The matters of covering tailings areas to control
airborne emissions and protecting groundwater from contaminated seepage are then discussed in
turn.

5.2.1 General Conclusions on Disposal Modes (Secs. 12.3, 12.3.2, 9.4.1, 11.2)

Active Care Mode

Tailings disposal programs which require ongoing active maintenance Lo preserve the tailings
isolation are unsound. Although a program may involve taking some steps te control airborne
emissions and seepage to groundwater, which would be an improvement on past practice, the
active care situation is unacceptable. [t commits future generations to an ongoing obliga-
tion to care for wastes generated to produce benefits which those generations will receive
only indirectly, if at all.

Passive Monitoring Modes

Disposal alternatives of this mode illustrate how tailings can be disposed of in a manner
which pravides reasonable assurance that ongoing active care and maintenance to redress
natural disruptive forces can be avoided. The degree of isolation provided by this mode
constitutes a minimum acceptable degree of protection.

A systematic evaluation was made to describe the kind of naturally caused "failure" events
occurring over long periods of time that could breach the tailings isolation. (Sec. 9.4.1)
The purpose of the evaluation was to identify potantial failuve mechanisms and the associated
natural processes that should be considered in developing a tailings disposal program. On
the basis of this, the staff concludes that belcw-grade disposal would provide the greatest
potential for eliminating exposure to surface weathering and erosion processes which would
disrupt the tailings and require continuing maintenance. The staff also concludes that, with
proper siting and design measures, the tailings can be disposed of above grade in a manner
which provides nearly equivalent protection to that provided by below-grade disposal.
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lal e » presents the range of costs for the various tailings disposa) modes examined. Costs
associated with below-grade burial will vary but in any case will be reasonable. Where open
mine pits are available to receive taitings, no large excavation costs will be incurred,
although such disposal may require that greater areas “e lined with impermeable materials for
groundwater protection than would be necessary for above-grade dispnsal schemes. Tota! costs
for the open pit disposal alternatives examined ranye from about $6 million to $15 million
(1800 MT per day model mill operating for 15 years). The costs for open-pit alternatives
making up the Tower end of this range are not much greater than costs for the above-grade
alternative representing the Active Care Mode of tailings disposal. Where pits are excavated
for the purpose of providing below-grade burial, excavation costs will result in an increase

in total costs beyond those experienced for apen pit disposal. The range of costs for special

pit disposal alternatives examined is about $13 to $16 million, which is about three times
costs for the Active Care Mode alternative examined. The above-grade disposal alternative
evaluated under the Passive Monitoring Mode would be comparable in cost to the Active Care
Mode program examined. The staff considers that the costs of this mode of disposal, which
for the model mill will range from J.7 to 1.8 percent of mill product price, are reasonable
in view of the significant long=term benefit provided.

Table 4. Total Costs of Altervative Disposal Modes at Mode) Mi1 30

Rpproximate Percentage .
Disposal Mode Total Lifetime Costs Price of U,04
($1600) (%)
Base Case 300 0.04
Active Care Mode 5,400 0.6
Passive Monitoring Mode
Below Grave
- Open Mine Pit Low 6,100-8,200 0.7-0.9
High 12,000~ 14,500 1.3-1.6
- Special Excavation 12,800~15,900 1.4-1.8
Above Grade 5,100-7, 300 0.6~0.8
Fotential Reduced Care Mode
Fixation - Cement 39,000-103,000 4.511.5%
= Asphalt 71,000-136,000 8~1%
Nitric Acid Leaching 87,000 in

‘raken from Table 12.1.

"Costs are for model mill processing 1,800 MT per day of ore and operating for a |5-year
period in a representative uranium development region. Costs in other regions may be
somewhat different. These estimates are minima! in the sense that it was assumed that
nc untoward difficulties (e.g., excavating in hard rock) would be encountered. unusual
Circumstances may increase costs significantly (by 25 percent).

“‘Based on assumed market price of $30/1b.

Potential Reduced Care Mode

While alternatives in this mode provide an added measu.» of isolation above that provided by
previous modes, the staff concludes that none o! them can be reasonably required because of
uncertainty about the value of incremental benefits, uncertainty about technological feasibi-
lity, and because of their high cost.

The alternatives involving fixaticy of the slimes portions of tailings in either cement or
asphalt suffer from several drawbacks. First, fixation of tailings by cement or asphalt is
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not a commercially developed technology. There is also uncertainty as to the long-term
stability * bonding between the taiiings and the cement or asphalt. Furthermore, minimem
costs for fixing the tailings would be about $40 miilion in the case of cement fixation,
Total costs exceed the upper range of costs for belew-grade dispesal alternatives by about
$25 million to $60 million. These alternatives do provide an added measure of isolation for
the tailings and contribute to more than jusi the lung-term objective. But the costs for the
incremental benefit do not appear to be warranted, especially in light of the technological
uncertainties invelved.

Nitric acid le.ching offers some potential for reduction of the radiological hazard of the
tailings. Radius and thorium are removed from the ore during the same leaching process that
removes the uranium. However, several problems remain. Laboratory studi=s to date indicate
that residual radium and thorium concentrations in the tailings of a nitric acid leach process
are still significantly above background concentrations. Therefore, isolation of the tailings
in a manner similar to that provided for conventional tailings would stil] be reguired.
Nitrates formed from the nitric acid leach process also pose a more severe environmental
problem than anion species formed from conventional sulfuric or alkaline leach processes.
Costs are high. The incremental lifetime costs of the nitric acid leach process (compared
with conventional mill operation and tailings disposal by the most expensive passive monitor-
ing mode alternative) would be about $70 million. Finally, there is still a problem of
disposing of the radium and thorium concentrates (about 2% nCi/g each of Ra-226 and Th-230)
from this process, [n this study, these wastes are assumed to be solidified in a cement or
asphalt matrix and buried 10 m (30 ft) below grade. They are, however, not unlike other
alpha-emitting wastes from the fuel cycle for which a final disposal mode 15 yet to be
established.

Comparison with Disposal of Other Rlpha Emitting Wastes

Gn the basis that mill tailings contain alpha emitting elements similar to those present in
spent fuel and transuranic (TRU) wastes, some have raised the question of whether or not mill
tailings should be disposed of with the same care as these other wastes. Actinides in spent
fuel will accompany the high-level wastes being disposed of in the deep repository Portions
of TRU wastes may also be disposed of there.

Although the radicactive elements in mill tailings are similar to the actinides present in
spent fuel (i.e., they are long lived, alpha emitters), mill tailings are a completely differ-
ent kind of waste than spent fuel. Actinides in the fuel are 20 million times more concen~
trated than are the alpha emitters in mill tailings. The radicactivity in mill tailings is
dispersed in a sand matrix which makes them much more like the earth's crust, phosphate mine
tailings, fertilizer and coal ash than spent fuel carrying actinides. Radium concentrations
in uranium mill tailings are on the average only about 500 times those in common soil and as
little as 10 times those of some of the other materials mentioned. Exposure to the actinides
in spent fuel, and the fission products which are bound up with them, would result in imne~
diate and acute health effects; long and sustained exposure to mill tailings would be
required before any perceiveable health effects would occur, Mill tailings have many times
the volume of spent fuel (they would be 10,000 times more voluminous). Therefore, not only
would it be unnecessary, but it would also be impracticable to dispose of tailings in deep
locations similar to spent fuel disposal.

It is difficult to compare disposal of mill tailings with TRU wastes. With regard to TRU
wastes, there is (a) uncertainty about their exact total volume and concentrations, (b)
variability in their form, and (c) uncertainty about the method that will be used to dispose
of them. Some of the TRU waste may go to a deep repository. However, the concentraticas
involved would certainly have to be greater, and volumes less, than those of mill tailings
f- this to be necessary or practicable.

Different methods of disposing of the actinides in spent fuel, TRU, and mill tailings are
called for. This is not to say that great care should not be taken in tailin?s disposal.
Disposal methods must reflect the long-lived nature of the hazards present. The staff con-
siders that the alternatives falling under the Passive Monitoring Mode of disposal will
provide the long-term isolation of tailings wastes that is needed.

5.2.2 Tailings Cover and Radon Contro) (Secs. 12.3.3, 9.3.8, 11.2)

The staff evaluated a range of airborne emission control levels. This is primarily a matter
of deciding what limits should be placed on radon flux, since direct gamma emissions can be
reduced to essentially background and windblown particulates eliminated with very little
cover material applied.
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Using as a guiding principle the objective of returning tailings disposal sites to conditiuns
which are reasonably near those of surrounding environs upon completion of milling operations,
and which minimize the ree of long-term site surveillance which would be required, the
staff proposes that a limit on radon emissions of 2 pCi/m?/sec above background rates and a
minimum cover thickness of three meters be specified in regulations for taiiings disposal.

In addition to the proposed action, the staff examined severa! alternative levels of isolation.
Alternatives for controlling radon are as follow:

At much higher levels: for example, 10 to 100 pCi/m?/sec, or no control at all,

t levels near but different from the proposed level. for example, 3 to 5 or
1 pCi/m?/sec,

Virtual elimination of the radon source.
Also considered was the alternative of requiring no minimum thickness of tailings cover.

The proposed iimit on radon flux of 2 pCi/m?/sec provides for a radon exhalation rate that
will be within the range of variability of natural flux rates. Beyond this, the proposed
linit was selected in consideration of several additional factors, no single one of which by
itself leads conclusively to the proposed level of control, but which taken together support
the preposed requirements as being reasonable ones.

Risk to Individuals (Sec. 12.3.3.3): The specified radon attenuation level is one
whith would, 1n a worst case land use scenario of individuals occupying a structure
on the tailings disposal area, result in exposures which are comparable to but less
than limits specified by the 1.5, Surgeon General for remedia’ actions at sites
where tailings were used for construction of homes and other inhabited structures.

Pg%ulation Esg?surcs §S¢cA 12.3.3.4"  Population duses and health effects calcu~

a or vite ates resulting from radon releases (under the proposed

limit) from the accumulation sf tailings in year 2000 would be an indistinguishable
fraction of effecis resulting from releases from natural soils (about 0.002 percent)
and severa) other rechnelogically enhanced sources. Table & shows estimated
potential health effects resulting from uranium mill tailings controlled at the
proposed level in “elation to other natural and technologically enhanced sources of
radon.

Total Costs (Sec. 12.3.3.5): Costs to zttain tne proposed level of control appear
reasonable. For cover with a common soil, resulting costs would be about 0.5
percent of the price of yellowcake ($30 per 'b. assumed) or about $5 miliion at the
model mill. Costs would vary depending upon many factors such as type of soils,
surface areas of tailings impoundment, type of earthwork procedures involved in
adding cover, etc.; but in the worst case, costs should still be less than about
one percent of the pri<e of yellowcake. Evaluation of factors which will vary from
site to site reveals ‘hat no undue economic burden is expected to be suffered at
any particular site in meeting the proposed generic limits.

tong-Term Physical Isolation and Stability (Sec. 12.3.3.7): In general, providing
cover over the tailings provides physical isolation and protection of the tailings
pile to assure their stability over the long term. In addition to reducing radon,
the tailings cover provides a measure of protection against disruption of tailin,
by such things as erosion, root penetration, burrowing animals and human intrusion.
Specifying a minimum thickness of cover assures that undue reliance is not placed
on thin coverings, which at least for a short time may reduce radon flux to levels
specified.

Using the objective of returning sites to conditions near those of surrounding environs
eliminates the option of controiling radon at much higher levels, such as 10 to 100 pCi/m?/sec
since background flux rates average between about 0.5 and 1.0 pCi/m?/sec. Random measurements
taken in common soils in the Western milling regions indicate that the upper range of flux is
about 2 to 3 pCi/m?/sec (Appendix 0). Setting limits which are much less than the proposed
level would be unreasonable, since they would be undistinguishable from the radon flux that
occurs from normal soils. Moreover, achieving further reductions in flux would reguire
rapidly increasing expenuitures (Fig. 12.1).
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laple 5. Comparison of Continuous Releases of Radon from Uranium
Mil) Tailing. with Other Continuous Radon Releasesa'b

Estimated Annual

Estimated Population Dose to U.S. Potential Annual Pre-
Annual Release {organ-rem to the mature Cancer Deaths
(CiZyr) branchial epithe)lium)
Natural soil 1.2 x 0% . B x 107 1152
Building interiors 2.8 x 108 2.2 x 107 1594
Evapotranspiratfonc 5.8 x 10 1.2 x 10% 86
Soil tillage 3.1 x 108 4.2 x 10° 30
Fertilizer used 4.8 x 100 5.9 x 10° 0.50
; (1900-1977)
Reclaimew land from 36 x 10% 4.9 x 10° 0.35%
phosphate mining
Postoperational d
releases from tailings
Base Case 9.2 x 0% 8.3 x 1CY 6.0
Proposed Limit 4.0 x 104 3.7 x 102 0.026
A crimates of all radon releases except those from mill tailings are taken from an investiga-
tien of natural and technologically enhanced radon sources performed in support of this
generic statement by Oak Ridge National .aboratory (see reference 3, NUREG/CR-0573). Population
doses were derived from reference 3 using a dose conversion factor of 0.625 mrem/yr/pCi/m*
(see Appendix G). Exposures to mill tailings in regions around mills is included; sec
Se~tion 6.4
DPupulation at risk is the United States. Predicted exposure and health effects for U 5. would
be about 85% of the tota' for North America and about 65% of the global total.
“Evapotranspiration is the collective release of water vapor from scil surfaces and vegetation.
dFor purposes of comparison, risks in this table are only those due to exposures of bronchial
epithelium from inhalaticn, as opposed to total risks from ingestion and inhalation as
presented in Table 2.
ihe level of 2 pCi/m*/sec was selected over other comparable control levels (such as | or 3
to 5 pli/s?/sec) because this level appears best to meet the objective of reducing fluxes to
levels which are within the range occurring naturally from soils. While slightly higher
radon flux limits such as 3 to 5 pCi/m?/sec would also result in exposures less than the

Surgeon General ]imit, they would be above the upper range of natural background flux rates.
furihermore, Surgecn General limits were developed for a remedial action situation where
options are limited as distinguished from the situation examined here where the same con-
straints do not present themselves.

E The staff considered, but decided it would not be reasonable to attempt making, a fully

r "monetized" balancing of costs and benefits in recommending the proposed limits on radon

| attenuation, which is a very long-term problem. (Sec. 12.3.3.€) Such balancing has been
done in some past cases where effluent standards have been set primarily for radionuclides of
relatively short half-lives. Ffor example, in limited cases, potential cumulative healin
effects from releases have been assigned monetary value and weighed against predetermined
criteria on costs to avert them in ceciding how much control is enough. The staff chose not
to invoke such rigorous cost benefit balancing because, while it appears to offer a "rational’
approach to standard setting and to avoid arbitrariness, it is inevitable that arbitrary
judgments and assumptions must still be made. This is particularly true in the case of radon
from tailings because of the uncertainties associated with the very long-term nature of the
hazard. Furthermore, such a cost-benefit approach would constitute an oversimplification of
the tailings disposal proble~, which involves many interreiated matters, and as such would be
misleading.
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Factors which will ultimately determine how many real effects will occur, and on which there
is large uncertainty, include such things as: future population sizes and distribution,
impacts of changes in climate (such as heating of the earth's atmosphere, the greenhouse
effect), scientific advances (which might include a cure for cancer), and long-term perform-
ance of tailings. These uncertainties compound those existing in computational models used
in estimating costs and effects. Notwithstanding this, scenarios can be postulated for
future events to provide a basis for estimating effects and costs. (A presentation on this,
inciuding integration of health effects for 100, 1,000 and 100,000 year periods, is provided
in Section 12.3.3, Table 12.5. Throughout the document, the staff has presented information
which would allow readers to construct their own scenarios and, thus, draw their own conclu-
sions about the issues being discussed.)

If the estimates of long-term effects are accepted, selecting a level of control will stil]
require making arbitrary value judgments in answering several important questions. First,
when weighing committed long-term impacts against costs to control them, over what period of
time should the impacts be considered? Should it be 100, 1,000, 100,000 or 1,000,000 years?
Obviously, by selecting different time periods, almost any amount of mopey for control of

* radon could be "justified."

Second, there is the question of deciding ow much averting a health effect (“life" or "life
shortening” in the case of a premature cancer death) is worth in monetary terms; that is, of
deciding what the cost-benefit decision criteria should be. It would be difficult to decide
the worth of health effects today and more difficult to decide the value of future effects
(that is 1,000, 100,00C years and beyond). Does a premature loss of life 106,000 years into
the future have the same value as a lite today? Although there has been continuing discussion
in public and professional forums on the desirability of rigorous cost-benefit procedures,
there have been no answers or common acceptance of resolutions to these underiying guestions
and uncertainties to allow inveking such rigor, particularly for long-term hazards.

5.2.3 Seepage and Groundwater Protection (Secs 12,3 4, 9.3.4)

In general, the staff concludes that the most effective way to reduce potential groundwater
contamination and associated health effects is to reduce the amount of moisture available to
carry toxic contaminants away from the impoundments. Alternatives examined which reduce
liquid transport include: recycling of water to the mill, use of low-permeatiility liners on
the bottom and sides of the impoundment, and dewatering of tailings.

. Recycling of water to the mill process featured in all cases, including the base case, results
in reduction in the amount of tailings solution to be dispesed of and in a side benefit of

| reduced consumptive water use in milling areas, which are frequently water-scarce. Highly

| impermeable clay and synthetic liners drastically reduce the rate at which tailings solutions
can seep from the disposal area and, hence, the rate at which toxic materials can escape to
groundwater. For example, the effect of lining the tailings impoundment with clay at the

: model mill is to reduce seepage to a small fraction (six percent) of that occurring without a
Tining. Reducing seepage increases water loss ny evaporation, resulting in a somewhat more
mineralized seep, but a significant net improvement in isolation of potential contaminants
from groundwater results.

l Dewatering of tailings can simplify the matter of isolating solutions, for example, by reducing
i the amount of lining needed in cases invelving helow-grade burial of tailings. Dewatering

can also result in more stable impoundments and can reduce problems of impoundment drying.
thus simplifying the matter of final tailings covering and reclamation.

I The determination of which of these methoas, or combination, will provide the optimum and
most efficient wiay to aveid groundwater problems must be done on a case~by-case basis.
However, costs for employing them are expected to be reasonable in any case. Recycling of
process water 15 standard practice and is assumed to be a part of milling operating costs,
Costs of using liners is dependent on disposal location (above or below-grade disposal),
method of applying liners (volume of liner materials needed and amount of associated impound-
ment preparation needed), type of liner used, and whether or not tailings are dewatered.

Groundwater protection in the above-grade disposal scheme evaluated under the passive monitor-
ing mode would cost between about $1 million and 2 million (about 0.1 to 0.2 percent of the
price of Us04) depending upon Iining material used. In general, costs associated with lining
of impoundments wil) be higher for below-grade disposal schemes because of the greater areas

i which must be prepared and lined, and the need for additional evaporating ponds. In a typical
case involving tailings slurry disposa’ in an open pit mine liner, costs would be $6 million
to $8 million. While dewatering tailings may reduce the amount of lining required, dewatering
systems would result in comparable overall costs for groundwater protection.
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Although in general, the preferred approach towards groundwater protection is isolation of
tailings and tailings solution, the staff does not consider complete prohibition of disposal
in groundwater appropriate. The conservative approach of providing isolation may be unneces-
sary where it can be demonstrated that on the basis of site-specific conditions and with
tailings treatment, groundwater guality can be preserved. Furthermore, isolation of con-
taminants in tailings may be enhanced by treatment processes such as neutralization of solu-
tions. The extent to which this would be possible and would benefit mil) operations would
have to be evaluated on a site-specific basis.

5.2.4 Uncertainty of Future Effects (Secs. 12.5, 9.4)

As stated, the staff considers that conservative design of tailings disposal programs and
careful siting of disposal impoundments can provide reasonable assu-ance that the tailings
will remain isolated for very long periods of time. However,K the very long-term performauce
of tailings isolation (that is several thousands of years into the future and beyond) will

be governed by climatic and geolog'c forces which cannot be predicted precisely. Therefore.
there is uncertainty about very long-term effects. However, radicactivity in the tailings,
unlike high level nuclear waste, poses a chronic as opposed to an acute hazard. Long and
sustained exposure to radioactivity in the tailings pile would be required to produce detect-
able adverse effects. If degradation or failure of isolation were to occur, it would not
lead to catostrophic radiation effects. There would be ample time to take corrective action.

The staff has examined a full range of possible failure modes. It has not done this to
predict in absolute or guantitative terms chances for or consegquences of failure. Rather,
it has done this to provide & guide in siting and design of tailings disposal schemes. The
principal question to be addressed is what should be considered or taken account of to
provide reasonable assurance of long-term isolation of tailings?

To account for uncertainties and to provide what the staff considers to be a conservative
perspective on the matter of potential cumulative health effects from radon release, a

"tota! failure" of ten percent of the tailings isolation areas is arbitrarily assumed. This
would result in incremental releases and exposures which are about a factor of 10 8 (0.)
percent) of those resulting from natural radon releases (see Table 5). Therefore, conse-
quences of such worst case situations are seen to be a very small fraction of these naturally
occurring without milling.

The staff considers that tailings disposal alternatives falling into the "passive monitoring
mode" include a strong measure of conservatism in design and siting to assure long-term iso-
lation and stability without perpetuz! active care. However, this analysis shows that the
consequences of even an unlikely, "total failure” scenario are small in comparison to those
occurring from natural releases

while the primary means of isolating mill tailings must be physical barriers, it would be
prudent to have some continued surveillance and control of land uses at tailings sites to
confirm that there is no disruption by either natural erosion or by human-related activities
as a supplementary measure. In drawing this conclusion, the staff evaluated various poten-
tial future land use scenarios involving both direct and indirect disruption of the tailings
by human activity, this is presented in Section 9.4.2, The land ownership arrangement
specified in the recent Act of Congress on uranium mill tailings (see reference 4, Public
Law 95-604) will assure this kind of control is provided. (Secs. 9.4.2, 10.3, 13.4)

5.3 Decommissioning of Mill Structures and Site (Secs. 12.3.9, 11.3, 9.5)

Cleanup of the mill site and either dismantlement or decontamination of m.11 structures to
permit complete and unrestricted use of the site (excluding the mill tailings disposal area)
can be accomplished utilizing simple and straightforward clean-up and excavation methods.
Costs for these operations are estimated to be about $1 million at the model mill. In view
of these relatively small costs and the nature of the operation, consideration of a less
complete decommissioning mode {any type of conditional or restricted use mode) would be
unacceptable.

5.4 Conclusions on Nonradiological Environmental Impacts (Chaps. 6 and 9)

The staff has drawn the following conclusions on those nonradiological environmental impacts
not discussed previously in Section 5 of this Summary.

No changes appear warranted in the NRC regulatory program (beyond those identified
above for tailings management and disposal) to control nenradiological impacts of
milling operations. Mitigating measures can be taken on a case-by-case basis to
assure that no unacceptable envirvnmental impacts occur. Thorough environmental
assessments in connection with each mill licensing action will pro ide an adequate
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mecnanism Tor gealing with and resoiving potential undesirable negative impacts.
The Commission is currently preparing environmental impact statements in connec-
tion with mill licensing actions and has taken action to assist Agreement states
in conducting envirunmental reviews.

Because impacts tend to be localized, unacceptable accumulations of nonradiolo-
gical impacts are not expected to occur for cases wnere there will be a concentra-
tion of mining and milling activity. The cumulative effects that will potentially
be most significant are socio-economic ones. In some situations, a regional
approach towards mitigating impacts may be desirable. In this regard, it is noted
that, in response to potential rapid and major development of uranium resources in
northwestern New Mexico, the U.S5. Department of Interior has undertaken a study
with the ourpose of developing a regional base of information tec aid in mitigating
impacts likely to be of concern in the area such as socio-economic ones (San Juan
Basin Regional Uranium Study now in preparation, see reference 5). In any case,
the staff concludes that nonradiological impacts examined can be mitigated to
acceptable levels on a case-by-case basis.

Impacts which occur will not necessarily result in exceeding any of the existing
environmental protection regulations such as those covering air and water quality
of Federal or State agencies. For example, with control of airborne emissions
during operation as discussed in Section 5.1, there would be little problem of
meeting Federal or State air quality limits on suspended particulates at a refer-
ence location one km downwind of the model mill, even in the worst case of a
multiple mill cluster. Concentrations would be reduced from the 65 ug/m® predicted
for the base case to about 45 ug/m® (background is about 35 pg/m*).

Most nonradiological environmental impacts will not be irrevocable or persistent.
For example, following mill decommissioning, impacts on soils and biota which
occur will disappear, albeit in some cases slowly; vegetation will be reesta-
blished in disturbed areas and wildlife habitats will be restored following site
reclamation. (Sec. 9.3.5)

6. SUMMARY OF PROPOSED REGULATIONS (Sec. 12.2)

On the basis of the evaluations in this statement, the staff has concluded that revisions to
regulations applicable to uranium milling and mil] tailings disposal should be revised to
assure public work and safety and protection of the environment. The following summarizes
the points which the staff is proposing be incorporated into regulations. Regulations
incorporating these points and certain supperting financial arrangements discussed below in
Section 8 of the Summary are currently being prepared. It is expected that these requla-
tions will be formally proposed soon

6.1 Radicactive Airborne Emissions during Operation

Milling operations shall be conducted so that radiation protection limits applicable to
offsite individuals and specified in 10 CFR 20 and 40 CFR 190 are met. The primary me. R
accomplishing this should be emission control. Institutional controls, such as extending
the site boundary and exclusion area, may be employed to ensure that offsite exposure limits
are met, but only after efforts have been taken to control emissions at the source to the
maximum extent reasonably achievable as required in any case by 10 CFR 20. Notwithstanding
the existence of individual dose standards, strict control of emissions is necessary to
assure that population exposures are reduced to the maximum extenl reasonably achievaple and
to avoid site contamination.

Mill tailings surfaces and other diffuse sources such as ore storage ar~as should be either
covered by water, wetted or chemically stabilized to minimize dusting to the maximum extent
reasonably achievable. Operating procedures should be developed to define the program of
stabilizing these surfaces. Consideration should be given in planning tailings disposal
programs to methods which would allow nhased covering and reclamation of tailings impound-
ments since this will help in controlling emissions during operation.

With regard to emissions from the yellowcake dryer and packaging area, effluent control
devices must be operative at all times during drying and packaging cperations and whenever
air 15 exhausting from the yellowcake stack. Orying and packaging operations should cease
when controls are inoperative or not working properly.

Best available emission controls should be employed to reduce emissions from other parts of
the milling operation. For new milling operations, the option of eliminating dry ore crushing
by use of wet, semi-autogenous grinding equipment should be evaluated.
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5.2 Mill lailings Disposal

Long-Term Stability of Tailings Isolation (Sec. 12.2,1)

The tailings disposal arsa should be located in an area where disruption and dispersion by
natura! forces are eliminated or reduced t. the maximum extent reasonably achievable.

Siting of tailings disposal impoundments is perhaps the most important factor in assuring
long-term isolation of tailings. In the selection of mill sites, primary emphasis should be
given to isolation of tailings, a matter having potential long-term impacts, as opposed to
consideration only of short-term convenience or benefits, such as minimization uf transporta-
tion or land acquisition costs.

The "prime option" for disposal of tailings is olacement below grade, either in mines or
specially excavated pi*s. Yhe evaluation of alternative sites and disposal methods per-
formed by mill operators in support of their proposed tailings disposal program {provided in
applicant environmental reports) should reflact this. In some instances, below-grade dispos-
ai may not be the most env.vonmentally sound approach, such as might be the case if a high
quality groundwater formation is relatively close to the surface or not very well isolated
by overlying soils and rock. Also, geologic and topographic conditions might make full,
below grade burial impracticable; for example, bedrock may be sufficiently near surface that
blasting would be required to excavate a disposal pit at excessive cost, and more suitable
alternate sites are not available. In these cases, it must be demonstrated that an above
grade disposal program will provide reasonably equivalent isolation of the tailings from
natural erosional forces.

If tailings are disposed of ahove ground, the following siting and design criteria should be
adhered to:

Upstream rainfall catchment areas should be minimized so as to decrease the size
of the maximum possible flood which could erode or wash out sections of the tail-
ings disposal area.

Topographic features should provide good protection from the wind.

Embankment slopes should be relatively flat after apandonment so as to minimize
erosion potential and to provide conservative factors of safety assuring long-term
stability and iselation. The broad objective shculd be to contour final slopes to
grades which are as close as possible to those which would be provided if tailings
were disposed of below grade; this would, for example, lead to slopes of about i0
norizontal to | vertical (10h:1v) or less steep. In general, slopes should not be
steeper than about 5h:lv. Where steeper slopes are proposed, reasons why a siope
steeper than 5h:lv would be impracticable should be provided, and compensating
factors and conditions which make such slopes acceptable should be identified.

A full, self-sustaining vegetative cover should *~ established or riprap employed
to retard wind and water erosion. Special conce should be given to slopes of
embankments.

The impoundment should not be located near a potentially active fault where an
earthquake could result in a ground acceleration exceeding that which the impound-
ment could reasonahly be expected to withstand.

The impoundment, where fe,sible, should be designed to incorporate features which
will promote deposition. For example, design features which promote deposition of
sediment suspended in any run off which flcws into the impoundment area might be
utilized; the objective of such a design feature would be to enhance the thickness
of cover over time.

Tailings Disposal Covering

Sufficient cover should be placed over the tailings to result in a calculated surface exhala-
tion of radon resulting from the tailings of less than 2 pCi/m?-sec; that is, incremental
releases of radon above that resulting from radium occurring naturally in cover materials
shall be less than 2 pCi/m?/sec. Direct gamma exposure from the 111l tailings should be
reduced to background levels, and, in any case, thickness of ccver should be no less than
3Im (10 ft). Cover material must not include mine waste or rock that contain elevated

levels of radium; overburden and soils used for cover must be essentially the same, as far

as radioactivity is concerned, as surrounding soils.
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Groundwater Protection

Steps should be taken to reduce seepage of both radiotoxic and chemically toxic materials
intc groundwater to the maximum extent reasonably achievable. This could be accomplished by
lining the bottom of tailings areas and reducing the inventory of liguid in the impoundment
by such means as dewatering tailings and recycling water from tailings impoundments to the
mill. Also, tailings treatment, such as neutralization to promote immobilization of toxic
substances should be considered. The specific methed or combination of methods, to be used
must be worked out on a site-specific basis. While the prime method of protecting ground-
water should be by isolation of tailings and tailings solution from groundwater, disposal
involving contact of tailings with groundwater might be acc. 'able, if supporting tests,
data and analysis demonstrate that the proposed disposal anu treatment methods protect
groundwater quality.

6.3 Decommissioning of Mill Structures and Site

The mil) buildings and site (excluding the tailings disposal area) must be decontaminated to
fevels allowing unrestricted use of the site upon decommissioning. Mill operators should
meet requirements issued in the form of regulatory guidance concerning cleanup of contamin-
ated surfaces and land.

6.4 Supplementary Institutional and Procedural Requirements (Sec. 12.2 2)

The staff concludes the following institutional and procedural measures are needed to supple-
ment the proposed physical controls summarized sbove. Some of these are provided tor in
recent legislation on uranium mil' tailings control, the "Uranjum Mil) Tailings Radiation
Control Act of 1978," reference 4.

Tailings Disposal and Decommissioning Plan, Environmental Review and Public Participation

A plan for decommissioning of the mill buildings and site, and for disposing of the tailings
in accordance with requirements delineated above, should be proposed by applicants and
approved by appropriate agencies before issuance of a license. Aspects of the decommission=
ing plan relating to structures and site cleanup should provide sufficient detail to make
reasonable cost estimates and to assure that mill design and operations are planned in such
a manner that facilitates decommissioning efforts.

Given that each mill tailings pile constitutes a low-level waste burial site containing very
long-lived material, a comprehensive environmental review of each mi!) and tailings waste
disposal operation should be conducted. [t is also essential that this review be conducted
50 that there is opportunity for full public participation. The most effective way to
achieve this is for the NRC and the Agreement States regulating mills to conduct an independ-
ent, documented assessment and make this available for review by the public and interested
Government agencies. The NRC has been conducting such assessments in each of its licensing
cases and has recently initiated a temporary program to assist Agreement States in conduct-
ing reviews of operations in their jurisdictions

To ensure maximum opportunity for public participation, there should be opportunity for
public hearings in connection with each licensing case. For the reasons stated atove, no
major construction activities should be allowed to begin before the environmental review has
taken place and been ducumented and there has been opportunity for public review and comment.

Financial surety

Financial su~ srangements must be estabiished Lo ensure that sufficient funds will be
avaiiable sposal and reclamation of the mill tailings and decommissioning the site and
buildings 1 accord with the approved plans.

Pregperational and Operational Monitoring

Applicants should conduct a program of preoperational menitoring in support of their license
applications and associated environmental reports, and provide complete baseline data on the
site and its environs, before development. Throughout the construction and operation phases
of the mill, monitoring programs should continue to demonstrate compliance with applicable
standards and regulations, and detect potential long-term effects.

Long-Term Control of Disposal Sites

As a prudent measure of protection, continued contvo! of tailings disposal sites should be
exercised, including control of land use and periodic inspection to confirm ihat the toil-
ings and tailings isolation are not being disrupted by human activities or natural weathering
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processes. Such control should be provided through ownership and custody of disposal sites
by a Government agency following a determination that a licensee has satisfied decommission=
ing requirements and license is terminated.

6.5 Implementation of Proposed Requirements at Existing Sites (Sec. 12.4)

The proposed tailings disposai requirements discussed above were developed primarily in
terms of what can be done in prospective milling operations. The staff considers that the
same requirements and control measures should be adopted to the maximum extent reasonably
achievable at existing sites. [t is not possible to make generally applicable rules which
specify precisely how the proposed points should be applied at these sites; this determina-
tion will have to be made on a site-specific, case-by-case basis.

The proposed requirements that would be potentially most difficult to implement at existing
sites are those regarding long-torm stability, groundwater seepage, and location of disposal
sites. At active milling sites, evaluations should be conducted of current and planned
tailings disposal operations to determine what specific actions reasonably can be required
to meet the proposed tailings disposal criteria identified above. The costs and benefits of
the following alternatives should be considered

Continued use of existing tailings area,

Discontinued use of the existing area with newly generated tailings dispoced of at
a new location preferably below grade. and

Disposal of all tailings at a new location preferably below grade. This would
invoive moving existing tailings from current locations above grade to the new
disposal locations.

In addition to constraints on alternative tailings disposa! methods resulting from existence
of very large volumes at existing sites (nearly 30 million tons at one site), there will be
a greater problem in paying for tailings disposal at these sites because disposal costs were
not incorporated into the price of the product as the tailings were being generated. There-
fore, future operations at such sites will have to provide for disposal of both newly

generated and existing tailings. This matter must be considered in site-specific decisions.

6.6 Heap Leaching and Smail Processing Sites

Methods for exploiting smal) or low-grade ore badies located far from conventional milling
facilities have been developed. The small size or low quality of these ore bodies is typi-
cally such that costs for transportation to large mill facilities make their processing
otherwise economically unviable. Local processing of these ore budies may involve either
heap leaching of raw ore (App. B) or use of semi-portable milling equipment. These activi-
ties would present the same kind of environmental problems that occur with conventional
milling: releases of raden and radicactive particuiates, and seepage of tailings solutions,
Therefore, the staff concludes that the same tailings management and disposal criteria
proposed for conventional milis should be applied to such activities.

while guantities and concentrations of emissions would be lower in the case of these small
operations than occur with large mills, they present a unigue problem, Exploitation of
isolated ore bodies could increase significantly the inventory of sites which must be con-
trolled over the long term. In view of this, the staff considered proposing general rules
requiring the consolidation of tailings from such operations with other smail operations or
with larger mills. It was conciuded however, that this would be extremely difficult and,
furthermore, unwarranted. By the very nature of these operations (in most cases involving
low grade ore and, hence, small concentrations of radicactivity are involved), the relative
hazard of tailings produced wil! be much less than the hazard of tailings from the conven-
tional mill. Disposal at the site of extraction may be entirely adequate in that the addi-
tional effort of providing long term control at isolated sites would be only negligibly
greater than if there were consoiidation at only a few sites. nile generel rules do not
seem appropriate, the staff believes that consideration shoulc e ¢'ven to consolidation of
such tailings on a case-by-case basis where environmental benefits, costs and problems of
long-term control can be fully examined and balanced.

6.7 Continued Development of Technology

The technice)l requirements for tailings disposal which the staff proposes to incorporate
into the regulations are not specific as to detailed methods «f disposal. The past yecr or
so of mill licensing activity has involved development of new tailings managzment disposal
practices and methous. In fact, many of the specific alternative disposal methods addressed
in this study represent those which were developed by industry in working to meet staff
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interis licensing perfarmance objectives which are very much like the reguirements proposed
above. It is expected that continued NRC and Agreement State mill licensing experience, the
experience of disposing of tailings at inactive tailings sites which will be taking place
over the next few years K and general research conducted by various agencies (viz. NRC, EPA,
and DOE) and industry will result in development of improved methods of tailings management
and cisprsed. Foo example, methods of treating tailings so they may be placed below-grade
in contact with groundwater, and at the same time preserve groundwater quality, are being
examined by various researchers; such a development would facilitate deep beiow-grade burial
of tailings. Also, experience from inact ve site remedial work is expected to provide more
specific, additional information on surface stabilization of tailings disposed areas. The
proposed requirements provide flexibility which will allow and, indeed, foster continued
improvement in methods and technigues of disposal. The staff plans to reexamine proposed
tailings disposal criteria after remedial action has been taken at several sites to deter-
mine if any changes to the criteria or more specific guidance is appropriate in view of this
experience.

7. SUMMARY OF CUMULATIVE IMPACTS

Table 6 presents a summary of cumulative environmental impacts which will occur as a result
of operation of the uranium milling industry up to the year 2000. These impacts are those
which are expected to occur if the industry operates under conditions proposed by the staff.

Estimates of cumulative radon release and land use impacts depend on several key parameters.
These incliude projections of nuclear power growth, uranium fuel enrichment policies, average
ore grades processed, surface area and shapes of tailings impoundments and unit -adon flux
factors (Appendix S). To simplify analysis, the staff selected and used throughout the
document single values for each of these key parameters. However, in stating cumulative
impacts (Table 6), the staff has presented ranges to characterize the degree of uncertainty
that exists.

8. INSTITUTIONAL ISSUES (Chaps. 13 and 14)

Many of the institutional issues surrounding the management of uranium miil tailings have
been settled by the recent enactment of the “Uranium Mill Tailings Radiation Control Act of
1978," reference 4. In some areas, the legislation provides the authority to settle these
issues; in others, it allows some discretion in terms of implementation. A brief descrip-
tion of both of these kinds of issues follows.

8.1 lssues Settled by Legislation

In addition to authorizing a program for remedial action at inactive mill tailings sites,
the legislation amends the arrangement under which NRC regulates active mills. Control over
tailings had, in the past, been Tinked to the source material license for a milling opera-
tion and not to the tailings themselves. However, as a result of this recent legislation,
NRC is given direct regulatory authority cover tailings as a licensable byproduct material.
Furthermore, the legislation requires an arrangement where Agreement States are roquired to
regulate tailings in accord with standards that are equivalent, to the extent practicable,
ar more stringent than standards adopted and enforced by the Commission for the same purpose.
In addition to establishing direct authority over mill tailings and providing for a uniform,
national approach to the problem, the recently enacted legislation spells out arrangements
for long-term control of tailings disposal sites, including provisions for government owner-
ship of the sites. Specifically, the Act requires that titie tc the iand "shall be trans-
ferred to (a) the United States or (b) the state in which svch land is locat-d, at the
option of such state," unless the Commission determines prior to such termination that
transfer of title to such land and such byproduct material is not necessary (Section 202(b),
Reference 4).

The Act further specifies authorities and roles of EPA and DOE in the mill tailings area.
EPA will establish genera'ly applicable environmental standards and DOE will assume custody
of the disposal sites that are ultimately owned by the Federal Goverrment.

8.2 lssues Evaluated in GEIS

8.2.1 Short-Term Financial Surety (Sec. 14.2)

Short-term financial surety refers to arrangements intended to ensivre that the n 1] operstor
undertakes the reruired decommissioning activitias. These activities would inc “de decon-
tamination of the mill site and structures, as wel' as tailings reclama' on, 7_cording to
license requirements and regulations. The staff 35 concluded that specific provisions for
short-term financial surety should be incorpor2ted into regulations.

N R P
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Taple 6. Summary ot Integrated [mpacts of Conventional Uranium
Milling Industry Through the Year 2000°

Production (MT UsOg x 1000) a60-780 (690)"

Natural Rescurce Use &
Land Temporarily Disturbed Milling (ha x 1000) 16-25(24)
Tailings Disposal Land Permanentiy Committed

to Restricted Use (ha x 1000) 4.4-7 (
Land Temporarily Disturbed Mining (ha x 1000) 4.2-6.6
Water Lost to Evaperation (m* x 10%) 3.9-6.1

Effluents e
Tailings Solids (MI x 10%) 5
Radon Mills (1978-3000) (Ci x 107) 0
Radon Mines (1978-2000) (Ci x 107) 0.
Persistent Radon Releases from Tailings (KCi/yr) 2

Continenta) Radiological Impacts

Milling
Health effects - 1978 to 3000 (premature deatns) 57-142 (114)

Life Shortening - 1978 to 3000 (years lost)f 1080-2700 (2200)
Persistent Health Effecbs ~ Beyond 3000
{premature deaths/yr) 0.02-0.05 (0.04)

Milling Occupational
Healt. Effects - 1973 to 2000 (premature deaths) 19-30 (28)

Life 5t rtening -~ 1978 to 2000 (years lost) 360-570C (530)
Minin

alth Effecus -~ 1978 to 2000 (premature deaths) 53<145 (1153200)
Life Shortening - 1978 to 2000 (years lost) 1100-2750 {

he values in parentheses were used throughout this documert. The basis for ranges is given
in Appendix S.

bFor the basis of these numbers, see Chapter 3.
“This value is based on the approximate number of model mills (80) needed in the year 2000.

dThis value is based on the number of model mill years (880) reguired to fill B0 percent of
future U304 needs (865,000 MT). The non-conventional milling industry is expected to fill
20 percent (175,000 MT) of the 865,000 M7 required over the time period 1978 to 2000.

*Ihis includes tailings at inactive sites, tailings currently existing at active sites, and
future tailings expected to be generated by conventional milling.

fthis inciudes a conservative estimate of the number of health effects (72 premature deaths)
during the years 1978-2000 because the effect of covering tailings during operations beyond
the base case (40% covered) has not been taken into account. The degree to which radon is
controlied during operation of the ril' ‘s a speculative matter, depending upon the tailings
management practices used (see Section | | above).

JEstimates of radiological impacts include uncertainties on source term only. The range of
radiologizal impacts does not include uncertainties in environmental transport or in health
effects models. Uncertainties in health effects models would extend the above ranges by
one-half to two.

The primary factor that was considered in the evaluation of the various surety mechanisms
was the degree to which each method provided protection that the pile would not become a
public Tiability, The alternatives were also evaluated from several other points of view,
related prima iiy to administration of the financial surety. Specifically, the staff propo-
ses that the regulation: (Secs. 14.2.4, 14.2.5)

Require ihat a suraty be provided;
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Require that the amount of the surety be determined on tne basis of cost estimates
in the approved plan for site decommissioning and tailings disposal; costs should
be those for hi~ing an independent contractor to perform these activities. The
amount of the rurety should also include the long-term funding charge since this
will not ve pa.d to the ultimate custodian until termination of the license.

Allow flexibility regarding the specific surety mechanism employed, stating that:
cash deposits
surety bonds
certificates of deposit

deposits of Government securities, and

letters of credit

have been found to be acceptable mechanisms, and other surety mechanisms would be
evaluated on a case-by-case basis, for acceptability.

Stipulate those factors that must be considered in setting up the surety arrange-
ments including:

inflation

noncancellable nature of the mechanism (i.e., the term of the surety must be
open-ended--it must remain in effect until the regulatory agency releases it,
on satisfactory completion of decommissioning and reclamation), and

adjustment provision that will yield a surety that is at least sufficient at
all times to cover the costs of decommissioning and reclamation of the areas
that are expected to be disturbed. before the next license renewal.

B.2.2 Long-Term Funding (Sec. 14.3)

Long-term funding refers to the financing of any monitoring at mill tailings sites after
termination of the mill operator's decommissioning responsibilities and license. The staff
has concluded that it would be prudent to continue monitoring and exercising land use contrals
at disposal sites, and the land ownership arrangement specified in the recant enactment
assures that this kind of control is provided. The purpose uf this surveillance would be to
confirm that no unexpected erosion was occurring and that there were no oisruptive human
activities at a site. Therefore, the primary component of the surveillance would be perio-
dic visual inspection of each site.

The staff proposes the following be done with regard to the issue of long-term funding:
(Sec. 14.3.1)

Funds should be provided by each mill operator to cover the costs of long-term
monitoring.

A charge of $250,000 (1978 dollars) per site should be levied on mill operators,
before termination of a license. The charge would be paid to the Federal Govern-
ment unless the state in which a mill is located chooses to have this responsibi-
ity  In any event, the sum for long-term monitering should be paid to whichever
governmental body is going to be the ultimate custodian of the site.

If the long-term monitoring charge is patd to the Federal Government, it should be
deposited in the general treasury funds of the United States, as opposed to a
special earmarked fund that might be established. In the situation where a state
opts to have custody of a site, it will also be responsible for fund management.
Therefore, if a State wishes to deposit long-term surveillance funds in an ear-
marked account, rather than seek an annual or biannual appropriation from the
State legisiature for this purpose, it would be free to do so.

[f monitoring requirements at a particular site are determined, on the basis of a
site-specific evaluation, to be significantly greater tran those assumed here
(annual visual inspection, with some !'imited groundwater monitoring possible),
variance in funding reauirements should be arranged.

MR
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The amount paid by operators for tong-term funding should be adjusted to recognize
inflation. The inflation rate to be used is that indicated by the change in the
Consumer Price Index, which is published regulariy by the U.S. Department of
Labor, Bureau of Labor Statistics.

The staff believes that this position is reasonable, because it conforms in general principle
with the notion that the waste generator should pay all costs for waste disposal, including
any long-term costs incurred. Based on what the staff expects will be needed in terms of

the long-term monitoring at most tailings disposal sites, (Section 10.3) Lhe proposed arrange-
ment is a fair, simple, and efficient one. More comglicated schemes were felt to be unwarran-
ted, given the level of uncertainty about stability of institutions and long-term interest
and inflation rates.

The amount of the change is based primarily on cust estimates for having inspectors visit
each mill tailings site about once a year, to confirm that disposal sites are not being
disrupted by human activity or erosion, and possibly conduct limited groundwater monitoring.
A real interest rate of 1% was then assumed to establish what fixed charge would be suffi-
cient to effectively cover this continuing surveillance.

There are several additional monitoring and site cor rol activities, not assumed in the above
monitoring scenario, that might, under some conditions, be prudent to perform. The staff
considers that these activities are either sufficiently unlikely, or low in cost to make the
above estimates of costs reasonably conservative and, therefore, appropriate for estahlishing
long-term funding requirements. In rare cases, it may be decided at a later time that monitor-
ing requirements at a particular site will be significantly greater or less than those assumed
above. In such cases, a variance in funding requirements should be arranged if the level of
expected activity is judged to be sufficiently different than that assumed here. The following
discusses more fully these potential additional activities and why the staff proposed funding
scheme is appropriate. (For additional discussion of alternate monitoring scenarios and
associated cost estimates, refer to Appendix R.)

It may be prudent in some cases for inspectors to sample a few groundwater monitoring wells
during their inspection and analyze for an indicator element such as radium=-226. The pre-
operational, operational and compliance determination monitoring programs will be extensive,
both from the point of view of what is done and the period of time covered (15 to 30 years).
These programs will be sufficient, therefore, to determine if there are any potentia’ ground-
water problems at a site. If problems are identified and remedial action is considered
necessary, this will be determined before a license is terminated, and the operatcr wiil be
available to take action. Therefore, any sampling over the long-term would have the purpose
of confirming that there are no problems occurring and, as such, will be very limited.

In some instances, it may be necessary to visit a site more frequently than annuallv  For
example, if there were a period of very severe weather (e.g., heavy rainfall and flooo ng, a
tornado or an earthquake near a site), a special inspection might be required. How: <., the
staff considers that such visits would be very infrequent and that the degree of conservatism
in the staff estimate is sufficient to account for them.

In some rare cases, site observation during the operational, reclamation and compliance
determination periods might indicate that a site may either require continued fencing or some
degree of active care. This is most likely to occur, if at all, at currently active sites
where operations began prior to the establishment of the proposed staff requirements for
tailings disposal. [f this occurs, the expected level of care could be estimated on the

basis of site specific conditions and a fee different than that recommended here could be
levied on the mill operator to cuver the expected additional ongoing effort. This would be
worked out in the process of terminating a license and would have to be based on a benefit-cost
assessment of the options for taking steps to eliminate the need for such active care, similar
to that described in Section 12.4. The regulations on long-term funding, therefore, should
provide for such an unlikely contingency, allowing for charges greater than $250,000 to be
levied, if extenuating circumstances warrant this.

Despite the fact that such a special case might arise, the staff considers that a funding

level should be set now, as opposed to taking a "wait and see" approach at each site. Estimates
of what will be required in the future, in the way of site monitoring, will always be specula-
tive. The staff believes the estimates made here to be reasonable, if somewhat on the conserva-
tive side. Fixing a fund amount now establishes a basis for planning by mill operators and
assures that the full costs of operation, including waste disposal, are understood before the
beginning of these operations. Further K estabiishing a fund amount now will tend to assure

that there is uniform and equitable treatment of mill operators; variances from the fund

amount will occur only where monitoring activities are significantly different than those
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assumea nere. Finally, this approach will tend to discourage adoption of a view that ~ontribu-
tion to a "long-term care” fund might be substituted for development of isolation scheme -
which will eliminat. the need for uctive care.

Since the question of ultimate site custody may not be decided until termination of the mil)
operator's license, the staff has concluded that the simplest arrangement for®the collection
of monies to cover the costs of long-term monitoring is for the charge to be paid, upon

t:rlinat:on of the license, to whichever governmental agency will be the ultimate custodian
of the site.

Based on the requirement that tailings be disposed of such that no active care be necessary
over the long-term, the staff has proposed an arrangement whereby charges for funding of
long-term monitoring be a fixed amount, from site to site, as long as this requirement is
satisfied. This is appropriate since, without a need for active maintenance, costs will be
independent of the siz~ of the tailings pile. Several other options on the long-term funding
issue, stemming from dit.-rent assumptions, were eval ated by the staff. These alternative
options include:

No Fund

Because costs associated with the passive monitoring mode are expected to be relatively
small, the no-fund option demanded some consideration. Under this alternative, the waste
generator would not be paying the full care costs, resulting in an inequitable situation.
Thus, the no-fund option was rejected by the staff.

Levy on Product

A fund based on a levy imposed on the amount of product generated per site would yield an
amount that would correlate with the size of the pile. This would be an equitable situation
in the active care mode. However, in the passive monitoring mode, the size of the tailings
pile is not a critical factor. Therefore, the staff rejected this alternative as
unnecessary.

Insurance Fund

Establishing a fund to cover the costs of any unexpected extensive monitoring or remedial
actions is another alternative. Such an approach might be appropriate where serious uncer=
tainties exist about the necessary level of long-term surveillance. The proposed long-term
funding program is designed to cover the costs for a passive monitoring mode, which is all
that is expected to be required at most sites meeting the proposed technical requirements
for tailings disposal. At the same time, the program recognizes the need for flexibility
and variance in setting the funding amount. In view of these factors, an insurance fund
does not seem warranted.

Negotiable Fee

Another long-term funding alternative would be to establish a funding requirement, but leave
the charge negotiable. The staff chose the proposed program over this alternative because
the proposal will foster equity and consistency in dealing with various operators. This
would be more difficult to achieve if the fee were completely negotiable in each case.

9. SUPPORTING RESEARCH AND SPECIAL STUDIES

In direct support of this generic statement, several special studies and a comprehensive
program of research, including both laboratory research and field studies at active uranium
mills, have been performed. Much of this supporting work is described in pertinent sections
of the main text and appendices. However, separate and independent reports have been or are
being prepared. These reports will be available in the NRC Publir Document Room as they are
completed.

Laboratory and Field Research

Battelle Pacific Northwest Laboratory and Argonne National Laboratery, in conjunction with

the U. §. Environmental Protection Agency (Las Vegas, Nevada), have been conducting programs
of effluent and environmental measurements at active uranium mills continuously since June

of 1977. These field studies have included measurements of radioactive particulates and

raden gas in mill effluents and in surrounding air and soils; limited food ingestion studies
nave also been included. Ford, Bacon and Davis Utah, Inc. has conducted laboratory studies

on the matter of radon attenuation by soils. Repo-ts documenting the results of all these
research studies are now being completed and should be issued shortly (references 6, 7, &, and

- . 2 3 A
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9). Preliminary results from the studies were considered in the preparation of thi- raft
statement. The staff plans to incorporate the results of these stugoies more expl.itly into
the final version of the generic statement.

Special Studies

Oak Ridge National Laborato v, using information developed by the National Oceanic and
Atmospheric Administration, assessed the radiological impact on the North American continent
of radon-222 released from U. S. uranium mills (see reference 3). This work alse involved
comparing impacts of mills with other natural ard technologically enhanced sources of
radan-222. Colorado State University conducted a study of long-term stability aspects of
various tailings disposal programs evaluated in this statement (see reference 10). Finally,
Argonne National Laboratory, in preparing technical sections of this generic statement, has
compiled specific information which characterizes the existing environment in western uranium
development regions (see reference 11). This informaticn which was used in defining the
model mill and region, includes data ~n climate, topography, land use, geology and seismi-
city, mineral resources, surface and greundwater resources, soils, terrestrial and aquatic
biota, cultural patterns and historical developiment, archaeology, and aesthetic and
recreational resources.
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1. INTRODUCTION

1.1 PURPOSE OF STATEMENT

This generic environmental impact statement on uranium milling has been prepared in accordance
with a notice of intent published by the Nuclear Regulatory Commission (NRC) in the Federal
Register (41 FR 22430) on June 3, 1976. As stated in the notice, the purpose of the statement
wOu to assess the potential environmental impacts of uranium milling operations, in a
orogrammatic context, including the management of uranium mill tailings, and to provide an
opportunity for public participation in decisions concerning any proposed changes in NRC
regulations based on this assessment. In support of this purpose, the principal objectives of
the statement have been as follow:

To assess the nature and extent of the environmental impacts of uranium milling in
the United States from local, regional, and national perspectives on both short- and
long-term bases, to determine what regulatory actions are needed,

More specifically, to provide information on which to determine what regulatory
requirements for management and disposal of mill tailings and mill decommissioning
should be,

To support any rule makings that may be determined to be necessary.

Both technical and institutional issues are addressed. The major technical issues break down
as follow:

Mill tailings disposal as a Jong-term waste management problem. Major problems are
those of isolating tailings from people for long time periods, control of persistent
airborne emissions (particularly radon) and protection of groundwater guality,

Decommissioning of mill structure and site (excluding the tailings disposal area),
Nonradiological environmental impacts and resource use.

The major institutional questions addressed in this document include:
Need for and use of controls and site monitoring at tailings disposal sites,

Methods of providing financial surety that tailings disposal and site decommissioning
are accomplished by the mill operator, and

Need for and methods of funding any long term surveillance at tailings disposal
sites which may be necessary.

The analyses of these and other gquestions are intended %o support regulatory requirements for
the operation of uranium mills and the management of mill tailings in such a manner as to
ensure the health and safety of the populace.

1.2 SCOPE OF STATEMENT

Anticipated conventional uranium milling operations in the United States through the year 2000
are evaluated in this document. Conventional uranium milling as used here refers to the
milling of ores mined primarily for the recovery of uranium; it involves the precesses of
crushing, grinding, and leaching of the ore, followed by chemical separation and concentration
of uranium. Heap leaching of low-grade uranium ore carried out as a subsidiary process is
included within the concept of conventional milling as used here.

Non-conventional recovery processes include in-situ leaching from mines or uranium-rich tailings
piles and extraction of uranium from mine water and wet-process phosphoric acid.

These processes are described to a limited extent for completeness; they are not evaluated in
depth since they produce relatively small guantities of uranium. Also impacts from in-situ
mining are almost exclusively related to groundwater and are, therefore, highly site-specific.
The localizad nature of this potential impact requires close examination on a case-by-case
basis. A recent general study of potential #n-situ mi- 7g impacts on groundwater has been
conducted by NrC (NUREG/CR-0311, "Groundwater ETeéments in In Situ Leach Mining of Uranium,”
Geraghty & Miller, Inc., August 1978). 1-1
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Projections of future uranium requirements by the nuclear power industry indicate the need for
major growth in the uranium mitling industry during the next 10-20 years. Similarly, informa-
tion on the availability of uranium resources to be utilized during that period indicates that
most of this uranium wi'l pe produced in those same western states in which cirrent production
.s centered. In order to assess the environmental impacts resulting from the postulated
growth of the uranium milling industry, the statement has addressed milling activities in
these states during the period up to the year 2000. The location of uranium resources and the
technology used to recover uranium for periods beyona the year 2000 are speculative; the
resulting large uncertainties preclude extending the time period covered by this statement
beyond that point.

in general, the method of assessment involves evaluation of a base case and alternat..es
chosen to bound the range of health effects and monetary costs for various levels of emission
during mill operations and, in the case of tailings disposal, for differing degrees of isola-
tion. The following brief summary of what is covered in each chapter is provided to help the
reader understand the approaches taken in the development of this document:

Chapter 2--A brief history of uranium miliing 15 presented in this chapter for perspective.
e major emphasis is on the problems associated with past tailings management at inactive

sites. In effect, Chapter 2 provides a definition of the problems to be evaluated

in dealing with tailings generated in the future.

Chpter 3--This chapter includes a discussiun of the need for uranium milling through the
year 2000 as a basis for prediction of envirconmental impacts. Included are estimates of
the amounts of uranium that will be required and the relative contributions of current
canventional and alternative methods of production.

Chapter 4--A brief description of a general, schematic, model site and region developed
to ;ora a basis for analyzing potential arvironmental impacts and alternative control
weasures is presented in this chapter. S5ince environmental impacts of milling are
largely site-specific, the site description is given only to the Tevel of detail deemed
necessary to illustrate in a general fasnion what the effects of the uranium milling
industry will be.

Chapter 5--This chapter contains a description of a mode! mill in a simple fashion to
allow consideration of the major issues to pe evaluated in the statement on a common
basis. The mode! mil) features a relatively low level of environmental control and as
such defines the “base case” to be used 45 1 point of comparison in evaluating alternative
controls.

Chapter 6--Covered in this chapter are tne analyses of environmental impacts to be
expected from the base case. Included are =stimates of the cumulative effects of a
realistic "worst-case” condition that might occur in the year 2000, when the equivalent
of twelve per day mills might be operating in a single region. So as to evaluate
difficulties in meeting applicable radiologica’ safety Timits, the primary emphasis in
this chapter is on health risks to individuals in the immediate vicinity of the mills.
The focus of the health effects evaluation is on the EPA fuel cycle standard (40 CFR
190), when it becomes effective in 1980, which will limit exposure during milling
operations.

Also presented in Chapter 6 are potential continental impacts {oniy exposure to radon and
health effects therefrom are considered) occurring in the base case when the tailings are
left exposed fcllowing termination of milling operations. The exposures are computed to

provide a benchmark for evaluating alternative centrol measures and to support establish-
ment of regulations dealing with tailinas disposal.

Chapter 7--Potential accidents for the pase case are evaluated in this chapter.

are described in Chapter 8. Tnese a'ternatives are classified into three
groups: (1) those which will reduce operational impacts of milling, (2) those relating
to final tailings disposal, and (3) those concerning decommissioning of mill structures
and the surrounding site. Alternative tailings disposal programs evaluated were selected
to cover a range of isolation levels. They can be categorized in a general way according
to the level of long=term control they wouud necessitate: (a) an active care mode; (b) a
passive monitoring mode, and (c) ootential reduced care mode.

Chapter 8--Alternatives for mitigating tne majur environmental impacts identified in
apter
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Chapter 9--This chapter contains evaluations of the environmertal impacts of the three

ca%egories of aiternatives described in Chapter 8. The primary emphasis of the chapter
is on evaluation of impact: ‘rom tailings disposal alternatives. Special attention is

given to this category because the primary ourpose of this gocument is to support deci-
sions (i.e., proposed requlutions) concerning controls and institutional changes needed
to deal with the tailings waste management and disposal problems.

Chapter 10--General principles fur establisning a monitoring program during preoperational,
operational and post-operational periods are discussed in this chapter

Chapter 11--The mone: -ry costs for alternatives evaluated in detail in Chapter 9 are pre-
sengea in Chapter 11.

Chapter 12--This chapter incluces a summary of the major technical conclusions of
preceding chapters and proposals as to what steps should be taken to ensure mill opera-
tion and disposal c® tailings in a manner that protects the public health a:d safety.
Specitic provisions wnich should be incorporated into regulations are presented,

Chapter 13--The rejulatory authorities of fuderal and state agencies involved in regula-
tion of uranium mi1ls are described in Chapter 13. The description is related primarily
to regulatory authorities in the area of control of tailings waste.

Chapter 14--0On the basis of technical anaiyses and conclusions of previous chapters,
evaluations are presenied in this chapter on:

(1) Specific methods for providing financial surety that tailings disposal will be
carried out according to reguirements, and

(2) Whether there should be a requirement for mill operators to provide funds for
any long-term contral required at tailings sites.

Chapter 15--This Chapter summarizes the cumu'ative unavcidable adverse impacts from U.S
aliiing to the year 2000, the relationship between short-term uses of man's environment
and long-term productivity, and the irreversible and irretrievable commitment of
resources irom the U.S. milling industry

1.3 RELATIONSHIP OF GENERIC STATEMENT TO SPECIFIC ENVIRONMENTAL IMPACT STATEMENTS

Primary emphasis is given to impacts that are generic in nature. Many of the impacts from
aranium milling are highly site-specific and no attempt is made, therefore. to analyze them in
great detail; they must be evaluated for each mill as is done through environmental statements
prepared in connection with individual mil! licensing actions. The evaluation in this document
is intended Lo characterize the nature and extent of the impacts that will result from a
typical mill. 'o do this, a range or upper 1\mit for site-specific impacts is presented.

The generic environmental impact statement 1s not intended to replace specific environmental
impact statements for individual mills. [Impact statement: will continue to be written for
such mills as applications fo. license or relicense are received. In those statements, site-
specific analyses of environmental impacts will be carried out, whereas only the hypothetical
imparts of a "model" mill on a "model" site are considered in this generic statement. The
primary concern in the generic statement is industry-wide practices and their regional effects
over a relatively long period of time. Conclusions reached herein and subsequent rule making
will be considered and incorporated into future environmental impact statements written for
specific mills. Those site-specific environmental impact statements produced prior to the
issuance of this generic environmental impact statement have included the cautionary statement
that any licensing actions taken would be subject to the express condition that approved
waste-generating processes and mill tailings management practicec may be subject to revision
in accordance with the conclusions of the finil generic environmental impact statement and
related rule making.



2. HISTORY AND STATUS OF URANIUM MILLING OPERATIONS

2.1 PAST PRODUCTION AND METHODS

The history of uranium milling operations has been reviewed in a book by Merritt,! and material
from that source is summarized below.

In tne past 35 years the uranium industry has undergone a series of transformations, the element
changing almost overnight from a commodity of only minor commercial interest to one vital for
nuclear weapons and, now, to its important peaceful use as a fuel for generation of electrical
energy. With each change there has been a sur?e of interest in ore exploration and development,
and in new and expanded production facilities.

The military demand for uranium beginning in the early 1940s had to be met from known sources of
supply. The rich pitchblende ores of the Shinkolobwe deposit in the Belgian Congo and the Great
Bear Lake deposit in Canada supplied uranium during the war years and were supplemented by pro-
duction from treatment of old tailings dumps and a few small mines in the Colorado Plateau area.
These high-grade ores and concentrates were refined by an ether extraction technique adapted

from analytical procedures. Crude ore milling processes for low-grade ores used during this
period reflected little change from methods used 40 years earlier (at the turn of the last cen-
tury) with uranium recovery from the leach solutions based on several stages of selective pre-
cipitation. Milling costs were high and overall recovery was low, as judged by current standards.

With passage of the Atomic Energy Act of 1946, a strong emphasis was placed on the discovery and
development of new worldwide sources of uranium. At the same time, the research efforts begun
earlier were expanded in scope and magnitude to advance the process technolegy. These efforts
led to greater use of lower grade ores than previously had been considered feasible, such as the
uranium-bearing gold ores in South Africa, as a source of uranjum, and to the discovery and
development of large, low-grade deposits in the Beaverlodge, Elliot Lake, and Bancroft regions
of Canada.

In the United States, prospecting and mining for uranium were encouraged by the Atomic Energy
Commission (AEC) through guaranteed fixed prices for ore, bonuses, haulage allowances, establish-
ment of ore-buying stations and access roads, and other forms of assistance. These incentives
led directly to an increase in the known mineable reserves of ore in the western United States
from about 9 x 10° metric tons (MT) [1 x 10% short tons (5T)] in 1946 to 8.1 x 107 MT

(8.9 x 107 ST) in 1959, Programs also were initiated to examine other possible sources of
uranium and to develop methods for processing these materials. AEC purchases from 1948 through
1970 totalied approximately 3 x 105 MT (3.3 x 105 ST) of Us0g, of which nearly 1.6 x 105 MT

(1.8 x 10° ST) with a value of about $3 billion were supplied from domestic sources, !

Mill process development programs in the United States were sponsored by the Manhattan Engineer-
17, District, and later by the AEC, through contracts with over 20 organizations from 1944
turough 1958. Similar efforts were begun almost simultaneously in other countries, and the
cooperative efforts and free exchange of information, particularly with Great Britain, the Union
of South Africa, Canada, and Australia, jreatly aided the overall effort. Many privately owned
compaities intarested in the minine and milling of uranium also contributed to the knowledge
gained during this period. Major developments included progress in chemical flocculents and in
techiiques for making liquid-solid separations. Studies of variables in the leaching circuit,
such as ore particle size, tne effect of the state of oxidation of the uranium in the ore on
rate of dissolution, the use of oxidants, temperature, time of contact, etc., assisted in improv-
ing the efficiency of tiiis operation and permitted the treatment of a greater variety of ores
with consistently high recovery. Developments in operating techniques and in equipment design
contributed to process reliability and to the production of final concentrates of relatively
high purity. Ory grinding was used in the early mil.s but was gradually replaced with more effi-
cient wet grinding, which also reduced dusting. The entire development period was marked by
steadily decreasing process costs per unit of production.

During the peak production years in the United States, from 1960 through 1962, the number of
operating mills (excluding plants producing by-product vranium from phosphates) varied from 24
to 26, with total annual production exceeding 1.5 x 10% MT (1.7 x 10* ST) of U305 from the treat-
ment of about 7 x 10% MT {8 » 10% ST) of ore,

2-1



In 1957 1L was apparent that very large ore reserves had been developed, and that additional
contracts, which were the main incentive for exploration by potential producers, would lead to
commitments exceeding government requirements through 1966. In 1958, the AEC withdrew its
offer to purchase uranium from any oreé reserves developed in the future. This led to shutdowns
of mills after expiration of contracts and to stretching out of deliveries under long-term
contracts in the United States, Canada, and South Africa. 4s a resull of these attempts to
balzace lowered military demand and slow development of commercial reactors with an overex-
panded supply, the period from 1967 through 1970 saw a considerable reduction in the number
and production rates of active uranium mills in the U.5., and abroad. However, contracts with
many U.S. producers were eventually extended through 1970. These contract stretchouts reduced
the rate of government purchases and constrained production to values more in line with govern-
ment reguirements, They also served to ease the industry through a period when nuc lear power
growth had not progressed sufficiently to create a significant commercial demand.

Total production of Us0yx through 1977 from U.S. sources is estimated at about 2.7 x 10° MT

(3 = 10° ST).2 The amounts of ore used in the production of this U404, and the approximate
amount of tailings produced, were expected to reach 1.3 x 10% ST (1.4 x 10® ST) by the end of
1977. Of this total, about 20%, or 2.3 x 107 MT3 (2.5 x 107 ST), is located at inactive mill
sites and the balance (~ 80%) is located at currently active mil) sites. Some of the problems
that have developed with the tailings at the inactive sites are briefly outiined below.

2.2 MILL TAILINGS AT INACTIVE MILL SITES® 4

On 12 March 1974, the Subcommittee on Raw Materials of the Joint Committee on Atomic Energy
held hearings on identical bills, 5. £566 and H. R. 11378, providing for a cooperative arranye-
ment between the Atomic Energy Commission and the State of Utah regarding the Vitro tailings
site in Salt Lake City for assessment of and appropriate remedial action to limit the exposure
of individuals to radiation from uranium mill tailings. Testimony pointed out that there are
other sites with similar problems, and the Environmentai Protection Agency (EPA) recommended
the problem be approached generically, structured to address the most critical problems first

AEC proposed that a comprehensive study be conducted as a cooperative two-phase undertaking by
the states concerned and the appropriate federal agencies, such as AEC and EPA. The first
phase of the study involved site visits to determine the condition of each site, any need for
carrective action, ownership, proximity to populated areas, and prospects for future population
increases near the site, A preliminary report, which served as a basis for determining whether
a detailed engineering assessment {Phase Il) was necessary, was prepared for each mill site.

2.3 SUMMARY OF PHASE I STUDIES AT INACTIVE MILL SITES

During 1974, 22 inactive sites were visited by teams consisting of representatives of AEC !the
precursor of the Department of Energy (DOE)1, EPA, and the states. The information gathered
from these Phase I visits is summarized in Taole 2.1. The table column headings show the ten
criteria used in the site inspection study, while the body of the table shows the findings at
each of the 22 sites inspected. These data are discussed below in greater detail

. Condition of Tailings: Eight sites remained unstabilized in 1977, five were partly
stabilTzed, and eight were stabilized but require further work.

Tailings stabilization at six sites had not been attempted at all. The chemical surface
coating used at Tuba City, Arizona, had broken up after only a few years of weathering and is
consivered unsuccessful. The conditions at Shiprock, New Mexico, on the Navajo Reservation

had been considerably aggravated as 2 result of the operation of a heavy-earth-moving-eguipment
srhool on the site.

The State of Colorado adopted regulations in 1966 for stabilization and control of uranium
mill tailings by the mill owners, The substantial efforts made in that state have been fairly
successful. Some erosion and loss of cover was noted in all cases. The vegetation was
generally not self-sustaining without continued maintenance, usually including watering and
fertilization. Thus, the stabilization work done to date represents a holding action,
sufficient for the present, but not a satisfactory answer for the long-term.

. Condition of Structures Onsite: At seven of the sites, all structures had been removed,
seven had bulldings partially removed, and four of those had occupied structures; three sites
had b?i‘dings intact and occupied; at four sites, the mill was intact and one of these was
occupied.

where housing and other structures remain trom tne milling operations they have been
frequently put to use. Housing at Tuba Tity, Naturita, Slick Rock, Shiprock and Mexican Hat
is occupied. Buildings on the mill sites at Gunnison, Naturita, Shiprock, Green River and
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Mexican Hat are being used for warehousing, schools and other purposes. At several sites,
remaining buildings are still used for company activities. At Salt Lake City, a sewage
disposal plant is operating on the site. Construction of an automobile race track was begun
in the middle of the tailings pile. It was subsequently stopped by the State upon recommenda-
tions of AEC and EPA. The pressure for use of sites in urban areas is likely to increase with
time due to projected population growth. Few of the are:: formerly occupied by milling
facilities, ore stockpiles, etc., have been examined to determine suitability for future use.

+ Mill Employee Housing: 16 of the sites had no existing mil) housing; five had existing
mil) housing and al] of these were at least partially occupied.

+ Fenci Posting. Security: 14 sites had some evidence of action to secure the site
from trespass; s~ E.a none.

- Property near a Stream: Ten sites were near a stream, |1 were not.

In no case examined was evidence obtained indicating contamination above the EPA Drinking
water Standards for radionuclides. However, in the case of Mexican Hat, a stagnant pool on
the mill site was contaminated with heavy metals other than radionuclides. Such a pool could
be a source of river contamination in case of flooding.

At the Durango site in 1970 nine ponds used to contain solvent extraction raffinate solutions
were filled-in with local soil, graded, and revegetated. They now support local vegetation.
These ponds were on a flat area near a river which probably allowed the native vegetation to
take hold before erosion could occur. Tailings sites on which vegetation has not done well
usually have grades which make it difficult for plants to rent he’gre erosion occurs.

.+ Evidence of Wind and/or Water Erosion:

At none of the sites examined had any major effort been expeinded to cover the site with topsoil
prior to attempting revegetation. Even so, about half of the sites showed no evidence of wind
~r water erosion. In the case of the Rifle site, windblown tailings were found on roofs in
the town up to about one mile from the tailings pile. Water contamination from erosion was
found at Durango. There was evidence of a tailings washout caused by heavy rains but this was
not extensive.

- Tailings Removed for Private Use: Six sites nad tailings removed for private use, 15
did not.

In no other location was there evidence of the widespread use of tailings in building construc-
tion such as occurred in Grand Junction, Colorado. An estimated 270,000 MT (300,000 ST) of
sranium tailings have been moved from the Grand Junction site and used as fill material on
various construction projects, including about 45,000 MT (50,000 ST) under and around struc-
tures in Grand Junction. These 6000 locations have been identified by door-to-door gamma
surveys. Corrective action at the locations which exceed the Grand Junction criteria for
allowable limits is being carried out under a remedial action program.

2.4 SUMMARY OF PHASE II STUDIES AT INACTIVE MILL SITES

The second phase of the study included more specific environmental measurements that determined
the extent of contamination from the tailings piles. These more detailed studies were
conducted to form a basis for engineering assessments and cost studies for alternative remedial
actions. The studies included gamma surveys, radon concentration measurements, and measure-
ments to determine the extent of windblown soil, groundwater, and surface water contamination.

The series of reports? prepared by Ford, Bacon and Davis, Utah and issued in conjunction with
the Phase Il assessments documents the kindsof problems which can occur in essentially a base
case situation where no requirements pertaining to reclamation exist. These reports led to a
recent groposal for legislation in this area. The Uranium Mill Tailings Raliation Contrl Act
of 1978° contains a program for completing remedial action at inactive processing sites and
amends the Atomic Energy Act® by making tailings licensable material in order 1o prevent this
situation from arising in the future. A copy of this legislation can be four fnpendix Q;
the legislation is discussed in Chapter 13. ¥

This brief characterization of the extent of impacts that have occurred at inactive sites
illustrates the fact that without tailings isolation, impacts extend appreciable distances
from the tailings pile itself. The level of contamination and exposures around inactive
sites, reported in Phase | and Il assessments, provides a good indication of the kind of
potential impacts that can occur at mil! sites, in general. Furthermore, the inactive sites
experience indicates the need for developing plans for mill tailings management and disposal
and site decommissioning in conjunction with planning mill operations prior ta licensing.

&
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Also, the need for establishing regulatory and financial! mechanisms that assure that waste
nt and decommissioning are carried out according to plan following cessation of
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milling operation is indicated.
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Davis, Utah, Inc., ERDA Contract E(05-1)-1658.
Uranium Mill Tailings Radiation Control Act of 1978, PL95-604.

. 42 U.5.C. 2011 et seq. (Suppl. V1975).
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3. FRODUCTION OF URANIUM

The quantities of uranium projected to be needed and the amount likely to be produced in the
United States until the year 2000 are considered in this chapter. In the first part the
quantity of uranium needed for the generation of nuclear power is predicted. The current
uranium milling industry is then described in terms of mill capacity, geographic location, anag
the significance of “unconventional” production sources. This is followed by a more detailed
account of the “unconventional"™ sources, including projections of their contributions to the
total uranium supply. An overview of the milling industry to the year 2000 is then given.
Descriptions of the more important uranium mining and milling processes are presented in
Appendix B.

3.1 THE NEED FOR URANIUM WITHIN THE CONTEXT OF THIS GENERIC STATEMENT

The need for uranium in commercial reactors in the United States is primarily a function of

two factors: (1) the installed commercial nuclear reactor capacity, and (2) U.S. uranium
enrichment policies. Evaluations of these factors were based on information available from
the Energy Research and Development Administration (ERDA) and the Federal Energy Administration
(FEA) as of the summer of 1977. In the course of preparing this document more recent nuclear
energy growth projections have become available from the Department of Energy (DOE), DOE's

most recent projections of nuclear capacity are about 15% iower than those used in this docu-
ment. The sensitivity of cumulative environmental impacts to nuclear power projections,
enrichment tails asays, ore grades and other key parameters is discussed in Appendix S. The
installed nuclear reactor capacity and uranium enrichment policies are discussed below.

The installation schedule assumed for this document (chosen from many that have been projected)
is shown in Table 3.1. This projected growth rate is substantially below prior expectations
and results, at least in part, from recent drops in the demand for electricity and increased
costs for constructing new nuclear power plants. Approximately 10% of U.S. electricity now is
generated by nuclear power. The capacity schedule shown in Table 3.1 is expressed in terms of
metric tons of U0, required annually and cumulatively in Table 3.2. The quantities of Uzl
required are based on a "once-through” (throwaway) uranium fuel cycle which does not include
recycle of either uranium or plutonium.

A comparison between estimated total requirements for electrical generating capacity and the
projected nuclear capacity through the year 2000 is given in Table 3.1. It is shown that
nuclear generating plants are expected to furnish from 10% to 3€% of the electrical energy
supplied during this period. This wide range results from current uncertainty in projections
of the demand for electricity. The projections are also affected by national policy relative
to nuclear power. For example, decisions concerning nuclear reprocessing, the breeder reactor
program, spent fuel storage, and nuclear waste disposal are all important factors in deter-
mining the economic viability and political acceptability of nuclear power. The availability
and economic competiveness of alternative energy sources such as coal, natural gas, petroleum,
and solar energy, will also influence these projections.

For use in commercial LWRs, the atomic percentage of the fissile nuclide U-235 must be enriched
from its natural abundance of §.71%. The amount of natural uranium required to produce a
desired amount of product material of a given enrichment is related to the percentage of U-235
remaining in the enrichment tails, the residual uranium from which some of the U-235 has been
removed (Reference 2, Section 4.2). The enrichment factors used in converting spent fuel
fischarges into Uj04 requirements were based on an enrichment tails assay of 0.25%. The
average enrichment was taken as 3.0% for the reactor system projected. Enrichment policy
changes, such as changing the tails assay or the required delivery time of Uj30g to the enrich-
ment plant, will change U;0g requirements. (For example, if the enrichment tails assay were
reduced to 0.20%. a'though it would be more costly in terms both of energy and money to do so,
the annual redu tion in Us0g requirements could be 11%.) Perturbations in uranium demand
caused by changes in Department of Energy uranium fuel enrichment policies were not factored
into the U,04 requirements assumed herein.

Uranium requirements can be filled by other than conventional mining and milling techniques.
In addition, uranium can also be imported. The effects of “unconventional” sources are
discussed in Section 3.3. The uranium requirements projected in this study are based on the
premise that all needs are filled from domestic resources.

3-1 , .



Table 3.1. Comparison of Toti: and Nuclear Generating Capacity, 1977-2000

| Nuclear Generating Capacity, GWe"

% Nuclear for % Nuclear for
! Tata) Samestine Minimum Total Maximum Tota)

Capacity, GWe Planned or Under Generating Generating
| Year Minimum Maximum Actual Construction Estimated Capacity Capacity
' 1977 507 507 49 10 10
| 1980 544 627 61 11 10
' 1985 624 840 127 20 15
1950 734 1131 195 26 17
1995 869 1525 280 32 18
2000 1039 2092 380 36 18

¥ rom “Electric Utilities Study” by TRW for ERDA, Contract E (49-1)-3885, pg. 1-19, et seq.
I Maximum case is 7.0% compounded annual growth through 1985, then 6.4% to 2000. Minimum case
is 3.9% through 1985, then 3.5% to 2000.

bFor year-by-year growth, see Table 3.2,

“R. W. Bown and R. H. Williamson, "Domestic Uranium Reqguirements,” presented at the Grand
Junction Office Uranium Industry Seminar, U.S. Dept. of Energy, October 1977.

Table 3.2. Requirements for Us0g, 1977-2000%

Annual Cumulative

Gemrating Us0g Us0g
Capacity, Requirements, Requirements

Year GwWe MT x 10° MT
1977 49 9,600 18.0
1978 53 10,300 28.3
1979 57 11,200 39.5
1980 6! 12,000 51.5
‘ 1981 74 14,500 66 0
1982 87 17,000 83.0
1983 100 19,600 102.6
1984 112 22,000 124.6
1985 127 24,900 149.5
1986 143 27,600 177.1
| 1987 154 30,200 207.3
\ 1983 167 32,700 240.0
1989 181 35,500 275.5
1990 195 38,200 313.7
1991 210 41,100 354.8
1992 225 44 100 398.9
1953 240 47,100 4456.0
1994 260 51,000 497 .0
1935 280 54 900 551.9
1996 300 58,800 610.7
1997 320 61,700 673.4
1998 340 65,600 740.0
1999 360 70,500 810.5
2000 380 74,500 883.0

3The conversion from GWe to annual U*0* requirements was based on an
average of 28 MTHM discharged per GW per year for the entire span of
24 years, and a conversion factor of 7 x annual discharges to arrive
at metric tons of Uj304. This is the factor for 3.0% enrichment and
| 0.25% U-235 in tails from enrichment. Average plant factor con-
sidered was 70%. Each year might differ from the average due to
! size and type of reactor coming into commercial operation. *
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An important consideration in this generic study is the comparison of the amounts of raw mate-
rial (U304) required for the projected reactor schedule (see Table 3.2) to the estimated domestic
uranium resources available (Table 3.3). It is shown in Table 3.3 that currently known reserves
and probable resources are adequate to support the 380-GWe schedule through the year 2000 and
the scheduled lifetime of the reactors.

Table 3.3. Comparison of U.S. Reactor Requirements and Donsstic Resource
Availability (in MT U304 as of January 1978)

Resource Avaiaaeility

Time Period Reactor Demand @ $50/1p
1978 to 2000 &65,000
For 30-year lifetime

of 380 Gwe 2,051,000
Reserves? 890,000
Probable resources 1,395,000

Sum of reserves
& probable resources 2,285,000

33ased on information presented by D. L. Hetland and W. D. Grundy, at the
Grand Junction, Office Uranium Industry Seminar, U.S. Dept. of Energy,
October 1978, and in "ERDA Makes Preliminary Estimate of Higher Cost
Uranium Resources," U.S. Energy Research and Development Administration,
Notice 77-105, 22 June 1977, and updated July 1978.

bCosts include al)l those incurred in property exploitation and production
except profits and costs of money. Costs are the current ones, and are
not intended to project future uranium prices.

$50/1b is equivalent to $110/kg.

950es not include 140,000 MT of U30® which could be produced as a by-
product of phosphate fertilizer and copper production.

3.2 THE CURRENT URANIUM MILLING INDUSTRY*

The current conventional uranium extraction and processing industry involves a combination of
mining and milling methods that have been developed through experience gained since about 1940,
A brief history of this evolution is given in Section 2.1. The mining and milling methods
currently used, while capable of general characterization as open pit or undergrcu~d for mining,
and acid or alkaline leach for milling, have evolved into systems usable anywhere in the western
United States for sandstone-deposited ores. These cres constitute practically all of the
reserves and probable resources identified to date in the United States. In conventional prac-
tice, the location of the mil] with respect to the mine, the specific process used by the mill,
the size of the mili, and the tailings management schemes used are all direct consequences of
mining procedures and the chemical and physical characteristics of the ore. Mining and milling
operations are discussed in more detail in Chapter 5 and Appendix B.

in this section the current U.S. conventional mill capacity is discussed, the locations of
proven and potential uranium reserves are given, and the contribution of "unconventional”
processes is considered.

*
Information presented in this section has been obtained principally from References 3-9.
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3.2.1 Mi11 Capacity in the United States

Mill capacities in 1978 ranged from 360 to 6300 MT (400 to 7000 ST) of ore per day, averaging
about 1800 MT (2000 ST) per day. Assuming the ore averaged 0.15% U.0y, a model mill of 1800 M1/
day capacity, as described in Chapter 5, would produce about 1000 ?l|oo ST) of yellowcake
per year at full capacity. About 80% of the current milling capacity involves the use of the
sulfuric acid leach process; the rest involves the use of the basic (carbonate) solution leach
process.

At a few mills an additional process--heap leaching--is either being used on a small scale or
is being plann: *. Heap leaching is a technigue usually designed to remove unrecovered uranium
from low-grade ores or tailings containing less than 0.05% U304 and is not expected to contri- .
bute any major amount towards annual U;0y production. One major heap leach operation, under-
taken in 1976, was at Union Carbide's Maybell, Colorado, site, which is remote from any conven-
tional mill.

Heap leaching does not increase the environmental impacts, whether used on existing uranium
tailings piles or on low-grade ore transported to the mill for heap leaching. The process
might result in slight modification of tailings management procedures because tailings and
leached ore could be mixed, rather than separated as in conventiona! mining and milling;
however, operations would stil)l be above the ground and impacts would be essentially
unaltered.

The total capacity of mills operating in 1978 was about 38,500 MT (42,400 57) of ore per day
(see Table 3.4). {The capacities of mills receiving solutions from in-situ mining or from
extraction of phosphoric acid tailings are not included.) Production in i377 from conventicnal
mills was about 13,000 MT (14,500 ST) U304. At 100% capacity and using ore with a U,04 content
of 0.15%, these mills could have produced about 18,000 MT (20,000 ST) of Uy0x per year; at 85%
¢ *pacity, production in 1977 would have been 15,000 MT (16,500 ST) U,054.

The overall average grade of ore processed was (. 16% in 1977, and was expected to he about the
same in 1978 Average mil)l recovery was about 92% in 1977, with a range from 80% to 97% for
individual mills. Little change in the recovery rate is expected in the immediate future

The 18 conventional mills that operated in 1977 generated about 8.8 ~ 10% (9.8 ~ 10% ST) of
tailings while producing 13,000 MT “14,500 ST) of U,0.. [At 0.16% U40, in ore, each metric
ton of U,0, produced leaves behind ut 680 MT (750 ST) of dry tailings. )

3.2.2 Geographic Locations ¢f Uranium 2serves in the United States

Most of the nation's known uranium resources are located in the West, as shown in Figure 3.1,
and all of the 21 conventional uranium mills now operating (Table 3.4) and 1) others planned
for operation by 1983 are (or will be) west of the Mississippi River. [n addition to the 21
conventional mills, sites of mills which process pregnant liguor obtained from in-situ mining
technigues are included in the table, but not ore Florida site where uranium is recovered from
phosphoric acid.  Information is presented in Table 3.4 showing the relative amounts of milling
capacity in each of the six uranium-producing states and by NURE (National Uranium Resource
Evaluation) region.®'% The NURE regions were selected by ERDA principally to allow categoriza-
tion of uranium reserves on a regicnal basis. The estimated gquantities of the nation's uranium
resources are listed by category in Table 3.5, The meanings of the cateqories are as follows:

l. Reserves - Uranium which occurs in known ore deposits of such grade, quality, and
configuration that it can be economically recovered with currently proven mining ana
prncessing technology. Estimates of tonnage and grade are based on specific sample
data and measurements of the deposit and on knowledge of the ore body.

2. Potential Resources (three subgroups)

a. Probable {potential) resources are located in extensions of established ore !
trends or in areas demonstrated to contain uranium

. Poussible (potential) resources are located (by estimation) in new deposits in
formations or geologic settings cimilar to production areas eisewhere.

C. Speculative (potential) resource; are located (by estimation) in new deposits
n formations or geologic settings not previcusly productive.

The above classes are divided in Table 3.6 on the basis of the indicated forward costs, i.e. .
all costs yet to be incurred by the mining company at the time the estimate is made, except

profit and cost of money, and ar¢ in the dollars of the year of estimation. The six principal
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Table 3.4.

State & Company

Hew MExico
Anaconda Company
Lerv-McGes Nuclear Corparation
Sohic-Reserye
Uaited Muclear Curgoration
United Nuclear-home<take Partners
TOTAL
Ryoming
Exnon, U5 AL
Federa! -American Partoers
Latky Mc Uranius Lorporat ion
Lucky Mc Uranium Corporation
Petrotomics
Rocy Min. Energy & Mono Power
uniee Carbide Cerporation
western Nuclear, Inc.

TOTAL

Utah
Atlas Corporatios

Rig Algom Corjoration
TOTAL

Lalarado
Catter Corporstion
tnion Uartide Corporation

A

Texas
Chevron ,
Conoco & Pioneer NucPear, Inc.
Intercantivents) Energy forp.
Mob (1 D41 Company
U5, Steel
U.S, Steel-Niggara Mohawk
wyoming Miners] Corporation
YOTAL
Washington

Dawn. Mining Company
western Nuc lear

1TAL

Locetion

hranty
Grants
Cebolleta
Chyrch Rock
Grants

Powder River Basin
Gas Hitis

Gas Hills

Snirley Bacin
Shirley Basin
Powder River Baste
Notrana County
Jetfrey City

Moat

Fanna Maria
Falls Tity
Vauner

Beurt

George Hest
iworge weit

Bruni & Bay Point

Purd
wellpinie

Pax. Cag,
MT cre/day

490
1,800

2,200

waw e

et nlat el

Acid Yeach, (L0, solvenl extraction
Acig lesch, CCD, solvent extraction
Actg leach, (LD, solvent extraction
ketd Twach, CTO. soivent extraction
Cartongte leach, caustic precipitation

Acid Teach, CLD, solvent eatraction
Acid leach, eluex
Actd Jeacn, elues
Aiig leach, CLO, colume fon eschange
Reia leach, (LD, solyent extraction
Acvd Teach, (CD, selvent astraction
Actd Teach, eluex
Bc1d leacn, elues

Carbonate leach, e5in in puip & actd
lescn, sulvent witraction
Carbanate leach, caustic precipitation

Carbonate leach, caustic precipitation
hoid leach, CCO, column 10n exchange

Actd Teacn; (€D, solvent extraction

Actd lesch, LOU, solvent satraction

In situ leaching, colusn jon exchange
in sity Teacning, column ion exchange
In situ leaching, column lon exchange
In sity Teaching, column o0 exchange
in sity leaching, colunn ton exchange

Ac1d Teach, (LD, tolumn sor exchange
Acid leacn, CCD, solvent extraction

GRARD TOTAL 31,470

e e RS S N —— S e Syl —
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oes not include a Floride site that is extracting uegntiss froo phogphoric scid,
bﬂeq!on a3 gefined Ly Figure 1.1 and Table 3.5,
“Does not tacluge capacity of five Jo-5ite nining Lites.

Modit fed froe J, ¥, Facer: Jr, "Urenlun Production Trends. presented at the Grand Junction Office Uranion Industry Semtmar,
U.%, Dept. of Energy, Octoper 1977.
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Table 3.5,

($50 forward costs as of 1 January 1978)

Summary of Uranium Production, Reserves, and Potential ‘Resoums by NURE Regions

ST U305°
P:?::f; Potential Resources
Region STUO Reserves Probable Possible Speculative

(A) Colorado Plateau 216,300 485,200 665,000 815,000 40,000
{8) Wyoming Basins 68,900 264,000 375,000 115,000 30,000
(C) Coastal Plain 10,000 53,900 180,000 95,000 35,000
(D) Northern Rockies 25,400 27,000 63,000 50,000
(E) Colorado and Southern Rockies 25,800 56,000 56,000 41,000
(F) Great Plains 17,100 8,000 27,000 70,000 48,000

Subtotal A,B,C,D.EF 312,300 862,400 1,330,000 1,214,000 244 000
(G) Basin & Range 25,500 59,000 292,000 76,000
(H) Pacific Coast and Sierra Nevada <1,000 2,100 4,000 9,000 9,009
(1) Central Lowlands <1,000 4] c/ c/ 110,000
(J) Appalachian Highlands <1,000 0 ¢/ ¢/ 95,000
(K) Columbia Plateaus <1,000 0 c/ e/ 31,000
(L) Southern Canadian Shield 0 0 c/ c/ ¢/
(M) Alaska <1,000 0 2,000 ¢/ ¢/

TOTAL 313,100 890,000 1,395,000 1,515,000 565,000

3gased on the information derived from:

(1) D. L. Hetland, "Discussion of the Preliminiary NURE Report and Potential Resources,”
presented at the Grand Junction Office Uranium Industry Seminar, U. S. Dept. of Energy,

October 1378.

(2) D. L. Everhart, “Status of NURE Program," presented at the Grand Junction Office Uranium

Industry Seminar, U. S. Dept. of Energy dJctober 1978.

(3) "Reserves anc Resources of Uranium in the U. S.." supplement to Mineral Resources and the
Environment, National Academy of Science, 1975.

btonvon jon factor:

Resources not estimated because of inadequate knowledge.

one short ton (ST) = 0.9) met.ic ton (MT); $50/1b = $110/kg.
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Table 3.6. U. S. Uranium Resources® (57 Us0g as of 1 January 1978)

CaE:;:ry. Potential Resourcesb .
$/1b Uyl Reserves Probable Possible Speculative
Less than $15 370,000 540,000 430,000 165,000
$15 - $30 320,000 475,000 645,000 250,000
$30 - 350 200,000° 380,000 380,000 150,000
’ Total 890.000d 1.395.000 1,515,000 565,000

3gased on information derived from:

(1) R. J. HMeehan, "Uranium Ore Reserves," presented at the Grand Junction Office Uranium
Industry Seminar, U. S. Dept. of Energy, October 1977.

} (2) D. L. Everhart, “Status of NURE Program,” presented at the Grand Junction Office Uranium
l Industry Seminar, U. S. Dept. of Energy, October 1977.

(3) "Reserves and Resources of Uranium in the U. §.." supplement to Mineral Resources and the
Environment, National Academy of Science, 1975,

(4) D. L. Hetland and W. D. Grundy, “Potential Uranium Resources," Resource Division, U. 5.
Dept. of Enerqy, Grand Junction, Colorado, October 1978.

bThe reliahilities of the potential resource estimates decrease from the probable to the specu-
lative class.

“Total reserves and potential resources at $5) or leoss per pound UP0® are approximately
4,300,000 tons compared to 3,500,000 tons at $30 per pound or less. Of the total $50 resources,
2,425,000 tons consisting of ore reserves, probable potential resources, and by-product

i sources, are considered by the staff to be a conservative planning base.

dAn additional 140,000 tons US0* from by-pruduct sources is projected to be available through
the rest of the century (see Ref. 1 above).

NURE regions had produced 281,000 MT (312,300 ST) of U,04 (as of 1 January 1978) and contain
2.2 % 10% MT (2.4 x10% ST) of U304 as reserves and probable resources recoverabie at $1107kg
($50/1b) or less. Uranium requirements are expected to reach 865,000 MT (973,000 ST) of Uslg
(55% of the resourcss in the six principal NURE regions) by the year 2000, and production to
meet these needs will lTikely be centered in these six NURE regions. Production and resources
are shown by region in Table 3.5

3.2.3 Contribution of Unconventional Processes

Although most uranium production is by the conventional acid or alkaline leaching processes,
"unconventional" methods are used for some production. Such methods include solution mining
(also known as in-situ mining), nercolation leaching of are in piles or vats, and uranium
recovery from mine water, copper dump leach liquer, or wet process phosphoric acid effluents.
In each case, the uran » is recovered from solution by ion-exchange or solvent extraction.
Production of Uz0g by these methods totaled 450 MT (500 ST) in 1976. Production about 760 MT
(850 ST) of Us0g in 1977 and was expected to reach about 1900 MT (2200 ST) in 19783

Production from solution mining has been relatively constant at less than 1% of total uranium
production for more than 15 years. [Ihis percentage was 3% in 1977 and was expected to increase
slightly in 1978.

Production of uranium from mine water amounts to about 100 tons U;0g per year. This will
increase as more underground wet mines come into production, but the method still is unlikely to
account for more than 1% or 2% of domestic uranium production.

Late in 1975, Uranium Recovery Corparation (URC), an affiliate of United Nuclear Corparation,
began recovering uranium from wet process phosphoric acid at W. R. Grace's, Bartow, Florida,
phosphate operation. During 1976, considerable effort was devoted to making and testing modi-
fications to the original recovery equipment ano process at the Grace plant. URC officials
state that process problems have been solved ano that construction will start on three more
recovery modules. The resulting production capacity is expected to be about 130 MT (140 ST) of
U,04 per year. URC carries out the first stage of recovery 3t modules located at phosphoric
acid plants. The final stage of recovery occurs at URC's central finishing plant at Mulberry,
Florida.

™)
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Much effort has been expended to determine the amounts of uranium that might be recovered from
coal and lignite. Some uranium was recovered from ligrite ash in the early 1960s, but that
lignite was not a suitable fuel, supplementary fuel being necessary for the conversion to ash,
which is necessary before uranium can be extracted. No uranium has been recovered as a by-
product from the ash of coal- or lignite-fired power plants. Ash samples continue to be ana~
lyzed for uranium, but to date no ash rontaining more than 20 ppm Us0s has been found, and most
ash samples contain 1 to 10 ppm U, 0y,

Prospects for the unconventional production methnds are examined in more detail in Section 3.3,
1 3.3 PROSPECTS FOR UNCONVENTIONAL METHODS OF URANIUM PRODUCTION

Principal production methods that could reduce the tota! conventional milling capacity needed in
the future are:

In-situ mining (in-place leaching of ore deposits);

Production by extraction from “other than uranium" process streams (also called by-
product production);

Imports and exports.

The potential of these technigues to reduce the number of conventional mills needed and thus
redice mill-associated impacts s summarized in Table 3.7 and examined in more detail below.

3.2.1 In-Situ Mining'®

In-situ leaching (solution mining) of uranium is a potential uranium production method that
could reduce the total conventional milling capacity needed in the future. The method involves
(1) the injection of a leach solution (lixiviant) into a subterranean uranium-bearing ore body
to dissolve and complex the contained uranium, (2) the mobilization of the uranium complex
formed, and (3) the surface recovery of the uranium from the uranium-complex-bearing solution
by conventional milling unit operations.

Whereas conventional extraction of minerals may produce significant environmental impacts, the
use of solution mining offers the potential advantage of reducing surface disturbance and asso-
ciated impacts. In-situ leaching may also permit economical recovery of currently unrecoverable
I low-grade uranium deposits, thereby enhancing the nation's uranium reserves.

In this method, an acidic or basic oxidizing leach solution is injected into and withdrawn from
the naturally situated ore body via sets of wells. The chemical technology is similar for both
acidic and basic leaching. No conventional ore mining, transporting, or grinding operations are
needed prior to chemical processing to recover the uranium. Although some solid wastes (pri-
marily calcium salts comobilized with the uranium complex) are genarated, large quantities of

i mill tailings are not produced. For a given production of yellowcake, solid wastes from solu-
tion mining are much smaller in volume than tailings from conventional mills. Wastes produced
| in conventional uranium mining contain essentially all of the associated radium-226 (and its

daughter products); on the other hand, Tess than 5% of the radium (along with the mobilized
calcium) from a given ore body is commonly brought to the surface by solution mining technigues.
A potential disadvantage of this method of uranium extraction is possible deterioration of the
aroundwater quality, however, groundwater contamination can be limited by process controls.
fechniques for mitigation of localized pollution are available if needed.

Since the technology for in-situ solution mining of uranium is still being developea, there are
many variations in the process. Further plant and process modifications are likely to be
implemented before in-situ solution mining can be classified as a conventional mining method.

A more detailed description of in-situ solution mining is provided in Appendix B.

Direct measurement of the uranium content of the ore body is much more difficult in in-situ
mining than in conventional mining. For this reason, the efficiency of recovery is more diffi-
cult to estimate, but is expected to be less than in conventional mining. Because of these
uncertainties, the contribution of in-situ mining to tctal uranium production is difficult to
predict for the period 1978-2000. The U.5. Department of Energy has projected that in-situ
production will peak at 4CZ" MT (4400 ST) of U,04 per year by 1990 and hold at about 2500 to
3500 MT (3000 to 4000 ST) per year through the year 2000.'° The total production by this method
is expected to be about 76,000 MT (84,000 ST) through the year 2000.*

R

-
The U.S5. NRC has been actively following developments in the area of solution mining, and has
issued environmental impact statements for two solution mining projects.'!'12 In addition,
the NRC has funded a study by Geraghty and Miller, Inc., of possible groundwater
contamination '3
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Table 3.7. Projected U;04 Requirements (MT of Us0g) and
Model Mill Equivalents, 1978-2000

]
,' it R Annual Pro- iknn::l“ Produc~
| nual Uslg duction from tion ired from :
! Reactor Unconventignal Conventional Comidtive Nusber of Nodel Mil) Equivalentsd
l Year Requirements Sources Mills With Conventional Mills Only With Unconventional Sources
- 1978 10,300 1,600 8,700 21.2 21.2
! 1979 11,200 3,400 7,800 23.0 23.0
| 1980 12,000 6,100 5,900 25.8 25.8
| 1981 14,500 8,300 6,200 28.0 28.0
1982 17,000 8,000 9,000 31.2 31.2
1983 19,600 7,800 11,800 34.3 34.3
, 1984 22,000 7,500 14,500 34.3 34.3
| 1985 4,900 7,800 17,100 34.3 34.3
1986 27,600 7,000 20,600 35.1 4.3
| 1987 30,200 7,100 23,100 38.5 34.3
1988 32,700 7,700 25,000 41.7 4.3
1 1989 35,500 8,000 27,500 45.2 35.0
1990 38,200 8,100 30,100 48.7 38.3
' 1991 41,100 7,900 33,200 52.4 42.3
| 1992 44 100 7,600 36,500 56.2 46.5
1993 47,100 8,100 39,000 60.0 49.7
1994 51,000 8,500 42,500 65.0 54.1
1995 54,500 8,900 46,000 70.0 58.6
1996 58,800 9,300 49 500 74.9 63.1
| 1997 61,700 9,300 52,400 78.6 66.8
1 1998 65,600 9,600 56,000 83.6 71.3
| 1999 70,500 9,800 60,700 89.8 71.3
2000 74,500 10,000 64,500 94.9 82.2
TOTAL 865,000 177,499 687,000

RN RSNR————

01-€

31ncludes excess of imports over exports (see Table 3.9), by-product production from phosphate and copper, in-situ mining
production, and heap leaching.

Pgased on ore grade of 0.15%, and an 1800 MT/day mode! mill operating at 85% capacity and 93% recovery efficiency.
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3.3.2 Recovery of Uranium as a By-product

Two major sources from which by-product uranium is being recovered are copper mining leach
liquors and wet process phosphoric acid. 0f the two, phosphoric acid manufacture (for fertil-
izer) is receiving the most emphasis. The status of the process development at phosphoric acid
plants in Florida is discussed in detail in Reference 14 a brief summary is presented in the
following paragraphs.

The recovery process is bused on solvent extraction of uranium from a 30% phosphoric acid
stream normally produced at or near the phosphate rock mine. After extraction of the uranium,
this phosphoric acid is normally sent to other plants for manufacture of fertilizer. The sol-
vent extraction process is similar to that used in conventional uranium mills, and the U, 04
produced is of acceptable quality.

Since the uranium is extracted from the phosphoric acid product stream, the amounts of uranium
will depend on production rates of the acid, as well as the uranium concentration, and will
fluctuate as the market for phosphate-based fertilizer fluctuates. Demand for fertilizer in the
world market should increase with demands for increased food production, and this increased
demand in turn should result in increased phosphate mining in the United States.

Production of U0y from phosphoric acid will not create any new tailings management problems

per se, since tailings from phosphoric acid production would be generated anyway as the phosphate
rock is mined. Extraction of uranium would reduce problems related to radioactivity of the
phosphate tailings.

In addition to the Uranium Recovery Corporation (see Sec, 3.2.3), companies with demonstrated
processes for recovery of uranium from phosphoric acid include Gulf, westinghouse, Gardinier,
and Freeport. At least one of these companies has a contract to provide uranium from phosphoric
acid for nuclear fuel within two to three years. As of 1978 seven companies are in various
stages of construction of plants with a tota) annual production capacity of about 1800 MT

(2000 ST). The recovery of uranium from wet-process phosphoric acid is not developing as
rapidly as expected, but this process is expected to account for about 5% of domestic uranium
production by 1979.'%* The best phosphate rock deposits in the United States occur in Florida,
and most of the acid from which the uranium will be extracted is manufactured in that state.
Wet-process phospheric acid derived from Florida phosphates contains Uz0g in the range of 50 to
200 ppm.

Prediction of the amounts of U30g which will be recovered from phosphate production is risky,
primarily because of the dependence of acid availability on the fertilizer markets.'® Currently,
U304 production is about 180 MT (200 ST) per year (from plant operations) but is predicted to
reach 1800 MT (2000 ST) per year by 1985 and about 7000 MT (8000 ST) by 2000 for a total con-
tribution of about 73,000 MT (81,000 ST) through the year 2000.'° Reserves are estimated to be
127,000 MT (140,000 ST), which could te recovered by the year 2000.

During the last 15 years, the U.S. Bureau of Mines (Salt Lake City), Kennecott Copper Corpora-
tion, and Wyoming Mineral Corporation, a subsidiary of Westinghouse, have extensively tested
recovery of uranium from copper dumps, which frequently contain 1 to 12 parts of Uy04 per million
parts of solution. Wyoming Mineral Corporation and Kennecott are planning a commercial uranium
recovery operation at Bingham Canyon near Salt Lake City, and Anaconda and Wyoming Mineral
Corporation are considering similar operations at Yerington, Nevada, and Butte, Montana.

Anaconda and Amax may recover uranium at Twin Buttes, south of Tucson, Arizona. 1If all of

these facilities are built with sufficient capacity to process all of the dump Teach liquor from
those four mines, recovery of from 450 MT to 900 MT (500 to 1000 ST) Us0x per year is expected.

The extraction of uranium from product streams in copper milling thus appeirs to be possible,
but the technigue has not yet been developed to the extent of the analogous phosphate stream
extraction and is expected to contribute only small amounts.

3.3.3 Imports and Expurts

Of all of the effects of unconventional sources for Us0g on mill requirements, that of imports
and exports is most difficult to assess. The relationship between world and United States prices
will affect the United States import/export balance As shown in Table 3.8, the percent of
world production supplied by the United States is estimated to decline slightly by 1985 15

U.S. government policies regarding enrichment capacity increases and the nuclear option generally
could dramatically increase or decrease the amounts of Us04 which could or would be exported.

For these and other reasons, among which is the complexity of the world markets for uranium, the
staff relied upon the trends indicated from the meager data available to predict the effects
incorporated into Table 3.7 1516
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Table 3.8. World Uranium Production Capability (thousands of short tons U.0,)2

b u.s. ¢ ¢ South & d * m . £ m

Year  U.S. of World  Canada SW Africa France Niger Gabon Australia Nations Total
1877 15.7 a4 7.9 5.0 2.3 1.9 1.0 1.0 1.0 35.8
1978 21.0 42 8.4 11.0 2.9 2.9 1.6 1.0 1.0 49.7
1979 26.1 43 9.1 2.0 3.9 5.2 1.6 1.0 S 60.
1880  29.1 43 10.4 13.2 3.9 5.2 1.6 1.0 2.8 67.
1987 34.0 43 12.7 14,0 4.0 5.2 1.6 2.% 4.3 i
1982 40.3 43 13.3 15.0 4.0 7.8 1.6 6.8 4.3 9
1983 41.8 40 14.5 16.5 4.5 7.8 1.6 8.8 7.0 1 5
1984 44.6 40 16.3 16.5 4.5 7.8 1.6 12.4 7.0 LI
1985 46.8 41 16.3 16.5 4.5 7.8 1.6 14.0 7.0 I %<8

3Conversion factor: One short ton (ST) = 0.91 metric ton (MT).

®croa, 1977.

cEnergy Mines and Resources, Canada, 1977.

%Yranium Institute, 1976.

®0ECo, 1975.

fAdapt.ed from Ranger Environmentai Inquiry, Second Report, 1977, and Company plans.

Table adapted from R. J. Wright, “Foreign Uranium Developments,” presented at the Grand Junction Office Uranium
Industry Seminar, U. S. Dept. of Enerqy, October 1977.

21~€
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The United States was a net cumulative exporter of uranium from 1966 through 1975 by an amount
of over 6000 MT (7000 ST). This trend will reverse in 1979, and by 1990 the United States
will heve become a net importer by a two to one margin. '% The year-by-year changes in export/
import guantities through 1990 are shown in Table 3.9. The staff has assumed that beyond 1990
the imporl/export balance will be zero.

Table 3.9, Uranium Iapsrt Commitments by Domestic Buyers Compared
with Exports” (MT of Us0g as of January 1976)

Year of U304 Annual Annual b Cumulative Cunulatise
Delivery Imports Exports Imports Exports

1975 700 500 700 500
1976 1800 600 2,500 1,100
1677 2800 2000 5,300 3,100
1978 1600 1500 65,900 4 600
1979 1600 1400 8,500 6,000
1980 2700 1000 11,20C 7,000
1981 1500 quc 14,800 7,400
1982 3600 1200 18,400 8,600
1983 3300 1200 21,700 9,800
1484 3100 1200 24 800 11,000
1985 2900 1200 27,700 12,200

1986 - 1990 1750/yr 1200/yeS 36,400 17,000

'Fron “Uranium Market Activities," presented at Grand Junction Office
Uranium Industry Seminar, U. S. Dept. of Energy, October 1978.

Pcumulated exports 1966-1975. 7400 MT U905 .
cThrough 1988.

Estimates of U.5. and world (non-Communist Blac) U30y production capacity through 1985 (see
Table 3.8) indicate that the U.5. share of world production will decline throughout that
pericd. Resource cofisumption in the rest of the world is estimated to be greater than U.S.
consumption now, and is expected to increase more rapidly.

3.3.4 Summary of Effects on Mil]) Requirements Caused by Unconventional Production Sources

It is shown in Table 3.7 that unconventiona) sources are expected to produce about 20% of
future U404 reguirement (about 175,000 MT). Conventional mills are expected to produce about
B0% of future U,04 requirements (about 690,000 MT). About 48 new conventional model mill
equivaient (1800 MT/day) will be required by the year 2000. These new mills are in addition
to the 34 model mill equivalents now in existence or in the planning stage.

3.4 PROJECTED URANIUM MILLING INDUSTRY

Information presented in this section is based on the projections for installation of ruclear
power plants shown in Section 3.1 and on the assumption that conventional uranium mills, as
described in Section 3.2, wil) be used to furnish the fuel for those power plants. The effect
of production by uncunventional sources on the requirements for conventional mills is also
estimated. The data presented are intended only to illustrate the need for milling capacity
and the concomitant milling impacts resulting from the assumed power projections.

A major determinant of both the ore-processing capacity needed to provide the necessary fuel
and of the environmental impacts of milling operations is the quality of the ore (e.g., Us0g
content and chemical composition). This quality establishes the amount of ore that must be
processed and the quantity and quality of the tailings produced. Presently mined ore resources
contain from 0.05% to 0.25% Us04, and the staff assumes that the range will be similar for the
foreseeable future.

L 1
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1800 MT (2000 ST) to 7200 MT ( ST) per day, is to lower the total plant costs. It is
common for more than one mine to be developed in an area containing econcmically recoverable
ores. This favors construction of a centrally located mill of sufficiently large capacity to
serve several mines within economical transpert distance. (See Appendix I for discussion of
effect of larger mills on tailings management.)

3.4.1 Current Plans for Increasing U.5. Milling Capacity--1978-1982

In addition to the mills and capacities listed in Table 3.4, it has been announced that the
Apaconda plant at Bluewater, New Mexico, is being expanded to 5400 MT/d (6000 tpd), and that
the capacity of the Cotter mill will be increased to 910 MT/d (1000 tpd).

Other plants in the planning stages for probable start-up between 1978 and 1982 are shown in
Table 3,10,

Table 3.10. Additional Uranium Mills Scheduled for Startup 19784983

Year of Capacity,

Company

Mill Location

Startup

' MT/day

Minerals Exploration Co.
Homestake Mining Co.
United Nuclear Corp.

Kerr-McGee Nuclear Corp.

Bokum Resources

Energy Fuels Nuclear
Plateau Resources, Ltd.
Phillips Petrcleum Co.

Red Desert, WY
Marshall Pass, CO
Morton Ranch, WY
Powder River Basin, WY
Marquez, NM

B8landing, UT
Shootering Canyon, UT
Nose Rock, NM

1980
1980
1980
1981
1981
1982
1582
1982

2700

540
1800
2280
1800
1800

£80
2280

314
The milling techniques used in 1978, with such minor modifications as increasing the concentra-
tion of aci, used in leaching or improving resin< for concentration of uranium, u!ll‘continue
through tf: year 2000. None of the foreseeabie changes in mill processes will drastically
affect the number of conventional mills reguired.
The potential effect of increasing the capacity of individual conventional mills, as from
1

Pioneer-Uravan, Inc. Stick Rock, CD 1982 900
Gulf Minerals Resources McKinley County, NM 1983 3800
Minerals Exploration Co. vavapai County, Al 1983 1800

e year of startup for each plant is tentative. Entries for the period through 1982 are from
J. F. Facer, “Uranium Production Trends," presented at the Grand Junction Office Uranium
Industry Seminar, U.S. Dept. of Energy, October 1978. Entries for 1983 are known to the staff
to be planned for that year; however, there may be other mills in the planning stage of which
the staff is not cognizant.

3.4.2 Meeting Projected Us0x Requirements

The projected ore requirements and the ... slation of these requirements into the number of

mode] mill equivalents are presented in this section. These mill and ore requirements are based

on the reactor installation schedules given in Table 3.2. These requirements and the effect of
unconventicnal processes are shown in Table 3.7

The staif has assumed that the U,0g4 content of the ore will remain constant at 0.15% through the

year 2000 and that all mills will operate at 85% of capacity. The average online cperating

capacities as percentages of stated capacity in 1975, 1976, and 1977, were, respectively, 83%,
B7%, and 75%. The 1977 value of 75% was lower than the previous years because of poor perfor-
mance from new mills and older mills which were bei  axpanded toc handle more ore. The annual
output of U0, for the conventional standard mill [ ) MT (2000 ST) of ore per day] is 785 MT
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(865 ST) of Uy04 per year, assuming operation at 85% of capacity, and about 920 MT (10iB ST)
at 100% of capacity.

The requirements presented in Table 3.7 do not take into account inventories of U,04 or UFg
held by the U.5. Department of Energy at enrichment plants nor inventories held by users. The
DOE inventories are estimated to be about 26,000 MT (29,000 ST) and t'- user inventories to be
24,000 MT (26,000 ST).'®*17 The DOE plans to reduce its inventory to a working level of

4100 MT (4500 ST) by 1980. The user inventory is expected to increase through 1980 and to
decrease steadily thereafter to about 9106 MY (10,000 ST) by 1984. The staff estimates that
f?ll use of the inventories through 1985 would have little effect on mill requirements by that
time.

The Nepartment of Energy policy regarding early delivery of material for enrichment, which is
still a part of existing contracts, could dramatically increase requirements for Uy0g through
1985-1990. The NRC staff estimates that without contract changes, these needs for UyDs would
require the equivalent of an additional six to eight standard (1800 mi/day) mills between 1983
and 1990. If there is no change in the DOE early delivery policy, 63,000 MT (70,000 ST) of
U304 more than is shown in Table 3.7 would be required through 1987--even if all the existing
Us0g and UFg inventories are released for use. For some time the DOE has been reviewing its
requirements for early delivery. These additional U,0g requirements that would be necessitated
by continuation of the early delivery policy have not been included in the NRC staff's calcula-
tion of the number of new mills required through the year 2000.

For the purpose of these calculations, it has been assumed that the enrichment tails assay
would remain at 0.25% U-235 (in the depleted U-238 produced) to produce an average concentra-
tion of 3.0% U-235 in all of the enriched uranium produced through the year 2000.

The estimates shown in Table 3.7 as to the number of equivalent model mills required do not
include provisions for replacement of milis operating in 1978. The average age of the 11 U.S.
mills operating in 1978 which had been in operation prior to 1970 was 22 years; the m:.nimum
age was 17 years. If the same average age holds through the year 2000, then mills starting up
in 1978 or later would not require replacement until at least the year 2000. The replacement
need would then be at least the 1) mills that have been operating since before 197G. These
mills have a capacity of 19,500 MT (22,000 ST) of ore per day. ?his is equivalent to about
eleven 1800-MT/day (2000-57/day) mills.

Heap leaching is expected to make some minor contribution to Us0g production at corventional
mills The economic viability of heap leaching will depend on the price of uranium. As the
price increases, lower percentages of U;0, in ore will be economically recoverable by conven-
tional means. Exceptions could occur where the cost of transporting the low-grade ore to a
conventional mill proves to be prohibitive. Heap leaching will then be practical at existing
mills, but new mills will attempt to recover more UzO5 by conventional processes. For these
reasons, heap leaching will be done only Ly a small segment of the uranium industry and is not
expected to contribute more than 1X to 2X¥ (a maximum of 300 MT) of the U.S. requirements of
Us0g4 per year by the year 2000. Heap leaching operation: are planned for Union Carbide's Gas
Hills, Wyoming, sites based on experience with a pilot hcap leach operation at Gas Hills and a
low-grade ore stock pile (averaging 0.03% U;05) at Maybell, Colorado.'®'19

In summary, based upon a reactor schedule of 380 GWe by the year 2000, there will be a need
for milling capacity equivalent to about 82 model mills [1800 MT/day (2000 ST/day)] by the
year 2000.

3.4.3 Geographic Location of Future Conventional Industry

The location of probable resources is shown in Figure 3.1. The potential for expansion of
milling activity is greatest in such states as New Mexico, Wyoming, Utah, Colorado, Texas, and
Washington, which already are the most active locations of uranium milling and exploration.

In Table 3.11, ten states are ranked on the basis of the probable uranium resources contained.
The distribution of uranium reserves and probable resources by region and state also is shown
in Table 3.12. The number of new mills required between 1977 and 2000 within each region and
state is estimated on the basis of this distribution and the assumption that mill location
will coincide with combined reserve and resource locations. The expected distribution of new
model mill equivalents among the states is depicted in Table 3.12.
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fable 3.11. Share of Potential
Resources of Uranhn‘
in Individual States

Share of P le

State Resources, %
New Mexico 30
Wyoming 15
Colorado 1]
Utah 14
Texas 10
California 2
Arizona B
South Dakota 1
Nevada 2
washington 2

3 com D. L. Hetland, "Potential Re-
sources of Uranium," preseated at tne
Grand Junction Office Uranium Indusiry
sc%nar. U. S. Deot. of Energy, October
1978.

bConventional sources only.

Table 3.12. Probable Need for ana Distribuqog of New Conventional
Uranium Mills, 1985-2000""

Reserves & Number of
Probable Percentage of New Model Mi]l
NURE Resources, U. S. Total Equivalents d
Region 10° MT U304 in Region 1985~ 2000 States with Mills in 1978
A 1150 52 25 New Mexico, Colorado, Utah (Arizona)
B 634 29 14 wWyoming (Montana)
C 234 1" 5 Texas (14 other states)
0 52 2 1 washington (ldahoc, Montana)
E 82 2 Colorado, Nuw Mexico
F 35 2 1 wyoming, South Dakota (B other states)
Total 2192 100 48

3nciudes contribution of unconventional sources, but does not include expansion of existing
mills or new mills already planned in 1978 for operation prior to 1985 (see Sec. 3.4.1).

t’Fm- D. L. Hetland, "Discussion of the Preliminary NURE Report and Putential Resources," and
R. J. Meehan, "Uranium Ore Resources," both presented at the Grand Junction Office Uranium
Industry Seminar, U.S. Dept. of Energy, October 1978.

“Assumed capacity of 1800 MT/day each.
dStates in parentheses are in the given NURE region, but had no mills operating in 1978,



3.5 SUMMARY

Nuclear energy growth projections resulting in a nuclear generating capacity of 380 GWe in the
year 2000 were used in estimating U.S. uranium production necessary to meet estimated nuclear
fuel needs to the year 2000. Current nuclear energy production requires about 10,000 MT of
Us0y per year; annual Us0g requirements are expected to increase sevenfold by the year 2000.
Cumulative Us0y4 requirements over the time period 1978 to 2000 are projected to be about
865,000 MT. It ‘s projected that conve itional milling will produce about B0% of conventional
U304 requirements (about 690,000 MT) out of the total (865,000 MT) over the time period 1978
to 2000. Based on the assumption that a model mill, operating at 85% capacity, would produce
785 MT of Us04 per year, it would take about 880 mode) mil) years to produce 690,000 MT of
U30y or about 1100 mode] mill years to produce 865,000 MT of Us05.

Although there is some uncertainty about the growth of the unconventional milling industry,
other methods of production, such as in-situ mining, by-product recovery, and imports, are
expected to supply about 20% of cumulative U30g requirements by the end of this century.
These projected nuclear fuel needs will necessitate construction and operation of about 61
additional conventional model mills over this time period. These mills would be in addition
to the 21 mills now operating. Nearly all of the new mills are expected to be located in the
western United States, with over 60% in Wyoming and New Mexico. Projected nuciear generating

capacity, annual U;0; requirements, and annua) Us0g production from conventional mills are
plotted in Figure 3.2.

Fulfilling these future energy requirements according to the adopted scenario will generate
about 4.9 x 10* MT of tailings by the year 2000 by conventional miliing; these tailings would
be in addition to the 2.3 x 107 MT (2.5 x 107 ST) of tailings at inactive sites, and the

1.07 x 10% MT (1.18 = 10% ST) of tailings at currently active mill sites at the end of 1977

Cumulative impacts due to milling over the time period 1978 to 2000 are addressed in several
sections of this document: radiological health risks to workers (Sections 6.2.8.2 and
9.2.8.2); radiological health risks to populations (Sectinns 6.4, 9.3.8 and 12.3); and env:ron-
mental impacts and resource commitments for the case in wnich proposed regulatory action-
(delineated in Chapter 12) are implemented (Chapter 15). Cumulztive impacts are dependent, in
part, on the nuclear power projections, enrichment tails assay policies and ore grade assump-
tions given in this Chapter. The effect of different nuclear power projection:, enrichment
tails assays, and ore grades on cumulative impacts 15 discussed in Appendix S.
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4. [ENVIRONMENT OF THE MODEL REGION

A brief description for a general, schematic, model site and region developed to form & basis

for analyzing potential environmental impacts (Ch. 6) and alternative contro) measures {(Ch. 9)

is presented in this chapter. Since environmenta) impacts of milling are largely site-specific.
the site description is given only to the level of detail deemed necessary to illustrate in a
general fashion what the effects of the uranium milling industry will be and to support broad
decision-making functions of this document (Ch. 1). Since many of the impacts are site-specific,
they must be evaluated for each mill as is done through environmental statements prepared in
connection with individual mill licensing actions. Analogous descriptions of the six regions

are given in a Supplemen: to this document.'®

The model mill (described in Ch. 5) is postulated to be situated at the center of a hypothetical
model site with a radius of 40 km (25 miles) (Fig. 4.1). Surrounding the model site is a
dougnnut-shaped model region vith an inner radius of 40 km (25 miles) ari an outer radius of

80 km (50 miles). The area of the site is thus about 5000 km® (2000 mi”) and that of the region
about 15,000 km¢ (6000 mi<). For some purposes, the site and region are considered together and
termed the “aggregated area."

This chapter includes descriptions of the aspects of a region which are commonly considered in
the evaluation of the environmental impacts of a uranium milling operation. When possible, all
of the descriptions are based on weighted averages of the pertinent characteristics of the six
physiographic regions of the United States within which uranium is milled. In those cases not
amenable to such treatment, a central estimate was made based on the attributes of the six
physiographic regions. Thus the presentation of descriptive material in this chapter is designed
to reflect, to the extent possible, a composite of the characteristics of areas where actual
uranium milling is taking place. Where regional variations are important in arriving at deci-
sions, such as in the determination of the effectiveness of various soils in attenuating radon
exhalation from tailings, they are incorporate! into the appropriate analyses.

4.1 CLIMATE

4.1.1 General Influences

As is typical of much of the western U.S., the weather of the model region is dominated by the
influences of elevation and of the high- and low-pressure systems that pass through the area
during the year. The (limate is semiarid, and the seasons are distinct, with mild summers and
harsh winters.

4.1.2 Winds

A wind rose for West City is given in Figure 4.2; strong winds are frequent. Joint frequency of
annual average wind speed and direction at the model site are preserted in Table 4.1,

4.1.3 Precipitation

The average annual precipitation at the mill site is 31 em (12 inches), but relatively large
variations in the monthly and seasonal totals occur from year t~ year. Precipitation in late
spring and summer is normally derived from scattered thunderstor .. Data on precipitation and
snowfall at West City and at the model site are given in Table 4.2. Snowfall accumulations of
jreater than 50 cm (20 inches) are rare. Potential evaporation exceeds precipitation, averaging
150 ¢m (60 inches) per year.

4.1.4 Storms

Winter storms, with attendant snowfall, low temperatures, and high winds, are common. Thunder-
storms, frequent in spring and summer, occasionally spawn tornadoes that tend to be lesc
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Table 4.1. Joint Frequency of Annual Average Wind Speed
and Direction at Modcl Mill
Speed, m/s
Direction 0-1.5 1.6-3.2 §.3-5.1 5.2=8.2 8.3-10.8 »10.8 Total
N 2.3 1.4% 1.0% 0.3 0.0% 0.0% 5.08
NNE &3 },8 0.8 0.3 0. 0.0 4.6
NE 2.7 1.4 0.7 0.2 0.0 0.0 5.0
ENE 2.4 1.4 1.5 0.4 6.0 0.0 5.5
E 2.4 1.0 [ | 0.4 0.0 0.0 4.9
ESE 1.9 0.6 0.2 0.1 0.0 0.0 2.8
SE 1.7 0.8 0.3 0.2 0.0 0.0 3.0
SSE 5 0.8 0.6 0.1 0.1 0.0 3.1
S 3.5 1.8 1.8 0.7 0.1 0.0 7.9
SSW 2.5 1.5 2.9 1.3 0.4 0.0 8.6
SW 3.7 2. 3.9 3.8 1:1 0.2 14.8
WSW 4.7 2.8 4.1 3.4 5 0.2 16.4
W 2.9 2.1 2.5 1.8 0.5 0.0 9.8
WhiW 1.2 0.9 1.1 0.9 0.1 0.1 4.3
NiW 0.8 0.6 0.5 0.4 0.0 0.0 2.3
NNW 0.8 0.5 0.6 0.1 0.0 0.0 2.0
Total 37 20.8 23.6 14.4 3.6 0.5 100
Table 4.2. Precipitation Records for West City and Model Mill Site
Mest City Mode! Site
Precipitation, cm? Snowfall, cm Precipitation, cm
Month Mean Ma x imum Mean Max imum Mean
January 1.4 4.8 23.4 99.8 1.3
February 1.5 4.9 25.0 50.4 1.7
March 2.5 10.4 40,7 81.2 2.5
April 3.4 12.3 38.9 55.0 3.8
May 5.1 10.4 6.3 78.0 5.0
June Ao 9.9 1.0 7.8 3.4
July 1.8 4.4 0.0 0.0 2.0
Auqust 2.5 9.7 Trace Trace 2.4
September 2.7 6.8 2.5 10.8 2.8
October 1.8 5.1 i2.7 84.7 2.1
November 2.2 4.7 23.3 51.3 2.1
December 1.8 4.8 22.8 43.4 1.9
Annual 30.0 196.6 31.0
%precipitation includes snowfall; a factor of 0.1 was used to convert snow-
fall to precipitation.
] destructive than ones occurring further east. Dust devils are frequent and occasionally cause
1 slight damage to structures in their path.
|
4.2 AIR QUALITY
Present air quality is considered to be good. Data on current concentrations and app.icable
standards for airborne pollutants are presented in Table 4.3. The entire basin is classified as
7)E
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Table 4.3. Ambient Concentrations of Airborne Pollutants at the Model Site
and Applicable Air Quality Standards

} Concentration Applicable Standard,
Puiiutant ug/m? ug/m3

Suspended particulates i’

28-hour average 4-90 150

Annual average 31 60
S0, "annual average) 6 60
NO, (annua) average) 15 100
Hydrocarbons

3-hr average 45 160

Annual average <5

an "air quality maintenance area,” meaning that it is viewed by the EPA as having the potential
for significant decline in air quality because of the projected increases in mining and indus-
trial activity. The high wind speeds and the sparsity of vegetation often result in wind ero-
sion and thus in high concentrations of suspended particulates. The low population density,
lack of industrial pollution sources (uther than fossil-fired electrical generating plants at
West City and East City), and the dispersive characteristics of the region atcount for the cur-
rent good air quality in the basin.

4.3. TOPOGRAPHY

The model site is located on plains of moderate relief, ranging in elevation from 1200 m

(4000 ft) to 1300 m (4300 ft). The plains are dissected by the Tributary River and its associ-
ated streams. The base of the Northern Mountain Range, with elevations up to 1200 m (4000 ft),
Ties at the northern tip of the model site. The southern boundary of the site reaches the rim

of the Wide Plateau, which rises almost vertically from an elevation of 1300 m (4300 ft) to
2000 m (6000 ft).

The northern section of the region is in the National Forest, with elevations rising to 2400 m
(8000 ft). Elevations in the floodplain of the Tributary River range from slightly over 1000 m
(3600 ft) at West Reservoir to 1200 m (4000 ft) at East Reservoir. South of the Tributary
River, the Open Plains stretch across 70 to 80 km (40 to 50 miles) of prairie.

4.4 LAND RESOURCES AND USE

Most of the land within the model site is in the public domain and administered by the Bureau of
Land Management (BLM). This land and that of the few scattered private ranch holdings are
primarily in the following land use categories (as given in the "National Atlas of the United
States"): desert shrubland, subhumid grassland, and semiarid grazing land. The primary uses of
the land in the model region are shown in Table 4.4. Ownership patterns are shown in Table 4.5,

Rangelands managed by the BLM and the Forest Service, as well as those in private holdings, are
extensively grazed. Overg-azing and poor management have led to a lowered carrying capacity on
much of the land. National Forest covers 18 km? (7 mi?) of the northern tip of the model site.
This land is primariiy used for timber production and grazing. Along the Tribtutary River a
small amount of privately owned land (10% of the total land of the region) is used as irrigated
and nonirrigated pasture, cropland, and orchards. Also, small urban centers (occupying less than
1% of the region) are dotted along the floodplain. A small regional forestry industry uses the
northern forests and woodland to grow and harvest timber. BLM and National Forest lands are
also used for recreational activities.

Scattered areas throughout the region are used for mineral extractive industries. Minerals
mined in the region include uranium, gypsum and coal. Major transportation routes are a rail-
road and an interstate highway, both paralleling the Tributary River; several roads branch off
the intérstate to ranches and uranium mines and mills, and others connect with the few urban
areas. There is a small airport southwest of West City. -
4 () ' ‘:j LW
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Table 4.4. Land Use in the Model Region

Percent
Land Use of Region
Subhumid grassland and semiarid 30
grazing land
Desert shrubland grazed 25
Forest and woodland grazed 15
Open woodland grazed 20
Irrigated land, cropland, and 10
cropland mixed with grazing land

Table 4.5. Land Cwnership in the Model Region

Percent
Ownership of Region
Public domain managed by
Bureau of Land Management 30
Public domain managed by
National Torest Service 25
Indian Reservatiun 15
Private 25
State 6

4.5 GEOLOGY* AND SEISMICITY

A cross-sectional view showing the geology of the model site is presented in Figure 4.3. The
bedrock underlying the model site consists of sedimentary strata ranging from Precambrian to
Cretaceous in age; these are typical of those found in areas in which uranium is mined. The
sedimentary rock dips to the south at about 5 degrees. The uranium mines are located in Jurassic
sandstone and the mill and tailings pond area on Triassic siltstone. A thin [~100 m (330 ft)]
surficial deposit of terrace and pediment alluvium caps the Triassic siltstone.

The ,:ology of the model region surrounding the model site is basically the same. No change in
the regional geology occurs parallel to the strike of the sedimentary rocks (i.e., in a east-
west direction) except for sedimentary facies changes. Perpendicular to the strike (i.e., ina
north-south direction) Cenozoic and additional Cretaceous sediments are included to the south.

The mode] region, although stable in the tectonic sense, has had scattered earthquakes of
intensity greater than Modified Mercali VI during historic time. According to the current
Uniform Building Code, the region would be in Zone 2 on the Seismic Risk Map; i.e., well-built
structures should experience negligible damage. In general, the model region is not in a zone
of great seismicity, but in light of the seismic history of the region, structures should be
built to withstand an earthquake of intensity MM VI,

4.6 MINERAL RESOURCES AND USE

The most extensively mined mineral resource of the model site is uranium, which occurs as roll-
front deposits within the Jurassic sandstone formation. [t is mined by open pit methods where

*Topographic, hydrologic and other features are ¢djusted to conform to the geology of the site.

7 !
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4.7.2 Groundwater

The principal use of the groundwater resources in the model site is for domestic or stock water,
These wells are generally spaced about 1.5 km () mile) apart, and withdrawal is about 0.06 L/s
(1 gpm) from wells about 100 m (300 ft) deep. A total of six municipal and industrial wells
within the site withdraw about 6 L/s (100 gpm).

The best aguifer is the Paleozoic carbonates, followed by the Cretaceous and Jurassic sandstones
and the Triassic siltstones (see Fig. 4.3). The Cretaceous shales and Precambrian rocks have

low permeability. The surficial deposits are very permeable and, if saturated, yield large
amounts of water,

The quality of water found in these deposits is variable. and generally decreases with increas-
ing depth. Permeable strata have better quality water than strata of low permeability.

4.8 SOILS

The soils of the model region can be divided into five general groups. Soils at elevations above
2000 m (6500 ft) in the National Forest are mainly Alfispols formed in material weathered from
sandstone, shale, and siltstone under forest vegetation. The so0ils on the mountain slopes are
mainly Entisols formed from clay shale and sandstone. Contiguous to the river are nearly level
to gently sloping soils (mainly Entisols) on floodplains and alluvial fans. These soils form in
alluvium of mixed origin. On the high plateau in the southern portion of the reqion, the soils
are tainly Entisols associated with sandstone rockland. These soils are wall drained, shallow to
very shallow, on neariy level to moderately sloping loamy sand formed in residuum from sandstone.
Sandstone outcrops comprise about 50% of the association.

In the central portion of the region (which includes the model mill site), the soils are mainly
fine sandy Toams of the Entiso) order. They are underlain by sandy alluvium or fine sandy loam
containing threads of segregated lime, occasionally with a prominent 1ime zone below about 100 cm
(40 inches). Sandsione fragments are common in soi) layers. Slopes range from 0 to 10%, with
soils depths of 10 to 50 cm (4 to 20 inches). Topsoil suitability is poor, mainly because of

the presence of sandstone fragments. A number of physical and chemical properties of the soils
characteristic of the model site are listed in Table 4.7.

4.9 BIOTA

4.9.1 Terrestrial

4.9.1.1 Regional Characteristics

Four principal and one minor vegetative community types occur within the model region. The
northern montane portions of the region are characterized by ponderosa pine and Douglas fir
forests at elevations of 1800 to 2300 m (6000 to 7000 ft). The pinyon-juniper community occurs
in the foothills in northern portions of the region, along the rim of the Wide Plateau in the
southern portion of the region, and along the washes leading down from the rim. The Wide Plateau
supports a desert shrub commurity comprised mostly of shrubs, such as sagebrush and rabbitbrush,

and a)variety of bunch grasses /western wheatgrass, green needlegrass, Indian ricegrass, threeawn
grass).

The central portion of the region, in which the model mill is located, has the characteristics of
a shortgrass prairie that has veen subjected to heavy grazing pressure. Grasses consist mainly
of blue grama and buffalo grass. Sagebrush and rabbitbrush also occur.

The minor community type consists of riparian communities along the reservoir and river in the
central portion of the region. These are dominated by cottonwoods and willows. Some areas
contiguous to the river are planted with vegetable crops.

Fauna
Common marmals of the region include ground squirrels, jackrabbits, least chipmunks, deer mice.
: kangaroo rats, badgers, and coyotes. Important game species in the region include pronghorn

antelope, mule deer, desert cottontail, and blue grouse. Six to eight herds of antelope, with 6
to 20 individuals in each herd, inhabit the central and southern portions of the region. Mule
deer inhabit the ponderosa pine and Douglas fir forests in summer and move to the foothills
during the winter. In addition to native mammals, about 20,000 head of cattle graze in the
region. About 50 hectares (ha) (125 acres) of range are required to support one cow with calf,
or five sheep. — £ %)
125 16z
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Table 4.7, Soil Properties at the Model Mill Site i
|
|

Property valuc
Slope range 0%
Soil depth 10 - 50 om
Dominant surface texture Fine sandy loam '
Subsurface texture Fine sandy loam |
Permeability 1.4 » 1077 - 4.2 = 10”% cm/s :
Wind erodibility group 3 ]
Bulk density 1.36 g/em? |
Total porosity 49% |
Available water holding capacity 0.3 - 0.36 cm water/cm so1) !
pH 7.8 - 8.2 :
Lalinity 0.86 mmoh/cm at 25°C |
Cation exchange capacity 10 - 15 m.e./100 g
Chemical constituents
Available K 200 ppm
Bicarbonate-soluble P 1 ppm
Organic matter 0.8%
Exchangeable sodium, percentage 2 |
water-soluble B 0.6 ppm |
Available Se 0.03 ppm |
Nitrate 1.0 ppm |
DTPAP-extractable: Cu 1.4 ppm :
Fe 85 ppm |
Mn 65 ppin l
In 7 ppm |
Extractable Mo 0.2 pom |
Trace elements (total, ppm) |
Arsenic 0.5 .
Beryl]ium 2 .
Boron 2 |
Cadmium Z
Chromium 50 ‘
Fluorine 100 !
Mercury 0.02
Manganese 150
Molybdenum 2
Nickel 35
Lead 24
Selenium ¢
Vanadium 30
Uranium 6 |

dgequires at Teast two measures to control wind erosion, Erodibility is
about 86 tons/acre/year from an isolated, level, unsheltered, wide, and
bare field with a noncrusted surface (D. G. Craig and J. W. Turelle,
“Guide for Wind Erosion Control on Cropland in the Great Plains States,”
U. S. Dept. of Agriculture Soil Conservation Service, July 1964,

bDiethyunetrimmmnuacctic acid.
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A diverse bird population exists in the region, with the greatest diversity in riparian and
montane communities north of the mode! site. The prairie falcon (on the Federal 1ist of
threatened species) nests in the region; one falcon eyrie is on the rim € tne High Plateau in
the southern portion of the region, and another is on a rock face cliff in the foothills north
of the reservoir, %o other threatened or endangered vertebrate species occur in the region.

4.9.1.2 Site Characteristics

For purposes of impact evaluation, it is convenient to describe the site at the ecosya.em level.
This allows data obtained under the U.5. International Biological Program (IBP) to be utilized,
thus providing “baseline” information over a three-year period.*® Relevant ecological character-
istics of the model site are listed in Table 4.8, Vegetation is dominated by blue grama and
buffalo grass. Small mamnal biomass, dominated by the thirteen-line ground squirrel, can vary
from 35 to 960 grams 1ive weight per hectare (35 to 960 g/ha, or 0.5 to 14 oz/acre) over a
three-year period (perhaps as a function of drought).? The diet of the small mammal populations
on the mode) site consists of herbage (25-33%), seeds (6-13%), and invertebrates {€1-651). Less
than 10% of primary food production on the site, but essentially all of the invertebrate food
source, is utilized, Food reserves are concluded to be marginal and severely limiting to small
mammals at certain times, and the site (as weli as the region) is at maximum carrying capacity.

Table 4,8. Site Ecosystem Chancterisucs"

Characteristic ValueF

Primary production® 5.3 = 10% J/ha
Primary consumption 2.5 « 107 J/ha
Seed production 1.2 « 10°% J/ha
Seed consumption 3 = 107 J/ha
Secondary production 5.9 « 107 J/ha
Secondary consumption 5 « 107 J/ha
small manmal biomass® 35-960 1ive wt. g/ha
Avifaunal biomass .

Passerine spec}u 160170 g/ha (270-390 individuals/km’)

Raptor species 0.6-3.6 g/ha (0.06-0.2 individuals/km*)

3nata derived from J. A. Wiens, “Pattern and Process in Grassland Bird Com-
mynities," Ecol. Monog. 43:237-270, 1973; and N. R. French, W. E. Grant,
W. Grodzinski, and D, M. Swift, “Small Mammal Energetics in Grassland Eco-
systems,” Ecol. Monog. 46:201-220, 1976.

bbau for production and consumption of biomass are usually expressed as grams
dry weight. For use in studies on tics, biomass values were converted
to energy units using the following equivalents: herbage = 8.1 kcal/q dry
weight; invertebrates * 5.8 kcal/g dry weight; seeds = 4.4 kcal/q dry weight,
Data in the above references (footnote a) were expressed as kcal/ha; the
values in this table have been converted to jcules as fullows:

kcal = 4.184 < 10° = J,

Cpominant vegetation 15 blue grama and buffalo grass.

c‘(:tmsistim; primarily of four species: northern grasshopper mouse, deer
mouse, Ord kangaroo rat, and 13-1ined ground squirrel.

€Consisting primarily of horned lark, western meadowlark, lark bunting,
McCown's longspur, and Brewer's sparrow.

ft'.cmsist.mg primarily of golden eagles and marsh hawks.

*Methods for data collection and a system analysis approach to the study of grassland écosystems
are described in French et al.? Some )liberties were taken in applying the IBP data for a
shortgrass prairie biome to the mode] mill site described here; however, since the model site
is described for illustrative purposes only, exact replication of the I8P data was not con-

sidered essential. o b - [.
' 1 1
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Bird species on the site are upland plover, common nighthawk, mourning dove, horned lark, west-
ern meadowlark, lark bunting, grasshopper sparrow, Brewer's sparrow, McCown's longspur, and
chestnut-collared longspur.” Horned larks, the dominant bird species on the model site, feed
chiefly upon seeds, beetles, and ants. Of the raptors known to frequent the site, the most
abundant are golden eagles and marsh hawks; these large birds prey on small mammals. In genera),
composition of bird populations at the site is stable from year to year, although annual and
seasonal variations occur in the densities of most species. Densities of avifauna are shown in
Table 4.8, It was concluded from the IBP study that the total energy flow through bird pupula-
tions in grasslends, and thus on the . del site, is very small.

4.9.2 Aquatic

As shown in Table 4.9, the major contributors to primr{ productiga in Tributary River are
periphytic algae in the upper third of the river and filamentous green and blue-green algae and
periphytic algae in the middle and lower thirds. In the lower third this production is supple-
mented by some macrophytes (pondweeds). Primary production in the impoundments and reservoirs
results from the growth of planktonic and periphytic algae and some macrophytes (cattails and
plume grass) along the margins.

Table 4.9, Aquatic Plants and Invertebrates of the Model ﬂegion'

Tributary River
Species Upper Third Middle Third Lower Third Reservoirs

Primary Producers
Planktonic green ll?u x
Filamentous green algae
Filamentous blue-green algae %

Blue-green algas » x
Diatoms x x X X

Pondweed
Cattails x
Plume grass x

Invertebrates (present in all areas)
Mayflies
Stoneflies
Caddisflies
Dragonflies
Midges
Damselflies
Craneflies
Beetles
Waterstriders
Backswimmers

- S ——

Auxr indicates group present,

First order secondary production (macroinvertebrates) in Tributary River is dominated by popula-
tions of mayflies, stoneflies, beetles, waterstriders, backswimmers, damselflies, dragonflies,
craneflies, midges, blackflies, and other dipterans (Table 4.9). Higher order secandary pro-
gu:;im‘\ ggish) varies with aquatic habitat. Fish species found in the region are )isted in
able 4.10,

4.70 SOCIDECONOMIC PROFILES

4.10.1 Demography

In general, the aggregated area of the mode! site and mode! region is sparsely populated. The
current population s 57,300, with & density of 2.8 persons per km' (7.38/mi-), as shown in
Table 4.11, There is no major metropolitan center within 80 km (50 miles) of the mill site, but
about 69% of the population of the aggregated are: are town dwellers. The largest city, West,
has a population of 22,000. It is about 80 km (50 miles) west of the mill (Fig. 4.1). East
City, about 50 km (30 miles) east of the mili, !;ns a population of 13,000. There are four towns

2% 165
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Table 4.10. Fish Species in the Model Renga

Tributary River

Impoundments Ephemeral

Species Upper Half Lower Half & Reservoirs Streams
Fathead minnow x® X x X
Creek chub X X
Speckled dace x X .
Red dace x
Lengfin dace X
Longnose dace s x
Red shiner x X X x
white sucker X x %

Flannelmouth sucker x x
Longnose sucker X X
Rainbow trout % X X
Brown trout X X x
Cutthroat trout X
Carp x x
Channel catfish X x
Yellow bu'ihead X X
Black bullhead x X
Walleye X X
Bluegill sunfish x %
Green sunfish X X
Warmmouth X X
Largemouth bass x
Mottled sculpin X

Colorado squawfish x

%y indicates species present.

Table 4.11. Population Change in Urban and Rural Areas in the
Model Region, 1960-1976

1960 1976
Distance . Density, Percent
from Mill, Area, persons/ Increase,
km Urban Rural Total Urban Aural Total km* km+ 1960-1976
0-40 1,250 670 1,920 1,500 700 2,200 5,020 0.44 15
40-80 31,460 16,100 47,560 38,000 17,100 55,100 15,080 3.65 16
0-80 32,7170 16,770 49,480 39,500 17,800 57,300 20,100 2.85 16

A1he distance from 0-40 km from the mill represents the mode] site; from 40-80 km represents the
mode! region excluding the site; and from 0-80 km represents the aggregated area.

in the model region with populations ranging frou 500 to 1500. The three towns in the model
site all have populations of approximately 500. The only permanent residences within 20 km

2\2 miles) of the mii) are two ranches--one 2 km (1.2 miles) to the NE and the other about 10 km
6 miles) to the ENE.

Population growth during the periou 1960 through 1976 is shown in Table 4.17. The urban popula-
tion increased 20%, compared with an increase of 5% in rural areas.

4.10.2 Economy

The region is primarily agricultural, principally ranching and hay production, with an industriai
center located in West City. Employmenit levels within the labor force range from 36% for mixed

]
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Northern European Americans to 262 for Native Americans (American Indians). Poverty is the
most common among Native Americans (about 40%1), and the least common among the mixed Northern
furopean Americans (14%). During the period 1960 to 1976, per capita income in the aggregated
area iIncreased 90%, from $2260 to $4860. This increase was 1.45 times greater than the national
rate. As shown in Table 4,12, approximately 62% of the families earned less than $10,000 in
1970; whereas only 30% currently have an income of less than $10,000 (1976 dollars).

The current labor force in the aggregated area is 20,800. The average unemployment rate in 1976
was 5.9%, appreciably lower than the national average of 7.7%. About 60% of the employment is
associated with government, services, wholesale, and retail trade sectors, About 135 of the
employees in nonagricultural pursuits worg in the mining sector {Table 4.13). The national
average is 0.9%. West City is the regional retail and wholesale trade center; there are 45
wholesale and 280 retail establishments w.th annual sales volumes of $26 million and $70 million,
and employing 230 and 1600 people, respectively.

Table 4.12. Family Income Distribution
in the Model Region

Percent of Percent of
Family Income Families, 1970 Families, 1976
Less Than $2000 7.6 38
$ 2000 - $ 2999 5.9 2.5
$ 3000 - § 4999 12.9 6.1
$ 5000 - § 6999 13.8 6.9
$ 7000 - § 7999 1.6 3.6
$ 8000 - § 9999 14.6 7.4
$10000 - $1199% 12.1 7.8
$12000 - §14999 11.6 157
$15000 - $19999 8.2 19,4
$20000 - $24999 2.8 13.0
$25000 - $49999 2.4 15.1
$50000 or more 0.4 2.3

Table 4.13. Employees in Nonagricultural
Employment, 1975

Sector Percent
Manufacturing 5.6
Wholesale and retail trade 21.0
Government 28.5
Services 14,7
Transportation, public utilities E.4
Finance, insurance, real estate 3.4
Coriract construction 9.8
Mining 12.6
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§.10.3 Sociocultural Characleristics

In the 16th century, the region was inhabited by two major Indian tribei. The Alpha tribe,
composed of tribaliy organized agricultural villages, was indigenous tr the area. The Beta
tribe moved into the area somewhat later. The Betas were nomadic, ha.ing a specialized ecoromy
based on bison hunting. The Spanish began exploring, and then settling, the area in che 17th
Century. By the late 18tk and early 19th Centuries settiers primarily of Northern turopean
descent moved into the region. The nes tettlers eventually displaced the Spanish populatiors
and took control of the region.

The ea~1iest settlers in the region experienced some initial conflicts with local Indian groups,
particularly with members of the nomadic Beta t/ be. By the mid-19th century, both the Beta and
Alpha were assigned large reservation tracts, and the economic base of both groups shifted
towards cattle snd sheep productior.

The current population of the model region reflects the three principal cultural traditicns:
Kative Americans (Indian), constituting 4% of the population, Hispanic Americans 14T of the
population, and mixed Northern European Americans. Approximately 98% of the people reside in
single-family housenolds, The average household size is 3.3 persons; however, family sice
varies both within and among the populations of the three traditiyns.

A majority, but not all, of the Natiie Americans live on two India: reservations in the region.

The Alpha Indians live at the West: . a Reservation. Traditionally, these people exhibit a strong

desire tc maintain a sense of “c  wnitv." The Beta Indians live at the Eastern Reservation, ,
They are highly family oriented, denti ‘ying strongly with other families to which they are |
linked through marriage.

Hispanic Americans include people of Spanish-Indian and Mexican descent. The majority of the
Hispanic people speak Spanish as their mother tongue and Tive within a close extended family
unit.

The mixed Northern furopesn Americans that are numerically predominant in the area are descendants
of the 19th century Eurgpean and eastern United States settlers., Within contemporary communities,
aspects of the predominant culture or lifestyle (e.g., German, Scandinavian, Pennsylvanian) may
still persist. The ranchers of th region reprecent a separate subgroup and tend to be younger
mer who are upholding a family tradition of ranching.

4.10.4 Political Orcanization

The county is governed by a three-member Board of Commissioners elected by popular vote to work
with the state in enforcing tne lTaws and sharing responsibilities of highway construction and
repair, social scrvices, and various other services and to serve as the governmert for the
rural, unincorporated areas wiiltin the region. Pursuant to state law, municips'ities select the
structure of their government according to the population size of the community.

Political structures of the Alpha and Beta Indian reservations are distinct. The governmental
structure of the Alpha tribe incorpurates a governor, lieutenant governor, and a council of 12
members who are popularly elected. The council strictly controls the civii affairs of the
reservatior. The Beta tribe is governed by a general council viat consists of all males 21
years and over who reside on the reservation. They select a six-member business council that
conducts the necessary administrative and law enforcement activities,

4.10.5 Services

« Medical Care. There are four hospitals in the region. The largest is a 200-bed county
hospital in West City; a hospital/clinic with 35 beds is located in East City; and there is one
clinic/hospital on each Indian reservation. A1l of these facilities have an 80% occupancy rate
and could accommodate a small increase in use.

+ Education, The region contains two public school systems. The West City system includes
all towns north of Tributary River and transports children to a central junior-senior high
school in West City. The East City system includes all towns south of the river and transports
children to a junior-senior high school in East City. These systems can each accommodate
another 50 students, provided that the elementary-aged studesnts are well distributed among the
available classrooms. There is a branch of the state university in West City and a junior
¢ollege in East City. The average educational level varies from 9 to 12 years.

« Municipal Services. The municipal sewage and water systems in East City could provide
services to an additional 25 families; West City has capabilities for servicing another 50
families. All other families living in the model region have septic tanks upd private wells.

T .
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Both East and West Cities provide municipal police and fire services that are adequate for
present populations. Volunteer fire departments handie county and community needs in the other
areas of the region. Police protection (full or part-time) is available in other communities.
In addition, there is some protection through the sheriff's department.

4.11 ARCHECLUGICAL, HISTORICAL, ESTHETIC, AND RECREATIONAL RESOURCES
4.11.1 Archeological and Historical

The sequence of cultural traditions reflected in the archeological finds in this region is
presented in Figure 4.4, Evidence of the earliest occupants in this area is very scanty., A
pre-projectile~point horizon (ca. 40,000 B.C.) is present. A few cultural remains dating from
the following period associated with the hunting of big game have been uncovered along the rim
of the Wide Plateau in the southern portion of the region. By 7000-8000 B.C. small band-level
societies began to exploit a much wider range of plant and animals located in varying ecosystems.
Archeological sites are typically fcund in caves located in the southern bluff area and along
the river/creek floodplains.

Between 10" B.C. and A.D. 400 the subsistence base shifted to cultivation of crops as maize,
beans, anc © sash, although some hunting and piant collecting continued to be of importance.
Sedentary viliages that included individual pit-houses, jacals (stone or adobe houses), and
multistoried buildings of stone or adobe masonry were common, and several sites of this type
have been found along the Tributary River and in the southern parts of the region. Between
A.D. 400 and 1000, a well-defined regional subtradition more heavily based on agriculture
developed. This culture can be traced through archeological remains to the Alpha tribes still
inhabiting the same area. The remains of one large town developed between A.D. 1000 and 1300
has been identified in the western part of the region.

Several centuries prior to Spanish exploration of the region, members of the Beta tribe moved
into the northeastern portion of the region. Settlements were temporary; small villages com-
posed of related nuclear families and sites were located near to rich hunting areas and pasture.
Sites are most often located on ridge tops and along drainage areas.

Locations of the few significant archeclogical finds reported within the model site are shown in
Figure 4.5.

4.11.2 Esthetics and Recreation

The estnetics of scenery play an integral role in determining how viewers perceive the environ-
ment. Because the model region exhibits such diverse landscape, its esthetic attributes are
numrous. The Morthern Mountain Range dominates the northern part of the area, with rugged
terrain, coniferous forests and secluded valleys. Farther south the mountains taper off into
acres of nonforested land that ¢ entually leads to the Open Plains in the central part of the
region. Shifting sands on the plains form dunes, and within depressions between the dunes there
are many ephemeral lakes and ponds. The Open Plains end at the base of Wide Plateau. The
Plateau's rim is a deeply eroded rock formation which stretches across the southern end of the
region.

The potential for recreational use and development in the model region is high. Present recrea-
tional activities include varied use of wilderness end rimitive areas enclosing the summits of
the northern mountain range and National Park bar _ .nt v and fishing in Tributary River and

Lake and in all of the region's northern lakes . ams, 2nd beaver ponds. Lakes and reservairs
along Tributary River also provide beaches *iyi .. .itic. for boating, swimming and water skiing.
There is some hiking and camping along w ne 5 up the rim of the Wide Plateau, and wilder-

ness rides on jeep trails and rock hourn 4 )ar uctivities across the Wide Flateau.
Hunting is a major recreational activit  nroughe.. e region.

The model site lies almost entirely in the Upen Piains ane ™'y the northern and southern tips
give way to more diverse landforms. Thus the scenery is le 4iverse than in other parts of the
region, but the model site still has high potential for rec =2} development. The Tributary
River is probably the most heavily used tourist attraction.
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DATES

Plains
1500- Late Village

1000- Tradition Tradition

- [T T

3000~ Middle
4000- Tradition

10,000- Hunting
Tradition

Pre-Projectile-Point Horizon -

Fin. 4.4 Archeological Sequence for the Model Region. (Modified from G. R. Willey,
An Introduction to American Archae logy. Vol 1, North and Middle
ica,” 1966; J. D. Jennings, "The Desert West." and W. W. wedel, “The
Great Plains.” The last two sources appear in Prehistoric Man in the
New World, University of Chicago Press, 1964
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4,12 EXISTING RADIATION ENVIRONMENT--NATURAL AND MAN-MADE*

The preoperational radiation envirorment, or background radiation, originates from natural and
technologically enhanced sources. Natural background includes cosmic, cosmogenic, and terres-
trial radiation, as well as radiation from inhaled radon. Technologically enhanced radiation in
the model region is chiefly a result of fallout from weapons tests. A gypsum mine and a coal
mine in the area are expected to be negligible sources of radiation. Medical irradiation is not
commonly classified as background radiation, but it does represent a significant source to which
the public is regularly exposed. For example, the mean active bone marrow dose to adults from
diagnostic X rays is about 100 mrem/yr.* A summary of the background radiation doses to the
population of the model region from various natural and man-made sources, exclusive of diagnostic
X rays, is given in Table 4.14. In Sections 2 through 4 of Appendix C these sources are dis-
cussed in more detail and the large variability of those that occur naturally is noted.

Table 4.14. Annual Dose Equivalent from Backaround Radiation

Tissue Dose Equivalent, mrem

Bronchial
Radiation Source Whole Body Bone Lung Epithe)ium
Cosmic 54 54 54
Cosmogenic 1 1 1
Terrestrial (external) 62 50 62
Terrestrial (internal) 21 522 21
Inhalation «1.0
Radon daughters
Ranch house 560
Mud-1ined huts 1100
Trailer home 150
Fallout 4.5 30
TOTAL 143 187 144 560°

%This is the estimate for bone surfaces. The dose equivalent to compact bone from internal
emitters is approximately 115 mrem.

t’Based on residency in a ranch house., The basis for these doie estimates is described in
Appendix C, Section 3.
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*The basic assumptions used in establishing values for the existing radiation environment in the
model region, as well as a discussion of the basic concepts of radiclogical terminology used in
this and subsequent sections, are given in Appendix C.




5. MODEL MILL

A "model mi11" based on features typical of uranium mills in operation in the early 19°Us 1y
described in this chapter. The characteristics, operating procedures, processes, and effiuents
of the model will were derived from data for existing mills as described in technical literature
and varijous environmental reports and statements.'=!% The basis for source term sstimates ic
given in Appendix G-1. (A plot plan of the model mill is shown in Figure 5.1,) Tne model mill
concept serves two basic functions: (1) it provides a means of assessing the environmental
impact of the model region and the mode] site (described in Chapter 4); and (2) it serves as a
base case for evaluating the environmental impacts of alternative methods of effluent control
and tailings management. The model mill features a relatively low level of environmental control,
which in some respects represents & lower level of control than that currently used at U.S.
mills. The environmental impacts of the model mill are described in Chapter 6. Alternatives
are described in Chapter 8 and their jmpacts in Chapter 9.

Depending on the chemical characteristics of the ore, conventional yranium mills employ either
the acid-leach process coupled with solvent extraction or the alkaline-leach process coupled
with caustic precipitation for the concentration and purification of leached uranium. These
processes are most common in the inuustry at present, and this situation is expected to continue
for the period of interest. As of 1976, mills employing the acid leach process represented 821
of the total U;0, production capacity of the conventional milling industry; mills with alkaline
leach circuits accountec far the remaining 18%. In view of the preponderance of acid-leach
milis, the model mill will employ the acid-leach process (Fig. 5.2), The alkaline-leach process
is described in Appendix B. The major impacts from the alkaline-leach process are not expected
to be significantiy different from those of the acid-leach process.

5.1 PRINCIPAL MILL OPERATING CHARACTERISTICS

The model mill is to have an ore-processing capacity of 180G MT (2000 5T) per day, the averane
milling rate of the 16 conventional mills in operation in 1976.' The grade of the ore to be
processed by the model mill during the period from the present to the year 2000 is expected to
average 0.15%, The current grade is taken to be 0.167, and source term estimates in Section
5.3, as well as the radiological impact assessment, are based on this value. The ore is to be
transported from the mine to the mill by trucks with an average load of 23 MT (25 ST) over an
average hauling distance of 50 km (30 miles). The ore is stored on ore pads with a total area
of 8 « 10" m¢ ?20 acres) for a siean storage time of ten days. For the purpose of computing
environmental impacts, the model mill 1s assumed to be operated 365 days a year and have a tota)
sork force of about 160. With a uranium recovery efficiency of 937, the average annual production
is about 920 MT (1000 ST) of U.0.. If the product is 901 U:05, the yellowcake production rate
is 1000 MT (1100 ST) per year at full capacity. The yellowcake is shipped by truck in 55-gallon
drums; each contains a maximum of 430 kg (950 1b) of yellowcake, and up to 40 drums are carried
on each truck. The principal operating characteristics of the model mill are summarized in
Table 5.1,

Sufficient supplies of the chemicals used in the milling process (see Table 5.2} are maintained
at the site to ensure continuous mill operation. Typically, 20- to 30-day supplies of sulfuric
acid and anhydrous ammonia are kept on hand. Sulfuric acid usually is shipped by rail and then
transferred by tank trucks to the mill; anhydrous ammonia is delivered by truck.

5.2 MILL WASTES

A number of radiocactive and nonradicactive wastes are generated by the processing of ora in the
model mill. The tailings represent the bulk of both radiocactive and nonradinactive wastes,
With the exception of the recovered yranium and some process losses, tailings account for practi-
cally all of the ore solids and the process additives, including water. Tach day the model mill
nerates 1800 MT (2000 ST) of dry tailings slurried in water to about 50° solids by weight
?:¢nsity about 1.6 g/cm’) and sent to a tailings retention system. On the average, 301 of the
tailings liquid is recycled for use in the milling process, so that the net consumption of water
is 1260 MT per day (i400 ST/day). Tailings are usually classified as: (1) sand, consisting of
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Fig. 5.2. Flow Diagram for the Acid-Leach Process. (Modified from

“A Study of Waste Generation, Treatment and Disposal in
the Metals Mining Industry,” Midwest Research Institute
for U.S.

Environmental Protection Agency, EPA No.
68-01-2665, October 1976.)



Table 5.1. Summary

Parameter

of Principal Operating Characteristics of the Model Mill

-

Ore process rate

» ‘erage ore grade (i U,0;)
Current

From present to year 2000

Ore activity, U-238 and each daughter
in secular equilibrium (0.164 U.0g)

Ore transport

Ore hauling distance

Ore pad area

Ore storage time

Operating days per year

Manpower requirements

Uranium recovery (extraction efficiency)
Product purity

Average annual production (0.155 U,0,)

Yellowcake transport

Ury solid waste generated (tailings)
Tailings density (slurry)

iross water flow to tailings pond
Tailings pond water recycled

Net water consumption for tailings slurry

Area of milling facility (excluding tailings
pile)

Area of tailings impoundment
Extra unused land

Total aree owned by milling operation

5-4

Value

1800 MT per day

0.16%
0,15:

450 pCi/a

Haulage from mine to mill by truck (23 MT
average load per truck)

15 to 80 kin (50-km average)
8 ha

+ 10 days |
3657 days

+ 160 employees

93

0% V40,

920 MT U0, or 1000 MT yellowcake
Shipment in 55-callen drums by truck, cach
drum containing a maximum of 430 kg of
yellowcake; 40 drums carried per truck
1800 MT/day

1.6 g/em?

300
1260 M1 /day
50 ha

|
]
|
|
|
J
1800 MY/day |
|
|
|
:
100 ha !

150 ha |

%n axsessin? local radiological impacts, the mill is conservatively assumed to operace at 1003
capacity. In computing continental health impacts from the entire industry, mills are assumed
to operate at 85% capacity to determine realistically the number of mills that will be operating.

solids greater than 200 mesh (+75 microns), (2) slimes, consisting of solids less than 200 mesh
(=75 microns), and (3) liquids, which are solutions of chemicals from the ore and process reagents.
For the model mill, slimes are taken to constitute 35L of the tailings, by weight, and to contain |
853 of the radicactivity. The chemical and radiological properties of the dry tailings solids 1
and of the tailings liquid waste generated by the model mill are listed in Table 5.3, |
|
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Table 5.2, Additives for Acid-Leach Process

Quantities,

Additives kg/MT ore
Sulfuric acid 45.0
Sodium chlorate 1.4
Ammonia 1.1
Flocculant 0.06
Amine (long chain) 0.015
Alcohol 0.04
Kerosene 0.45
Iron (rods for grinding) 0.25

When discharged from the mill, the slurried tailings material is pumped through steel or plastic
pipes to an impoundment (tailings pond). The tailings pond initially is a square basin formed
by building low earthen embankuwents. The tailings slurry from the model mil® is discharged into
the tailings impoundment via a peripheral discharge system. Because the location of the slurry
discharge pipe 1s moved on occasion to keep the tailings area fairly level, areas of the tailings
dry out intermittently. As the basin is filled, the coarse fraction of the tailings (sands) is
used to raise and broaden the embankments. The embankments are compacted on the outer side to
provide strength.

The initial earthen embankment is assumed to be 3 m (10 ft) high, 3 m (10 ft) broad at the top,
and 15 w (50 ft) broad at the base with each side 947 m (3100 ft) long at the centerline. The
final embankments would be 10 m (33 ft) high, 13 m {43 ft) broad at the crest, and 53 m (174 ft)
at the base; the initial centerline Jength would be uncnanged. [he volumes of the initial and
final embankments would be 102,000 m’ (133,000 yd*) and 1,250,000 m® (1,630,000 yd?), respectively.
The total tailings dispesal area is around 100 ha (250 acres), of which 80 ha (200 acres) contain
tailings; 20 ha (50 acres; are covered by water, 10 ha (25 acres) are maintained "wet" during
operation; hence, 50 ha (125 acres) are dry during operations. After milling operations cease,
the tailings are allowed to dry sufficiently to accommodate heavy equipment. The ultimate depth
of the tailings pile is calculated to be about B m (26 ft). The tailings will dry out over a
period of some years and will be subject to dusting until natural revegetation occurs. Under
these circumstances, the exclusion fence is considered to be maintained by the mill operator for
an indefinite period of time. A description of the construction and operation of typical tailings
ponds is presented in Appendix B.

The mcdel mill is not designed to process low-grade ores (<0.04% U:0g). Uranium from such low-
grade ores can, however, be extracted by heap leaching (see detailed description of the operation
in the Supplement) near the mine site or at low-grade ore dumps.'® The resulting enriched
solution (0.06 to 0.1 g Us05/L) is collected and processed at the leaching site by solvent
extraction and prectpitat?on with ammonia. The crude precipitate is then shiprped by truck ta
the model mill for further processing. In cases where the dumps can be located reasonably near
the mill, the acid solution from the mill circuit is used for heap leaching, with the enriched
solution being returned to the mil) circuit for processing. The uramium recovery from heap
leaching is expected to range from 50 to 80%, resulting in a final tailings material of around
0.01% U405 content,

Shipment ot enriched solutions or precipitated slurries from heap leach operations to the model
mill 1s basically an inte:aittent operation and, at such times, the regular ore throughput in

the model mill will have to be decreased accordingly so as not to overload the processing circuits.
Consequently, the model mill is considered to maintain its fixed yellowcake production rate of
1000 MY (1100 ST) per year. Contributions from heap leach operation to overall yellowcake
production in the model mill is expected to be modest.

For the purpose of this generic assessment, the hecp leaching operation conducted in conjunction
with the model mill may be assumed to involve low-grade ore piles occupying an aggregate land
area (near the mine mouth) of approximately 14 ha {35 acres) at any given tiwe.

More complete discussion of uranium milling is presented in Appendix B.
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Table 5.3. Chemical and Radiological Properties
of Tailings Wastes Eensnwl by the
Model Mill

Parameter Value

Dry Solids

UsOs, wt % 0.011
U nat, pCi/g 63
Ra-226, pCi/g 450
Th-230, pCi/g 430

Tailings Liquid

pH

Aluminum, g/L
Ammonia, g/L
Arsenic, g/L
Calcium, g/L
Carbonate, g/L
Cadmium, g/L
Chloride, g/L
Copper, g/L
Fluoride, g/L
Iron, g/L
Lead, g/L
Manganese, g/L
Mercury, g/L
Mciybdenum, g/L
Selenium, g/L
Sedium, g/L
Sulfate, g/L
Vanadium, a/L
Zinc, g/L
Total dissolved solids, g/L
U nat, pCi/L
Ra-226, pCi/L
Th-230, pCi/L
fh-010, pCi/L
Po-210, pCi/L
B81-210, pCi/L
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3Based on:

« M.B. Sears et al., "Correlation of Radicactive
Waste Treatment Costs and the Environmental
Impact of Waste Effluents in the Nuclear Fuel
Cycle for Use in Establishing as Low as Prac-
ticable Guides--Milling of Uranium Ores,"”
ORNL-TM-4303, 1975.

« "WIN Reports on Uranium Ore Analysis,” U.S.
AEC Contract 49-6-924, various reports
7 January 1957 through 10 July 1958,

« "United States Mineral Resources," Geological
Survey Professional Paper 820, 1973.

+ "Mineral Facts and Problems," U.S. Bureau of
Mines Bulletin 667, 1975.

ba picocurie of natural uranium (U nat) weighs
1.5 ug and contains 0.49 pCi each of U-238
and U-234, and 0.023 pCi of U-235.




5-7

5.3 EMISSION SOURCE TERMS

5.3.1 Nonradicactive

Major sources of nonradivactive contaminants are the ore storage pads and the tailings disposal
area, as well as roads and other areas disturbed by heavy equipment. In addition, effluents
originate from various processing areas in the mill; the sources and rates of these emissions
are given in Table 5.4,

5.3.2 Radioactive

The sources of radioactive airborne effluents from the model mill are described briefly below

and summarized in Table 5.5. More details of their calculation are given in Appendix G-1.

These releases represent what the staff considers to be an upper bound or “worst case” situation
for the model mill. Available technology and management procedures described in Chapter 8 would
be expected to reduce substantially the guantities of radicactive material released from modern
milis. Thearadintion dose commitments which result from rcleases from the model will are described
in Section 6.2.8.

Two types of radiciogical effluents are considered ir this analysis--particulates and radon gas.
The source. of particulates of sufficient magnitude to warrant consideration are: (1) the
initial stages of milling, including ore storage, feed, crushing and grinding; (2) the final
production stag: of yeilowcake drying and packaging; and (3) the mill tailings or waste residue
from the previous operaticns. Radon gas is released from the ore as processing begins and from
the stored taiiings, but not to any significant e..ent from the yellowcake operations. Effluents
from mining and from transpcrtation of the ore to the site are not included.

Table 5.4. Emissions Generated Daily by the Model Mil1®

Emission Emission Source Daily Rate
Ore dust Ore storage & crushing/grinding 3.4 kg
U0, Product drying and packaging 0.7 kg
Tailings dust Tailings pile 1080 kg
Organic solvent (92% kerosene) Soivent extraction ventilation system 70 kg
Sulfur dioxide and sulfuric Acid leach tank vent system 1 kg
acid fumes

50; Burning of fuel oil 22 kg
N0, Burning of fuel oil 5 kg
Domestic se\vageb Washrooms, showers, etc. 30,000 L
ssumes use of acid-1ears = ..exs. Values have been normalized for a 1500 MT/day mill on

the bacis of avera- <+ i3ssions reported in environmental reports and environmental impact
statements for ., ious existing mills.

bbomestic sewaq will undergo treatment prior to discharge.

5.4 VIEWS OF TYPICAL URANIUM MILLS

To provide general background for reading this document, Figures 5.3 through 5.10 provide views
of actual mills, mil) operations, tailings piles as well as several open pit uranium mines.

)
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Table 5.5. Radioactive Emissions Generated by the Model Mil11? ‘

___Particulates, mCi/yr

Ra-226,
U-238, Pb-210, Radon-222,
Enission Source U-234 Th-230 Po-210 Cily
Ore storage pad® 1.08 1.08 1.08 z
Ore crushing and grinding 0.28  0.28 0.28 107
Yellowcake drying & packaging° 72 3.6 0.14 Negligible ;

Tatlings pile 14 190 200 7000 :

%The bases for suurce term estimates are given in Appendix G-1.

bﬂote that because of the short half-life (3,82 days) of radon-222, very little of the 7100 Ci
of that radionuclide released during a year will be present in the environment at the end of
that year. Equilibrium between the rate of radon release (roughly 1 Ci/hr) and its rate of
radivactive decay is established relatively quickly. Thereafter, releases at a constant rate
miv:lent to 7100 Ci/yr will result in only 107 Ci of Rn-222 existing outside the source at
any time.

“Total mass relsased from all ore operations is estimated to be 1.9 grams per metric ton
processed, or 3.4 kg/day, with a specific activity 2.4 times the average specific activity
of the ore.

"Toul mass released frow yellowcake operations is estimated to be 0.7 kg U.0g/day.
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6. ENVIRONMENTAL IMPACTS

6.1 INTRODUCTION

This chapter contains the analysis of the environmental impacts that would occur up to the year
2000 from uranium milling operations in the model region if few mitigative measures were
employed. This constitutes analysis of the "base case" of environmental control represented by
the model mill described in Chapter 5. The model mill features a relatively low level of
environmental control, which in seme respects represents a lower level of control than at
current mills.

Primary emphasis is given to impacts that are generic in na*ure. Many of the impacts from
uranium milling are highly site-specific and no attempt 1  made, therefore, to analyze them in
great detail, they must be evaluated for each mil] as is done through environmental statements
prepared in connection with individual mill licensing actions. The evaluation in this document
is intended to characterize the nature and extent of the impacts that will result from a typical
mill. To do this, a range or upper limit for site-specific impacts is presented. To illustrate
the significance of these predicted values, they are compared with applicable regulations and
standards such as (1) limits on radioactive exposures expressed in standards of the EPA

covering the nuclear fuel cycle (40 CFR 190) and in NRC radiation protection standards

(10 CFR 20), (2) EPA air quality standards, and (3) EPA water quality standards.

Environmental impacts are described for two cases: (1) a single mill, and (2) a cluster of
mills. In the latter case, the intent is to evaluate the cumulative impacts that may resu't in
a realistic worst case situation which might occur in a region of intensive milling activivy in
the year 2000. Specifically, a cluster of 12 mills, each equivalent in capacity to a

1800 metric ton (MT), or 2000 short ton (ST), per day mill, is considered.

The analysis in Section 6.2 of the environmental impacts of a single mill is based on the model
mill (Ch. 5) situated in the center of the model site (Ch. 4), as illustrated in Figure 6 1

The impacts are evaluated for three periods: (1) during construction of the mili, (2) during
operation of the mill, and (?) after operations cease. The impacts considered are divided into
eight categories: (a) on air quality, (b) on topography and land use, (c) on minera) resources,
(d) on water resources, (e) on soil resources, (f) on biota, (g) on the community, and (h)
radiological impacts. As mentioned above, the mode! mill does not employ mitigative measures
(such as tailings burial, site revegetation, etc.) which are in use or planned at some existing
mills; however, the base case is developed to provide a method for illustrating the reduction
of impacts that can be achieved by various means as described in the evaluation of alternatives
of Chapter 9. The evaluation of the impacts identifies the source and magnitude of the major
impacts, assesses the relative significance of th: impacts, and indicates critical areas o-
uncertainty.

The analysis of a cluster of mills presented in Section 6.3 is based on 12 mode] mills sited
near the center of the model! region; the locations are chosen to be ~zonsistent with the
descriptive geology of the site (Sec. 4.3), that is, the mills are located near the uranium
mines (Fig. 6.2). It is assumed that the mills are constructed in phase so that at most two
will be under construction simultaneously, however, for a brief period all 12 will be operating
simultaneously. This situation is analyzed in a manner analogous to the single mill case; the
same areas of potential impacts are evaluated, with emphasis on instances where the multiple
mill impacts are different from the single mill case.

For both the single and multiple mill assessments, impacts on (1) individuals living near a
®ill and (2) general populations in a milling region are explored. However, these assessments
indicate that enly radiological and socioeconomic impacts extend beyond the mode! region.
Continental radiological effects from the inhalation of radon are presented in Section 6.4.

The staff can make only qualitative remarks that the socioeconomic effects of uranium milling
beyond the regional boundary are very small (even in the 12-mi)] case) and largely untraceable,
in view of the fact that uranium milling is a very small segment of the national economy .

773 188
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6.2 SINGLE-MILL IMPACTS

6.2.1 On Air Quality

6.2.1.1 Construction

The principal impact on the air quality of the mode]l site during mill construction would be an
increase in suspended particulates as a result of heavy equipment operation. During dry periods
and when wind speedc are high fugitive dust concentrations would approach or exceed short-term
federal limits in the immediate vicinity. However, no measurzble impacts would be expected
outside of the mode! site.

In order to illustrate the magnitude of impacts on air quality, it is estimated that at a dis-
tance of 1000 m (3300 ft) from the construction area the maximum average annual concentration

of suspended particulates caused by the project would be less than 15 pg/m3.  This would be a
less than 50% increase in dust above background levels. This estimate 1s based on application
of the methods of Turner! to the assumptions that approximately 32 ha (80 acres) would be
disturbed by heavy equipment at any given time and that during heavy equipment operation, dust
releases would be 4.5 kg/ha-hr (4 Tb/acre-hr).2 The dust release thus would total 6.7 x 10¢
kg/month (77 tons/month). Drilling, blasting, and related activities would also contribute to
fugitive dust releases on a sporadic basis but would not change substantially the annual average
concentrations

€ 2.1.2 Operation

The major operational impact upon the air quality of the mode! site would be an increase in
suspended particulates as a result of releases from the tailings piles, the ore pads, and a
small amount from the yellowcake dryer, as well as dust raised by vehicles moving on unpaved
haul roads. Since dusting from the hau! roads is dependent upon road conditions, vehicle
traffic, and wind conditions, only an estimate of increased dust loadings can be made.

The increase in suspended particulates that would result from the tailings pile, the ore pads,
and the yellowcake dryer is estimated to be less than 10 pg./m® at 1000 m (3300 ft) from the
center of the tailings pile, in addition to the present 35 ug/m® background concentration.
Increased dust loadings that would result from traffic on the haul roads are conservatively
estimated by assulin? steady traffic on 25 km (15 miles) of haul roads with dry surfaces. The
average dust release’ would therefore be 5 x 104 +9/month (60 tons/month), resulting in an
average annual increase of approximately 12 .g/m® at 1000 m (3200 ft) from the roads. The
total suspended particulate concentration (57 pg/m*) at the 1000 m reference location would be
near the limit in some States, such as wWyoming, of 60 ug/m®. The particulate concentration
increase attributable to operations at the mill itself would be less than 1 pg/m? at the
boundary of the model site.

Additional impacts upon the air Guality would result from the gaseous emissions of kerosene,
NOx, SO,, and sulfuric acid mist from the mill processes. In order to illustrate the magnitude
of these impacts, concentrations of these emissions at 1000 m (3300 7t) and 25 km (75 miles)
from the mill center are given in Table 6.1. These concentrations would be well below back-
ground levels, and the concentrations off the mode] site would be too low to be measurable.

Table 6.1. Calculated Maximum Annual Average Concentrations of
Airborne Effluents from the Mode) Mill

Concentration Concentration U. S. Standard,?
Effluent at 1000 m, pg/m? at 25 km, pg/m? ug/m3
502 ] 7x10°4 60
NO, 0.2 3x 1074 100
Kerosere 3 4 x10%

ANatioral Primary and secondary Ambient Air Quality Standards, Federa)
Regisier, Vol. 36, No. B4, 20 April 1971 a—
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6.2.1.3 Postoperational Impacts

The principal impact on air quality after cessation of milling activities would be the blowing of
sand from the tailings area. Because the entire tailings surface would be dried, and thus subject
to dusting, impacts would be greater during the postoperational period than during the operational
period. It is estimated that until the area revegetated, which would takc sz eral years in the
semiarid model site, the maximum average annual increased particulates downwind of the abandoned
tailings pile would be 35 pg/m*.

6.2.2 On Topography and Land Use

6.2.2.1 Construction

Construction of the model mill would result in land being removed from its previous use as range-
land and instesd being committed to industrial use. Land occupied by the mill and tailings
retention system and by power lines, access roads, parking lots, ore storage piles and septic
leach fields would amount to about 150 ha (375 acres). At least an equal amount of land adjacent
te buildings, roads, etc., wouid be disturbed by construction vehicles or would be used for
construction-related activity. The total acreage directly impacted during construction would
thus be approximately 300 ha (750 acres). In many cases, construction activities would entai!l

changes in the topography of the land, e.g., digging of ponds and pits and erection of embankments.

6.2.2.2 Operation

During operation of the mill, there would be increased wear on the surrounding landscape by man
and machinery. As milling progressed, more acreage would be taken up for tailings disposal,
storage piles, and access roads and right-of-ways. Ouring operation, about 50 ha (125 acres) of
land would be devoted exclusively to milling and allied activities, and about 100 ha (250 acres)
eventually would be devoted to tailings storage.

Offsite laiid could be impacted by blowing tailings, reducing to a small extent the grazing poten-
tial of such land. More specifically, light contamination of the upper surfaces of soil at
average leve) greater than 5 n(i/gm of radium is estimated to extend about 400 meters past the
tailings piie in the downward direction. (See Appendix G-4; inferred from Figure G.4-9.) [t is
likely that this contamination would become concentrated above 5 pCi/gm in certain areas, such as
in low spots in the surrounding terrain, where runoff collects or windblown particulates might be
deposited. Concentrations above background could extend for as far as one km past the piles
edge. The aerial extent of wind blown soil surface contamination above 5 pCi/gm of radium might
involve as much as about 25 ha. These estimates of contamination are consistent with some recent
field research data gathered at an active mill and measurements taken at inactive mil] sites.

The extent to which land uses would be preciuded would depend upon concentration levels and
depths of mixing. It is estimated that, except for localized areas which would concentrate
contamination, gamma levels would reduce to a level of 5 uR/hr a short distance from the piles

edge.
6.2.2.3 Postoperation

During the postoperation period, impacts on the topography of the site would continue unless
careful consideration of topography had been incorporated into plans for reclamation of the mill
site. Most of the 50 ha (125 acres) dedicated to milling activities could be returned to other
uses after operations cease, but the 100 ha (250 acres) devoted to the tailings impoundment would
remain unavailable Indeed, since the tailings wou'd not be covered, the unavailable area would
probably be extend:d by the deposition of windblown contaminants, unless natural revegetation
were to successfu'ly stabil.ze the pile.

6.2.2.4 Summary

For an uncovered tailings pile at a model miil the major land use impact would be the permanent
commitment of about 100 ha (250 acres) of rangeland to tailings disposal. Most aspects of land
use for uranium milling are similar to those of other milling industries, but the radioactive
character of uranium mill tailings poses special problems of long-term land use control. These
concerns are discussed in Chapter 10.

6.2.3 On Mineral Resources

6.2.3.1 Construction and Operation

The construction of the model mill would not affect the quality or eventual exploitation of any
mineral resource.
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In addition to uranium (the mist valuable mineral resource in the area), other mineral resources
likely to be foun¢ in the region are coal, ail, and gas.

6.2.3.2 Postoperation

If the mill and tailings impoundment had been situated in the area of the model site with the
lowest potential for mining, extraction of ore elsewhere in the area would not be hindered. On
the other hand, the potential for further dispersion of tailings would limit postoperational
mining activities in the areas occupied by the mill facilities and tailings impoundment.

Metals of commercial interest could include uvanium, thorium, radium, scandium,” molybdenum,
vanadium, copper, and selenium. The mode! tailings pile, above grade with no cap, would aliow
' for easier recovery of these metals.

6.2.4 On Water Resources

There are two basic types of water resources considered in impact assessments: (1) surface
water (that water on the surface of the earth, such as in lakes and rivers) and (2) groundwater
(that water occurring below the surface of the earth in the zone of saturation). The impacts
on these two types of water resources in the model region are discussed in the following subsec-
tions for the base case. The base case includes an unlined tailings disposal area. A
sensitivity analysis is carried out for groundwater impacts by varying the important parameters
over an appropriate range.

6.2.4.1 Surface Water
6.2.4.1.1 Construction

. Construction of mill facilities on the mode! site would alter the surface drainage of a small
' portion of the area drained by ephemeral streams. During construction the tota?! drainage from
the site would flow into these streams, resulting in minimal damage to adjacent areas.

Impact to surface water guality from construction would be primarily due to erosion of surface
materials. Construction activities would expose soils (fine sandy loam) to wind and surface
water runoff, which would erode and redistribute soil particles, many of which would ultimately
be deposited in low-lying areas. During periods of rainfall and following snowmelt, resuspen-
sion of this material would increase the concentration of suspended sediments in the surface
waters to levels slightly higher than normal. Some of the particulates probably would settle
onto the stream bed; the rest of the material would remain suspended and be carried into the
small stockwatering impoundments downstream from the site (Fig. D.1 in App. D). These impound-
ments would act as settling basins for most of the particulates; however, some material
originating from the site might reach Middie Reservoir on Tributary River. The increase of
suspended solids in the streams directly draining the site would be slight, and increases in
Middle Reservoir and Tributary River would probably be undetectable.

6.2.4.1.2 Operation

During operation of the mill, seepage from tailings ponds could add heavy metals, suspended
solids, radioactive contaminants, and soluble salts to surface waters. Three routes of contami-
nation might occur as a result of this seepage:

| }. Seepage water from the tailings pond could intercept the aquifer and contaminate the
groundwater (Sec. 6.2.4.2). This contamination would eventually reach Tributary
River and degrade surface water quality during pe 'ods of base river flow.

- 2. Seepage water couid form pools downgradient from the tailings ponds. Consiv -ation

; of the transport time and concentration data for the seepage pools (Sec. 6.2.4.2)

‘ indicates that the trace materials in the pools wouid have the same initial composi~
tion as the tailings pond. This surface water would be subject to a high rate of
evaporation, which would result in a concentration of the soluble ions as the volume
of seepage water decreases. During periods of local precipitation and spring runoff
this contaminated water might reach ephemeral streams and eventually Tributary River.

3. During dry periods ser age water might reach the ground surface and be subject to a
high evaporation rate, which would result in salt deposits. These areas would be
exposed to surface runoff during periods of precipitation (March to Seplember),
during which time the precipitates again would be subject to dissolution and
transport, resulting in a pulse of contaminated water reaching the river. Depending
on the amount of materials in the runoff and the dilution capacity of the existing
stre:nflou. the water quality of the stream on rare occasions could reach toxic
levels.
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Rainstorms in the model region which prod.c» 28 m*/s (1 x 10® cfs) peak streamflows (return
period of 5 to 10 years) and 2.3 x 102 m*/s (B x 10% cfs) (return period . ou years) would
cause runoff to resch Tributary River.* These peak "low. would result froa runoff or lateral
movement of water through the soil and into the stream bed. This water wovement on the surface
of the soil or through the soil interstices would transport dissolved salts (contaminants) from
seepage areas and areas where these contaminants accumulate through ~ind (spersal. The
elements most likely t> be transported are zinc, selenium, and arsenic (Table 5.3, Ch. 5). A
small risk would exist for producing poor water quality in the ~‘ver.

6.2.4.1.3 Postoperation

Seepage from contaminated groundwate~ would not bo likely to reach the spring at stock watering
impoundment [ until B0 years after mill operations have ceased (Appendix E), after which time
the spring water entering impcundment | would contain materials from the tailings pond. Seepage
from the tailings pond would cease after the tailings dried out by evaporation. During this
period, the water quality of the impoundment would depend on the amount of dilution water
available (which is a function of time of year), precipitation, and runoff. Water quality will
range from acceptable levels when the amount of dilution water available from runoff and stream-
flow is high, to conditions in which water quality standards might be viclated when the stream
is dry and no dilution water is available, at which time concentrations could approach 95% of
that found in the tailings pond. (The Environmental Protection Agency criteria for water
quality for livestock and wildlife are given in Table 6.2.)

Approximately 300 years after mi)l operations have ceased, contaminated groundwater would reach
Midd'e Reservoir (Appendix E). For the 100 years following this, contaminated groundwater
wou14 continue to €ater the reservoir. Because of the long time span, the frontal length of
the diffused groundwater/reservair surface water interface, and volume of dilution water, no
detectabie changes i surface water quality would be expected in the reservoir.

The possibility that runoff from the tailings might contaminate surface waters was considered,
but the erfect was found to be even more inconsequential than those considered above.

6.2.4.1.4 water Use

Surface water use in the mode! mill region is principally for stock watering and irrigation.
Process water for the mill would be obtained from geep production, and small volume wells in
the alluvial aquifer would be used for domestic supply. No surface waters would be used in
mill operatiuns, and therefore there would be no impacts on use of surface water.

6.2.4.2 Groundwater

The impacts of uranium milling operations on groundwater are generally site-specific ‘because
of regio’ 1 and local variations in geclogy and hydrology) and thus are difficult to di:~uss on
a generic _asis. For illustrative purposes, however, a set of geological and hydrological
characteristics has been assumed for the model region (Ch. 4), and in this section, impacts to
groundwater are assesse* on the basis of those characteristics.

The efiects of mining on groundwater can be fairly extensive and in many cases logically cannot
be separated from the effects of nearby milling operations. (For instance, water containing
contaminants from leakage at several Wyoming uranium tailing ponds collects in deep cpen-pit
mines only a few hundred meters away ) For the model mill, however, it is assumed that the

mines will be sufficiently far from the tailings pond to have no effect on tailings pond
seep. 4 .

Current methods of predicting movement and dispersion of contaminants do not permit accurate
determination of impacts ci groundwater All of the many mathematica)l models in use include
mars simplifying a<sumptions that limit the degree of accuracy of the results. Laboratory data
or rites of mevewent of contaminants are meager and generally related to specific subsoil
types. Among the reievant cortaminants, results to date show a wide range in ion movement
rates--from dissolved sulfate and uranium, which move at about the same velocity as water, to
thorium, which essentially becomes “fixed" on soil particles and does not move. If these
limitations are kept in mird, however, the methods used to determ -~ groundwater impacts in the
mode! region (App. E) can be used to assess impacts at actual sites.

y B 102
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Table 6.2. EPA Criteria for Water Quality®®
Livestock Wildlife
Constituent Consumption Consumption
pH % 6.0 - 9.0
Alkalinity o 30 - 130
As 0.2 yue
Be No Limit o
B 5.0 whn
Cd (wg/L) 50 wan
Cr 1.0 o
Cu 0.5 el
fe No Limit s
Pb 0.1 =s
Mn No Limit "
Hg - Inorgar‘c {pg/L) 1.0 0.5 ug/g
in fish
NO* 100 combined ==
")3 and mt

NO? 10 -
Se 0.05 e
In 25 o
Microorganisms 5000 coliforms/100 mL 2000/100 mL

average of a minimum of

two samples per month;

20,000/100 mL individual

sample
Fecal coliforms 1000/100 =L average of a 20007100 mL

minimum of two samples
per month; 4000/100 mi
individual sample

Same as Federal Drinking -
Water Standards

Radioactivity

3ource: "Quality Criteria for Water," EPA 440/a-76-0.23, July 1976.
Dcriteria are given in mg/L unless otherwise indicated.

6.2.4.2.1 Construction

Aquifers would not be disturbed and the tailings pond would not be operative during
construction, thus groundwater would not be affected.

6.2.4.2.2 Operation

By far the greatest impact to groundwater resulting from operation of the model mill would be
from seepage from the tailings pond. The model mill would contain an unlined tailings disposal
area. Calculations of the seepage rate and resulting groundwater contaminaticn are given in

ix E. It is indicated from the calculations in Appendix E-1 that the seepage rate from
the unlined tailings pond would be 2.2 x 10% m®/yr (110 gpm). With more permeable subsoil
conditions, seepage would not be much greater pecause the net inflow to the tailings pond from
the mi1l would be 4.6 x 10% m3/yr (230 gpm).

The rate of movement of liquid seeping from the tailings pond, as determined in Appendix E-2,
would be 3.7 m/yr (12 ft/yr) downward from the tailings pond; the first seepage would thus
reach the water table at 25 m (82 ft) depth in about seven years. After spreading radially
downward and outward from the center of the tailings pond to a parabolic bulb of 1000-m
(3300-ft) radius (22 years after mill operations start), the seeping liquid would move down-
g;gion; (;.mrds the north, Fig. E-2.1, App. E) at an average velocity of about 80 m/yr

(260 ft/yr).
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The principal contaminants in the acidic tailings pond liquid would be radium, thorium, sulfate,
iron, manganese, and selenium. (The concentrations of dissolved contaminants in the seeping
liquid are calculated in Appendix E-3.) In spite of the initial presence of radioactive
materials in the seepage, no radioactive contamination of groundwater wiuld be expected during
or after mill operation. After 15 years of mi!l operation, radium, the most common and mobile
radionuclide, would have advanced only about 0.3 m (1 ft) below the bottom of the tailings

gond. (Thoriun, a common radionuclide in the tailings water, would have penetrated less than
1 m (0.3 ft).

The acidic seepage water would be completely neutralized as it advanced through the subsoil.
Many ions held in solution in the acidic tailings pond water would tend to precipitate out, and
other jons would undergo ion exchange in the subsoil and be removed from solution. The only
contaminant fons expected to remain in the seeping water are sulfate, iron, manganese, selenium,
and possibly calcium, sodium, and some trace elements, such as lead and arsenic. Conservative
estimates of the concentrations of major contaminants which would reach a ranch house well 2 km
(1.2 miles) downgradient are listed in Table 6.3. The concentrations of \Ton, manganese,
sulfate, and selenium could exceed the U.S. Public Health Service maximum permissible
concentration.

In addition to seepage directly under the pond, it is postulated that a small amount [< 1 L/s
(< 15 gpm)] of tailings liquid would seep under the tailings impoundment and leak out at the
north side of the dam (Fig. E-2.1, Appencix £). The concentrations of contaminants are also
given in Table 5.3. The seep is postulated to begin about one year after mill operations com-
mence and last until the operations cease. The impacts of this seepage on water resources are
described in Sectios 6.2.4.1.

6.2.4.2.3 Postoperational

It was indicated above that nu radicactive contaminants would have reached the water table at a
depth of 25 m (80 ft) after 15 years. After mill operations ceased, no more water would be
added to the tailings pond, and “he tailings would dry out. During the postoperational period
an advancing front of seepage water containing nonradioactive contaminants (including 2000 mg/L
sulfate, 10 mg/L iron, 5 mg/L manganese, 32 mg/L selenium, and possibly other metals in dilute
concentration) would extend about 2000 m (6600 ft) in width and be moving downgradient (toward
the north) at an average velocity of 80 m/yr (260 ft/yr). In this analysis, contaminant concen-
trations have been calculated on the assumption that there would be no latera) dispersion, this
is a conservative assumption in that it resulis in overestimation of downgradient concentrations
of contaminants. As these contaminants disperse downgradient, their concentrations would be
reduced. After about 360 years seepage water would ultimately discharge into Middle Reservoir,
reaching a maximum concentration of less than 6.5 mg/L iron after 400 years, and gradually
diminishing to background concentration during the following 40 years. Sulfate, manganese,
selenium, and trace metals would be reduced in comcentration as shown in Appendix E and

Table 6.3. Perhaps the greatest impact would occur at Reservoir I, 8 km (5 miles) downgradient
from the tailings pond. Because of sporadic rising of the water table as a result of locally
heavy precipitation, groundwater might seep into surface waters, causing perennial reaches in a
normally ephemeral stream. Tailings pond seepage water would reach this surface outlet after
100 years, with iron reaching a maximum concentration of 9.5 mg/L after 125 years and dropping
to background concentration after 150 years. Other contaminan® concentrations at Reservoir 1
are shown in Table 6.3,

After mill operations cease, seepage from the tailings would be substantially reduced because
of the cessation of discharge of water from the mill. It is shown in Appendix E that the
permanent seepage rate caused by precipitation (consisting of relatively Eure water) falling on
the uncovered, abandoned tailings would be about i.12 x 10% m®/yr (4 x 105 ft3/yr), about 5% of
the rate during the 15-year operational period. A smal) degree of radioactive contamination of
groundwater would occur after about 1500 years, a small degree of nonradioactive contamination
would occur continuously, but the concentrations of contaminants would decrease with time.

6.2.4.2.4 Vvariation of Parameters for Groundwater Seepage

It should be emphasized again that the predictions given above are based on 2 set of hypothe-
tical geological and hydrological characteristics postulated for a mode] mil) site. The values
given in the predictions were derived from the use of rathematical models described in

Appendix E. Because a wide range of geological characteristics occur at actual sites, this
analysis is intended ror illustrative purposes only. To illustrate the range of effects
expected, a sensitivity analysis for parcameters used in assessing groundwater impacts is
presented in Table 6.4. The effects on denendent variables caused by changes in independent
variables are shown in the table. The maximum and minimum values of tie independent variables
are believed to represent a reasonable range expected for the environs of uranium mill sites in
the six U.5. regions in which uranium mining occurs.
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Table 6.3. Concentration of Major Groundwater Contaminants

Mill Ranch Well,  Reservoir 1,  Middle Reser-

5 tffluent to Seep at Base 2 km Down- 8 km Down- voir, 30 km

Contaminant U. S. MPC Tailings Pond of Tailings Pond gradient? gradientC Downgradientd
pH (units) 6-9 2 {neutralized) —

Iron (mg/L) 0.3 1,000 10 10 9.5 « 6.5

Mangarese (mg/L) 0.05 500 5 5 4.7% « 4.25
Sulfate (mg/L) 250 30,000 2000 2000 1950 + 1306
Selenium (mg/L) 0.01 20 32 32 30 « 21
Radium {pCi/L) 5 400 (reduced to background) -
Thorium (pCi/L) 2000 150,000 {reduced to background) -
Other trace - (up to 100 x (appreciably reduced) .

metals background )

3, 5. public Health Service maximum permissible concentration.

b?mhos maximum concentration at 45 to 55 years.

Creaches maximum concentration at 125 years.
diluchcs maximum concentration at 400 years.

01-9




Table 6.4. Sensitivity Analysis for Variables Used in Groundwater Impacts (maximum and minimum values show range
reasonably expected within tne six physiographic regions)

independent Variable (cause) Dependent Variable (effect)
Subsetl Downgragtent
e Mydrogeology ~ Wydrogeochemistry  Meteorology Effects Effects (Reservoir !)
mm Time for Max i
Conductivity Mear Mean Ra Movement Maximum  Concentration
Water Distribution Anngal  Annual Seepage 15 years Conc. to Se at
Table Mspersivity  Coefficient Percent Ppt. fvap. Rate (m below Res. | Res. |
L Ky Slope (ay) tm) (Kg) {miyg) Cal0y {em) {m («10% m*/yr]  tatl, pond) (yrs.) (mg/L)
B [t R
Base laze 107 ) 2.0 0.26 128 30,
Maximum 10 ¢ < 19 1%
Minimum 10-* t 3 »12,500 »
Base Case 15 2.2 0.2 128 30
Mo x imam 10~ 6.57 % ¢ 12*
Mo imum 19°7 0.03 0.002¢ 3 90
Base Case 0.002% 0.26 135 30¢
Max iy 0.025 ¢ € 30 20
i mm 0.001 € t 500 Ed)
Base Case 5 2.2 0.26 125 30
Mo x tom 500 ¢ ¢ E%) 20°
Minimus 0.0% € g ¢ 32
Base Case 10 2.20 0.26 128 30
M x| mum 1,000 < 0.0026 ¢ (3 -
LIES e 1 ¢ .60 < 3 x
Base Case 1 2.20 0.26 128 k] o
Max o L] € c ¢ c
Minimum 0.1 c < [3 C,
Base Case 3 2.20 0.26 125 30
. Max {mum 15 1.3 < - 3
Mintoum 90 1M B c 30
B:ie Case 1.5 2.2 0.2 12% D;.
Mok i 1.8 1.97 € ¢ 5
M0 i mum 1 2.8% 3 (3 25"

Ahe s:cﬂﬂuu of this parameter in adequsting assessing groundwater teepage rates Is questionable, particularly in casernous |imestone or
Tava flows.

PGispersivity is extresely hard to determine and few fieid date are available.
“Vartation of independent variable does not change dependent variable.
‘Incrnsc in Ky increases downgradient velacity, which increases dispersion, which couses decreass in concentration.
“Increase in K, decreases Quyap which changes residual concentration.
'lumu in slope increases downgradfent velocity, which increases dispersion, whic/ causes decrease in concentration,
Sncreased dispersion decreeses downgradient concentration, bul spreads the cantamination over a longer time.

ter contamination by radium does not occur becduse water table is at 25-m depth.

e e e

<} 'Subsot) sti11 has adequate neutral’ring capacity to completely neutralize advancing seepage.

D jhtmu in precipitation results i, larger concentration in the residual tailings pond Iiguid. '

Lnd “Incease in evaporation increases the concentration in the residual tatlings pond 11guid. P B
Falentum concantration changes because residual concentration chenges in pond because of Cthanging evaporation ard precipitation.
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The analysis given here is a simplification of a complex hydro?cologic situation, Many
variables are interdependent and cannot be assigned as being either dependent or independent.
An example is the seepage rate, which is affected by changes in evaporation and yet also causes
changes in evaporation. [n additien, only changes in the effects of a given variable on one
other variable are treated in this analysis. In nature these parameters are interrelated in
complex ways. For instance, an increase in the vertical hydraulic conductivity (which brings
about an increase in the seepage rate) is generally associated with deep water tables (which
Tessen the likelihord of radicactive contamination) and with higher horizontal hydraulic
conductivity (which increases the downgradient velocity and dispersion).

Only the independent variables believed to be most important in terms of groundwater impacts
are listed in Table 6.4, Some variables, such as depth to water table and porosity and thick-
ness of subsoil, were not evaluated. The effects of variation of the chemistry of the tailings
pond liguid are discussed under four surface water impacts (Ch. 9). The dependent variables
were chosen as being indicative of groundwater contamination, In spite of the limitations cf
this study, a cursory inspection of the table shows that some independent variables have a
nrofound effect on the dependent variables chosen to illustrate groundwater contamination. An
increase in the vertical hydraulic conductivity brings about a moderately large increase in the
seepage rate and a la increase in the distance radium moves into the subsoil. However, the
concentration of selenium is lowered radient. Changes in the horizontal onductivity
cause profound changes in the time of arrival of contaminants downgradient. ine wide range in
the distribution coefficient of radium brings about a directly related change ‘n the distance
that radium moves. The variations of water table slope, dispersion coefficient, percent CaC0y,
and meteorological parameters do not cause very large changes in the dependent variables.

6.2.4,2.5 water Use

Operation of the model mill will result in the use {loss to evaporation, seepage and entrainment
in the tailings pile) of about 4.6 x 10° m® (1.2 x 10® gallons) of water annually. However,
because process water for milling operations will be obtained from the Jarassic sandstone
aquifer, no additional impact to groundwater will result from process water withdrawals. Most
of this water [about £0% or 2.8 x 10° mi/yr (7.4 x 107 galions/yr)] will be consumptively lost
into the atmosphere via evaporation from the tailings pond. Because dewatering of the aguifer
for mining will lower water levels in the aquifer only locally, the groundwater supplies of the
nearby towns, 32 km (20 miles) and more distant from the milling and mining locality, will not
be impacted. This is due to the large volumes of groundwater in storags in the alluvial aquifer
and the relatively low withdrawal rates. Even if process water were pumped from the shallow
aquifer the water uyse patterns at a distance of 32 km (20 miles) would not be adversely affected,

6.2.4.2.6 Summary

by selenium, sulfate, manganese, and iron that would limit the use of groundwater as a drinking
supply in a belt 2000 m (6600 ft) wide. The concentrations of these elements in this ground-
water zone would exceed the U.S. MPC. The parameter variability study indicates that the
hydraulic conductivity and distribution coefficients are the variables causing the widest range
in variation of the dependent variables chosen to represent groundwater contamination impacts.
A similar sensitivity analysis for the Jeffrey City, Wyoming, tailings pond showed that varying
the distribution coefficient was most effective in changing groundwater contamination predic-
tions.® Several variables which could be significant but which are conservatively not
considered here are lateral and vertical dispersion. Including these would decrease concentra-
tions in the predicted seepage plume. Alternatives for reducing this impact are discussed in
Chapter 8. The model mill will consume about 4.6 x 10° m? (1.2 x 10% gallons) of water
annually; most of this water will be lost through evaporation.

i
|
’ The principal impact of the unlined pond of the model mill on groundwater would be contamination
1

The limitations of the assessment of the groundwater impacts for the base case are a result of
the site-specific nature of hydrogeologic processes. The basic type of subsoil encountered is
the dominant parameter upon which all predictions of groundwater contamination rest, because its
geologic character determines the hydraulic conductivity and the distribution coefficients.

6.2.5 On Soils

Impacts to soil, aithough of concern in any region, are of particular importance in arid and
semiarid regions, where the rate of soil formation is very slow and wh. = the potential for wind
erosion is high. The major impacts of the model mill on the soils of the site ard region are
described in this section, based on the soil characteristics aiven in Chapter 4, on actual data
from operating mills, and on model mil] effluent characteristics described in Chapter 5.



6.2.5.1 Construction

Construction of the mill would permanently remove about 150 ha (375 acres) of the model site's
soils from rangeland productivity. It is assumed that the topsoil removed during construction
would be stored; however, topsoil storage does not automatically ensure that productivity of
the stored material is retained. It is also likely that much of this material would be lost
because of wind anc water erosion during the 20 or more years of storage. Productivity would
be lost on an additional 70 ha (200 acres) during the construction (and operation) period.
Construction of the mill would cause no major impacts to soils outside the mogel site.
(Increased grazing by animals displaced from the construction site probably would cause some
small additional soil compaction and erosion in the areas to which the animals move.)

6.2.5.2 Operation

During operation of the miil, impacts to soils of the site would result from chronic seepage of
solution from the tailings impoundment, and from deposiiion of windblown tailings. Seepage and
other releases of tailings solution would result in loss of organic matter from the soil,
leaching of nutritive ions from the soil exchange complex, and eventual salinization of the
soils. A soil is said to be salinized when a saturation extract exceeds a conductivity measure-
ment of 4 mmhos/cm at 25°C. Salinized soil cannot support other than salt-tolerant plant
species. Most rangeland species can tolerate salinities up to 8 mmhos/cm;® beyond about

12 mmhos/cm, the vegetation becomes largely unpalatable to cattle. Soil structure is destrcyed
under saline conditions, which increases the erosion hazard. Copious amounts of fresh water
would be required to flush the saits from the soil, and since rainfall in the area is low,
reclamation of salinized areas would be difficult.

In the analysis of seepage from the unlined tailings pond on the model site (App. E) it is

| assumed that there would be no upward movement of seepage from the tailings pond; in that case,
no adverse effects to soils would occur except as a result of the small surface seepage of less
than 1 L/s (15 gpm) at the north end of the pond. This seep would contain 2000 mg/L sulfate

| (Table 6.3), and would affect an area of 1.3 ha (3.2 acres). After 20 years, the sulfate

concentration in the soil, assuming & 50-cm (20~inch) soil depth, could reach as high as 14%.

At this high concentration, salt crusts would accumuiate on the soil surface, no vegetation

would be likely to grow, and the soil would be susceptible to erosion.

Deposition of windblown tailings can change the physical and chemical characteristics of soils.
At an operating mill near Jeffrey City, Wyoming, samples of surface soils downwind of an active
l tailings pond were lower in pH, higher in total salt content, and had higher concentrations of
sulfate, nitrate-nitrugen, sodium, and arsenic than soil samples taken farther away from the
pile along the same transect.® In a few cases, these changes can be beneficial, e.g., higher
nitrogen and sulfur content of the soil would lead to better vegetative growth, particularly in
soil low in organic matter. The majority of the changes, however, are likely to be adverse,
e.g., soil salinization (high total salts), alkalinization (high sodium), and decrease in pH.

The acid-leach milling process results in the release of sulfur dicxide to the atmosphere. In
the atmosphere it normally undergoes chemical transformation to the sulfate ion, which even-
tually is brought down to the soil surface by rainfall. The average sulfate ion concentration

in the troposphere is 2 pA~p3.® the calculated maximum annual average concentration of sulfate
jon from mil)l operation at a distance of 1000 m (3000 ft) downwind from the building would be

1 ug/m® (Sec. 6.2.1.2), assuming that all the 50, emitted would be converted to the sulfate

fon. These emissions would thus add about 50% more sulfate ion to the soil than would be brought
down normally by rain. These additions to the soil would tend to increase soil fertility.

Soils of the region outside the mode] site would not be affected by will operation.
6.2.5.3 Postoperation

Much of the soil removed from 150 ha (375 acres) during construction of the mill buildings and
the tailings impoundment and subsequently stored during mill operation would be lost through
erosion during the 20-year storage period. That material remaining could be placed as earth
cover to aid revegetation during reclamation procedures, The additicnal 70 ha (200 acres) of
5011 disturbed during construction and operation probably could return to productivity within
five years if proper revegetation procedures were followed. No additional soil losses or impacts
would occur after operation ceases, unless previously undisturbed soils were removed for reclama-
tion of the mine or mill sites.

A R R R R R .



6.2.5 4 Summary

The n{'or impacts to soils of the model site would be lToss of soils on about 150 ha (375 acres)
and salinization of about 1.3 ha (3.2 acres). These impacts can be considered either as an
acceptable trade-off for electric power or as an irretrievable loss of long-term rangeland
productivity.

6.2.6 On Biota

The major nonradiological impacts to biota that may arise during construction and operation of
the model mill and during the postoperation period are described in this section. The analysis
was based on the characteristics of the model site as described in Chapter 4 and on actua)l data
from operating mills.

6.2.6.1

6.2.6.1.1

Terrestrial
Construction

Impacts to the terrestrial ecosystem of the model site during construction are summarized in
Table 6.5. Construction of the mill would result in a 0.05% reduction in the total rangeland
production on the model site. The loss of smal)l-mammai biomass on the 220 ha (550 acres) altered
by construction would include 200 to 1200 ground squirrels, deer mice, grasshopper mice, and
kangaroo rats. These animals would be destroyed or die rather than simply move to nearby undis-
turbed areas--their home ranges are relatively small,” and according to the U.S. I8P data ®
invertebrate food reserves in a shortgrass community are marginal; thus the terrestrial communi-
ties surrounding the construction area would already be at their maximum carrying capacity. The
significance of these losses to the regional ecosystem is beyond present assessment capabilities;
however, these losses would be =‘milar to those from construction of other industrial or commer-
cial fnstallations in the same area and involving the same amount of land.

Bird populations, including an endangered species (the prairie falcon), would be impacted by the
loss of rodents serving as food sources for raptors, by loss of seed sources, which comprise
about 30% of food sources for nongamebirds of the site, and by luss of invertebrates, which
comprise 70% of the diets of dominant bird species. In addition, loss of vegetation would reduce
the available nesting habitat.

The larger mammals (cattle, sheep, and pronghorn antelope) which no longer had access to the site
would graze offsite, thus increasing to a small extent the grazing pressure in the region. Since
the number of these animals would be relatively small, about five cows or 25 sheep, the effect on
regional grazing or rangeland would be small  Pronghorn antelope would probably be unaffected by
mill construction, since they do not compete intensively with cattle, preferring browse and forbs
rather than grasses.® Adverse impacts to the antelope would result from increased highway or
road accidents and increased hunting pressure from construction workers.

windblown dust from construction operations would be deposited on vegetation, leadina to a
decrease in photosynthetic activity, a decrease in primary productivity, and an increase in
toothwear of grazing animals. These effects, although not quantified, would be minor relative to
the total loss of rangeland productivity from the 220 ha (550 acres) disturbed.

6.2.6.1.2 Operatior

Biota could be a fectvo as a result of seepage of potentially toxic elements from the tailings
impoundment, or from purposeful or accidental releases of tailings solution outside the impound-
ment, These substances, which originate in the uranium ore, include radionuclides (discussed
in Sec. 6 2.8), selenium, molybdenum, manganese, vanadium, and nitrate. If these potentially
toxic elements are released, or seep, from the tailings pond, they could reach animal drinking
watsr sov-ces. The drinking water concentrations above which these elements and ions are toxic
to livestoux, and presumably also to wildlife, are listed in Table 6.6. In some cases concen-
trations exceeding the recommended limits for some of these elements have been found in the
ground and surface waters in the vicinities of actual mines '9'!'! The surface seep from the
northern end of the mode! mil] tailings impoundment would contain potentially hazardous
concentrations of such chemicals as lead, arsenic, and selenium (see App. E-3). Domestic
animals and wildlife drinking exclusively from this seep might suffer acute or chronic selenium
poisoning. '* However, access by domestic animals to such a seep could be easily restricted.
This impact will be minor.
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Table 6.5 Site Biotic Losses Due to Construction of a Single Mil1®

Biotic Element Quantity Lost

Primary production 1.3 x 10° GJ

Seed production 2.8 x 10° GJ

Secondary producticn 5.9 GJ

Smal) mammal biomass® 7.9 x 103 grams to 2.2 x 10° grams
Livestock 5 cows or 25 sheep displaced

Large mammals 3 to 5 pronghorn antelope displaced
Avifaunal biomass® 3.9 x 10 grams

3yalues based on data from the U.5. 1BP shortgrass prairie community (see
Section 4.9.1.2), Jased on a total of 230 hectares of land disturbed.

hConsisting primarily of four species: northern grasshopper mouse, deer
mouse, Ord kangaroo rat, and 13-1%ned ground squirrel.

“Consisti primarily of horned lark, western meadowlark, lark bunting, and
McCewn's Tongspur.

Table 6.6 Recommended Limits for Concentrations of Elements and lons_in
Livestock Drinking .ater Sources Above Which Toxic Effects May Occur

Element or lon Recommended Limit, mg/L
Aluminum 5
Arsenic 0.2
Boron 5.0
Cadmium 0.05
Chromium 1.0
Copper 0.5
Fluerine 2.0
Lead 0.1
Mercury 0.0 b
Mo1ybdenum uncertain
Nitrate 100
Nitrite 10
Selenium 0.05
Vanadium 0.1
linc 25
Tota) soluble salts 5000

3compiled from "water Quality Criteria, 1972," National Academy
of Sciences for U. S. Environmental Protection Agency,
EPA-R3-73-033, March 1973,

bTo:(icit.y is influenced by many factors. Natural surface waters
rarely contain over | mg/L (see "Water Quality Criteria, 1972%).

These toxic elements could also be ingested through the food chain. The soils of the site are
mainly sandy loams with relatively low cation-exchange capacity (Sec. 6.2.4.2) and thus would
have little retention capacity for sume toxic cations. In addition, although absorption of an
element by the soil exchange complex would tempcrarily exclude it from entering the groundwater,
it would not exclude it from entering the food chain via uptake by vegetation. The accumulation
in forage vegetation could be toxic to herbivores. The availability of these inne for plant
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uptake is mainly dependent on the ionic form of the element, which in turn is partly a function
of the pH of the scil solution. In the normally alkaline milieu of the site soils, elements
such as iron and manganese would te relatively unavailable to plants; however, introduction of
the acid tailirgs solution could make these elements sufficiently available to cause toxic
effects to vegetation. On the other hand, the availability of selenium to plants generally
decreases with increasing soil acidity.'? Iron and managnese are not absorbed by plants in
amounts toxic to grazers.'® Moiybdenum and selenium, however, can be toleratea in certain plant
species and accumulated in amounts toxic to grazers. Values for the normal range and maximum
concentration of trace metals in plants are listed in Table 6.7. Windblown tailings deposited
on the soil could also add potentially toxic elements to the plant growth medium, and thence
into the plant and herbivore.

Additionai impacts to terrestrial biota from mill operation would be the radiation effects
discussed in Section 6. 2.8 and the hazards due to increased road traffic, increased hunting
pressure, and physical obstructions, such as elactrical transmission towers and lines that can
pose hazards to raptors. The presence of transmission towers in an area essentially devoid of
observation perches may encourage raptor foraging on the mill site, thus increasing the chance
of exposure of raptors tn radionuclide-contaminated food sources and to site hunters. However,
all of these impacts are beiieved to be miner.

Table 6.7 Normal Range and § sted Haxinu‘bConcentrations
of Metals and lons in Plant Leaves

~Concentration, panBE wh

Element Range xTmum
Arsenic 0.1-1.0 2
Barium 10-100 200
Boron 7-75 150
Cadmium 0.05-0.20 3
Cobalt 0.01-0.30 §
Copper 3-40 150
Chromium 0.1-0.5 2
Fluorine =5 10
lodine 0.1-0.5 ]
Iron 20~-300 750
Manganese 15-150 300
Mo 1 ybdenum 0.2-1 3
Nickel 0.1-1.0 3
Lead 0.1-5.0 10
Mercury 0.001-0.01 0.04
Selenium 0.05-2.0 3
Vanadium 0.1-1.0 2
Zinc 15-150 300

3Concentrations that exceed the licted "maximum” values may ¢ way not
result in toxic effects upon the vegetation o1 herbivores, u.pending
on the species tolerance, tie amount of herbage consumed, and the con-
centration in excess of that listed.

®Data of S. W. Melsted, “Proc. Joint Conf. Recycling Municipal Sludges
Effluents Land," pp. 121-128, 1973, as cited by D. E. Baker and L. Chesnin,
"Chemical Monitoring of Soils for Environmental Quality and Animal and
Human Health," in: Adv. in Agron. 27:305-374, 1975.

5.2.6.1.3 Postoperation

Nonradiological impacts to biota following cessation of operations would result from remnants
of s , reduction of food resources on salinized areas, and continued deposition of wind-
blown tailings. The latter factor in particular would cause build-up of potentially toxic
elements in the surface soils, continued accumulation by perennial vegetation, and subsequent
toxic effects to vegetation and/or animals. Deposition of windblown tailings on surfaces of
vegetation would allow direct consumption of radionuclides and potentially toxic elements by
herbivores. Members of higher trophic levels (i.e., carnivores) would be affected to a lesser
degree since their foraging habits generally encompass a larger area, thus reducing the |ike-
Tihood of their consuming high concentrations of toxic elements.

» ' S
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6.2.6.1.4 Summary

For the vase case model mil), the major impacts to terrestrial biota would arise from removal
of habitat and from contamination of forage with potentially toxic elements originating in
seepage and fugitive dust from the tailings impoundment. The importance of these impacts is
difficult to assess, but long-term effects to herbivores such as cattle could be appreciable.
In Chapter 9, alternatives are examined that would reduce some of these impacts.

6.2.6.2 Aquatic

No impact to aquetic biota would result during the construction or postoperational phases.
During the operational phase, however, it is possible that the initial flow to Tributary River
following heavy precipitation could contain concentrations of contaminants exceeding water
quaiity criteria (Sec 6.2.4.1.2). Even if this happened, little effect on aquatic biota would
he expected because ot subsequent dilution of contaminants (see discussion in App. D).

6.2.7 On the Community

The communities of a spec.fic region may experience a wide variety of impact respenses to
uranium development. Predicticn of site-specific impacts depends upon recognizing the major
variables producing the impacts and the way in which these variables interact at the community,

fonal, and/or national level. The approach used in developing the impacts outlined in the
following sections is more thoroughly described in Appendix F-1.

6.2.7.1 Construction

Demography and Settlement Patterns

The construction of the model mill would require 120 workers,* and the staff for the opera-
tional phase would eventually tota) 160 workers* (all of the demographic estimates used herein
are discussed in Appendix F-2).

About 40% of the mill work force would consist of residents from the impact region,'* most
would remain at their existing residences. Some construction workers would be expected to
commute over distances of 80 km (50 miles) one-way.'® The urban areas of East and West Cities
would have the largest and most diversified work forces in the region; consequently a large
number of workers would commute from those towns to the mill site. At least half of the
in-migrating workers would be expected to prefer to live in a small town/rural setting. The
demographic effects of construction (and operation) of the model mill are summarized in Table
6.8 and more fully explored in Appendices F-2 and F-3.

Social, Economic, and Political Systems

Construction of the mode! mill would result in minimal effects on the sociocultural organization
of the region as a whole. However, impacts of different magnitudes would be experienced at the
family, neighborhood, and community levels.

Workers, in-migrant service personnel, and families moving into the area would occupy the few
vacant homes available. The lack of zoning would allow fringe developments for mobile homes
and uncontrolled use of available lots for trailer homes and campers in and around the towns.
Competition for housing and increased costs would result i problems for retirees and other
people iiving on fixed incomes.'®''” For the most part, construction of the mode! mill would
have little impact on the public service. of the counties and communities of the region; the
most notable impact would be the additional pupils enrolling in the school system of County S,;.
The approximate increases in degands and costs throughout the area are shown in lables F-4.1
and F-4.2 of Appendix F-4.

The regional economy would be stimul<ted both by the local purchases of goods, materials, and
services directly related to the construction activities and by the local spending of wages by
construction and service workers and their families.

*These are the actual estimates. The higher totals of Table 6.8 result from the partitioning
of these workers among the various cities and the avoidance of fractional workers.



Table 6.3. Summary of Demographic Effects of Conmstruction and Operation of a Single Model MillE

Construction Phase Operational Phase
Secondary Secondary
Five-Year Workers B ilo:::rs
Distance :;:ujﬁ::gn w';:;ﬁi::d H:rge;s Fa:u'iul’ies “;::ﬁi::d Hg 2.3 Families
from Mill, without b Family (0.6 Family (1.2
City kilometers Population Development Non-Local Llocal Members multiplier) Non-Local Local Members multiplier)
Green 38 500 510 25 10 80 50 35 10 100 120
Brown 29 500 510 5 10 35 20 5 10 35 40
East 48 13,000 13,330 40 20 140 85 55 25 185 225
Purple 64 500 510 5 5 25 15 5 5 25 30
Blue 38 500 510 5 5 25 15 5 5 25 30
West 80 22,000 22,550 0 5 10 5 0 5 10 10
Red 70 1,500 1,540 0 0 0 0 0 0 i o
White 60 500 510 0 0 0 0 0 9 0 0 &
Orange 63 500 510 0 0 0 0 0 0 0 0
TOTAL 39,500 40,480 80 55 Nns 190 105 60 380 455

31he values in this tabl. nave been rounded to the nearest 5 from estimates more fully explained in Appendix F-4.
blased on growth of 2.5% over five years.
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Probably no notable political impacts to the political structure would be perceived.
Archeological and Historic Resources

Five prehistoric archeological sites have been identified in the model site. A carefu! study
would have to be made to determine if any are eligible for inclusion in the National Register
and to determine if construction plans posed any threat to the known sites.

Esthetics and Recreational Resources*

The location of the model mill site is remote from centers of population and traffic routes, so
the plant would not be visible to the general public. Even so, the mill buildings, tailin?s
pond and equipment areas are designed and constructed so as to be as unobtrusive as possible on
the surrounding landscape. The mill site is not located in an area of extensive recreation
resources, and those that do exist in the area would not be significantly impacled.

6.2.7.2 Operation
Oemography and Se tlement Patterns

The general in~ligrant settlement and local commutinry patterns identified for the construction
period would continue during the operational phase (-ze Table 6.8 and Appendices F-2 and F-3).

Social, Economic, and Political Systems

The economic benefits identified for the construction phase would continue to accrue to the
local communities and to the region. Sociocultural costs would be largely confined to the
effects from the in-migrating members of the operational work force and their families on
members of local communities. Because of the high turnover rates of mill workers (50 to 100%
per year, see Appendix F-2), many families would not remain long enough to adjust to the new
setting and become integrated into the local sociocultural setting. Stress would likely be
experienced by local families as well as by the operational work force. Many workers and
famiiies would move into temporary housing in ¥ringe developments established during the con-
struction period. Highly changing nei?hporhoods of this type are associated with numercus
family, social, and economic stresses. '® !9

Demands for county and community services would be generally similar to those experienced
during construction, but the magnitude and duration of impact would be different. An increased
demand could develop for public or private social and health services beyond those traditionally
considered necessary (see App. F-4).

Over the life of the mill, the company would purchase some local materials and supplies, possibly
providing an opportunity for development of new businesses and/or the expansion of older estab-
lishments. The workers and service personnel would also contribute economic benefits to the
area by spending a portion of their wages locally for rent, food, recreation, and other goods

and services.

Notable impacts on the political structure are not expected.

Archeological and Historic Resources

During operation of the mill, the remaining archeological sites would be preserved and protected.

Esthetics and Recreational Resources

he principal esthetic impact of the model mill would depend mainly on the maintenance of the
tailings ponds and of the mill buildings.

Dispersed recreation, outdoor recreation in which participants are usually spread cut over
relatively large areas, would increase in the model region with the influx of workers and their
families and construction of additional roads for mineral exploration and mine access. However,
if certain sections of tne mill are fenced (e.g., tailings pond), this recreation can exist
compatibly with livestock, wildlife, timber harvesting, or mining.

*See Appendix F-5 for further discussion.
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6.2.7.3 Postoperation
Demography and Settlement Patterns
Portions of the operational force would be absorbed into the regional job market;, however, it
might be necessary for these workers to commute to the towns of West or East, where more job

opportunities would exist. Ancther portion of the operational force probably would move out of
the region.

Social, Economic, and Political

There would be only minor impacts on the region once the mill workers left. Since the popu-
lation of the region would have increased by only approximately 2% as a result of the mill, few
social or economic dislocations would be experienced when a portion left. In fact, the absence
of the operational work force with its high turnover, might increase the stability of some
neighborhoods.

Archeological and Historic Resources

when the operati~.al force leaves the mill facility, archeological sites would no longer receive
physical prot-ction unless special arrangements were made.

Esthetics and Recreational Resources

On the basis of the assumed conditions, the postoperational impacts on the esthetic resources
of the site could be severe. The tailings ponds would be vulnerable to both wind and water
erosion, and some dispersion of tailings over the surrounding area is to be expected. Appro-
priate decommissioning, including screening the site usin? physical manipulation of landforms
and the removal of obtrusive mill structures (stacks, utility lines, etc.), would reduce visual
impact; however, the tailings ponds would constitute an unnaturai and permanent fixture on the
landscape.

The presence of the tailings disposal areas would contribute to the devaluation of the land in
the immediate vicinity as a potential recreation resource.

6.2.8 Radiological Impact

In this section, the methodology used to predict individual and population dose commitments
from a single model mill is described, and these doses and the related health effects are
summarized. The radiological impact of multiple mills within the same model region is
described in Section 6.3.8. In both of these sections only the impact on the area within an
80-km (50-mile) radius of the hypothetical milling operation is considered. The potential
impact of the uranium milling industry on the entire North American continent is addressed in
Section 6.4.

This document includes detailed consideration of radiclogical risks to the general public,
either as individuals or members of a population group, and also addresses, in Section 6.2.8.4,
radiation dose commitments to workers who are occupationally exposed in the uranium milling
industry. There would also be radiological impacts on species other than humans within the
mode! region; however, no exposure pathways have been identified which are different than, and
would result in another species receiving doses significantly above, those calculated for man
outside the mill boundary. The dose rates and doses to animals living in the region of the
mill are expected to be low enough that any deleterious effects wouls be manifest only after a
long latent period. Since the lTife span of most animals ic :ather short, and populations in
the wild are subjected to high attrition rates, the effects of radiation from the mill would
not be distinguishable from other naturally occurring forces. Although guidelines have not
been established fer acceptable limits for radiation exposure to species other than man, it is
generally agreed that the limits established for human beings are also conservative for other
species. The BEIR Report concluded that the evidence to date indicates that no other living
organisms are very much more radicsensitive than man.%! Therefore, only radiation doses to man
have been analyzed in detail.

It is possible that animals living onsite, in or close to an ore or tailings pile, mignt be
subjected to doses that are high compared to those that could result offsite Howeve:,. a
relatively small proportion of the individuals within the region might thereby be affected, and
the total impact on the local biota therefore is expected to be small.
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The radiological impact on man of the single model mill is considered at three stages--
construction, operation, and after the mill has closed. Although the total impact of mil}
construct‘on may be appreciable, the radiological effect: are negligible. In contrast, the
radiological impacts both during and after operation may be significant for persons in the
immediate vicinity of the mill site, assuming the mil)] were operated as described in Chapter 5.
Alternatives are presently available to reduce radiological impacts during and after mill
operation. These are described in Chapter 8 and the expected reductions in radiation doses and
health effects are outlined in Chapter 9.

6.2.8.1 Construction

Inasmuch as no radicactive materials would be used in the construction of the mill, there would
be no nontransient radiological impacts resulting from such construction. A possible transient
effect might result from disturbance of the land and ground cover, such as in excavation and
road-building. These activities would add incrementally to releases of fugitive dust (Section
6.2.1.1) and possibly slightly increase radiation exposure from this source; however, the dust
raised would be of the same composition as the background dust, so any effect would be small,
and probably undetectable. In comparison to the radiological impact during and after mil)
operation the radiological effects of construction are negligible.

6.2.8.2 Operation
6.2.8.2.1 Introduction

People living in the vicinity of uranium mills may be exposed to ionizing radiation originating
from radioactive materials dispersed by various mil] operations. Even after a mill is decommis
sioned, exposure may continue from residual sources. This section includes estimates of the
radiation dose commitments* that would be received by two groups: (1) individuals at locations
near the model mill, and (2) the gencral population within the hypothetical region surrounding
the mode! mill. These estimates are based on detailed analyses of the sources and rates of
radioactive releases and the pathways by which dispersed radioactive materials may reach man
and irradiate his tissues.?? The methods used for dose calculations are described qualitatively
in this section and in detai) in Appendix G. Potential health effects resulting from the
calculated dose commitments are also estimated. Both predicted radiation dose commitments and

tential health effects are described in terms of their relative magnitudes as compared to
appropriate indices.

6.2.8.2.2 Sources of Radioactivity and Exposure Pathways

A1l significant sources of radicactive mill effluents and exposure pathways to man are illus-
trated in Figure 6.3. The sources of radioactivity include: (1) ore pad storage, feed,
crushing and grinding; (2) yellowcake drying and packaging; and (3) stored miil tailings.

These sources are described and the magnitude of the annual releases from each are given in
Section 5.3. Because of their physical properties and oinysiological behaviur, the radio-
nuclides of primary concern are uranium-238 and 234 (U-238 and 234), thorium-230 (Th-320),
radium-226 (Ra-226), lead-210 (Pb-210), and the chemically unreactive gas radon-222 (Rn-222).

These six radionuclides are associated with the U-238 decay series, which is described in
Appendix C. U-235 and its daughter products also are present in natural uranium. As it is
four 1 in nature, uranium generally consists of 99, 3% U-238 and only 0.7% U-235. A high-quality
ore with 1% Us0s would contain 2800 pCi of U-238 and 130 pCi of U-235 per gram. Under condi-
tions of secular equilibrum there would also be 2800 pCi/g of each U-238 daughter product and
130 pCi/g of each U-235 daughter. Because the activity of U-238 and its daughters is much
greater, and the half-lives generally longer, only this series is considered in evaiuating the
radiological impacts of the audel mill.

Uranium ores may also contain small amounts of long-lived thorium-232 and its daughter products.
The radiological parameters associated with the Th-232 series are such that the impact of these
isotopes ic relatively inconsequential, even when they are present in amounts comparable to the
natural urunium concentration in ore. The ore processed in the model mil} is assumed to contain
a negligible concentration of Th-232 (as in most actual mills), so this radionuclide is not
included in the analysis of the radiologica) impacts.

"Readers for whom this and other radiclogical terms are not familiar may wish to consult
Appendix C for an introduction to some of the vocabulary.
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Ores may not be in radicactive equilibrium because of differential leaching of radionuclides
under natural hydrological conditions. Selective removal of uranium will Teave a relative
excess of daughter thorium and radium isotopes in the ore. In general, this and other
mechanisms leading to disequilibrium are not constant throughout geologic time and also may not
be constant within a given ore body. In tivis analysis, secular equilibrium for the U-238
series 1s assumed.

A1l of the radicactive isotopes which are present in uranium ore are released to some extent
from exposed ore storage areas and the initial dusty crushing and grinding operations. At the
end of the milling operation, the drying and packaging of uranium concentrate, or yellowcake,
provides another source, mostly of the uranium isotopes. Finally, the bulk of the other
nuclides is discharged with the mill tailings, which thereafter may be a source of particulates
and radon gas. The relative contribution of each of these three major sources to the total air
concentration of the important radionuclides, at distances of 1.0, 2.0 and 80 km (0.6, 1, and
50 miles), is given in Table 6.9. It is apparent that the tailings pond contributes the major
portion of the airborne activity (except for uranium) at all distances. Most of the uranium
that becomes airborne is released in the ye)lowcake operations.

The principal pathways by which radicactivity from these sources may reach human beings and
irradiate their tissues include: {1) direct, external exposure from radionuciides in the air

or on the ground; (2) inhalation of radicactivity into the lungs, possibly followed by redis-
tribution to other organs of the budy; and (3) ingestion of radicactivity in foodstuffs. The
inhalation and ingestion pathways result in the radioactive material being deposited inside the
body and irradiating it from within, Accordingly, doses received via these pathways are referred
to as internal doses so as to distinguish them from rac¢iation received from sources external to
the body. In general, members of the public outside the mill boundary would receive no signifi-
cant direct, external exposure from radicactive materials which remain onsite in process systems
or storage.

6.2.8.2.3 Location of Dose Receptors

All of the exposure pathways of significance begin with dispersion of radionuclides by atmos-
pheric transport. Radioactivity released from the mill is moved through the air and diluted in
such a way that air concentrations decrease as the distance from the mill increases. Thus, the
dose estimates are strongly dependent on distance (and direction relative to the prevailing
winds) of the receptor point from the mill. The locations at which specific calculations of
individual doses are required are highly variable among actuz] sites of uranium mills, There-
fore, individual dose calculations have been performed for a range of distances along the
east-northeast direction, which is the downwind directicn of the prevailing winds for the mode!
site. Calculations for a range of distances allow the presentation of results graphically, as
well as for specific reference locations. For the mode] mill, certain hypothetical individual
dose receptor locations have been conservatively established as reference points for calcula-
tions of maximum risk and evaluations of compliance with applicable radiation exposure limits
These hypothetical locations are defined and characterized as follows:

(a) The point of maximum air concentrations which is accessible to the public, i.e. ., the
‘ence location in the downwind direction. For the mode] mill, this is assumed to be
100 m from the edge of the tailings area, 0.64 km (0.4 mile) east-northeast of both
the mill and the center of the tailings pond (colocation of these two sources is
conservatively assumed but would be impossibie at any real mill). Maximum occupancy
of this location is assumed to be 10% of the year.

I —S

(b) The closest downwind location where a temporary residence might be established. This
is assumed to be 0.4 km (0.25 mile) from the tailings area [0.94 km (0.58 mile) from
the mill] and is considered to be a potential site for a mobile home or trailer. Only
vegetables are grown here and occupancy is assumed for only six months per year.

(c) The closest permanent residence downwind of the site. This is assumed to be a ranch
2.0 km (1.2 miles) from the miil {about 1.5 km (0.9 mile) from the fence], occupied
year-round, where vegetables and beef cattle are grown, and milk cows on the property
satisfy household milk requirements.

In addition to individual dose calcula‘ ions, total cumulative doses to the entire population due
to contamination within a radius of 8L km (50 miles) of the mill have also been estimated based
on the assumed population distribution, annual average meteorological conditions, and regional
food production rates.
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Table 6.9. Relative Contributions of Major Release Sources
to Total Air Concentrations at 1, 2, and B0 km

Percent of Total Air Cmentr’tion Due

b to Indicated Source

Location U-238 Th=230 Ra-276 Rn 222 Pb-210
[. 1.0 km ENE
A. Ore pad, grind. & crush. 1.6 2.3 2.4 1.8 2.4
B. Yellowcake dry & pack. 93.8 6.9 03 0.0 0.3
€. Tailings 4.6 90.8 97.3 98.2 97.3
I1. 2.0 km ENE
A. Ore pad, grind. & crush. 1.3 1.8 1.8 1.5 1.8
B. Yellowcake dry. & pack. 94.0 6.6 0.3 0.0 0.3
C. Tailings 4.7 91.6 97.9 98.5 97.9
I11. 80 km ENE
A. Ore pad, grind. & crush. 1.6 1.1 1.1 1.4 1.6
B. Yellowcake dry. & pack. 88.7 32 0.1 0.0 0.0
C. Tailings 9.7 95.7 98.8 98.6 98.4

310tal air concentrations plots are presented in Appendix G-4.

bLocaHons used are in the ENE direction, which is the downwind direction of the
prevailing winds

6.2.8.2.4 Individual Dose Commitments

Determining the radiolegica! impact of a uranium mill involves estimating the radiation dose
commitments that may be received by individual members of the general public. In the following

sections the methodology used to calculate these doses is outlined and the results are presented.

These results are compared to applicable Federal guidelines in order to identify potential
probliems.

The major components of the total dose commitments received by individuals are the direct,
external radiation doses from radioactive material in the air and deposited on the ground, the
internal dose commitments from inhalation of airborne radicactivity, and the internal dose
commitments from ingestion of contaminated foods. A discussion of each of these components
follows.

6.2.8.2.4.1 Individua) External Exposure

Individuals may be exposed to radiation originating outside their bodies from radicactive par-
ticulates or gas (radon) in the surrounding air or from radicactive materiais which have been
deposited on the ground. As a starting point in estimating the dose received at a given dis-
tance and direction, the airborne concentratiors produced directly by each source must be cal-
culated. Also, the amounts of radioactivity depcsited on ground surfaces must be estimated as a
function of time since mil) operation first began. Finally, a portion of the materials on the
ground will be resuspended and add to the air concentrations attributable directly to transport
from the original sources. From these the external dose from the airborne material can easily
be estimated.

The radicactive emissions from the mode) mil) were described earlier, in Chapter 5, and are
based on estimates made in accordance with the models, data, and assumptions detailed in
Appendix G-1. These airborne radicactivity releases have been analyzed using the assumed site
meteorological data provided in Chapter 4 and the methodology described in Appendix G-2 to
determine the resulting annual average air concentrations at offsite locations, arising directly

e~ 1
1
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from atmospheric transport. These original air concentration values are referred to as "direct”
air concentrations and do not include incremental additions due to rasuspension of radiocactive
matericls previously deposited on ground surfaces. They do, however, include the effects of
depletion due to deposition (for particulate materials other than ingrown daughters of released
radon) or ingrowth and decay during transport (for radon and ingrown daughters). The basic
dispersion mode] utilized consists of a straight-line Gaussian plume model, modified to account
for area rather than point sources. It is used here to obtain sector average, annual average,
direct air concentrations.

Released particulate materials are depleted in transit due to loss from the plume due to deposi-
tion on ground surfaces, [~ the calculation of direct air concentrations, depletion losses are
accounted for by the appl . cat.on of an effective source strength equal to the fraction of the
origi~al source stil) airborne a* any given distance. The effective source strength, as a
function of distance, is determinec by numerical integration of the total deposition occurring
within that distance, and subtraction of that fraction of the sov~ce from its original value.

for radon gas releases, ingrowth and decay of daughter radionuclides during atmospheric trans-

port is accounted for explicitly using the standard Bateman formulation. ODecay of radon itself
during transit is also accounted for. However, deposition losses of ingrown particulate radon

daughters are not treatad.

Computed direct air concentrations are utilized to determine "direct" deposition rates onto
ground surfaces, and resuspended air concentrations, using the equations described in
Appendix G-3, Ground concentrations resulting from constant deposition over the model mill's
operational lifetime are calculated from the deposition rates resulting only from direct air
concentrations. Resuspension is not assumed to constitute a mechanism of either loss or gain
for ground-deposited radioactive materials. The resulting ground concentrations are then
utilized to determine external dose rates to individuals from radiation emitted by deposited
radioactivity. External dose rates from airborne radioactive materials are uvetermined from
total air concentrations, which are evaluated as the sum of direct and resuspended air con-
centration values.

For this study, particulate resuspension is estimated using a model based on actual experimenta)
data. The calculation of resuspension of previously deposited particles utilizes a factor to
relate surface concentration to volume concentration in the overlying air mass. The resuspen-
sion factor utilized depends on the size of the particle, being inversely proportional to its
deposition velocity, and changes as a function of time to account for the decreasing avail-
ability for resuspension of material as it ages. A description of the methodology employed and
the equations used in this analysis are given in Appendix G-3

Once the ground concentrations and total air concentratinns have been established as a function
of time, distance, and direction from the model mill, the external! radiation evposure rates and
doses to a person at a given location may be estimated by relatively straight-forward calcula-
tions. The equations, assumptions, and dose conversion factors used to calculate external doses
are presented in Appendix G-5. At a given receptor point, ‘he average annual external exposure
from airborne material transported directly from sources at the mill will be constant from one
year to the next so long as the release rates and meteorological conditions remain unchanged.
The portions af the total external exposure originating from greund contamination and from
resuspended material in the air will increase cver the operating lifetime of the mill and reach
a maximum in its final year of operation. For this reason, annual doses from external exposure
during mill operation are calculated for the 15th year of operation, which is the final operating
year assumed for the model mill,

External doses to the whole body and skin in the prevailing downwind direction are presented
graphically in Figure 6.4, From this figure it is clear that exposure from radionuc)ides
deposited an the ground is the major source of external doses within about 10 km (6.2 miles) of
the mode] mill. The external dose rate from airborne activity actually increases out to about

1 km (0.6 mile) from the mill because of the in-growth of radon-222 daughters as the gas moves
away frowm its sources. Beyond this, the dose rate from the cloud decreases as the radioactivity
is dispersed.

Appendix G-4 contains graphs of the concentrations of U-238, Th-230, Ra-226, Pb-210, and R9-222
in air, as we'l as for raden daughters in working-levei units, as a function of distance from
the mode! mill. Curves also are given for ground concentrations of the particulates. In all
the graphs, the curve for 6 = 67.5 degrees represents the downwind (ENE) direction. Appendix G-
4 also contains isopleths ()ines of equal air concentration) for U-238, Ra-226, and Rn-222
within the model region.
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6.2.8.2.4.2 Individual! Internal Exposure via Inhalation

The alpha-emitting isotopes of the U-238 decay series are generally weak gamma emitters and can
contribute relatively Tittle to external exposure. However, when they enter the body and come
directly into contact with living tissue, their alpha radiation will deliver substantia) dose
equivalents compared to that imparted by equal concentrations of beta/gamma emitters. Because
these radionuclides are present in mil) effluents, it is important Lo analyze the pathways by
which they might become deposited in human beings living in the mil) environs. The two major
pathways to be considered are inhalation of airborne material and ingestion of food contaminatea
with radionuciides.

The uptake of radiocactive material into the lungs via inhalation, and subsequent translocation
to other body organs is estimated from the airborne concentration of each radioisotope, using
the mode! developed by the Task Group on Lung Dynamics of Committee 11 of the International
Commission ¢n Radiological Protection.?® The fraction of inhaled activity that is depocsited and
the region of the lung where deposition occurs are determined by the aerodynamic properties of
the particles. The rate of removal of deposited material (or rate of clearance) and the site of
its subsequent deposition, if it is not eliminated from the Uody, are determined by many factors
These factors include the physical and chemical form, soluvility characteristics of the material,
and the point of initial deposition. The radicactive material irradiates lung tissues until
cleared “rom the lungs and then, if not removed from the boay, continues to irradiate tissue at
the new site of deposition.

Because the radionuclides of concern in this study generally have relatively long residence
times once they have been deposited in body organs, the total dose from a given intake will be
delivered over an extended time period. In this analysis, internal 50-year dose commitments
have been calculated for a one-year intake period, for inhalation and ingestion exposures
Since the elements of major ¢  wcern (U, Th, Ra, Pb) have long residence times in most tissues
and organs, the actua) dose rate from a specified intake must be integrated over the following
50 years to yield the 50-year dose commitment. For all calculations of internal dose, this
analysis has used dose conversion factors which yield the 50-year dose commitment, i.e., the
entire radiation insult received over a period of 50 years following either inhalation or
ingestion.

Because the radioactivity in the mill surroundings builds up during operation, the intake in the
final (15th) yea~ of operation will be greater than in other years of operation. The annual

dose commitments, therefore, have been calculated from enviror.ental media concentrations calcu-
lated for the 15th year. [Inhalation dose commitments calculated for the whole body, bone, and
lung in the downwind direction of the prevailing winds are presented in Figure 6.5. Although
presented as a lung dose, the inhalation doses from radon-222 are, more specifically, doses to
the bronchial epithelium. The equations and dose conversion factors used to calculate inhalation
doses are presented in Appendix G-5.

6.2.8.2.4.3 Individual Internal Exposure via Ingestion

The second major pathway resulting in the intake of radiocactive materials into the body, and
thus internal radiation exposure, is ingestion. Upon ingestion of radiocactivity in food, some
fraction of each radionuclide is absorbed into the bloodstream and may be transported to various
internal body organs. The general ingestion pathway is made up of the three more specific
pathways considered for the model mill. These include vegetable, meat, and milk ingestion. For
purposes of analysis, the vegetable ingestion pathway is further subdivided by vegetable type
and includes all edible above ground vegetables, potatoes, and all other vegetables grown below
ground level. In order to estimate radioactivity concentrations in the meat and milk from local
cattle, vegetation concentrations are also estimated for grass used for grazing and hay or other
stored feed.

The models, equations, data, ana assumptions used to calculate radioactivity concentrations in
vegetables, meat, and milk are described in Appendix G-3. Concentrations for the various types
of vegetables and vegetation are determined by accouniing for the transfer of soil or ground
activity to the edible portions via root uptake, and foliar retention of airborne activity
depositing virectly on plant structures. Direct foliar retention sources are treated by taking
into account the fraction of total deposition initially retained on plant surfaces, losses due
to weathering processes such as wind turbulence and wash-off,k and, for below grouna vegetables,
the fraction of retained activity reaching the edible pocrtions. For vegetables, preparation for
the table can result in sizable losses of the initial activity content. Vegetable preparation
most often involves washing, peeling, boiling, etc. Therefore, 50 percent of the in-the-garden
concentrations are assumed to be lost prior to ingestion. No preparation losses are a sumed for
milk or meat.
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For the model mill it has been assumed that meat and milk animals will obtain 50 percent of
tneir annual! feed requirement by grazing on open range or pasture, and the remaining 50 percent
will be supplied in the form of locally grown sored feed. Thus, the radioactivity content of
available grasses, hay, or other feed is transferred to the meat and milk of cattle, which are
subsequently ingested by man. Only the radicactivity in feed vegetation is considered in esti-
mating meat and milk concentrations. Meat and milk concentrations resulting from inhalation by
cattle of airborne activily are insigificant by comparison.

Ingestion rates of vegetables, meat, and milk assumed for individuals, and the dose conversion
factors used to estimate resulting doses, are provided in Appencix G-5. The ingestion rates
assumed are average values typical of a rural farm household, and represent entire annual require-
ments of all fresh vegetables, beef, fresh pork, and lamb, and fresh milk., Food items not
included, largely due to the rarity with which they are home-grown in typical milling and mining
areas, include fruits, grains, processed vegetables, other milk products, processed pork, poultry,
eggs, and miscel)aneous non-staples.

For the foods that are assumed to be produced and consumed by individuals about the model mill,

no credit or reduction factor is applied to account for portions of the year when such foods may
not be available.

For the ingestion pathways, doses to individuals and populations have been assessed by taking
age-dependency into account. The population has been assumed to consisi of individuals be-
longing to one of four age groups, infants, children, teenagers, and adults. The ingestion
rates assumed for individuals vary significantly by age group and have a significant effect in
determining the critical age group in terms of maximum radiation dose commitment received.
Also, the various metabolic and physiologic parameters entering into the determination of dose
conversion factors (dose commitment per unit activity intake) vary according to age. Therefore,
age dependent dose conversion factors have been used in the determination of individual inges-
tion doses. This is not necessary in the case of estimating external doses, and in the case of
estimating inhalation doses has not been feasible (the use of the Task Group Lung Mode! of the
International Commission on Radiclogical Protection requires values of basic parameters for
which age-dependent data are as yet unavailable).

In general, the radiation dos- commitment received per unit activity intake is greater for
infants or children than fn; teenagers or adults. This is primarily due to the smaller organ
and body sizes available to receive essentially identical amounts of radiation energy. Radia-
tion dose is proportional to the amount of radiation energy absorbed per unit mass. Herce, a
smalier organ receiving the same energy deposition as a larger organ, will receive a greater
dose. For the vegetable and meat pathways, infants are assumed to have n¢ intake and a child's
ingestion rate is taken to be less than that of those for an aduli. Thus, for these food path-
ways, although children receive greater doses per unit intake, adults receive greater doses
overall. For the milk pathway children and infants are assumed to ingest about 1.6 times as
much miik as an adult and infants are the critical receptors, receiving milk ingestion doses
marginally (less than 10 percent) above those for children. However, infants have no assumed
vegetable or meat intake due to the r age

The net effect of all of these perturbations is that if the milk pathway is in existence, along
with the vegetable and mea* pathways, total ingestion doses to a child are somewhat higher than
adult doses. If the milk pathway is not present the adult is the critical! receptor. For the
analyses performed for the mode! mill total ingestion doses are always higher for children or
adults than for infants and teenagers. The critical organ, for all age groups and ingestion
pathways, is bone.

Staff experience in actual uranium mill licensing analyses has indicated that the meat pathway
will exist at nearby locations almost without exception. The vegetable pathway may or may not
actually exist at any given time and place but is usially assumed, unléss there is specific
evidence to the contrary, in view of the immediacy and ease with which it is established. The
milk pathway also may or may not exist at any specific site. Staff contacts with state
agricultural agents in primary milling states have indicated that on the order of 20 percent of
i local farms and ranches can be expected to have one or more dairy cattle. Thus, the milk

pathway is considered to be somewhat more hypothetical than the beef and vegetable pathways.
Maximum total whole body and bone ingesi.on doses, as a function of distance in the prevailing
downwing direction, are displayed graphically in Figure 6.6 for the case where the milk pathway
is present (child doses given), and for the case where there is no milk pathway (adu .t doses
given).

Ingestion doses for all age groups and pathways have been calculated ior a range of distances
to the east-northeast of the mcde)l mill, the downwind direction of the prevailing winds.
Results of these calculations, for whole body, bone, and lung doses, are presented in

Tables 6. 10 an¢ 6.11, for children and adults, respectively, along with estimated doses for
external and inhalation pathways.
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6.2.8.2.4.4 Total Individual Dose Commitments

In preceding sections individual calculations of doses resulting from external exposure (to air

and ground radioactivity concentrations) and internal exposure {(inhalation and ingestion) were |
described. Calculated individual doses resulting from exposure pathways were presented as a '
function of distance in the downwind direction of the prevailing winds. |

Tables 6.10 and €.11 present numerical results for the individual exposure pathways and dose

totals from all pathways combined. The results presented in Table 6.10 include ingestion

pathway doses to children from consumption of locally produced vegetables, meat, and milk. The ‘
dose totals in this table represent maximum individual doses resuiting if the milk pathway is

present. Most often, the milk pathway will not exist at the nearest residence, in which case :
the highest total doses will be received by an adult. For this reason Table 6.1) includes '
doses calculated for an adult on the assumption that vegetables and meat sre the only existing

ingestion pathways. From the results presented in these tables, total doses to individuals at

the three hypothetical reference receptor locations can be estimated.

Because the selection of specific receptor locations for calculating maximum individual doses
resulting from the model mill is, by necessity, somewhat arbitrary, individual doses have been
calculated and presented for a range of distances. However, this allows only general qualita-
tive judgments to be made concerning the need for, and effectiveness reguired of, various pro-
cedures and mechanisms for controlling radicactive effluents The three specific hypothetical
receptor locations have been especially pre-selected as locations at which to make detailed
evaluations of both maximum individual health risk and compliance with applicable radiation
expasure limits, Such determinations allow the later assessments of required emission contrels,
based on the degree to which the base-case mode! mill is unacceptable. In this regard, the
reference fence, trailer, and ranch locations serve as benchmarks for the evaluation of avail-
able control technology. This section presents an evaluation of compliance with applicable
radiation exposure limits imposed by the regulations of the U.S. Nuclear Regulatory Commission
under 10 CFR Part 20 and the U.S. Environmental Protection Agency under 40 CFR Part 190.

Limits for radiation exposure in unrestricted areas are numerically expressed in 10 CFR Part 20
as maximum annual average air concentrations by isotope. These corcentration limits are pre-
sented in Table 6.12 along with the annual average concentrations from the mode) mill predicted
for the three reference receptor locations, (Concentrations of U-238, Ra-226, and Pb-210 at the
fence location are about a factor of 100 beneath the 10 CFR Part 20 limits for those isotopes,
the Th-230 concentration is about 30 percent of its 10 CFR Part 20 limit. The Rn=222 fence
concentration is about a factor of 3 higher than the 10 CFR Part 20 limit given specifically
for Rn-222. However, the working-level concentration of short-lived radon daughters at the
fence location is well within the more applicable working-level limit, even for a strictly
hypothetical indoors situation. As the critical dose resulting from Rn-222 releases results
not from Rn-222 itself, but rather from its short-lived daughters. and since the working level
concentration of the short-lived daughters is within its applicable limit, both Rn-222 and its
daughters would be at concentrations allowable under 10 CFR Part 20 limits, even at the fence
location.® Since all other isotupic concentrations are within their individual limits, and
since, for the total concentration mixture, the sum of the fractions of the limits reachea by
each isotope is less than one, all off-site annual average air concentrations would be allow-
able uoder 10 CFR Part 20 regulations,

Compliance with EA's 40 CFR Part 190 requlation is measured on an entirely different basis.
Tris regulation, which becomes effective for uranium milling operations as of Decamber 1, 1980,
siates that operat.ons covered by the regulation

"...shall be conducted in such a manner as to provide reasonable assurance that:
the annual dose equivalent does not exceed 25 millirems to the whole body, 75
millirems to the thyroid, and 25 millirems to any other organ of any member of
the public as the result of planned discharges of radicactive materials, radon
and its daughters excepted, to the general environment from uranium fuel cycle
operations and to radiation from these operations. ”

Whereas air concentration limits are imposed under 10 CFR Part 20, 40 CFR Part 190 imposes
limits on total dose, including contributions from all covered nucliear fuel cycle operations
(rtgnrdloss of location), dose components from all environmental exposure pathways, and direct
radiation from any on-site radicaclive materials. Specifically excluded are any doses and dose
commitments arising from releases of radon and daughters.

¥T0 CFR Part 20 expresses limits for Rn-222 and working level concentratioss, but allows the
optional alternative use of either.
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Table 6.10. Maximum Individual Doses Duri
Operation [f the Milk Pathway

Caiculated Child whole Body Dose Commitments, mrem/yr

the F aal Year of Mill
s Present

Distance External Doses Inhalation 1 tion Doses Total
ENE, &m Ground ﬁm Dose Vegetable  Meal Dose
0.64 64.4 1.77 3.34 32.5 19.2 30.5 152.
0.94 33.0 1.87 1.76 16.6 9.80 15.6 78.6
1.34 17.1 1.82 0.941 8.63 5.09 8.12 41.7
2.0 8.33 1.65 0.4 4.20 2.48 3.9 21.)
3.0 3.99 1.35 0.233 2.01 1.19 1.89 0.7
4.0 2.35 1.09 0.142 1.18 0.698 1.1 6.57
6.0 1.10 0.746 0.972 0.560 0.328 0.525 3.33
8.0 0.639 0.546 0.045 0.326 0.180 0.305 2.05
10.0 0.417 0.424 0.032 0.215 0.124 0.200 1.41
14.0 0.215 0.290 0.019 0.113 0.064 0.10% 0,806
20.0 0.1%% 0.19% 0.012 0.058 0.032 0.083 0.456
Calculated Child Bone Dose Commitments, mrem/yr
Distance External Doses Inhalation Ingestion Doses Total
ENE, km ro Dose Vcoeﬁ'gie Meat MiTk Dose
0.64 b4 4 .77 88.1 362. 176. 308. 1000.
0.94 3.0 1.87 6.6 185. 89.9 158, 514,
1.34 17.1 1.82 24.9 96.3 46.7 81.9 269.
2.0 8.33 1.65 12.5 1% 9 22.7 39.8 132,
3.0 3.99 1.3% 6.19 <2:5 10.9 19.1 64.1)
4.0 2.35 1.09 .n 13.3 6.40 11.2 38.1
6.0 1.10 0,746 1.9 6.28 3.0 5.31 18.4
R0 0.639 9.546 1.20 3.68 1.75 3.10 10.9
10.0 0.417 0 424 0.843 2.44 1.14 2.04 7.30
14.0 G.215 0.290 0.511 . 0.595 1.08 4.00
20.0 0. 106 0.195 0.320 0.699 0.297 0.562 2.18
Calculated Child Lung Dose Commitments, mrem/yr
Distance External Inhalation Doses I tion Doses Total
ENE, km Dose articulates Radon Vegetable  Meat Dose
0.64 66.2 168. 1990. 32.5 19.2 305 2310.
0.94 34.9 95.3 1030, 6.6 9.80 15.6 1200.
1.34 18.9 52.0 553. 8.63 5.09 8.12 646,
2.0 9.98 24.7 288. 4.20 2.48 3.35 333.
3.0 5.34 1.3 152. 2.01 1.19 1.89 174.
4.0 3.34 6.44 98.5 1.18 0.698 1.1 1.
6.0 1.85 2.97 55.0 0.560 0.328 0.52% 61.2
8.0 1.19 1.76 37.2 0.326 0.190 0,305 41.0
10.0 0.84) 1.19 27.7 0.215 0.124 0.200 30.3
4.0 0.505 0.689 18.1 0.113 0.064 0.105 19.6
20.0 0.301 0.419 11.7 0.058 0.032 0.053 12.6

—
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Tatle 6.11. Maximum In“ividua! Doses During the Fina! Year of Mill
Operatior .f There is no Milk Pathway / |
!
Calculated Adult Whole Body Cose Commitments, mrem/yr ; i
Distance External Doses Inhalation Ingestion Doses Yg{al
ENE, km Ground TToud Dose me'iE'c Meat MTk  rose
0.64 64 4 .17 3.34 . 31.3 24.6 0. ; 125.
0.94 33.0 .87 1.76 16.0 12.6 0. * 64.2
1.34 17.1 1.82 0.94) 3.30 6.53 0 / 34.9
2.0 8 33 1.65 0.47 A0 .18 0./ 127
3.0 3.99 1.35 0.233 1.93 1.52 ¥ 9.92
40 2.35 1.09 0.142 1.14 0.895 g 5.62
6.0 1.1 0,746 0.072 0.537 0.421 9. 2.88
8.0 0.639 0.546 0.045 0.313 0.244 . 0. 1.79
10.0 0.417 0.424 0.032 0.205 0.159 7 0. 1.24
14.0 0.21% 0.290 0.019 0.107 0.082 0. 0.713
20.0 0.06 0195 0.012 004  0.064 0. 0.408
2
Calculated Adult Bone Dose Commitments, mren/yr
Distance External Doses Inhalation Ingestion Doses Total
ENE, km Ground TToud Dose Vegetable  Weat MITk  Dose
0. .64 64 .4 1.77 88.1 373. 252. 0. 779.
0,9 33.0 1.87 46.6 191, 129. 0. 401.
1.34 17.1} 1.82 24.9 99.0 66.8 0. 210.
2.0 8.33 1.65 12.5 48.2 32.5 0. 103.
3.0 1.99 1,35 6.19 23.1 15.6 0. 50.2
4.0 2.35 1.09 .n 13.6 9.16 0. 30.0
6.0 1.10 0.746 1.91 6. 44 4.3 0. 14.5
8.0 0.639 0.546 1.20 3.76 2.50 0. 8.65
10.0 0.417 0.425 0.843 2.48 1.63 0. 579
14.0 0.215 0.290 0.5 1.32 0.846 0. 3.18
20.0 0.106 G.195 0.320 0.687 0.420 0. 1.73
I
! Calculated Adult Lung Dose Commitments, mrem/yr
Distance External Inhalation Doses Ingestion Doses Total
ENE, km Dose FarticuTates Radon Vogtfi'g‘o Weat Wik Dose
0.64 66.2 168. 1990, 31.3 24.6 0. 2280.
0.34 349 95.3 1030. 16.0 12.6 0. 1190.
1.34 18.9 52.0 583 8.30 6.53 0 639.
2.0 9.98 24.7 288. 4.04 .18 0. 330. |
3.0 5.34 11.3 152. 1.93 1,52 6. 172.
' 4.0 31.44 6.44 98.5 1.14 0.895 0. 110. |
' 6.0 .85 2.97 55.0 0.537 0.421 0. 60.8 |
| 8.0 1.19 1.76 37.2 0.313 0.244 0. 40.7
10.0 0.841 1.19 &7 0.205 0.159 0. 30.1
14.0 0. 50% 0.689 18.1 0.107 0.082 0. 19.5
20.0 0.301 0.319 ¥1.2 0.054 0.041 0. 12.5

o
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Table 6.12 Comparison of Air Concentrations During the Final Year of Mil] Operations with Background
and 10 CFR Part 20 Limits

Total Air Concentrations, pCi/‘m® WL Concentrations®
U-238 230 Ra-206 Po-210 Rn-222 Gutdoors Tndoors
1. Range of Typical patural N B -

Background Values : 1, e 7.0x10 3 2.0x10 4.0x10 % 1.0x10 3 1.oxi0? - -
T L i .2 1.7x10°4 7.0x10°% 7.0x10°% 3.0x1072 1.0x10° - -

I1. Predicted Values o - - - - -

A, Fence (0.64 k» ENE).. . ... . . . ... 3.19x10°2  2.39.10°¢ 2.36x10"7 2.36x10°2 3. 18x10° 5.82x10° 2 1.59x10° 2

B. Trailer (0.94 &km ENE).. ... ... . .... 1.84x10°2 1.25x10°2 1.23x10° ¢ 1.23x)6°2 1.65%103 4. 33x1073 B.25x1072

C. Ranch (2.0 km ENE)... ... .. .. ... 4.7x10° 3 3.32x10°3 3.27x10° 3 3.41x10 2 4 60x 102 2.28x10°® 2.30x1073

111. 10 CFR Part 20 Limits® . . ... .. . 3.0 8.0x102 2.0 4.0 1. 0x10% 3.3x10°% 3. 30072

WL denotes “working level”. A one-WL concentration is defined to be any combination of air concentrations of the short-lived Rn-222
daughters Po-218, Pb-214, Bi-214, and Fo-214 that, in one liter of air, will yield a tota) of 1.3x10° Mev of alpha particle ensrgy in their
complete decay to Pb-210. Predicted values given for cutdoor air are those calculated on the basis of actual ingrowth from releasea Rn-222.
Indoor WL concentrations are estimated from the Rn-222 air concentration by assuming 5. 0x10 © WL indoors per pli/m* of Rn-227 cutdoors (see
Appendix G-5 for further explanation of this factor.

hThtu values are taken from Tables 20 and 26 of NC?P Report No. 45, National Council on Radiation Protection and Measurements,k 1975

“values given are from 10 CFR Part 20, Appendix B, Teble II, Qol. 1. For particulates, the lower of the two values given (for soluble and
insoluble) is presented. For Rn-222, the value appropriate for use when short-]ived daughters are also present in equal vcacentrations
is given.
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Tables 6.10 and 6.11 presented Zuse totals from all exposure pathways combined for the whole
body, bone, and lung. Under 40 CFR Part 190 doses from released radon and daughters are not
regulated and are not included in evauations of 40 CFR Part 190 compliance. On this basis
bone doses are critical rather than lung doses, particulate inhalation doses and ingestion
doses are essentially unaffected within a distance of 5 km (3.1 miles), and external doses are
drastically reduced since the primary gamma emitters are short-lived radon daughters The
specific details of the methodology utilized to determine total doses for 40 CFR Part 190
compliance evaluations are delineated in Appendix G-5. Appropriate total doses for evaluation
of 40 CrR Part 190 compliance are presented in Figure 6.7 as a function of distance, for the
cases where there is and is not a milk pathway. As the figure indicates, the base-case model
mill could not comply with 40 CFR Part 190 within 4 km (2.5 miles), would be in comp!iance
outside of 5 km (3.1 miles), and within about 4 to 5 km (2.5 to 3.1 miles) compliance would
depend on whether or not the milk pathway was present.

Table 6.13 presents an evaluation of 40 CFR Part 190 compliance for the .hree hypothetical
reference receptor locations. Total doses are also presented to illustrate the impact of dis-
regarding the unrequlated radon and daughter releases. From the data in this table it follows
that 40 CFR 190's 25 mrem/yr dose limit would be exceeded for occupancy factors of more than
15% at the fence location and about 10% (with vegetable ingestion) at the trailer location. If
vegetables are not grown and consumed by trailer residents, compliance could be established for
a maximum occupancy factor of about 25%, or three months per year. At the ranch location,
compliance could not be established unless there were no ingestion pathways present.

6.2.8.2.5 Regional Population Exposure

The preceding section was entirely directed at an assessment of maximum individual radiological
impacts to persons at locations in the immediate vicinity of the model mill, Various results
demonstrated that with increasing distance, individua) doses can become very small. Although
the concentrations and doses resulting from uranium milling operations assume smaller and
smaller magnitudes with increasing distance, they do not entirely vanish. And as distance
increases, greater numbers of individuals can be affected

In order to determine total regional radiation doses, population dose commitments have been
calculated by summing doses to all individuals out to a distance of BO km (50 miles). At this
distance more than 99% of al) tailings dust leaving the site has already been dep *od, and
yellowcake dust and fugitive ore dusts are more than 96% depleted. !owever, rado ¢ inert
gas and therefore does not become depleted uue to deposition losses. Whereas alm all radio-
logical impacts resulting from radioactive particulate releases are assumed to occur within

80 km (50 miles), impacts from radon are estimated for the whole of North America (see

Section 6.4) as well as the lesser site region.

Regional population doses have been estimatea for all those basic exposure pathways previously
evaluated for individuals. However, the ingestion pathways have been broadened to take into
account many of the various food commodities that are not routinely, or typically, produced by
individuals for their own use in the climates and terrains commonly existing in areas of uranium
milling. For populaticy dose calculations, the vegetable pathway icludes all vegetables,
berries and tree fruits, and grains; the meat pathway includes all beef, lamb, pork, and poultry,
and, the milk pathway includes all dairy products. Within the 50-km region, total population
doses due to the model mill from inhalation and external doses depend on the regional population
distribution. For the ingestion pathways, total population doses resulting from contamination
of the regional food production depend on the gross radicactivity content of the food produced,
without regard for the locations of consumers. Thus total population ingestion doses are based
on the the total amounts of mill-released radioactive isotopes in the region's annual food
production. For the mode! mil) more food is assumed to be produced in the region than is
consumed by the regional population, resulting in net food exports. Ingestion doses to the
population of the model mill region are estimated by assuming they utilize as much of the
regionally produced food as is necessary to satisfy their consumption requirements (see
Appendix G-6).

Population doses from inhalation and external exposure pathways are calculated by dividing the
region into segments, establishing average individual doses within each segment, computing
segment population doses, and summing. Total population doses from food ingestion are estimated
by first calculating the gross radioactivity content of regionally produced food. For each
food type, this is done by estimating average radioactivity concentrations within each segment,
multiplying by the assuwed segment production rate to obtain gross radicactivity content by
segment, and summing. Age dependency is taken into account by apportioning consumption among
the various age groups in accordance with th:ir average consumption rates and their proportions
of the entire population.

.‘ r"- ”
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Figure 6.7. 40 CFR Part 190 Maximum Individual Doses During the Final Year of Mill Operation.



Taple 6.13 40 CFR Part 190 and Tota) Maximum Individual Doses at Hypothetical
Locations During the Final Year of Mill Operation

Bone Doses, mrem/yr Lung Doses, mrem/yr
Exposure RTFR Y8 TYota) A !F! T30 gobl

Location Pathway Doses Doses Doses Doses
I.  Fence (site boundary) External (ground) 0.1% 6. 44 0.15 6.44
Occupancy: 10% External (cloud) neg. 0.18 neg. 0.18
Age: Adult Inhalation (part.) 8.81 8.81 16.8 16.8
(.64 km ENE Inhalation {radon) - - - 199,
TOTALS: 8.96 15.4 17.0 222,
I1. Trailer External (ground) 0.38 16.5 0.38 16 5
Occupancy: 50% External (cloud) neg. 0.94 neg. 09
Age: Adult Inhalation (part ) 23.3 23.3 47, 47.7
0.94 km ENE Inhalation (radon) - - - 518
Ingestion (veg.) 95.3 9.3 8.00 8.00
TOTALS: 119. 136. 56.) 588.
I11.. Ranch Fxternal (ground) 0.19 8 .13 0.1§ 8.313
Occupancy: 100% External (clow!) neg. 1.6% neg 1.65
Child Inhalation (pa~t.) 12.4 12.5 24 24.7
2.2 km ENE Inhalation (radon) - - - Z88.
Ingestion (veg. ) 46 8 46.9 4.20 4.20
Ingestion (meat) 22.7 22.7 2.48 2.48
Ingestion (miik) 39.8 39.8 3.9 3.95
{OTALS: 122. 132. 35.5 333.

For the region of the model mill uniform agricu tural productivity rates, in units of kg/yr-km?,
were selected and assumed to apply without variction over the entire area from one to 80 km
(0.6 to 50 miles). The area production rates se ected were averages of the data presented in
Tabie 6. 14, which was assembled from innumerable d.-uments reporting inventories of animals,
production, acres in use etc. , by county and/or state. The available raw data were of varied
content, guality and age and, therefore, these estimates are considered to be rough approxi-
matiors at best. Average values were determined for most major producing States. These were
then weighted by expected uranium development activity in each State (see Table 3.12) to obtain
values for use in calculating tota) population ingestion doses. However, these values are
still likely to he conservative on the basis that typical areas of concentrated uranium milling
activity are possessed of climates and topography of below average guality with regard to
agricultural use For exampia, South Dakota is shown to have an above averaye milk production
rate but no account has been made of the fact that uranium milling is localized in the sonthwest
corner of the state while most of the milk is produced to the east, near Minnesota.

In addition to the above considerations, reaional population doses have been computed us,
models, equations, and other assumptions and data presented in all of Appendix G. Append G
discusses the reasons and mechanisms for computing two varieties of population duses. The
first variety is the conventional population dose commitment resulting from a one-year period
of exposure. The results of this type of analysis are reforred to here as "annual population
dose commitments" and are based on a one-year period of expoture to concentrations in environ-
mental media calculated to exist during the 15th year of continuous operation of the model
mill. This is the year when environmental concentrations resulting from releases during mill
operation will be at their highest values. Annual population dose commitments resulting from
exposure to these concentrations therefore represent the highest levels of iuch doses resulting
from 2ny single one-year exposuce period. However, population dose comm:tments resulting from
both previous and future exposure years are smaller and would remain uncalculated.

In order to assess the total regional population doses resulting from releases during all of
the model mill's 15 years of operation the concept of environmental dose commitment (EDC) is
employed. Results of this type of analysis are referred to here as "annual environmenia! dose
commitments.” This analytical method essentially enta’ ~alculation of all population
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Table 6. 14 Staff Estimate of Agricultural Productivity in Uranium Milling States

Estimated Agricultural Productivity, kg[yr-kn"

State Vegetal'les Meat Milk
Colorado 2800. 3200. 1400,
New Mexico 280. 1150. 460.
South Dakota 2400. 6400. 3600.
Texas 1200. 5300 2100.
Utah 370. 790. 1800.
Washington 10700. 1600. 6000,
Wyoming 320. 1400. 230,

Weighted Averages:® 1020 1980 1140

aVegetables include fruits and grains, as well as all vegetables. Meat includes beef, lamb,
pork, and poultry,

°The food growth statistics are weighted by the percentage of milling activity that is
predicted in each of the major producing States. See Table 3.12.

doses resulting from a one-year release of radicactive materials, over the entire period that
such materials may persist in the environment. Rigorous EDC calculations require specific
models and data allowing the arcurate forecast of the long-term time dependency of population
distributions and agricultura! productivity, as well as resulting radioactivity concentrations
in environmental media. And, should these time dependent behaviors not be amenable to expres-
sion by the simplest of mathematical functions, calculational burdens rapidly become restric-
tive due to the time integrations involved.

The precise technigue for calculating EDC's reported here has incorporated the simplifying but
non-conservative assumption that the population and agricultural characteristics of the model
region will remain constant vith time. Also, the time interval utilized for calculating popu-
lation doses following release i< 100 years, rather than some longer time. This is also non-
conservative in view of the fact that any population doses arising from residual activity
persisting in an environmentally available state for more than 100 years is not included. The
net effect ot each of these dual informalities, as discussed in Appendix G-6, is an underesti-
mz*e by about 10 percent of total EOC's “rom all pathways combined. This Jack of precision is
considered relatively insignificant in view of the initial hypothetical nature of the site-
specific parameters and the levels of uncertainty inherent in the atmospheric dispersion and
other intermediate calculations, and has therefere, been accepted.

Trhe calcul sted annual population dose commitments (for the 15th year of mill operation) and
annual 100 -year environmental dose commitments are presented in Table 6.15. The short-lived
daughter: of Rn-222 are responsible for essentially ali of the externa) doses, and all of the
inhalation dose to the bronchial epithelium. Short-lived Rn-222 daughters continue to yield
significant external doses from ground surface concentrations even beyond mill shutdown because
they grow in from deposited Ra-226 (the radon produced from deposited Ra-226 is assumed to
remain trapped in ground surface particulates).

0f the doses presented in Table 6 15, most of the whole body, bonu, and lung doses (not includine
bronchial epithelium doses) arise from the ingestion pathways. Since total ingestion doses are
based on regional food production, which exceeds regional food consumption, actual ingestion
doses received by the regional population are less than the totals presented in Table 6.15. Of
the total ingestion doses presented the regional population could actually receive only about
76.5% of the vegetable ingestion doses, 14.9% of the meat ingestion doses, ana 55.2% of the milk
ingestion doses, based on food requirements for that group. These fractions have been used to
determine the annual dcse commitments actually received by the regional popuiation, which are
also provided in Table 6.15. Other calculational results indicate that most of the non-radon
population doses resulting from mill operation arise from intake of Ra-226 and Pb-210 via inges-
tion pathways. From Table 6.9, it is apparent that over 97% of env.ronmental concentrations of
these two radionuclides, at all distances, arise from dispersed tailings dusts, and ingrowth of
Pb-210 from released Rn-222.
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Table 6.15 Annual Population and Environmental Dose Commitments Resuiting from Operation of the Model Mill

Annual Population Dose Commitments, pers:on-rn/yr‘

Total Dose Commitments Doses Received by the ional qulotionb
Whole “Bone ung ronchial

whote Bone Lung Fonchiﬂc

Exposure Pathway Body Epithelium Body Epithelium
External from ground 0.511 0.51 0.511 ~ 0.511 0.5M 0.5 -
External from cloud 2.36 2.36 2.36 - 2.36 2.35 2.36 “
Inhalation 0.170 4.61 6.48 138. 0.i70 4 61 6.50 138,
Vegetable Ingestion 3.58 50.0 3.58 = 2.74 38.3 2.78 -
Meat Ingestion 2.94 30.24 2.94 = 0.427 4.49 0.437 »
Milk Ingestion 0.458 5.5 0.458 - 0.421 3.04 0.253 =
TOTALS 10.0 93.2 16.3 138. 5.47 53 2 12.8 138.

Annual Environmental Dose Commitnents, rers.n-rem/yr

Total Dose Commitments Doses Received by the Regional Pogulationb

Exposure Pathway whole one Lung Tronchth wWhole Bone _ung ronchial ™

Body Epithelium Body Epithelium
External from ground 1.97 1.97 1.97 - 1.97 1.97 1.97 -
External from cloud 2.36 2.36 2.36 - 2 36 2 36 2.36 -
Inhalation 0.170 4. 61 6.50 138. 0.170 4.6] 6.50 138.
Vegetabie Ingestion 4.52 59.6 4.52 : 3.46 45.6 3.46 *

Meat Ingesticn 4.78 48.7 4.78 L 0.710 7.24 0.710

Milk Ingestion 0.72% 8.4% 0.725 * 400 4. 66 0.400 -
TOTM.Sd 14.6 8.7 20.9 138, 9.07 66.4 15.4 138.

3Based on exposure during the final year of mill operation,

bl)oses received by the regional population are less than total doses for ingestion pathways because the regional population consumes only
76.5%, 14.9% and 55.2% of regionally produced vegetables, meat, and milk, respectively.

“Doses presented for the bronchial epithelium are those resulting from inhalation of short-lived Rn-222 daughters.

dThe following percentages of annual dose commitments received by the region are due to annual radon relea.es (7.0 kCi):

whole body, 35%;

bone, 33%; puimunary lung, 50%; and bronchial epithelium, 100%.
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Total regioral radiclogical impacts frcm operation of the model mill for 15 years are estimated
by multiplying the annual environmental dose commitments by 15. Based on the annual EDC's
presented in Table 6.15, tota) populatios doses resulting from 15 years of model mill operation
are calculated to be 219 whole body person-rem, 1885 bone person-rem, 313 person-rem to the lung
from particulates, and 2070 person-rem to the bronchial epithelium from inhalation of short-lived
radon daughters. Total EDC's from 15 years of model! mill operation received by the population of
the mode] region are 136, 996, 231. and 2070 person-rem to the whole body, bone, lung, and
bronchial epithelium, respectively.

6.2.8.2.6 Health Effects on Man

A perspective concerning the significance of the radiation dose commitments to individuals and to
the population of the region wh?ch are predicted to result from operation of the model mill may
be gained by comparisons with background radiation and with published protection standards. This
comparison has been made earlier. Ansther perspective may be obtained by estimating the impact
of radiation on man in terms of affecting man's health. This section makes estimates of health
effects to a maximally exposed individual living near a mill and to a population living in the
model region. The basis for health effects estimates is given in Appendix G-7.

The maximally exposed individual is characterized as a child living at a ranch house 2.0 km
downwind of the mil)l. The dose that could be accumulated over one year of continuous residence
at the ranch by this individual during mill operation is given in Table 6.10. Using the risk
estimators given in Appendix G-7, the total risks to this hypothetical individual of dying from
radiation-induced cancer is estimated to be one chance in approximately 2400. The risk to the
maximally exposed individual of premature* death from cancer due Lo one year of mill operation
represents about a 0.3% increase in the natural incidence of cancer. He would be in excess of
ten time. more likely te be killed in a motor vehicle accident. About 75% of the risk of a
premature death from exposure at the ranch is associated with lung cancer induced by radon and
its daughters. Efforts to reduce radon emissions are discussed in Chapter 8 and 9.

The potential nunber of cancer deaths that might occur among the population of the region as a
result of 15 years of mode] mill operation has been calculated using the environmental dose
commitments listed in Table 6.15 and the risk estimators given in Appendix G-7. In Table 6.16,
the number of premature deaths expected in the region from several types of cancer resulting from
exposure to mill effluents is compared to the number which might result from background exposure
and the natural incidence of cancer assuming that no milling took place. Even one death is
improbable as a result of the dose commitment to the entire population from effluents released
throughout the operating lifetime of the mill. Since this statistically unlikely death, should
it occur, would be but one of thoUsands of >ther natura! cancer deaths, its etiology would be
entirely unrecognizable.

For the average individual living in the model region, the probability of a premature cancer_

death as a result of 15 years of mil) operation is about 3.5 x 10 ® with a range from 2 x 10 ® to |
7 x 10 % The risk to the average individual of premature death from cancer due to 15 years of

mill operation represents about a 0.002% increase of the natura! incidence in cancer.

In section 6.2.8.2.5, total population expcsures to whole body, bone and lung were estimated to

be appreciably greater than those occurring in the medel region alone, because of the conservative
assumptions made regarding quantities of food grown in the model region. A net export from the
region was assumed. However, the exposures to bronchial epithelium are not affected by this
export of food. {Note: exposures and health risks due to radon and daughters which are trans-
ported out of the 80 km radius model region are considered in Section 6.4.) For this reason,

and because of the relative size of the bronchial epithelium dose and radiosensitivity of this
organ, health risks associated with the exported food component are not a large fraction above
that estimated for the region alone. An increased risk of about 12% is estimated for this
exposure increment.

Genetic effects transmitted to the offspring of parents living in the model recion have also
been estimated using the risk estimators of Appendix G-7. Among the entire population of the
region, the probability of a single genetic defect attributable to the environmental dose
commitment from the entire 15-year operating lifetime of the mill is one chance in forty.
Should one defect occur, it would be obscured among abnormalities of the types listed in
Table 6.16 which would occur in about 5% of the live births in the region, or at rate of
approximately 40 per year.

¥ o
The term “premature death" is used instead of death because all persons, regardless of
radiation exposure, will eventually die.
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6.16 Estimated Health Effects Among Population of Model Region®

Somatic Effects
Premature Deaths Attributable

to 15 Years of Mill Jperation Qeaths Attributable tc  Natural
Natural Backggounu Incidencec
Organ at Risk Range Central value Radiation of Cancer
Lung 0.069-0.35 0.17 a4 “
Bone 0.0050. 008 0.006 1 =
Whole body 0,009-0.047 0.021 19 =
Totals 0.083-0.41 0.20 69 9,900
Genetic Effects
Excess Effects Attributable to
15 Years of Mill Operation
Spontancoas
Range Central Value Incidence
Specific genetic
aefects 0.005-~0.047 0.015 120
Defects with com-
rlex etiology 0.001-0.10 0.9010 430
Totals 0.006-0.147 0.025 610

35ased on environmenta) dose commitments from Table 6.12 multiplied by 15 years of operation.

B or population of 57,300 over 15 years exposed to the radiation environment described in
Section 4.12.

Cmroxiut.ely 17% of all deaths in the U.S. for the year 1970 were due to cancer (“Vital
Statistics of the United States 1970, Volume Il - Mortality, Part A" U.S. Dept. of Health,
Education and Welfare, p. 1-7, 1974). Assuming that 17% of the population in the model
region would eventually die from cancer approximately 9,900 death: from cancer would be
expected.

"'rhe spontaneous incidence is estimated for a 15-year period. The spontaneous inciderce rate is
derived from Table 4 of the 1972 BEIR Report (reference 21) and assumes 14,000 live births per
million population.

6.2.8.2.7 Occupational Exposures and Health Effects

The estimates of occupational exposures to radiation are based principally on worker exposures
measured at seven operating uranium mills in Wyoming and New Mexico. The seven mills were
visited from fall 1975 to spring 1977 by the NRC staff, Results were obtained from individual
mil) monitorine programs, and the average exposure levels are published here for the first
time.

6.2.8.2.7.1 Average Individual Occupational Exposure

External Dose to Individuals

The average annual dose equivalent from external penetrating whole-body radiation was 685 mrem
based on data from four mills. This average was increased greatly by the 2000 mrem/year
average from one will that had an unusually high buildup of radium in the circuit. The average
from the remaining three mills was 250 mrem/year. By comparison, 7 of 17 licensed uranium
mills reported an average whole-body dose of 380 mrem in voluntarily reported daca for 1975
(NUREG-0419). The more accurate estimate of whole-body dose from external radiatios is
probably the 380-wrem/year value, and this is used subsequently. e ;. 50

™
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Individual Internal Exposures

Inhalation is the only pathway leading to significant internal exposure to radionuclides by
uranium mill workers.

Exposure to Uranium Ore Dust. Uranium ore dust in crushing and grinding areas of mills
contains natural uranium {U-238, U-235, and U-234), thorium-230, radium-226, lead-210, and
polonium-210 as the important radionuclides. The average uranium concentration present in the
crushing and grinding areas of the seven mills was 2.6 pCi/m® of U-238 and each of its _
daughters. These concentrations were measured in dustier areas while machinery was act1vg!y
producing new dust. The particles therefore tend to have large activity median aerodynamic
diameters (AMADs). Unpublished measurements by tt. U.S. DOE's Environmental Measurements
Laboratory place the AMADs at 10 to 15 um.

The inhalation dose conversion facters from Table G-5.3 in Appendix G-5 were used to caICulgte
doses to workers exposed to uranium ore dust. For convenience of calculation, a particle size
of 5 um was chosen (AMAD = 7.75 at a density of 2.4)., This particle size results in a slightly
larger estimate of the fractional deposition of dust in the pulmonary tissue than would be the
case if an AMAD of 10-15 um were used. Average occupational doses calculated to result from
exposure to an ore dust concentration of 5.2 pCi/m® of natural uranium are given in Iable_6.17.
These doses are based on the assumption that a mill employee spends one-third of his working
time in areas containing ore dust.

Table 6.17. Average Occupational Internal Dose due to Inhalation of Ore Dust®

Dose from Isotopes in Ore, mrem/yr

Organ U-238 U-234 Th-230 Ra-226 Pb-210 Po-210 Total
Lungb 2.9x10? 3.38x10! 3.27x102 6.76x10° 5.26x10'  8.17x10° 1.20x103
whole body 1.42 1.62 2.92x10! 1.15x101 1.40 2.05x10° ' 4.53x10!
Bone 2.40x10'  2.62x10} 1.04x10% 1.15x10% 4.33x10" 8.35x10°' 1.25x103

3poses are calculated based on the assumption that an occupational worker spends one-third of
his workweek (40 hours) in the crushing and grinding areas of the mill. ODose conversion
factors for occupational exposure are listed in Appendix G-5. Each isotope is assumed to be
present in a concentration of 2.5 pCi/m?.

bPulnonary region.

Exposure to Yellowcake Dust. The averaye uranium concentration present in the ;elloucake-handlvng
areas of five uranium miTTs was 18.3 pCi of U-nat/m® (i.e., 9.15 pCi of U-238/m® and 9.15 pCi of
U-234/m). Average occupationa)l doses due to exposure to yellowcake dust at this concentration
are given in Table 6.18. These doses are based on the assumption that a worker spends one-third
of his time in yellowcake-handling &reas.

Exposure to Rn-222 and Daughters. Prior to 1976, mill operators were not required to monitor
radon ‘evels. Consequently, only a few measurements are available on annual average radon
daughter concentrations. These measurements indicate that the average working level (WL) exposure
is about 0.05 WL. Thus, a worker in a mill would be exposed to 0.6 WL-months of radon . ughters
per year. It is assumed that one WL-month exposure to radon daughters will deliver a dosc of 5
rem to the bronchial epithelium, and thus the average worker would be exposed to a dose of 3
rem/year,

Total Dose to an Average Individual Worker. [t is assumed that an average worker is exposed
annually to external radiation that delivers 380 mrem to the whoie body and to radon daughters
that produce a dose of 3 rem to the bronchial epithelium. It also is assumed that of the 40
hours per week that a worker spends in the mill, one-third of the time is spent in ore dust
areas, one-third is spent in yellowcake areas, and one-third in areas of little airborne par-
ticulate radioactivity. The doses that an average worker would receive as a result of these
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Table 6.18 Average Occupational Internal Dose Due to Inhalation of Yellowcake Dust?

Dose From lsotopes in Dust, mrem/yr

Organ U-238 u-234 fotal
Lung” 7.38 x 100 8.39 x 10! 1.58 x 102
whole Body 1.30 x 10! 1.49 x 10! 2.79 x 10}
Bone 2.20 x 102 2.39 x 102 4.59 x 102

%Doses are calculated based on the assumption that an occupational worker
spends one third of his workweek (40 hours) in the yellowcake handling
areas. Dose conversion factors for occupational expasure are listed in
Appendix G-5. Doses are based on 9.15 pCi/m® each of U-238 and U-234.

bPu)nonary region.

conditions are given in Table 6.19. The risk of premgture death due to cancer associated
with the annual doses given in Table 6.19 is 4.2 x 10 *. Over a career (i.e. 47 years), an
average mill worker would be exposed as follows: whole body, 21 rem; bone, 98 rem and, lung,
225 rem. The lifetime risk of premature death due to cancer is estimated to be about 2%. The
lifetime risk is equivalent to about a 12% increase in the natural incidence of cancer, or
about a 570% increase in the risk due to background radation.

6.2.8.2.7.2 Cumulative Occupaticnal Exposures and Health Effects

Cumulative occupational exposures are calculated on the basis of the estimated average number
of radiation workers at a mill (about 80) and the number of mill-years that will be needed to
produce the required Us0g. It has been projected in Chapter 3 that 883,000 MT (973,000 ST) of
Uz0g will be needed over the time period 1978-2000. Base: on the assumption that each mill
will produce 785 MT (865 ST) of Us04 per year (operating av 85% capacity), a total of approxi-
mately 1100 mill-years will be needed to produce 883,000 MT (973,000 ST) of Uy0g.

Table 6.19. Average Occupational Dose Commitment te Uranium Mill Worker-

Annual Dose Commitment to Organs at Risk, mrem/yr

Lun
gﬁom’.hial

Source whole Body Bone Pulmonary Epitheliun'
External 3.80 x 10% 3.80 x 10?2 3.80 x 102 *
Ore dust 4.53 x 10! 1.25 x 10° 1.20 x 108 -
Yellowcake dust 2.79 x 10! 4,59 x 102 1.58 x 103 =
Radon - - s 3.00 x 10°
TOTAL 4.53 x 10¢ 2.09 x 108 1.74 x 103 3.00 x 10°

3The dose to the bronchial epithelium is distinguished from the lung dose because the major
dose delivered by radon daughter is to the bronchial epithelium.

Cumulative occupational exposures, somatic health effects, and genetic health effects estimated
on the basis of these assumptions are given in Tables 6.20 through 6.22. Since the human body
may be able to repair the effects of irradiation received at very low dose rates, it is
possible that the risks may be much less than those presented in Tables 6.20 and 6.22.
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Table 6.20. Cumulative Occupational Dose Couitn’nt to Workers
in U.S. Uranium Mills, 1978-2000

Dose Commitment (organ-rem)

Lung
Bronchial
Source Whole Body Bone Puimonary Epithelium
External 3.34 x 104 3.34 x 104 3.34 x 10% -
Ore Dust 3.99 x 10° 1.10 x 163 1.06 x 10° -
Yellowcake dust 2.46 x 10° 4.04 x 10 1.39 x 104 -
i - = = 2.64 x 10°
TOTAL 3,59 x 10¢ 1.84 x 105 1.53 x 105 2.64 x 10%

3Dose commitments are based on a total of 88,000 millworkeryears over the pericd 1978-2000.

Table 6.21 Cumulative Somatic Health Effects Related to Occupational
Radiatior Exposure of Workers in U.S. Uranium Mills, 1978-2000

Organ at Risk
Category WhoTe Body one Lung Total

Premature deaths 6.1 x 10° 1.1 x 10° 3.0 x 10! 3.7 x 10t

Table 6.22 Cumulative Genetic Health Effects Related to Occupational
Radiation Exposure of Workers in U.S. Uranium Mills, 1978-2000

Specific Defects with
Category Defects Complex Etiology Total
Effects from ociupational 6.3 x 10° 4.0 x 10° 1.0 x10?
dose commitment
Spontaneous incidence b 1.2 x 10t 5.0 x 10¢ 6.2 x 10!
for 88,000 person years

< -2

Fractional increase in 6.3 x 10 8.0 x 10 1.7 x 107!}

incidence of genetic defects
among workers due to milling

A1t 4s assumed that 100% of this population is of childbearing age,

bThe spontaneous incidence is estimated for a 15-year period., The spontaneous incidence
rate is derived from Table 4 of the 1972 BEIR Report (reference 21) and assumes 14,000
live births per million population,

The estimated fatality incidence rate of uranium mill workers due to occupational radiation
exposure is compared with the risk to other occupational groups in Table 6.23. The fatality
incidence rates are based on deaths in 1975 due to a job-related injury or illness., Jn terms

of job-related fatalities, the occupational risk associated with the average radiation dose (42
premature deaths/10° person-years) is higher than the average private sector risk (10 premature
deaths/10° person-years). However, the risk to uranium mill workers is lower than the risk “or

a nymber of other groups. - a3 3 ‘:) 1

|
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Table 6.23 Incidence of Non-violent Job Related Fatalities

Fatality Incidence Rates?

Occupational Group (premature deaths/10% person-year)
Underground Metal Miners® 1244
Asbestos Insulation Workers® 365
Uranium Miners? 232
Sme)ter Workers® 193
Hiningc 61
Uranium Mil] Horkersd 42
Transportation and Public Utilities® 24
Services® 3
Total Private Sector® 10

3iThe President's Report on Occupational Safety and Health," May 1972,

bIrving J. Selikoff and William J. Nicholson, "Deaths Among 17,800 Abestos
Insulation Workers in the United States and Canada, January 1, 1967, through
January 1, 1977," National Institutes of Health, 1978.

c"Occupational Injuries and Illnesses in the United States by Industry, 1975,°
Bureau of Labor Statistics, Bulletin 1981, 1978.

%he fatality incidence rate for uranium mill workers includes estimates of
only radiation-related fatalities.

6.2.8.2.8 Summary

In this section the conclusions of the preceding analysis of the radiclogical impacts of the
operational model uranium mill are simmarized. Comparisons are made among predicted values,
applicable standards, and background data. The assumptions that have been made for purposes of
this analysis are considered to Le representative of recent past practice in the industry. The
references to a "model" mill are not meant to imply that the assumed parameters represent the
best currently available control technology. Possible alternatives which would reduce the
radiological impact from operation of the model mill are discussed in Chapter 8.

Dose Commitments

1. Average concentrations of airborne radionuclides, including the resuspended portion, at the
fence, trailer, and ranch in the 15th year are given in Table 6.12. Background concentra-
tions typical for the U.S. are also given. It is apparent that estimates for the mill
effluents are many times larger than the average background values. On the other hand, the
calculated concentrations are within the applicable limits of Title 10 of the U.S. Code of
Federal Regulations, Part 20, "Standards for Protection Against Radiation,” for releases to
unrestricted areas.

2. Table 6.13 presents doses calculated for the three hypothetical reference receptor locations
for the purpose of evaluating compliance with the 25 mrem/yr limit to be imposed under
40 CFR Part 190. At the fence post location a maximum occupancy of about 15% (55 days/yr)
would be allowable, provided that the individual «f concern ingested no locally grown food
during that occupancy and accrued no significant exposure from the base case model mill or
any other regulated sources during the remainder of the year. For the hypothetical trailer
location, whers vegetables are assumed to be grown, 25 mrem/yr would result from an occupancy
of about 19% (70 days/yr). If no vegetables were grown at this location, occupancy for 95
days per year (26%) would be required to accrue 25 mrem/yr. At the ranch location, which is
assumed to be a permanent residence, 100% occupancy is presumed. Compliance with 40 CFR 190
at the ranch location could not be demonstrated unless there were no ingestion of locally
grown foods.
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3. The maximum annual population dose commitments to the population of the model region are
those occurring during the 15th year of mill operation. As given in Table 6.15 these dose
commitments are about 6.5, 53, 13, and 138 person-rem/yr to the whole body, bore, lung, and
bronchial epithelium, respectively, Annual doses to the same population from natural back-
ground, based on dose rates rresented in Table 4.14, amount to 7910, 3000, 7910, and 32100
person-rem to the whole body, bone, lung, and bronchial epithelium, respectively., The
increase in regional population doses due to the base case model mill is, therefore,
estimated to be no more than 0.7%,

4, Total radiological impacts from operation of the model mill for 15 years are estimated as
15 times the annual environmental dose commitments from mill operation. Based on results
given in Table 6.15, these total dose commitments are about 219, 1885, 313 and 2070 person-
rem to the whole body, bone, lung, and bronchial epithelium, respectively. Releases from
the tailings pile alone have been calculated to account for over 98% of the whole body ,
bone, and bronchial epithelium doses, and over 94% of the lung dose. Since closing the
mill will remove only the ore and yellowcake sources, it is clear that the end of mill
operation will not by itself bring about an appreciable reduction in annual dose commitment.

Radiological Risks

1. Health effects were estimated for two types of individuals (Sec. 6.2.8.2,6) Tiving within
80 km of a mill. The first individual was characterized as the maximaliy exposed indivi-
dual living for 15 years 2.0 km downwind from a mill. The probability of this hypothetical
individual suffering a premature death due to radiation-induced cancer was calculated to be
about 4.2 x 107" over the individuals lifetime. The risk to thi: maximally exposed indivi-
dual represents about a 0,3% increase in the natural incidence of cancer., The second
individual was characterized as the average indivicual living for 15 years within 80 km of
a mill. The risk to the average individual (3.5 x 107%) is about two orders of magnitude
below the risk to the maximally exposed individual. For both individuals about 75% of the
total radiation ca,cer risk is attributed to the long dose from radon and its daughters.

2, For occupational workers the average lifetime risk of premature death due to cancer asso-
ciated with career exposures (i.e, 47 years of exposure) is estimated to be about 2%. This
lifetime risk is equivalent to about a 12% increase in the natural incidence of cancer, or
about a 570% increase in the risk due to background radiation.

6.2.8.3 Postoperational

Residents of the model region may continue to be exposed to radioactive effluents from the mill
site even after the mill itself has ceased to operate., The purpose of this section is to
describe the postoperational radiologi.al impacts to individuals and the population which are
predicted assuming that no efforts are made to reduce emissions from the tailings pile for a
period of § years after mill shutdown. Alternatives to this so-called base case (no controls)
are explored in Chapter B, and the reduced radiobiological impacts which would result from
implementation of these alternatives are described in Chapter 9. Also in this section the
uostoperational impacts expected in the base case are compared to those which in Section 6.2.8.2
were pradicted to occur as a result of mill operations. It is important to note that while the
operating phase is finite {assumed to be 15 vears), emissions from exposed tailings could continu
almost indefinitely, with only the 80,000-year half-1ife of Th-230 as a certain amelioratory
factor.

The project-related radiation exposure within the region in each year following shutdown of the
mill will primarily depend on management of the tailings pile. This is because the air concen-
trations of all radionuclides except U-238 and U-234 originate principally from the tailings
{see Table 6.9) Mill shutdown, including cessation of yellowcake drying ana packaging, will
effectively eliminate about 84%.0f the uranium particulate sources, but only about 2.5% of the
thorium and even less of other nuclides. This would reduce the total dose commitments to the
organs of nearby residents only negliqibly (except for lung and bone doses from particulate
inhalation) and would have an insignificant effect on population doses.

The comments above all refer to the base operating case where it is assumed there are 50 ha (125
acres) of dry tailings. Actually, as is shown below, the dose conmitments to all organs exceprt
the lung (from particulates) actually increase after the base case model miil closes because the
dry tailings area is extended.

6.2.8.3.1 Individual Dose Commitments

Dose to individuals at the three hypothetical reference receptor points (fence, trailer, and
ranch house) considered in detail for the operating phase were again calculated assuming that,
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as described in Chapter 5, 30 ha (75 acres) of existing wet tailings dry out while no attempt |
is made at reclamation. In this instance, the total dry tailings source area becomes 80 ha

(200 acres). In Table 6.24 individual dose commitments for the fifth year of existence of a

tailings pile of 80 ha (200 acres) are compared to similar values for the 15th year of mil)

operation.

From the data presented in Table .24 it is apparent that closing the mill and allouin? the dry
tailings ares toc expand from 50 to 80 ha (125 to 200 acres) will result in substantially
increased annual dose commitments to nearby residents, except for the particulate dose to the
lung. Over B0 percent of the annual particulate lung dose during mil)l operation, at the fence
location, results from yellowcake dust emissions, and this source is eliminated when the mil)
shuts down. However, because of the much larger increase in doses to the bronchial epithelium
from radon daughters, total annual lung dse commitments at all locations are increated sub-
stantially five years later.

"his examination of the postoperational period shows that without reciamation of the tailings
area, the annuai dose commitments to bone, and lung (from radon plus particulates) will have
increased markedly five years after shutdown. However, the situation will not have changed
significantly relative to compliance with applicable radiation protection standards. Concen-
trations of airborne radicactivity will remain within the limits specified in 10 CFR Part 20,
even at the fence location. On the other hand, the 25 mrem per year standard of 40 CFR

Part 190 is again exceeded at the tra ler and ranch locations. Maximum permissible occupancy
at the fence location would be reduced .rom 15% during operation, to about 11%.

6.2.8.3.2 Population Dose Commitments

The annual population dose commitments resulting from environmental contamination of the model
region have been estimated for the fifth year after mill cperation has ceased by following the
same calculational procedures employed in the study of the operating phase. When ore crushing
and grinding and yellowcake drying and packaging cease, the annual population dose commitments
would be reduced less than a few percent if the tailings source remained constant. In the
assumed case, in which the 30 ha (75 acres) of wet tailings are allowed to dry without con-
currently covering any of the already-existing 50 ha (125 acres) of dry area, the annual dose
commitments to the population of the region would increase by approximately 60% (or in the
expected ratio of 80/50).

A comparison of regional population dose commitments from tne 15th year of the mill operation
and from the fifth year of storage cf 80 ha (200 acres) of dry tailings is given in Table 6.25.
Although the increases in dose commiiments are appreciable, they remain at levels which are
small in comparison to doses received by the same population from natural background radiation.
Annual population dose commitments during the fifth postoperational year amount to nu more than
about 1% of those from natural background. It may be noticed that for lung doses due to
particulate inhalation, population doses rise after mill shutdown while individual doses close
to the mill decrease. This is due to the dominance of ingrown Rn-222 daughters, Pb-210 and
Po-210, at large distances. At small distances, yellowcake particulate sources dominate
inhalation lung doses.

6.2.8.3.3 Envircnmental Dose Commitments

The annual and 5-year total environmental dose commitments (FDC's) which would result from
existence of B0 ha (200 acres) of dry uncovered tailings at the mil) site are given in
Table 6.26. Alse presen =d are total EDC's resulting from 15 years of operational releases,
and total EDC's resulting from the entire 20-year period. Ingestion EDC's included in
Table 6.26 are totals and refl ect complete consumption of the entire model region's food
production. Because the regioral population is conservatively assumed to consume less than
those presented in Table 6.26 £EDC's received by the regional population are presented

in Table 6.27.

6.2.8.3.4 Health Effects

In this section the estimates of health effects among the regional population as a whole and in
maximally exposed individuals are presented and an effort is made to set them in perspective.
These predictions have been developed in the same way as those that were summarized in Section
6.2.8.2.8, also utilizing the risk estimators from Table G-7.1 of Appendix G-7. Since the
five-year postoperational pericd cannot be dissociated from the previous 15 years of operation
with regard tc health effects, dose commitments have been combined.
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Table 6.24 40 CFR 190 and Tota)l Maximum Individual Doses at Hypothetical Locations
During the Final Year of Mill Operation and the Fifth Year after Mill Decommissioning

Individual Doses Due to Exposure
During the Final Year of Mill Operations

Bone Doses, mrem/yr  Lung Doses, mrem/yr
40 CFR 190 Total 1% 8“ 190 Total

Individual Doses Due to Exposure During
the 5th Year After Decommissioning

Bone Doses, mrem/yr  Lung Doses, mrem/yr
40 CFR 190 Total a0 SFR 190 Total

Exposure
Locatien Pathway Doses Doses Doses Doses Doses Doses Doses Doses
I. Fence (site boundary) External (ground) 0.1% 6.44 0.15 6.44 0.19 9.82 0.19 9.82
Occupancy: 10% External (cloud) neg. 0.18 neg. 0.18 neg. 0.28 neg. 0.28
Age: Adult Inhalation {part.) 8.81 8.81 16.8 16.8 12.0 12.0 3.60 3.60
0.64 km ENE Inhalation (radon) - - - 199, L - £ 318.
TOTALS: B.96 15.4 17.0 222. 12.2 22.1 3.79 332.
II. Trailer External (ground) 0.28 16.5 0.38 16.5 0.51 25.1 0.51 25.1
Occupancy: 50% External (cloud) neg. 0.94 neg. 0.94 ne 1.50 neg. 1.50
: Adult Inhalation (part.) 23.3 23.3 47.7 47.7 31.7 3.7 9.65 9.6%
9.94 km ENE Inhalation (radon) - - = 518. “ = » 825%.
Ingestion (vegq.) 85.5 95.5 8.00 8.00 150 150 12.6 12.6
TOTALS: 119. 136 56.1 588. 182 208 22.8 874.
T11. Ranch External (ground) 0.19 8.33 0.19 8.33 0.26 12.7 0.26 12.7
Occupancy: 100% External (cloud) neg. 1.65 neq. 1.65 neg. 2.9 neq. 2.91
Age: Child Inhalation (part.) 12.4 12.5 247 24.7 17.1 17.2 5.37 5.45
2.0 km ENE Inhalation (radon) - = = 288. = = = 460,
Ingestion (veq.) 46.8 46.9 4.20 4 .20 132 73.2 6.59 6.59
Ingestion (meat) 22.7 22.7 2.8t 2.48 35.7 35.7 3.90 3.90
Ingestion (milk) 39.8 39.8 3.5 3.9% 61.6 61.6 6.16 6.16
TCTALS: ? 122, 132. 35.5 333. 188 203 22.3 498.

3The whole body dose to the child increases from 21.)1 mrem/yr during operaticn to 32.6 mrem/yr Lost operations.
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Table 6.25 Calculat

Comparisen with Natural Background

R R R R T R R R R R R O R RO R IR R R R RO R RO RS

Annual Population Pose Commitments to the Regional Population,

Anrual Population Dose Commitments to the Regional Population, person-rem/yr

During the Final Year of Mill Operation

DurinLLheBSth Post-Operational Year

Whole Bone Lung ronchial whole one Lung Bronchial

Exposure Pathway Body Epithelium Body Epithelium
External from ground surfaces 0.51 0.511 0.511 = 0.777 0.777 0.777 -
External from airborne activity 2.36 2.36 2.36 = 3.77 3.77 3.77 *
Inhalation of airborne nstivity 0.170 4.60 6.48 138. n.262 7.08 8.04 218.
Ingestion of vegct'bles: 2.74 38.3 2.74 - 4. 30 60. 1 4.30 -
Ingestion of ueat:. 0.437 4 49 0.437 = 0.685 7.04 0.685 .
Ingestion of milk: 0.253 3.04 0.253 = 0.392 4.70 0.392 -
Totals from the model mill: 5.47 53.3 12.8 138. 10.2 83.5 18.0 218.
Totals from natural background:b 7910. S000. 7910. 32100. 7910. S000. 7910, 32100.

Fractional increase from model mill: 0.0008 0.005%9 0.0016 0.0043 0.0013 0.0093 0.0023 0.0068

‘Inocstion doses shown are based on the assumption that of the regional food production, the regional population consumes 76.5% of the vegetables,
- 14.9% of the meat, and 55.2% of the milk.

bPopulation doses from natural background are based on individual dose rates given in Table 4. 14, excluding contributions from fallout.

1 G L
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Table 6.26 Annual Post-Operational ant Tota) Environmental Dose Commitments

6-50

Annual Enzironmental Dose Commitments fr
Post Operation Releases, person-rem/yr

Bronchial
Exposure Pathway Whole Body Bone Lung Epithelium
External from ground surfaces 3.10 3.10 3.10 -
External from airborne activity 3.70 3.70 3.70 =
Inhalation of airborne activity 0.262 7.08 8.04 218.0
Ingestion of vegetables 4 93.6 7.12 =
Ingestion of meat 7.63 77.7 7.63 -
Ingestion of milk 1.15 13.3 1.15 &
Annual Totals 23.0 198.0 30.7 218.
Total EDC's from 5 years of
post-operational releases 115. 990. 154, 1090.
Total EDC's from 15 years of
operational releases 214 1820. 318. 2070.
Total EDC's from entire
20-year pe-riod 329 2810. 472. 31860.

alnqestion doses shown are totals and reflect total population doses arising from
cowplete consumption of the regicnal food production.

h!otal EDC's shown are from data given in Tabl: 6.15.

“Total EDC's shown are the combined result of 15 years of operational releases and
5 years of post-operational releases.

Dose commitments and risk L0 a maximally exposed individual living for 20 years near a mill are
given in Table 6.28. The risk of the maximally expos.d individual of dying from radiation
associated with the mill is estimated to be 6.3 x 10 ¥, This risk represents about a 43%
increase over the risk of death from background radiation. About 85% of the risk to the
individual 12 associated with lung cancer.

The resulting EDCs for the entire 20 years are given in Table 6.29 together with the prediction
of premature cancer deaths.

In comparing the 20-year environmental dose commitments and their related effects with the data
for the operating period, it will be observed that the premature deaths among the 57,300 resi-
dents of the model region thrcughout the entire 15- and 20-year periods are approximately 0.2
and 1.3, respectively. This is very small in comparison with the natural incidence of cancer

in the region. For the average individual 1iving in the model region, the probability of
premature death from a cancer associated with the 20 year dose is 5.1 x 10 &, This added risk
is equivalent to a 0.003% increase in the natural incidence of cancer, or about a 0.35% increase
in the risk from background radiation.

The number of genetic defects predicted to occur among the offspring of th2 regional population
as a result of mill-related radiation exposure during the 20-year period is about 0.04. This
may be compared with approximately 800 defects which would be expected among this population in
20 years even without the mill.

6 2.8.3.5 Summary

1. Discontinuinc operation of the model mill removes the major sources of uranium partic-
ulates (the yellowcake dryer and packaging operation) so that particulate dose commitments
to the lungs of nearby residents are reduced in the years that follow the end of mill
operation.

~J
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Table 6.27 Annual Post-Operational and Total Environmental Dose Commitments
Received by the Population of the Model Region

Annual Environmental Ocose Commitments from Post-
Operational Releases Received by the Pop!lation
of the Model Region, person-rem/yr

Bronchial
Exposure Pathway whole Body Bone Lung Epithelium
External from ground surfaces 3.10 3.10 3.10 =
Exterra] from airborne activity 3.70 3.70 3.70 =
Inhalation of airberne activity 0.262 7.08 8.04 218
Ingestion of vegetables 5.45 71.6 5.45 =
Ingestion of meat 1.13 11.5 1.13 =
Ingestion of milk 0.632 7.3 0.632 -
Annual Totals® 14. 3 104. 22.1 218,
Total regional EDC's from S years
of post-operational releases 71.4 522. 110. 1090.
Total regional EOC's froncls years
of operational releases 136. 996. 231, 2070.
Total regional EBC'S from entire
20-year period 207. 1520. 34). 3160.

alngestion doses included reflect the assumptions that, of the tota) regional food production,

the reg snal population consumes 76.5% of the vegetables, 14.9% of the meat, and 55.2% of
the milk.

bThe following percentages of annual regional dose commitments are due to radon releases
(11.2 KCi/yr): whole body, 36%; bone, 33%; pulmonary region of lung, 56%; and bronchial
epithelium, 100X,

“Total EDC's shown are from data given in Table 6.15.

dTotal EDC's shown are the combined result of 15 years of operational releases and 5 years of
post-operational releases.

Expansion of the area of dry tailings from 50 to 80 ha (125 to 200 acres) after the mill
closes increases the annual whole body, bone, and bronchial epithelium dose commitmerts to
individuals living near the mill and to the regional propulation by 50% to 60%. The tota)
lung dose commitment, obtained by combining the particulate doses to the lung and the
radon daughter doses to bronchial tissues, increases by a similar margin.

Compliance with the 25 mrem/yr limit imposed by 40 CFR Part 190 cannot be established at
the ranch location; can be established only for very limited occupancy at the trailer
location; and can be demenstrated for a maximum occupancy of about 11{ (40 days per year)
at the fence location.

During ihe postoperational phase the annual dose commitments to residents at the ranch
increase to more substantial fraction of doses from natural background. The risk of
premature death during the 20-year perigu, inciuding operation and decommissioning of the
mill, is estimated to be about 6.3 x 10 * for a person who lives at the ranch. This added
risk is equivalent to a 43% increase in the risk from background radiation.

Following shutdown of the mill, the annual dose commitments to the population within an
80-km (50-mile) radius increase but remain at less than about 1% of the population doses
fren natural background.

The 100-year environmental dose commitments for the entire 20-year period of mill activity
give rise to the following estimates of health effects in the model region: premature
deaths related to milling (0.3), genetic defects (0.04), The added risk associated with
radiation from mills is equivalent to a 0.003% increase ‘n the natural incidence of cancer.

707 238
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Table 6.28 Dose Commitments and Risk to the Maximally Exposed Individual
Living 20 Years Near a Model Mill

“Risk of
Premature Death Fraction of

Dose To Maximum Individual gnruf Death Due_to Dose Risk Due to b
Organ at Risk perations ost-Operations otal (10 &) Background(%)

Whole Body 320 160 480 73 5.0

Lung 5000 2490 7490 540 37.

Bone 1980 1020 3000 18 1.0
631 a3,

dhe dose to the maximum individual is based on a child living 2.0 km downwind from the
mill. An occupancy factor o° 1008 is assumed. These doses overestimate the risk to the
individual since the doses to a teenage would be slightly lower. Doses are calculated
for exposure from 15 years of mill operation and 5 years post-operations.

Prhe risk of premature death due to background radiation is estimated to be 7.4 x 10°°
for one year or 1.5 x 10 * for twenty years. The following annual background exposures
are assumed for the model region: who'e body, 143 mrem; bone, 250 mrem; and lung,

704 mrem.

Table 6.29 Environmental Dose Commitments and Health Effects from 20-Year Period
(15 years operation plus five years post-operation)

100-year Environmental Deaths
Dose Commitment from Attributable
15-yr Operation plus Premature Deaths to Natural Natural
5-yr Tailings Storage Attributable tg Background, Incidence
Organ at Risk (organ or manrem) 20-year Period Radiation of Cancer
d d
whole body 207 0.03 25 =
Lung 3500 0.25 59 =
Bone 1520 0.009 2 =
0.29 86 9700

3gased on risk estimators given in Table G-7.1 of Appendix G-7.
l:'l‘or population of 57,300 over 20 years.

CApproximately 17% of all deaths in the U.S, for the year 1970 were due to cancer ("Vital
Statistics of the United States 1970, Volume II - Mortality, Part A," U.S5. Dept. of
Health, Education and Welfare, p. 1-7, 1974). Assuming that 17% of the population in
the mode] region would eventually die from cancer approxiamtely 9700 deaths from cancer
would be expected.

dll'«:lmie‘s leukemia and other forms of cancer correlated with whole body exposure.
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6.3 MULTIPLE-MILL IMPACTS
6.3.1 On Air Quality

6.3.1.1 Construction

For the multiple-mill analysis it was assumed that the mills in the cluster would be constructed
in sequence. At the most only two mills would be under construction at any one time. Therefore,
depending on siting, the local effects (i.e., concentrations of pollutants in any yiven area)
could be essentially the same as for one mill, even though the total area affected would

double because two mills would be under construction. It is possible, however, that the two
construction sites would be sufficiently close to each other that overlapping air quality

impacts would occur, thus doubling the local effects from the one-mill case

6.3.1.2 Operation

The combined effluents of 12 operating mills would impact the air quality of the model site

and the model region by increasing the total suspend~d particulates as a result of traffic
operating on unpaved haul roads, windborne sand from the tailings piles, and dust from ore
storage areas. During periods of dry roads and dry tailings piles, high wind speeds, and

heavy traffic, concentrations of suspended particulates would probably exceed Federa) stan-
dards (see Sec. 4.2). Maximum average annual concentrations of suspended particulates resulting
from the operation of 12 mills in the model site would to be 30 pg/m®, in addition to precon-
struction background concentrations of 35 ug/m®, for a total maximum annual average of 65 jg/m*.
Therefore, while the contribution from mills in a cluster would not add a large amount to

dust levels predicted for a central mill at the ) km reference location (8 ug/m® above the 22
pg/m? predicted in Section 6.2.1), their contribution may be significant since the total 65
ug/m* would exceed standards in some states. For example, Wyoming limits are 60 pg/m?.

Concentrations would decrease to approximately 5% of background at the boundary of the model
site.

Gaseous chemical effluents would also have an impact, although smaller than that of the par-
ticulate concentrations. The maximum average annual concentrations of 50z, NO,, and kerosene
1000 m (3300 ft) downwind of a given mode] mill and at the model site and model region boundaries
are given in Table 6.30. Because of these small source terms and the site's meteorology, the
added contribution from upwind mills would be negligible. Concentrations would be unmeasurable
at the boundary of the model site.

Table 6.30. Calculated Maximum Annual Average Concegtrations of
Airborne Chemical Effluents from 12 Mills

Effluent Concentrations, pg/m?

1000 Meters Downvand

Effluent of a Model Mil] Mode] Site Boundary® Mode| Region Boundary®
502 2.5 5 x 10~-3 2 x 10-3
NO? 0.3 4 x 10-3 2 x 10-3
Kerosene 4.5 5x 10-2 2 x 10-2

Calculated on the basis of estimated releases and mode] site meteorology with a Gaussian
dispersion mode! recommended by 0. B. Turner, "Workbook of Atmospheric Dispersion
Estimates,” Public Health Service, 1967

bConcentrations 1000 m downwind resulting from operation of any given mil).
“Cumulative concentrations downwind resulting from operation of all 12 mills.

6.3.1.3 Postoperation

The primary postoperationa! impact of the 12 mills would result from winublown sand from the
tailings areas. Because increasing amounts of the tailings surfaces would be dry, and thus
increasingly subject to wind erosion, the postoperational impacts would be likely to be
great. Until natural revegetation occurred, after a period of several years, the maximum
annual average increase in suspended particulates would be expected to be 35 pg/m® at 1000 m
(3000 ft) downwind of uny given tailings pile. The annual increase in the background concen-
tration at the model site boundary would be 10 pg/m®, assuming 8.5 kg/ha-hr (4.0 Tb/acre-hr)
of dust removed from all tne tailings piles during periods of wind speed greater than 5 m/s

|
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{11 mph). Dur‘ng periods of locally dry soil and high wind speeds, short-term concentrations of
suspended parciculates would at times be in excess of state and Federa! standards. Concentra-
tions at the boundary of the model region are not expected to be measurable except during these
pericds of high wind speeds and dry soils.

6.3.2 On Topography and Land Use
6.3.2.1

Construction

The phased construction of 12 mills within a 40-km (25-mile) radius could alter the topography of
the model site, resulting in a general leveling of the existing terrain. Construction of pits,
water ponds, spoil piles, tailings ponds and similar features would further alter the topography
of each mil] site. Construction roads would be needed to transport machinery and workers to and
from mill sites, and would result in the cutting of long, straight paths on the landscape between
mills.

The model region is large enough and its landscape diverse enough that the construction of 12
mills would not result in drastic regional impacts. The estimated area of disturbance (600 ha
(1500 acres) at any given time, totalling 3600 acres (9000 acres)] would be less than 0.2% of the
area of aggregated site and region. The indirect impacts on land use in the model region would
probably be greater than the direct ones, although more difficult to quantify. The need for
housing and other services for incoming workers and their families would result in diversion of
land from present uses (e.g., grazing) to urban uses.

Land use changes associated with construction may not be important when compared to other land
use changes occurring within the model region. On the other hand, the impacts due to intensive
construction would be largely adverse; *hus, construction of 12 mills would pose more serious
problems than would the construction of a single mill, and more active land use control might be
necresary (see Supplement).

6.3.2.2 Operation

Operation of 12 mills on the model site would further deteriorate the topography. The expected
180 mill-years of operation could result i creation of piles of ore, overburden, and tailings of
sufficient size to be dominant features on the local landscape. The impact of the overburden and
tailings piles would be long-lived, since they would remain above ground beyond the operatiocnal
phase. The impacts of roads on the topography of the site would continue as some haulage roads
were abandoned and new ones cut. Impacts on regional topography would not be substantial.

The direct impacts on land use discussed above for the construction phase would continue because
the land withdrawn from grazing during construction activities would be used for milling opera-
tions. The indirect impacts on land use ~ould be intensified since a larger number of operations
personnel woula settie within the regiun. The semipermanent regional population increase asso-
ciated with deveiopment of uranium milling would require that land formerly used for grazing,
crops, and other nonintensive uses would be converted to urban use. Most of this land use change
would occur on the private lands in the river valley and along the intersta.e highway, and much
of this development could be uncontrolled. Furthermore, although urban land would still amount
to only a small fraction of the region, urbanization would probably occur on the most fertile
land. Another potential indirect land use impact would be reduction of the amount of irrigated
land if water became scarce, as is probable in view of the limited groundwater resources of the
site.

6.3.2.3 Postoperation

As operations at each mill were terminated, the topography of the model site would be subject to
the effects of erosion, poor vegetative succession, and altered streamflows. Unless appropriate
measures were taken to redress damage, postoperational impacts of 12 mills on the regional topo-
graphy could be more severe than those impacts during construction and operational activities.

6.3.3 On Mineral Resources

6.3.3.1 Construction

The sequential construction of 12 mills would not have any effect on the quality or eventual
exploitation of any mineral resource.

) 4
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6.3.3.2 Operation

Operation of 12 aills within a 40-km (25-mile) radius would have roughly 12 times the impact on
mineral resources as the single mode! mill. Metals in the tailings could be recovered. However,
surface mining of mineral deposits immediately under the tailings impoundments and mill facilities
would be preciuded. (Angle drilling of oil and gas ur deep mining to recover valuable ores at
depth would not be affected.)

6.3.3.3 Postoperation

Aside from reworking, or otherwise disturbing the tailings, which would not be permitted, the
above conclusions for the operational period are equally applicable to the postoperational period. '

6.3.4 0On Water Resources

Impacts to surface and groundwaters from the construction and operation of a cluster of uranium
mills in a limited area are assessed in this section. It is assumed for the purposes of this
assessment that some mills will have common water courses for mine dewatering and common areas of
seepage influence from mill tajlings.

6.3.4.1 Surface waters

Construction

Construction of the mill facilities and access roads would result in modification of drairsg: ;
patterns, increased wind and water erosion of soils in disturbed areas, and the routine reiease

of such pollutants as cement dust and fuel combustion products. A portion of the particulates,

soil particles, and chemical pollutants would be transported (via the wind, surface runoff, or

snowmelt) into the bads of loca! streams and thus contribute to degradation of surface water

quality. However, little impact to biota in Tributary River would result from material transpor

from the model site during periods when streamflow reached the river.

Operation

If the effluents from mine dewatering were tu be released to the environment, rather th:n con-
tained in evaporation ponds or the tailings ponds, most of Bone Gulch would change from an
ephemeral stream into a perennial one immediately before and during operation of the 12 mills.
Flows would vary from 3.5 to 57 m*/min (1000 to 15,000 gpm), depending on the stream section
(App. D). Although much of the stream would be flowing, the water would .~ly come within about
1000 m (3000 ft) of the river during periods of dry weather and norma! mine dewatering, because
streamfiows from mine dewatering would either have infiltrated into the stream bed or evaporated
befere reaching the river, A heavy rain or considerable snowmelt, however, would contribute to
this flow and might cause the streamflow to reach the river.

Water in Tributary River and Bone Gulch would be subject to several types of impacts from milling
activities, including those types that were addressed for the operation and tailings disposal
aspects of the single model mill (Sec. 6.2.4.1).

The general nature of wind and seepage water dispersal of contaminants from milling activities at
12 mi11s would be similar to that from a single mill (Sec. 6.2.4.1) except that the magnitude
would increase (Sec. 6.3.4.2). Seepage that intercepts the stream would be carried with the
dewatering flow, dilutad, and transported downstream toward the river. Dilution of this com-
ponent of contamination from individual mills would result in a decrease in the initial impact
from material transport following rain or snowmelt. However, since 12 mills would be contributing
to the seepage, the overall quality of the water during rain runoff and snowmelt would be poorer
than for one mill.

Contaminants could accumulate at specific locations along the water course when the streamflow
ceases because of infiltration into the streambed and evaporation (App. [!. Although this would
occur in three sections of the drainage system (see Fig. D.1 in App. D) potential for water
quality denradation and biological impact would be in that section between impoundment I and
Midd’: Reservoir. Salts would accumulate on the surface and in the interstices of the streambed,
and water quality would probably be poor during periods of Jow flow.
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Initial flows to the river might occasionally carry contaminants (e.g., selenium), the concen-
trations of which are already high in the river (see Table 4.6). The potential would then exist
for an impact upon aquatic biota in Tributary River and also upon the potable and agricultural
use of water in areas adjacent to the confluence of the stream and river.

Postoperation

Upon cessatior of mining and milling, dewatering activities would cease and Bone Gulch would
return to an ephemeral state. Transpoert of contaminants would be limited to periods of heavy
rainfall or snowmelt when the stream would carry a flow to Tributary River. The impact to water
quality in the stream and river from this source therefore would be a function of the amount of
dilution water available and the periodicity of rainstorms.

During the postoperation period, seepage would have the highest potential for causing impacts on
water quality in the region. Although seepage from tailings piles at multiple mills would move

at a rate similar to that from a single mill, the concentration of contaminants in some areas
might be higher because of overlapping of seepage plumes (Sec. 6.3.4.2). The maximum permissible
concentration (MPC) for iron, manganese, sulfate, and selenium could be exceeded in seepage water
intercepting all surface water downgradient from the area of mill activity. The impact of seepage
on water quality would depenu on the amount of dilution afforded by the receiving water.

6.3.4.2 Groundwater
wWater Qualit

There would be no impacts on groundwater during construction for the same reasons as for the
single mill case (5cc. 6.2.3.2).

In general, the operation of a given number (“n") of mills within about 20 km (12 miles) of the
center of the wodel site would cause "n" times the amount of groundwater contamination as would
operation of a single model mill. If th2 hydrogeological parameters were the same at each site,
the concentraiions of contaminants and the rate of movement of each of the “n" plumes would be
roughly the same as discussed in Section 6.2.4.2. Because of the phased nature of the opera-
tional periods of the mills, "n" would vary from i to 12 mills; the interval during which the
value would be 12 would be short. Based on the assumption that one mill would be brought on line
each year and that the mills have a 15-year lifetime, the weighted average value of "n" would be
about eight.

During the postoperational period, the effects of seepage from 12 tailings impoundments would be
similar to those discussed in Section 6.2.4.2, scaled upward; the ultimate discharge into Middle
Reservoir would be 12 times as great. With 12 mills within a 20-km (12-mile) radius, it would be
probable that some seepage plumes would overlap; thus, concentrations predicted in Appenuix E
would be increased.

wWater Use

The primary source of mill process water would be from deep groundwater supplies. Dewatering of
the 40 mines associated with the 12 mills would discharge at a rate of 240 m®/min (63,400 gpm)
and would be released to the local water courses. Most of this water would be evaporatively lost
or would seep back to groundwater, as observed at existing mills. When this amount of withdrawal
is considered relative to a large valley aquifer system with abundant recharge and to the small
amount of withdrawal for domestic use and watering of stock, it does not appear that there would
be a significant impact on patterns of groundwater use. This is especially the case since the
mill sites are up to 32 km (20 miles) from local groundwater supplies. In the extreme, temporary
lowering of water wells immediately near dewatering activities would occur.

The above conclusions are appropriate for the model region, where the water supply of the aquifer
is plentiful and where there is little competing demand for the groundwater in the volume affected
by mine dewatering. These conditions may not obtain in all of the areas in which uranium mining
is a major activity. Some of the aquifers being pumped to dewater uranium mines are not so well
supplied as the model aquifer, which represents the typical case, not the extreme. In many of

the uranium mining areas, competition for water in the pumped aguifer is appreciable and growing.
Much of this competition arises from other resource-exploitive industries, such as coal mining,
and if the water is dissipated by evaporation, or is otherwise consumed, the result may be a net
loss of water from the aquifer. In semiarid areas such a loss may represent a severe environ-
mental impact.

A proper assessment of this situation is beyond the scope of this document, which is limited to
uranium milling, in that all uses of groundwater in a given area would have to be tabulated and a
water balance for each use carried out. These could then be encompassed into a regional study
;:g a water balance for the entire region performed. The results of such a study are reported in
erence 25. - y i
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6.3.5 On Soils

The nenradislegical impacts of 12 wills on soils of the model region are described in this
section. The impact assessment was based on the assumption that the effects of a single mill
(see Sec. 6.2.5) would, in general, be increased 12-fold.

6.3.5.1 Construction

The eventual construction of 12 mills within the model site would result in additional losses of
the soil resource, i.e., about 2800 ha (7000 acres) of rangeland productivity and soils,
comprising less than 1.0% of the site resource and about 0.2% of the regional resource. Impacts
to soils of the region would be due mainly to increased grazing pressure, leading to increased
soil compaction and erosion due to overgrazing. This would reduce the rangeland capability of
the region, and thus voluntary reduction of domestic animal herds might be necessary.

6.3.5.2 Operation

Impacts to soils during operation of the 12 mills would be gualitatively similar to impacts from
a single mill (Sec. 6.2.5.2); however, the magnitude of chronic seepage would increase by a
factor of eight on the average, and the areas for potential salinization would therefore be
greater than for a single mill. Similarly, the adverse effects from windbiown tailings wouid
increase by a factor of about eight over the case for a single mill.

Soils of the region would continue to be adversely affected by overgrazing if domestic herds were
not reduced.

6.3.5.3 Postoperation

No additional impacts to soils would be expectec after operation ceases, unless previously
undisturbed soils were removed for reclamation of the mine and mill sites.

6.3.5.4 Summary

If few mitigative measures were employed, then the major impacts to soils resulting from con-
struction and operaticn of 12 mills in the mode]l region would include loss of about 2800 ha (7000
acres) of the soil resource and salinization of about 12 ha (30 acres) of land. This comprises

l about 0.2% of the regional soil resource. In addition, overgrazing, an impact that was of no
concern in the case of the single mill, would be of more importance when 12 mills were in opera-
tion. Overgrazing by displaced livestock could result in adverse effects on soils outside the
areas of the mills. Alternatives to reduce these impacts are described in Chapter 8.

6.3.6 On Biota

The nonradiological impacts of 12 mills on terrestrial and aquatic biota of the region are
described in this section. It was assumed that the impacts from a single mill (Sec. 6.2.6)
would, on the average, be increased eight-fold, reaching an ultimate magnitude of 12-fold.

6.3.6.1 Terrestrial
Construction

Construction of 12 mills within the mode] site would result in additive ecosystem losses as
outlined in Table € 31. Loss of primary and secondary productivity, as well as of small-mammal
biomass, would comprise about 0.2; of the regional productivity, and be equivalent to 12 times
the loss of anima) biomass estimated for the single mill site. About 60 cattle or 300 sheep
would be displaced into the surrounding areas. If domestic herds were not voluntarily reduces,
the regional carrying capacity would be lowered because of reduced guantity and nutritive quality
of forage.® Trampling of forage by cattle and sheep would result in forage losses that could
range to over 60%, depending on the seacon and distance travelled by the foraging animals.
Overgrazing also would tend to increase the abundance of less palatable plants (increasers) at
the expense of more palatable plants (decreasers).

e e

Antelope, which do not compete heavily with cattle, would probably be only siightly affected by
construction of the 12-mil) site and would probably continue to thrive in the region because of a
higher proportion of increasers and invaders. Adverse impacts to antelope would probably result
from human activity, such as increased road traffic and increased hunting pressure.

Based on studies of grazing effects on grassland bird communities,?® it is probable that the .
heavy grazing or overgrazing in the region would tend to resuit in an overall decrease ja bird ' |
species diversity. FeD B
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Table 6.31. Site Bictic L---es due to Construction of 12 Mills®

Biotic Element

Quantity Lost

Primary production
Seed production
Secondary prodjuction.

1.5 x 10'* J
3.3 x 103
7.1 2 1819 )

9.5 % 10% g to 2.6 x 10% g
60 cows or 300 sheep displaced
26 to o0 pronghorn antelope displaced
4.7 % - g

Small mammal biomass
Livestock

Large game

Avifaunal biomass

3yalues are based on those for the single mill site, Table 6.5 of
Section 6.2.6.

Operation

Impacts to terrestrial biota from ocperation of the 12-mill site would arise from seepage and
deposition of windblown tailings on soils and vegetation, as described for the single mill site
(Sec. 6.2.6.1). In the case of the multimill site, however, cumulative impacts would be, on the
average, eight times greater and effects on biota of the region might be evident. As a result of
the increased land area devoted to milling operations, the chances of a carnivore's (e.g., hawk
or coyote) territory being composed mainly of lands closely associated with milling would
increase, and therefore the probability of accumulation of toxic elements in carnivores would be
greatly increased in the multimill case.

Impacts to biota arising from increased road traffic and hunting pressure would, on the average,
be increased eight times; impacts to raptors from electric transmission lines would be somewhat
less than eigh times, since a single large transmission system, with additional distribution
lines, would prubably serve the 12 mills. Impacts on nongame birds of the region as a result of
increased grazing would continue and result in lower species diversity.

Postoperation

As in the case of the single mill, nonradiological impacts te bicta following cessation of opera-
tion would be due mainiy to remnants of seepage and reduction of food resources on salinized
areas. The rxtent of such areas would be, eventually, 12 times greater than for the single mil)
and might ex-end into the model region. The impacts of overgrazing in the region, initiated
during the construction of the milis, would continue to be evident unless livestock herds were
voluntarily reduced.

Summary

If few mitigative measures are employed, then the major impact of 12 mills on terrestrial biota
would be loss of 0.2% of the primary and secondary productivity of the region. In addition,
unless stock herds were reduced, displacement of cattie and sheep would resuit in overgrazing of
rangelands in the region, thus further reducing regional productivity. These effects can be
viewed as trade-offs for electric power, or can be viewed as irretrievable losses of long-term
productivity. Alternatives to reduce these impacts are described in Chapter 8.

6.3.6.2 Aguatic
Construction

Changes in the biota in Tributary River would reflect the impacts of increased turbidity and
suspended sediment loads resulting from construction of mills, support facilities, and access
roads. Because of their adaptations for harsh environnents.’* species normally associated with
ephemeral streams probably would not be directly affected. However, decreases in all trophic
levels would occur if primary productivity were suppressed.

Operation

Impacts to aguatic communities during operation of 12 mills would be proportional to the guantity
of contaminants entering the stream. The conditions that would mobilize the contaminants (e.g.,
heavy rainfall) eventually wculd also dilute them. However, because of the larger amounts of
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contaminants released during concurrent operation of 12 mills under conservative predictions,

concentrations exceeding water quality criteria could be reached, and possibly persist, in the
river.

Postoperation

Leaching of contaminants (e.g., selenium, iron, manganese) from the soils would continue for
several years and might cause suppression of biological communities until concentrations returned
to normal. Seepage of contaminants into impoundments H and | and stream sections downgradient
from the mills would continue tu Jdegrade water guality during periods of streamflow and might
impact what biota exists in the stream. Concentrations of selenium and sulfate in seepage water
reaching impoundments I and H and Middle Reservoir could be at toxic levels for long periods (see
Secs. 6.2.4.2 and 6.3.4.2);%%'29 therufore the severity of the impacts to biota in ephemeral
streams and in the river would depend upon the amount of dilution by the receiving water.

6.3.7 On the Community

As for other topics, community impacts have been subdivided into three periods--construction,
operation, and postoperation. However, the situat’ would in fact be more complex under the
scenario assumed for this document--phased constr. .tion of 12 mills. The assessments of impacts
on the community ire believed to be conservative. Early in the construction phase, only con-
struction workers would be present, but as construction of the first two mills was completed,
members of the operational force would begin to move into the region, and for the duration of the
“construction" phase, community impacts would result from the combined presence of a relatively
stable number of construction workers [assumed to be the equivalent of four crews (see below)]
and a steadily increasing number of operational workers as more and more mills were completed and
put into production. As far as perceived magnitude of community impacts, the interim period,
when the number of newcomers was steadily increasing in what had previously been a relatively
stable, generaily rural setting, would most likely be more disruptive than the operation phase.
For the purposes of this impact assessment, however, it is assumed that the number of workers
present during this interim pericd would generally not exceed the total number of operational
workers after all mills were in operation.

It is extremely difficult, in most cases, to isclate the effects of uranium milling and mining
from effects occurring as a result of other mineral resource exploitation and industrial develop-
ments which would be occurring in such a region, e.g., coal mining. In addition, it is difficult
to predict the future level of these other industrial activities. In any case, the severity of
impacts that can cccur as a result of uranium milling and related aining activities would depend
upon the propaortion of the population and regional economy t'.at would be devoted to these activi-
ties as well as the general social economic and political characteristics of a region. Further-
more, the potential socioeconomic impacts from uranium mining and milling are not unlike those
occurring as a result of any similar sized industrial deve’'npment.

6.3.7.1 Construction

Demography and Settlement Patterns

The projected distribution of the construction force for four mills is shown in Table 6.32 and
further discussed in Appendix F-3. However, it is likely that the constructicn boom in the area
would attract numerous workers. It is therefore assumed that at the end of the first eight
months there wou'd be the equivalent of four crews in the area at any one time. Two crews would
e involved with vhe final construction of one set of two mills, while the other two crews would
be involved with the starting of construction of the next set of two mills. However, the total
community impacts ' ag experienced in the region would be the sum of those from these construc-
tion workers and the growing number of operational workers moving in. Consequently, it would be
impossible to separate out only "construction-induced" impacts.

The proportion of in-migrants for the different towns would be similar to the patterns identified
for the single-mill scenario. East City would be expected to absorb more than haif of the
in-imigrants, and Green Town would atsorb about 30%. Most available housing in both towns would
be occupied by the end of construction of the first pair of mills, and 1»~4 values would begin to
increase. High land costs and lack of zoning, particularly around Green, : ould lead to the rapid
establishment of mobile home parks and lots, similar to patterns actually experienced in some
western areas undergoing rapid energy-resource developments. 3¢

The rest of the work force would be scattered in other small towns further from the mill. As a
result of population influx, Blue and Brown would begin t: experience the start of a new settle-
ment history similar to that described for Green Town; however, the magnitude would be much less.
Purple is a nenreservation community primarily composed of Native Americans of the Beta Tribe..
Most in-migrants tn Purple would be reservation members moving into the model region to live with
relatives.
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Table 6.32. Summary of Demographic Effects of Construction (4 mills) and Operation (12 mills) of a Multiple-Mill Site®

. Construction Phase o e Gperational Phase
Secondary Secondary
;1;;:::; Workers Hm.'::rs workers ln:::rs Popul t’ft
Distance Population ~ MOTRers and 2.3 Families PSS a0 x2.3  Families  Ass fated  Associated
from Mill, without | — 38 paniiy (0.6 - IBLYES __ Family (1.2 Increases in with
City  kilometers Population Development Non-local Local Members multiplier) Non-tocal Local Members multiplier) DevelopmentC Development
Green 38 500 510 10 30 320 190 440 128 1300 1560 2860
Brown 25 500 510 1% 30 106 65 €5 125 435 525 960
East 48 13,000 13,330 178 7 565 340 700 235 2265 2720 4985
Purple 64 500 510 5 20 0 35 15 65 185 220 405
Blue 33 500 510 0 5 38 20 25 10 80 35 175
west 80 22,000 22,550 0 20 45 25 0 €5 150 180 330
Red 70 1,500 1,540 0 0 0 ¢ ) 0 0 0 0
White 60 500 510 0 0 0 0 0 0 0 0 0
Oranga 63 500 510 0 0 0 0 ) 9 0 0 0
TOTAL 39,500 40,480 315 175 1130 675 1245 675 4415 5300 ms 19,430

3The values in this table have been rounded to the nearest 5 from estimates more fully explained in Appendix F-3.
'“luod on growth of 2.5 for five years,

cmws. equipment sales and repair personnel, etc. assumed to be equal to mill operation personnel.

‘m!m mill workers and families, service personnel and families, and peoplu associated indirectly with development--including mining, machine and

equipment sales, repair, etc.
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Social, Economic and Political Systems

The phased construction of 12 mills would dramatically alter the social, pelitical, and eccnomic
organization of the region. The impacts wc 1d he concentrated in $; County and the communities
of East, Green, Purple, and Brown, where a majority of in-migrant workers, service workers, and
their families would reside {see Sec. 6.2.7). The area around these communities wiuld experience
some economic benefits and increased job opportunities, while at the same time experiencing
severe impacts on the local sociopeclitical structure and social service systems.

Social Structure and Services. The most dramatic impacts would be experienced in the towns of
Green and, to a Tesser extent, Brown as a result of multiple mill construction and operation.
After four to six of the mills had been built and were operating, Greer would experience many of
the problems of a classic boom town, suck as: (1) rapid population g owth, (2) increased housing
and service demands which could not be adequately met, (3) community financing problems, (4)
perceived decrease in quality of life, (5) increases in social pathologies (e.g., crime,
alcoholism), and (6) structural collapse of the local rural community.>!'32 Because of the
homogeneous composition evident in Purple, the in-movement of a large number of non-Indians would
be likely to create a strong, spatialiy and socially separate subgroup. The potential for
problems would be disproportionately greater in this town, even though the number of in-migrants
is expected to be smaller than elsewhere.

The multiple mill construction force would produce increases in demand and costs for some social
services (especially health and education) in the region, as was indicated in Appendix F-4,
Tables F-4.3 and F-4.7. The greatest impacts on public facili'ies would occur in County ;. The
cost is estimated to be millions of dollars. Among all of the 'mpacted communities, Green would
experience the most drastic needs as more mills were built. A 7ew fire station and a public
water system would be needed in Green.

Economic Structure. The average income and employment of the ragion would increase as more and
better-paying jobs, in both base and service occupations, becais: available. We: . would be
expected to receive many of these benefits without exper’ ancing most of the sociopolitical costs
expected at other towns. Some towns would experience inc~~ases in service demands. Wage
increases would be needed to hold employees, and competiti n for the skilled and semiskilled
workers would be strong among the long-established industr es and the rew mill industries.

Retail sales and property values would rise with an overal, ¢o * , living increase in the most
rapidly developing areas.

Political Structure. The political structure of Green (and Brown to a lesser extent) and the
County of S; would begin to change, and some governmental organizations could become ineffective.
New staff and professional assistance would be required to meet new service demands, time-lag
problems, and taxation considerations. Long-time residents might lose control of their communi-
ties as newcomers took over 18133

Archeological and Historical Resources

Site preparation and construction of the 12 mills, with atten‘ant earth-moving operations, would
have the greatest potential for physical impact to archeclogical resources. Salvage, mitigation,
and protection programs would have to be implemented. Moreover, population increase and improved
accessibility to previously isclated areas would increase the chances for vandalism or disturbance
by relic collectors,

Esthetics and Recreational Resources

The mode) site lacks spectacular scenery and the resources to accommodate intensive recreation
use. Recreational resources in the region would not be as heavily impacted as esthetic resources
because of the existing developed facilities that are available to the public, e.g., reservoirs,
resorts, national forest, state park. However, there might be demands for additional municipal
recreational facilities in those communities where large numbers of workers settie. The avoid-
ance of recreational and esthetic impacts would be largely a question of siting. In general, the
esthetic impacts of build'ng 12 mills on the model site would be somewhat less than 12 times the
impact of a single mill.

6.3.7.2 Operation

Demography and Settlement Patterns

The settlement pattern identified for the construction period would ~-ntinue during the simulta-
neous operation of 12 mills. While settlement locations and hou .. availability would remain
about the same, individuals in the operational force would change co stantly during the life of
the mills (see App. F-2). Y4 D
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Social, Economic, and Political Systems

By the time all of the mills were operational, the lifestyles and community structures in the
eastern half of the region would have been irreversibly changed. Impacts of operatic. would be
compounded by the impacts of associated industrial activities, such as mining and shipping.

The County of S, and East City would experience continuing increases in service demands and
costs, as well as in economic benefits. Green probably would turn into a settiement of temporary
residences jointly administered by the milling company(s), the State, and perhaps Federal agen-
cies. Social! pathologies would increase in the towns of Greea, Brown, and Purple, but would be
the most serious in Green.

Social Structure and Services. In general, social systems would become unstable because of
short-term tenancy patterns and the influx of new residents with little or no ties to traditional
local institutions or local goals and values. Green Town would no longer be a viable community;
rather, it would have been changed into a "bedroom” community lacking many amenities, but
attracting newcomers because of the availability of housing. Social pathologies would be dispro-
portionately high among both long-time residents and newcomers. Many local residents would
probably have moved elsewhere.

Brown would also experience stresses as newcomers move in and out of the area. The close
homogeneous population would be able to accommodate people with similar goals and values, but
otherwise a new housing area and social network might develop around the newcomers. Purple also
would change in response to new economic patterns and the in-movement of some non-Indians.
Traditional systems of rank and status would be altered and value conflicts would result. The
traditional social mechanizms for minimizing conflict and redistributing economic goods might not
be effective. In the short-term, tribal cohesion might be weakened; however, economic conditions
would improve for some residents and could be expanded if training programs were implemented to
qualify locals for milling=mining jobs.

The multiple mill operational force would pos~ serious demand and cost problems for the region,

as shown in Appendix F-4 Table F-4.4. County S, and Green Town would receive the majority of

the primary impacts. County S, would need approximately $39 million to accommodate its new
students a-d approximately $12 million for new hospital facilities and perconnel (if available).
Green igain would be the most severely affected town. About $6 million would be needed there to
provide idequate services for residents. [It should be noted that these demands and costs reflect
only the increases which could be associated with milling activities. Mining, heavy equipment
businesses, =(c., would also bring at least as many people into the areas as the milling
activities. ‘'herefore, the actual costs and femands for the county and communities would most
likely be s <tantially greater than the estimates provided above.)

Economic Structure. The basic economic structure of the region would be shifted from agriculture
and associated services to milling and mining. Unemployment would decrease and average incomes
increase. As wages, population, and employment increased, so would retail sales and cost of
living.'*>'#* [Inflation would probably be high during the first few years of operation, placing
severe stre:s on persons with fixed incomes. Local businesses would have to pay higher wages to
attract qua ified workers and still woula be likely to experience probiems with frequent job
displacements. Competition and demands for new expansions might result in old businesses selling
out (because of their inability to adapt), and a flood of new businesses being built in and
around the rapidly developing areas.??

Political Structure. The political structure of the County of 5, and its communities would
become increasingly more formal, and staffing reguirements would increase. In Green, the socio-
economic disruptions might be so severe that outside assistance (from Federal and State agencies
and/or from the operating companies) might be needed. Other towns, such as East and Brown, would
alsc need some planning, staff, dnd financial assistance. Serious goal conflicts would probably
develop among locals, newcomers, and companies 30134

Archeologicai and Historic Resources

The types of impact situations for the multiple mill case will be the same as those discussed for
the single mill site; however, the magnitude of the impacts wiil increase with the number of
mills to be built.

Esthetics and Recreational Resources

Throughout the operational iife of the miils, more and more land would be utilized for roads,
tailings ponds, and mil! support fasilities. The normai operational activities at 12 mills in
the mode! region could create advers: visual impacts that mould be very difficult to mitigate.
Recreational facilities would receive ncreased use with the influx of new residents. Although
milling may interrupt dispersed recreational purcuits to a sma’] degree, it would pose no threat
to intensive use along the Triputary River or in the Nationa'! Park.

10
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6.3.7.3 Postoperational

Since the construction of the 12 mills would be phased, the cessaticn of operations would also be
phased over a period of years; thus, although the irracts resulting from shutdown would be severe,
they are postulated to occur somewhat gradually as more and more mills are closed.

Demography and Settlement Patterns

The rperational force and associated service workers would be displaced when the mills closed.
Som. members of the work force are expected to find employment in the towns of West and East;
others would leave the region.

Social, Economic and Political Systems

The postoperational impacts that would be encountered in the region as workers leave would be the
nost severe in those areas and towns that originally hacd the greatest influx of workers (Green,
3rown, East, Purple). Services and facilities originally developed to meet the needs of the peak
population would have to be readjusted or go unused as the population declined. Businesses would
experience a drop in sales (to the extent that many would close) and in property values. A
substantial increase in unemployment and underemployment would result. Many houses and small
business premises would become vacant, and it is possible thai ghost towns could develop, particu-
larly in the case of Green, which would be most serious'y impacted. Numerous people holding
secondary employment (not directly employed by the mills) would also leave.

These impacts of the postoperation period could possibly be prevented if during the years of the
mills' operation a predictive device could be developed to help the towns prepare for the shutdown
of the mills. For example, new industries could be developed and placed into operation as the
postoperational phase of uranium milling began.

Archeological and Historic Resources

Potential impacts to archeological and historic resources during the postoperational period would
be similar to those discussed for the single mcdel mil)l case, except the magnitude would be
greater because 12 mill sites, rather than onre, would be involved. Known archeological sites
which were previously protected would no longer have protection.

Esthetics and Recreational Resources

The mill structures, support facilities, and utility structures left behind would constitute an
intrusion on the Tandscape, and the overburden and tailings piles would not blend with the natural
background. These esthetic consequences would be most noticeable by detracting from the site's
potential for becoming a viable recreation resource. The esthetic quality of the model region
would suffer from the presencc of 12 abandoned mills. A significant contrast would exist between
land used for milling and land that remained untouched.

6.3.8 Radiological Impact

This section addresses the combined radiological impacts to the model region of a well developed
and highly localized uranium milling industry consisting of a total of 12 mills. Alsc of inter-
est are the potential effects of 11 peighboring mills on the total individual doses received by

persons at the three reference receptor locations employed to evaiuate the single model mill.

The model mill‘s three reference receptor locations, although hypothetical in nature, are used as
benchmarks for evaluating compliance with applicable government regulations regarding maximum
individual radiation exposure, and for assessments of peak individual health risks. The appli-
cable government regulations are embodied in 10 CFR Part 20, which is presently effective, and
40 CFR Part 190, which is to become effective for uranium milling operations as of December 1,
1980, The relevant limits of 10 CFR Part 20 are expressed as maximum annual average off-site air
concentrations resulting from any one NRC-licensed facility. Thus concentrations from additional
mills have no actual bearing on 10 CFR Part 20 compliance. However,K tota! air concentrations
from all 12 mills combined, as presented in Table 6.33, are within 10 CFR Part 20 limits. The 25
mrem/yr 1imit of 40 CFR Part 190 is a general limit for radiation exposure to any individual in
the general environment, from all regulated nuclear fuel cycle facilities combined. Total 30 CFR
Part 190 doses from all 12 mills combined are presented in Table £.34 for the mode) mill's
reference receptor locations. As the data in the table indicate, the relative importance of
doses from neighboring mills increases with distance away from the model mill, For the ranch
tocation total bone and Tung doses are increased by about 14% and 19%, respectively. This
evidences the potential significance of dose contributions from other nearby facilities in terms
of any single facility's ability to comply with 40 CFR Part 190. For examnle, in Section 9.2.8
the model mil]l is shown to be marginally capable of compliance with greatly improved emission
controls. If neighboring mills operated with only those controls assumed for the base case, the
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mode]l mill might be required to implement much tighter emission controls, In effect, if neigh-
boring mills contribute a bone dose of 16.8 mrem/yr to an individual at the ranch, then the model
mill is allowed to cuntribute a further dose of no more than 8.2 mrem/yr, only about a third of
the 25 mrem/yr limit,

The combined annual population and environmental dose commitments of the 12 mills together,
resulting from regional radicactivity contamination due to mill operation, are presented in Table
6.35. Total doses from all 12 mills are approximately 12 times those from the model mill alone.
Som. fluctuations in this ratio are induced because some of the additional mills are nearer to,
or farther from, the regional population centers. For the purpose of preparing this table,
ingestion pathway dose commitments resulting from the additional 11 mills were assumed to be 1)
times those resulting from the model mill, This accounts for cortamination of food crops within
80 km (50 miles) of all mills, regardless of location, and thus includes some impacts occurring
as a result of contamination more than 80 km (50 miles) from the model mill.

In terms of health effects, the risk to the maximum individual (a child living 2.0 km downwind i
from a model mill) from 12 wills is increased by about 50% over the risk from ane mill. Living

for 20 years near the model mill the maximum individual would receive the following doses: whole

body, 0.6 rem; bone, 3.5 rem and lung, 11.6 rem. The lifetime risk of premature death due to

cancer to a maximum individual (a child Tiving 2.0 km downwind from a model mill) from 12 mills

is 9.5 x 107, This risk corresponds with a 651 increase in the risk due to background natural

incider<e of cancer. The risk tc the sverzge individual from 12 mills in a region is about ten

times tne risk from one mill. The lifetime risk of premature death due to cancer to the average

individual from 12 mills is 5.5 x 107%. This risk corresponds with a 0.032% increase in the

natural incidence of cancer,

6.4 CONTINENTAL 7ADIOLOGICAL IMPACTS

Because of the concern about possible health effects resulting from radon rel-ased by the entire
uranium milling industry, estimates have beer made of the environmental dose commitments through-
out most of the North American continent which might be caused by existing mills and those
expected to begin operation in the western Urited States prior to the year 2001. Continental
radiological impacts can broadly be divided into far field and near field components., Far field
radiological impacts (i.e., beyond 50 miles fruom & model mill) are discussed in Section 6.4.1,
Near field radiological impacts (i.e., within 50 miles of a model mill) are discussed in Section
6.4.2. Far rield radiological impacts are due to radon releases. Near field radiological
impacts are due to both radon and particula‘e releases. Continental radiological iupscts (i.e.,
far field plus near field) ae given in Section 6.4.3.

6.4.7 Far Field Radiological Impacts

The basis for estimates of far field radiological 'mpacts is a study by Oak Ridge National

Laboratory (ORNL) that incorporates work by the National Oceanic and Atmospheric Adminictration

(NOAA) using a continental scale transport, diffusion, and deposition model to estimate air

concentrations of Rn-222 and PE-210 and ground concentratiors of Pb-210 in the northern Western

Hemisphere arising from a unit release of 1 kCi/yr Rn-222 a. four locations: Grants, New Mexico;

Falls City, Texas; Casper, Wyoming; and Wellpinit, Washington.3® Radiological impacts within 60

miles of the model mill were excluded from the ORNL study; regional radiological impacts (i.e.,

within 50 miles of the model mill) are presented in Sectinn 6.4.2. :

Integrated population exposures from inhalation were obtained by combining data on air concen-
trations of Rn-222 and Pb-210 with available demographic data for the United States, Canada, and
Mexico. Estimates of these exposures are presented as man-pCi/m?® in Tables G-8,1 to G-8.4 of
Appendix G-8, whizh are modified from Reference 35, Inhalation dose estimates were baser or
conversion factors distinguishing dose due to radon and its short-lived daughters €~ dose dve
to the longer-lived daughter Pb-210 and the associated Bi-210 end Po-210 isotepes. A dose conver-
sion factor of 0.625 mrem/yr per pCi/m® was used for continuous exposure to Rn-222 and its short-
Tived daughters. The dose conversion factors for Pb-210 and Po-210 inhalation were calculated by
ORNL with the INREM-IT computer code,’® and are presented in Tabtle G-8.5 of Appendix G-8.

Because these conversion factors were calculated on the basis of a different model, there is no
consistent relationship to the DCFs used elsewhere in this statement, although generally the ORNL
values are higher. The dose conversion factors were combined with derived population exposures
to obtain integrated man-rem doses to appropriate organs from inhalation of Rn-222 and its
daughters per kCi released in 1978,

In order to estimate population dose from inhalation, the deposition of Pb-210 in 1978 and the
subsequent resuspension of Pb-210 and its alpha-emitting daughter, Pg-210, must be taken into
account. The effect of resuspension on population dose for 100 years after deposition was con-
sidered. Projected population grcwth was incorporated into this calculation, It should be noted
that virtually the entire dose effect from resuspension occurs during the year of deposition and
:he next {ear following. Tables 6-8.1 to G-8.4 of Appendix G-8 show doses to the popu.ation of
nterest from: A
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Table 6.33 Comparison of Total Air Concentrations Resulting from the Model Mill, 12 Mills, and Natural Background

Concentrations During the Final Year of Operation for All MiTls

Total Air Concentrations, pCi/m® Wi Cm'w:e\ﬂtrar:lonsa
U-238 Th-230 Ra-226 Pb 210 Rn-222 Dutdoors Tndoors

I. Range of Typical Uatural

Background Values : From............ 7.0x10_% 2.0x10_% 4.0x10_% 1.0x10_3 1.0x10" -
|- T 1.7x10 4 2.0x10 8 7.0x10 3.0x10 2 1.0x103 - -

11. Predicted Values - - N - . I -
A. Fence: Model Mill. ... .. 3.19x10°2  2.39x10_%¢  2.36x10 %2 2.36x10°%  3.18x10%  5.82x10_° 1.59x10_2
(0.64 km ENE) 11 Other Mills.. 9.86x10_'  6.24x10 *  6.09x10_* 3.45x10_%  2.76x10°  2.51x10_* 1.38x10_ %
Totals... ..... 3.29x10°2  2.45x10°¢  2.42x10°% 2.77x10°%  3.46x10%  8.33x10 3 1.73x10°2

B. Trailer: Model Mill... .. 1.84x10_ %  1.25x10_%  1.23x10_? 1.23x10°%2  1.65x10®°  4.33x10 3 8.25x10_3
(0.94 km ENE) 11 Other Mills.. 9.77x10_%  6.06x10_*  5.90x10_* 3.44x10_ % 2.74x10*°  2.49x10 3 1.37x10_3
Totals....... 1.94x10°2  1.31x16°%  1.29x10°¢? 1.57x10°2  1.92x10°  6.82x10° 3 9.62x10°3
C. Ranch: Model M 1. .. 4.71x10°3  3.32x10_*  3.27x10_% 3.41x10°%  4.60x10°  2.24x10_3 2.30x10_3
(2.0 km ENE) 17 Other Mills.. 9.95x10_ %  5.56x10 %  5.36x10_* 3.56x10_%  2.71x102  2.45x10_3 1.36x10 3
Totals........ 5.71x10°%  3.88x10° % 3.8Ix10° 3 6.77x10°%  7.31x102  4.69x10° 3 3.66x10°3

II1. 10 CTR Part 20 LimitsS. .. ... ... .. .. 3.0 8 0x10 2 2.0 4.0 1.0x10% 3.3x10°2 3.3x10°2

%L denotes "working level." A one-WL air concentration is any combination of Po-2i8, Pb-214, Bi-214, and Po-214 in cne liter of air that
will yield & total of 1.3x10° MeV of alpha particle erergy in their complete decay to Pb-210. Outdoor WL concentrations are calculated
explicitly. Indoor WL concentrations are b>-ed on 5.0x10 ® WL in indoor air per pCi/m® of Rn-222 in outdoor air (see Appendix G-5).

Dfrom NCRP 45, Tables 20 and 26.

“Values given are from 10 CFR Part 20, Appendix B, Table [I, Col. 1. For particulats the lower of values for soluble and insoluble
species is presented. For Rn-222, the value presented is appropriate for use when undetermined concentrations of short-lived daughters
are also present; it is optionally replaceable by the WL limit, if WL concentrations are known.
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Table 6.34 Tota) 40 CFR 190 Doses at Reference Locations from 12
Mills During the Fina) Year of Mill Operation

lﬂ C" F&!‘{ I!II UESCSL nﬁﬂp
whole
Location Release Sources Body Bone Lung
. Fence (site boundary)® Model Mil) 0.479 8.96 17.0
Occupancy: 10% 11 Other Mills 0.013 0.251 0.525
Age: Adult
0.64 km ENE Totals 0.492 §.21 12.%
1. Trailer® Model Mill 9.26 9. 56.1
Occupancy: 50% 11 Other Mills 0.358 4.76 2.89
Age: Adult
0.94 km ENE Totals 9.62 124. 59.0
I11. Ranch® Model Mill 1.3 122. 5.5
Occupancy: 100% 11 Other Milis 1.51 16.8 6.62
Age: Child
2.0 km ENE Totals 12.8 139. 42.1

o food pathways assumed.
"vmmu pathway assumed.
CVegetable, meat, and milk pathways assumed.
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Table 6.35 Annual Papulation and Environmental Dose Commitments Due to Operation of 12 Mills

Annual Dose Commitments, person-rem/yr

WhoTe ~Bronchial
Body Bone Lung Epithelium
I.  Popuiation Dose Commitments During the
Final Year cf Mill Operation
A Total Dose Commitments: Mode! Mill.. ... 17.1 187. 23.4 138.
11 Other Mills. . 181. 2040, 240, 1260,
Totals..... 198, 2230. 263. 1400,
B Dose Commitments Received &
by the Regional Population: Model Mill. .. . .. 6.47 53.3 12.8 138.
11 Other Mills. . 64.3 572. 123. 1260,
Totals 76.8 625. 136. 1400.
I1. Environmental Dose Commitments
Due to Annual Releases
A.  Total Dose Commitments: Model MilY.... .. 231 244, 30.4 138,
11 Other Mills. . 250, 2670. 309. 1260.
Totals 274, 2910. 339. 1400,
B. Dose Commitments Received =
by the Regional Population: Moge!l Mill. ... .. 9.07 66.4 15.4 138.
11 Other Mills. 85.4 709. 144, 1260.
Totails 94.5 775. 159. 1400.

‘Ingestion doses included are those resulting from food consumptior only

population.

)
P
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to the extent necessary to satisfy requirements of the regional
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1. Inhalation of Rn-222 and short-lived caughters during 1978 (Table G-8.1).

2. Inhalation of Pb~210 during 1978, exclusive of resuspension (i.e., “primary dose" in
Tables G-8.2 through G-8.4),

3. Inhalation of resuspended Pb-210 and Po-210 originating from a 1978 release (i.e.,
"resuspension dose" in Tables G-8.2 through G-8.4).

Because ingestion, rather than inhalation, is the more important pathway contributing to the
total dose commitment from Pb-210, it was necessary to include it in this analysis of continental
health effects from the milling industry. As the Pb-210 is being transported initially through
the atmosphere, a portion may deposit on crops and ultimately be ingested by human beings. An
additiona) amount will deposit on the soil, where because of its long half-Tife (22.3 years), it
will remain available for root uptake for many years. For this analysis it has been assumed that
no mechanisms other than radicactive decay operate to remove Pb-210 from its availability in the
s0il. The ingestion dose to the population has been calculated to include foliar deposition and
root uptake in the first year and root uptake alone in the next 99 years following release of the
radon parent. The basis for this calculation of 100-year environmental dose commitment is the
study by Oak Ridge National Laboratory. 3® The starting point was the estimates of Pb-210 concen-
trations in air which were used to predict inhalation dose commitments as describad above.
Air-to-diet conversion factors developed by ORNL, together with data on standard diets, current
agricultural production, dose conversion factors, and the previously available air concentrations
and population projections, made it possible to calculate the exposures and 50-year dose commit-
ments in 1978 and 1979 for a 1| kCi Rn-222 release from each of the four sites in 1978. These
data are summarized in Tables G-8.6 through G-8.8 of Appendix G-8. The dose conversion factors
used to calculate the 50-year dose commitments from ingestion of Pb-210 were 5.2 x 10~ mrem/pCi
for bone and 3.8 « 10-? for the whole body. The 100-year environmental dose commitment (EDC)
from ingestion of the Pb-210 produced by a unit reiease of radon from one of the four sites is
simply the sum of the 1978 dose and the dose in each of the next 99 years. The annual dose
commitments after 1978 were calculated from the 1979 values adjusted for radioactive decay and
population growth. About half of the 100-year EDC is delivered in 1978, the year the release
occurred.

For estimating integrated population exposures and doses attending releases of Rn-222 in 1978 and
subsequent years, ORNL prepared population projections for the portions of the United States,
Canada, and Mexico that were included in the dose predictions (the area between 20° and 60° north
latitude). The ORNL population projections for the years 1978 to 2000 and between 2000 and 2100
are given in Tables G-8.9 and G-8.10 of Appendix G-8.

The 100-year dose commitments per kCi of Rn-222 released in 1978 from each of the four sites in
the western United States were the starting point for estimating the environmental dose commit-
ment resulting from mil] operations from 1578 to 2000. It was e ‘imated that the total milling
industry existing in 1978 has a capacity equivalent to 21.2 medel mills. This corresponds to a
total ore-processing capacity of 38,500 MT (42,47 ST) per day, distributed among the four
geographic areas as follows: Grants, NM, 19 300 MT/day (21,200 5T/day); Casper, WY, 12,400
MT/day (13,600 ST/day); Falls City, TX, 4700 MT/ day (5200 ST/day), and Wellpinit, WA, 2200
MT/day; (2400 ST/day).

It was assumed that during the years from 1978-2000, mills would be brought on line following the
schedule of Table 3.7 so that the total capacity reached in 2000 would be equivalent to B2.2
mode] mills or 149,000 MT (164,000 ST) of ore per day. This would be distributed as follows:
Grants 79,800 MT/day (88,000 ST/day); Casper 51,700 MT/day (57,000 S7/day); Falls City 13,500
MT/day (15,000 ST/day); and wWellpinit 4000 MT/day (4400 ST/day). It was also assumed that all
mills operate as wuuld the mcdel mill, with 50 ha (125 acres) of dry tailings [per 1800 MT/day
(2000 ST/day) ore-processing capacity] exposed as a radon source for 15 years (or until 1993 for
mills already operating in 1978), foilowing which the mill is assumed to close and the tailings
area to increase to 80 ha (200 acres) because the previously wetted surface dries out. As in the
model mill, each 50 ha (125 acres) of dry tailings exhales 7.0 kCi of Rn-222 per year. The total
annual radon production rate in 1978 from all operating mills is estimated to be 150 kCi. If new
mills are brought into production accord "g to the above schedule, the radon release rate would
increase to a maximum of 920 kCi/yr in 2015, when the last tailings pond becomes entirely dry,
and Lthen remain at this level. For this scenario it 15 assumed that no action is taken at any
time to reduce radon exhalation. In this case, the total radon releases would be the following:
for the p:riod 1978-2000, 8 11 x 10% kCi; for 1978-2100, 9.83 x 10* kCi; and for 1978-3000,

9.27 x 10° kCi.

In addition to the projections of mil)l construction und cperi.ior the calculation of €nviron-
mental dose commitments for periods of 100 and 1000 years requ’ «s estimates of population for
the United States, Mexico, and Canada through the year 3100. se estimates prepared by ORNL
through 2100 are given in Appendix G-8. In order to calculate the 100-year dose commitment from
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each year's release, the staff has simplified and extended the population projections by leveling
;l‘\n at aboul 2020 rather than maintaining the slight increase predicted by ORNL throughout the
st century.

Based on the population proje;tions and assumed schedule of mill construction and operation, the
environmental dose commitments have been estimated for the periods 1978-2100 and 1978-3000 and
for the Norii American continent excluding doses within 50 miles of the release point lying
between 20° and 60° north latitide. Most of the dose -ommitment from U.S. mills is included
within this region. The dose commitments for these two periods are summarized in Tables 6.36 and
6.37. The data for the inhalation and ingestion pathways are presented separately. In the
United States, Canada, and Mexico, the far fiela dose commitment to bone and whole body from
ingestion of Pb-210 is more than twice the dose from inhalation. The Grants, New Mexico, and
Casper, Wyoming, regions, predicted to be about equal contributors to the dose commitment in the
United States, are also the major contributors.

Table 6.37 includes a comparison of the United States dose commitment from milli (assuming no
reclamation of tailings piles) with natura) background over the period to year . It may be
seen that the lung dose (mostly from short-lived radon daughters) amounts to 0.1% of the back-
round dose, while the bune dose (largely from ingestion of Pb-210) is about 0.2% of the dose
rom natural background.

6.4.2 Near Field Radiological Impacts

Near field radiological impacts were calculated for a single model mill in Section 6.2.8. The
cumulative radiological impacts presented here (Table 6.38) are based on a scaling up of the
regional impacts presented in Section 6.2.8. Cumulative impacts are based on 880 model mill
years beitng required to fulfill the conventional U;0, requirements (690,000 MT ¢ U;0g) over the
time period 1978 to 2000. Since the assumptions congerning exporting food from the model region
were conservative (Section 6.2.8), environmental dose commitments are based on those received by
the regional population rather than the total environmental dose commitment. If the total
environmental dose commitments were used rather than only the regional environmental dose commit-
ment, then the regional health effects estimated ‘n Table 6.39 wuld be about 10% higher. It is
thought that the regional population of 57,300 used in Section 6.2.8 is fairly representative of
western milling regions.

If no steps are taken to stabilize the tailings piles, then these piles would present a con-
tinuous source of radon and particulates. Persistent impacts, after the year 2000 are given in
Table £.38. These impacts are estimated based on the assumption that there will be releases from
tailings piles equivalent to 82.2 model mills.

6.4.3 Continental Radiological Impacts

Continental radiological impacts are equal to the sum of far field impacts (Section 6.4.1) and
near fie.d impacts (Section 6.4.2). Continental environmental dose commitments and somatic
health effects are presented in Table 6.39.

The health effects which may be attributed to milling activity have been predicted on the basis
of multipiying the risk estimators in Appendix G-7 with the dose commitments in Table 6.37. The
somatic effects are given in Table 6.39, and genetic effects are given in Table 6.40. In the
years after 2030 when the population has reached its assumed maximum of 460 million people, a
total of about 10 premature deaths due to cancer induced by radiation origirating from uncovered
tailings piles 1s predicted for each year. Lung cancer following irradiation c¢f the bronchial
epichelium by short-1lived radon daughters is responsible for the majority of these predicted
deaths. The total rate is about 0.001% of the expected cancer death rate for that size
population.

About 24% of the continental health effects are estimated to occur within the region. The number
of health effects within the U. S. is about 88% of the total continental health effects. Mexico
and Canada account for the remaining 12% of the coninental health effects. Exposure in Conti-
nental Europe and Asia would add about 25% more health effects to the number of effects predicted
for North America. Persistent health effects due to milling are equivalent to about a 0.,09%
increase fu health effects due to background radiation or a small fraction (1.3 x 107°) of the
average annual risk of death due to cancer (about 1.6 x 1077%).

Estimates of genetic defects produced in North America as a result of milling operations and
storage of bare tailings are summarized in Table 6.40. About two per year are predicted, thereby
causing an increase of about 0.004% in the spontaneous rate of defects observed in the
population.



Table 6.36. Far Field North American Continent Environmental Dose Commitment from U.S.
Activity for 1978-2100, Assuming no Reclamation of Tailings Piles (organ-rem)

bUnniu Mi'ling

Inhalation Pathway Ingestion Pathway

Total for Both Pathways

s whole whole a whole
Release Site Lung Bone Body Bone Body Lung Bone Body
United States (Non-Regional)
Crants, NM 3.08 x 0% 1.58 x 10% 1.09 x 105  4.56 x 10° 3.38 x 10° 3.08 x 10° 6.4 x 10° 4.43 x 10°
Casper, WY 239 x 10% T.26 « 10%° 9.79 x 10* 3.32 x 10° 2.38 x 10° 239 x 10° 4.58 x 10® 3.36 x 10°
Falls City, TX 8.06 x 10 3.49 x 105 222 x 10% 4.55x 105 3.46 x 10* B8.06 » «° B8.08 x 105 568 x 10
Wellpinit, WA 1.38 x 10° 8.56 x 10* 6.75 x 10° 2,70 x 10° 2.0) x 10% 1.38 x 105 3.57 x 105 2.68 x 10%
SUBTOTALS 6.4) x 10% 3.27 x 10° 2.36 x 105 8.61 x 10° 6.27 x 10° 6.41 x 105 1.19 x 107 8.63 x 10°
Canada
SUBTOTALS 1.65 x 10  1.11 x 10° 8.44 x 10 2.32 x 105 1.69 x 10 1.65 x 10° 3.43 x 105 2.53 x 10%
Mexico
SUBTOTALS 1.04 x 10° 5.38 x 10° 4.17 x 10* 1.55 x 10%° 1.14 x 105 1.04 x 106 2.09 x 10 1.56 x 105
Total Far Field North American Continent
7.62 x 10° 3,92 x 10° 2.86 x 10° 1.04 x 107 7.58 x 10° 7.62 x 10° 1.43 x 107 1.04 x 10¢

35um of dose commitments to bronchial epithelium and pulmonary lung tissue.

bPopulation doses within 50 miles of the release site are not included in this table.
Near field population doses are given in Section 6.4.2.
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Table 6 37 Far Field Continental Environmental Dose Commitments from
Activity for 1978-3000, Assuwing No
Reclamation of Tailings Piles (organ-rem)

Lung® Bone whole Body
TnhaTation Pathway Only
U.S.A. 6.17 x 107 3.15 x 107 2.27 x 108
North American Continent 7.34 x 107 3.78 x 107 2.75 x 108
Ingestion Pathway Only
U.S.A. - 8.22 x 107 5.99 x 10
North American Continent - 9.93 x 107 7.28 x 10®
Total for A11 Pathways
U.S.A. 6.17 x 107 1.14 x 10% 8.26 x 108
North American Continent 7.38 x107 1.37 x 108 9.99 x 0%
Background Radiation Dose Commi tment”
U.S.A. 4.8 x 10'° 5.1 x 1010 2.4 x 1019
Dose commitment from milling as Y . -
fraction of background (U.S. only) 1.3 x 10 3 2.2x103 34x 104

3Sum of dose commitments te bronchial epithelium and pulmonary lung tissue.

bsactqround dose commitments are based on exposure of 290 x 10® persons to the following

average annual doses: Tlung, 161 mrem; bone, 172 mrem; and whole body, 80 mrem. Average
annual doses were derived from NCRP Report No. 45, "Natural Background Radiation in the
United States," National Council on Radiztion Protection and Measurements, 1975,

Table 6.38 Regional Environmental Dose Commitments Due to U.S. Uranium
Milling Activity Over the Period 1978 to 2000

WSS TR =i e

whole Body Bone Lung Bronchial Epithelium
CumuTative (1378-2000) (organ-rem)®
Operations 7.98 x 103 5.84 x 10 1.36 x 104 1.21 x 108
Post-Operations 4.15 x 103 3.02 x 10 6.41 x 109 6.32 x 104
Total Operations 1.21 x 104 8.86 x 104 2.00 x 10* 1.84 x 105
Persistest” (organ-rem/yr)
Particulates 9.95 x 102 7.55 x 108 1.06 x 10 .
Radon and Daughters 5.54 x 102 3.73 x 103 1.33 x 103 2.36 x 104
Total 1.55 x 103 1.13 x 104 2.39 x 108 2.36 x 104

RN O .

I(Zumulu;ive dose commitments are based on a total of 880 model mill years over the period

1973 to 2000 in order to produce 80% of the cumulative U,0y requirements by conventional mills

(690,000 4T of U,0).

290 mrde! «i1) years).
b

=TT

e A i

Dose commitments per model mill year are derived from the annual
environmental dose commitment to the region given in T:ules 6.15, 6.27 and 6.28.
model mill years post-operations is assumed to be about one third of the operations value (i.e.,

The number of

Persistent dose commitments are based cn 82.2 model mills operating in the year 2000, an
increase in the regional population from 57,300 to 75,500, and no covering over the tailings.
Persistent doses do not include any increase in surface area due to blowing of tailings.,
values are derived from Table 6.27.

These
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Table 5.39 Continental Environme %al Dose Commitments and Somatic
Health Effects Due to U.S. Uranium Milling Activity Over

The Period 1978 to 3000
whole Body Bone Lung® Somatic Health Effects
CumuTative (1978-2000) (organ-rem) ~ (Premature deaths)
U.5. Regional 1.2 x 10* 8.9 x 10¢ 2.0 x 10% 17
U.S. Non-Regional, 7.7 « 104 1.1 x 108 5.4 x 10° 57
Mexico and Canada
Total 8.9 x 10* 1.2 x 10 7.4 x 10% 74
Cumylative (1978-2100) (organ-rem) (Premature Deaths)
U.5. Regional 1.7 x 108 1.2 x 108 2.8 x 108 240
U.S. Non-Regional, 1.0 x 108 1.4 x 107 7.6 x 108 780
Mexico and Canada
Total 1.2 x 10° 1.5 x 107 1.0 x 107 1020
Cumulative (1978-3000) (organ-rem) (Premature Deaths)
U.S. Regional 1.5 x 108 L a W 2.6 x 107 2200
U.S. Non-Regional, 1.0 x 107 1.4 x 108 7.3 x 107 7600
Mexico and Canada
Total 1.1 x 107 1.5 x 108 9.9 x 107 9800
Persistent (organ-rem/yr.) (Premature Deaths/yr)
U.S. Regional 1.5 x 103 1.2 x 104 2.6 x 10* 22
U.S. Non-Regional, 9.9 x 108 1.4 x 108 7.3 x 104 7.6
Mexico and Canada
Total 1.1 x 104 1.5 x 10° 9.9 x 104 9 8
Background 3.7 x 107 7.9 x 107 7.4 x 107 1.1 x lo0¢

35um o7 doses to pulmonary lung and bronchial epithelium.

bPersistent health effects represent about a 0.09% increase in health effects due to_background

radiation, or about 1.3 x 10°° of the average annual risk of death due to cancer. The average
annual risk of death due to cancer (1.6 x 107 %) is taken from "Vital Statistics of the United
States 1970, Volume Il - Mortality, Part A," U.S. Dept. of Health, Education and Welfare,

pp. 1-7, 1974,
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Table 6.40 Estimated North American Continent Genetic health Effects From U.S.
Uranium Milling Activity

Specific Defects with

Defects Complex Etiology Total
Effects from total dose commitment
1978-2100 130 85 215
1978-3000 1220 770 1990
Maximum rate of induction of
genetic defects (years after -
2215) - per year 1.2 8.0 x 10! 2.0
Spontaneous incidegce for 460
million - per year 1.0 x 10% 4.1 x 10% 5.1 x 10%
Fractional increase in incidence " N =
of genetic defects due to milling 1.2x108% 20x10¢% 3.9»x10°8

%Based on data from report WASH-1400, U.S. Nuclear Regulatory Commission, Table VI 910,
October 1974,

In addition to radon released as a result of uranium milling activity, radon is also released
from uranium mines. In order to place these two sources in perspective, they are compared in
table 6.4). It is estimated that over the period 1978-2000, uranium mines will release about 1.3
x 107 Ci of Rn-222. Calculation of the radon emission from mines was based on a release of 3
Ci/MT of U304 from open pit mines and 19 Ci/MT of U304 from underground mines, and on DOE
estimates that during 1978-2000, 70% of future U,0g requirements will be provided by underground
mines and 30% by open pit mines.®” The amount of radon released as a result of milling activity
from 1978 to 2000 was estimated by the method described earlier in this section.

The cumulative numbers of health effects produced by radon from mines (109 premature deaths) ire
about 50% higher than from mills (72 premature deaths) over the time period 1978 to 2000.

6.5 SUMMARY
6.5.1 General

Potential impacts in a variety of narrow categories were considered in this chapter including air
quality, land use, mineral resources, water resources, soil resources, biota, community, and
radiological impacts. Wwhile complete summary is not possible, the nature and extent of potential
impacts are characterized by the following sections, which include selected examples identified
in the base case evaluation of the model mill. The base case features a low-level of emission
control to form a basis upon which to analyze the effects of alternative control measures. Base
case controls are representative mostly of past milling practice. For this reason, analysis of
the base case brings into sharp focus the potential environmental and public health impacts which
can occur. Imparts cited for the base case are more serious than those that would be occurring
near most current mills which have been upgraded.

6.5.2 Radiological Impacts

With respect to health impacts, the critical mill-released radionuclides and their primary sources
are, in descending order of importance: Rn-222 from the tailings pile; Ra-226 and Pb-210 from
the tailings pile; and U-238 and U-234 from yellowcake operations. Health impacts from Rn-222
result from inhalati -~ of in-grown daughters and ingestion of the ground-deposited long-lived
daughter Pb-210. Bec..'» Rn-222 is released in gaseous form, it is transported long distances
exposing large populaticns albeit at extremely small levels above background. The impacts of
Ra-226 and Pb-210, released in particulate form from the tailings pile, result primarily through
ingestion pathways. Emissions from impounded tailings materials have an enhanced importance due
to their persistence beyond the operational lifetime of the mill itself. VYellowcake emissions
result in localized impacts, primarily via inhalation, and essentially terminate when the mil)
shuts uown,

7 2 it ,} tn \\
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Comparison of Continental Environmental Dose Commitments and Somatic
Health Effects From Radon Releates From U.S, Uranium Mining and Milling
Activities, 1978-2000

Environmental Dose Commitment

Curulative Somatic Health
Release {organrem) Effects
Source (Ci of Rn222) Whole Body Bone Lung (premature deaths)
| Uranium mines® 1.2 x 107 1.2 x 105 1,7 x 105 1.1 x 10 109
Uranium mills 8.1 x 106 8.1 x 10 1.1 x 108 7.3 x 10° 72

published:

preparation.

R R R R R R R RO IR R R RN Er=S

d5omatic health effects due to radon releases from uranium mines were based on measurements of
radon releases from mines contained in two NRC funded studies whose results are to be

(1) "An Estimate of Radon Emission from pen Pit Uranium Mining:
K. K. Nielson, et al., Battelle Pacific Northwest Laboratories, Report in preparation; and (2)
“Radon-222 Emissions In Ventilation Air Exhausted from Underground Uranium Mines, Interim Report,”
NUREG-CR-0627, P. D, Jackson, et al., Battelle Pac+¥’-
In estimating cumulative radon rels
(1) 30% of U;0; requirements will be mined from .
of radon/MT of U0 during active mining; (2) 70% of U;05 requirements will be mined from under-
ground mines (605,000 MT), which release 19 Ci of radon/MT of U;0;.
radon releases, open pit mines will continue to release 0,065 Ci/MT of U;0;, assuming that some
reclamation is done by filling old pits with overburden from new ones,
for mines are preliminary and subject to review.

bThe environmental dose conitment for mills is derived from Table 6.39. The following
percentages of regional dose commitments in Table 6.39 are due to radon releases:
body, 35%: bone, 33%; and lung, 94%.

Interim Report,”

orthwest Laboratories, Report in
rrom mines the following values were used:
Jit mines (260,000 MT), which release 3 Ci
In addition to the above

The source term values

whole

The following summarizes radiological impacts resulting from mill operatiors with the low level
of emission control assumed for the base case.

First, exposures are summarized in terms of

.' applicable individua) exposures limits (the pending EPA Uranium Fuel Cycle Standard (40 CFR 130)).
Exposures at one of the several reference locations examined in the base case analysis, a person
] occupying a permanent residence 2 km downwind of the tailings pile (referred to here as the

for the nearby individual, for an

S W=

exposures (including radon and dau?h

“nearby” individua)), are summarized to illustrate the problems of weeting exposure limits.
Exposures calculated for comparison with 40 CFR 190 Timits do not include contributions of radon
and its daughters, since these radionuclide are not covered by the limits.
ter co “ributions) and associated health risks are summarized
average” individual in the model mill region (exposures deter-
mined by dividing total regional population exposure by number of people in the region), for the
average mill worker and, finally, for con®.nental North American population.

Second, total

Individual Exposure Limits - 40 CFR 190

40 CFR 190 limits are not met at locations near the mill.

Doses received by the nearby

t ' individual greatly exceed the maximum 25 mrem per year permitted by 40 CFR 150. Bone
and lung doses resulting from radionuclides covered by 40 CFR 190 (all but radon and

its daughters) are 120 and 36 mrem, respectively.

Analysis indicates the limit could

i not be met within about four km downwind from the mill.

| ) The effect of a potcntfal worst case concentration of milling activity, » . e a cluster

about 15 to 20 percent.

Total Individual Risks

of 12 mills is postulated in year 2000, is illustrated by doses to the nearby individual
that are limited oy the 40 CFR 190 Standard. [Doses to bone and lung would increase by
while not a large fractional increase, this shows that the
contribution ‘rom surrounding mills could be important in situations where meeting 40

! CFR 190 was otherwise a borderline case.

Total exposure estimates, which inciude radon and daughters, indicate that radon is the
greatest single contributor to risk.

when total exposures are considered, the chances

that the nearby individual would prematurely die from cancer as a result of living near
the mode] mill for 20 years (a period assumed to include the full operation and
decommissioning cycle of the mill) would be about 600 in a million. Because of the
considerable uncertainties that exist in the health risk estimators used (risks could

5 26l
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be one~half to two times those estimated), comoarison with risks posed by background
radiation provides valuable perspective. The estimated risks to the nearby individual
would be an increase of about 40 percent above risks from background radiation expo~
sures. Exposures and risks to an average individual in the region over a similar
tilos?an would be a small fraction (about one percent) of those for the nearby
individual.

The effect of concentrated milling activity would be to increase risks to the nearby
individual, as discussed above, by about 50 percent over the risk from a single mill.
The milling cluster would have a more dramatic effect on risks for the average
individual, raising them by a factor of about ten, from five to over 50 chances in one
million of premature cancer death. This would be about 4 percent of that faced c e to
natural radiation exposures.

The risks to an average individual living in a region of :aximum mining and milling
activity in year 2000 is very roughly estimated to be double those described above for
milling alone. This estimate is based on recent radon meacurements around open-pit and
underground mines which indicate that releases from active mining will be roughly
equivalent to those which would occur from tailings under the base case. (No attempt
was made to study radon release from mining in detail in this study. Estimates are
provided of these releases for perspective only; a comprehensive evaluation of these
releases is being undertaken by NRC in separate, but related, efforts to update informa-
tion on environmenta! impacts of the uranium fuel cycle.)

Occupational Risks

Average annual occupational exposures are estimated to be about 2090 and 4740 mrem to
bone and lung, respectively. This level of exposure would lead to a lifetime risk of
premature cancer death of about 20 in one thousand if the work period were about 50
years, This is about six times risks due to natural radiation exposure. At these
exposure levels, a total of about 37 potential premature deaths is estimated to occur
among workers from operations of the U S. milling industry to the year 2000. These
risks are smaller than risks of death faced by workers from nonviolent causes alone in
at least several other industries, such as mining (Sec. 6.2.8.2.7).

Risks to Populations

The most significant impact from mill operations under the base case would occur from
rersistent radon releases from the tailings. About 9800 premature deaths are predicted
over the period 1978 to 3000 in the United States, Canada, and Mexico, from tailings
which would be generated by the full operation of mills in existence in the U.5. in the
year 2000.

These cumul~tive potential impacts are a 1.3x10 ® fraction of the overall incidence of
cancer.

The continuing annual rate of premature deaths from this volume of tailings is estimated
to be about ten per year. This annual rate could be used to develop estimates of

health effects beyond 1000 years if this were desired; this would require making very

ur. artain assumptions on long-term factors such as climate, population growth, and the
like.

The information just summarized about base case radiological impacts on individuals is tabulated
in Table 6.42.

6.5.3 Nori-Radiological Impacts

Air 11

In general, the impact of mill operations on air quality occurs as a result of dust which is
produced. Dusting from the tailings piles and traffic on dry ore hauling roads increascs
suspendad particulates.

In the single mill case, concentrations at a reference location nearby the mill {one
km) are close to but within Federal limits. An annual average concentratic) of 57
pg/m? (22 pg/m® above the background cuncentration of 35 ug/m® which includes contribu-
tions from othe. nonmilling sources) is predicted. This compares with a limit of

60 pg/m® existing in sume States.

while the operation of a cluster of mills does nol cause a large increase in dusting
over that resulting from a single mill (about a 33 percent increa;03.~the insrggﬁ?t may
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Table 6.42 Radiological Impacts on Individuals for Base Case

Dose Commitment® Risk from Mili as
(uru&o P centage of Riskcuue
Receptor e ne Lung Background (%)™’
Nearby Individual®
Doses limited by 40 CFR 190
(excluding radon)
I mill N 120 36 avial
Mill cluster 13 140 42 -
Tata! dose
(including radon)
1 mill 21 130 330 43
Mill cluster 26 150 510 65
Average Individual®
1 mill 0.16 1.2 2.7 0.4
Mill cluster 1.7 14 27 4
Average Uornr'
Annual 450 2100 4700 570
Careerd 2.1x10%  9.8x10%  2x2x10° 570
Background 143 250 704 e

3411 doses are total annual dose commitments except where noted as being those covered by
40 CFR 190 limits. That is, these doses exclude contributions from radon and daughters,
since these are not covered by 40 CFR 190, whict limits annual exposures to whole body and
any single organ to 2% mrem. A1) doses are rounded to two significant figures.

®The nearby individual occupies a permanent residence at reference location about 2 km
downwind of the tailings pile.

“Ihe range in risks due to uncertainties in health effects models extends from about one-half
to two times the central value (App. G-7). This range does not include uncertainties in other
areas (».g., source term estimates and dose assessment models).

“Rists are presented for exposure received during entire mill life; that is, 15 years of
exposure during operation of the mill, and 5 years of exposure post operations while tailings
are drying out, are considered. This value is greater than 20 times annual exposure pre-
sented because tailings dust releases increase in the period when tailings are drying.

*The "average" individual exposure is determined by dividing total, mode] regiona) population
by the number of people in the region.

'The "average" worker exposure is determined by averaging exposures expected for various
locations in the mill.

IThe career dose is based on a person who has worked 47 years in the milling industry (that
is, from ages 18 to 65).

be important in meeting allowable limits on suspended particulates near the mill. A
concentration of 65 u/m® which would exceed some State standards is predicted for the
reference location near the mode) mill. The relative effect of the mill cluster becomes
greater as distances from the model mill increase (a doubling of suspended particulate
concentration contributed by mills occurs at a distance of 40 km), but total ‘concentra-
tions (37 pug/m®) are within allowabie limits,
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Ltand Use (Secs. 6.2.2, 6.3.2)

Land use impacts from milling operations and tailings disposal are both d rect and indirect. The
most significant impact is permanent commitment of land to tailings dispcsal.

Approximately 150 ha are devoted tc milling and allied activities during operations at
:ho mode! mill. ODuring a brief period of mill construction, a total of 300 ha may be
mpacted.

Deposition of windblown tailings may restrict use of land near tailings. Levels of
contamination extend several hundred meters beyond the model site boundary in the
prevailing wind direction affecting an area of 25 ha. Experience at inactive sites and
ongoing field studies at active mills confirm the potential for such land contamination.

In the multiple mill case, indirect impacts on land use occur; for example, the need
for housing and other services for incoming workers divert a small amount of fertile
land in the model region to urban uses.

The major potential land use impact is permanent commitment of 100 ha of semi-arid land
for tailings disposal and restricted use of adjacent land that is contaminated by
continued plowing of tailings dust from the poorly controlled mill tailings pile in the
base case.

Groundwater

Tailings solutions contain a wide range of trace metal, radicactive and chemical contaminants in
concentrations significantly above existing State and Federal water quality limits. Seepage of
such solutions can potentially adversely affect groundwater aquifers and drinking water supplies.

About 50 percent of tailings solutions, or about 600 MT per day, are disposed of by
seepage in the base case.

Transport of contaminants is a complex function of parameters such as conductivity and
dispersivity of subsoils and underlying strata, hydraulic gradients of underlying
groundwater formations, ion-exchange and buffering capacity of subsoils, and amounts of
precipitation and evaporation. In general, natural subsoil cerditions will tend to
remove many heavy metals and radionuclides such as radium aud thorium from the tailings
seep. This will occur primarily as a result of chemical precipitation and sorption
processes.

Some heavy trace metals such as selenium, arsenic, and molybdenum may form ions which
behave similarly to anion contaminants such as sulfates which do not tend to be removed

by sorption.

Using conservative assumptions about transport parameters, seepage in the base case
results in contamination of the underiying aquifer, and eventually nearby wells, with
concentrations of selenium and sulfate significantly above established limits. Radium
and thorium are predicted to be retained by underlying soils.

Following operation, rainfall will cause a continued, small amount of seepage from the
tailings area.

Surface Water

There are no direct discharges from tailings impoundments to Surfage streams. Minor impacts
could occur indirectly from contaminated groundwater formations which intercept surface streams.

Water Use

Water used in the mill process typically comes from deep-lying aguifers. About 1260 MT of solu-
tion will be deposited in the mill tailings area per day. Tailings solutions will be disposed of
by evaporation and seepage. 1240 MT of solution [which includes contribution of moisture from
tath the mill and rainfall) evaporate from the tailings impcundment per day. In some areas,
where concentrated uranium development in conjunction with other heavy mining activity occurs,
evaporative losses could result in temporary Towering of water wells tapping affected aquifers.

Snils and Terrestrial Biota

Generally, iwpacts on soils supporting growth of vegetation and on gerrestrial biota will be
minor and localized. On the other hand, what impacts occur may be important because of the slow
rate of soil formation {4 arid and semi-arid regions of the West.

7 [
J LW

= |
r'\)



R R R R RSN R=

6-78

150 to 300 ha of " 2ils and wildlite habitat will be destroyed directly by construction
and operation of ‘@ mill and mil] tailings disposal site.

Indirect impacts occr Yrom seepage ad spread of windblown particulate from the
tailings pile. (hese lead to soil salinization, and contamindation of s¢ils and vegeta-
tion, with toxic elements. Extent of impacts would increase over the long term as
tailings continue to blow.

In the multiple mill case, impacts on biota of the region resulting from overgrazing
might be evident.

The amount of land potentially disturbed is elatively small. Only a few tenths of a
percent of primary and secondary productivity in the model region {80 km radius),
typical of sparsely populated and semi-aric western milling areas, would be affected
even in the multiple-mil] case.

Socioeconomics

In an effort to assess the socioeconomic impacts from uranium mining and milling the following

areas were examined: 1) demography and settlement patterns; 2) social, economic and political

systems; 3) archeological and historical resources; and 4) esthetics and recreational resources.

Negative socioeconomic impacts in the case of an isolated mill would be minor in terms of re, onal

w «ct. Cumulative impacts might occur where multiple mills are located in a region. However, |
it is extremely difficult, in most cases, to isciate the effects of uranium milling and mining

from effects occuring as a result of other mineral resource exploitation and industrial develop-

ments which could be occurring in a region, such as coal mining. In addition, it is difficult to |
project the level of these other industrial activities. In any case, the severity of impacts |
that can occur as a result of uranium milling and related mining activities would depend upon

several faztors including the proportion of the jopulation and regional economy that would be

devoted to these activities, as well as the general sccial, economic and pelitical character-

istics of the area. Generally speaking, the potential sociceconomic impacts from uranium mining

and milling are nut unlike those occurring as a result of other similar sized industrial

deve lopments.

6.5.4 Variants Examined

The staff evaluated the potential difference which could occur in impacts for two situations
which vary from routine operation of the 1800 MT/day, acid leach mill: operation of alkaline
leach mills and operation of much larger (7200 MT/day) mills. These various situ2t‘ons are
discussed in Appendices H and 1. The differences are summarized as follows:

Alkaline Leach Mill

The model miil is an acid leach mill; however, 20 percent of the conventional milling industry
utilizes the alkaline leach process. Radioactive exposures would be virtually the same for acid
and alkaline mills. The major differences between impacts of alkaline and acid leach mills are:

Water requirements of and, hence, seepage at the al<aline mill are 30 to 80 percent of
an acid mill.

Concentration of contaminants will be generally less in rhe alkaline leach aill
However, toxic anonic salts such as selenium and arsenic will tend to be prasent in
greater concentrations.

Large Mills

General conclusions drawn from the comparison of large (7200 MT/day) and average size (1800
MT/day) mills are:

Combined capital and operating costs of the 7200 MT/day mill are 70 percent of the 1800
MT/day model mill _er unit of mill throughput.

For comparable sitin? situations, total population exposures will not significantiy
change per unit of mill throughput.

Problems of meeting individual limits will be more difficult at large mills, since
emissions will increase with mill size.

Factors offsetting increased emissions might be increased operating efficiency of
control devices and greater management attention to emissions controls which could be
afforded as a result of large mil] economic efficiencies. 717 4 F
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Larger mills would reduce the number of separate sites being committed to mill
tailings, and hence reduce the long-term problem of site surveillance.
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7. ENVIRONMENTAL EFFECTS OF ACCIDENTS

The environmental effects of accidents involvino the release of radicactive materials or harmful
chemicales “.0* could occur at the model site are covered in this chapter. Accidents which might
occur Luring mii, “perations have been conceptualized on a generic basis and the potential envi-
riawental impact of these postulated accidents are evaluated. The descriptions of the site and
model mill considered in this analysis are contained in Chapters &4 and 5 of this report. Two
situations are considered--(1) operation of a single mill and (2) operation of as many as 12
mills. Both the nominal consequences and corresponding probabilities are evaluated by use of
realistic assumptions in regard to release and transport of radioactive materials, In cases of
doubt or where information adequate for realistic evaluation was unavailable, very conservative
assumptions were used to compute environmental impacts. Thus, the actual environmental effects
from the accidents that are postulated would be, in mos” cé-es, significantiy less than those
predicted in this assessment.

7.1 SINGLE MODEL L

The radicactive materials handled at the model mill typically have low specific activities
(LSA);* i.e., ~ 1077 Ci/g for the tailings, ~ 107% Ci/q tor the ore, and - 6 = 1077 Ci/a for the
refined yellowcake product. The quantities of materials handled, on the other hand, could be
relatively larce--as much as 1000 MT (1100 ST) of yellowcake per year, representing about 600 Ci
of radicactivity.

The very low specific activities require the release of exceedingly large quantities of material
in order to be of concern; driving forces for such releases are generally lacking at the model
mill. For this assessment, postulated plant accidents involving radioactivity are considered in
the following three categories:

Trivial incidents; i.e., those not resulting in a release to the environment,

2, Small releases to the environment (relative to the annual release from normal
operations),

3. lLarge releases to the environment (relative to the annual release from normal
operations).

Typical trivial incidents include spills, ruptures in tanks or plant piping containing solutions
or slurries, failures of the centrifuge used for yellowcake dewatering, and rupture of a tailings
disposal system pipe in which the tailings slurry is released into the tailings pond. Small
releases include failure of the a:~-cleaning system serving the concentrate drying and packaging
area, a fire or explosion in the s lvent extraction circuit, and a gas explosfon in the yellow- '
cake drye-. Large releases include a major tornado strike and releases to the watercourse from
the t2ili & pond or tailings dis:ribution system.

In most cases for which . postulated accident results in a release to the environment, the esti- 1
mated magnitude of the release, the corresponding maximum individual dose,** and the estimated
annual probability of occurrence are presented below. The likelihoods are estimates based on a
variety of sources, including incidents on record, chemical industry statistics, and failure
prediction methodologies. The dispersion model was taken from NRC Regulatory Guide 1.4,} and
the dose conversion factors are based upon the recommendations of the International Commission
on Radiological Protection (Committee I1),” updated by the lung model advocated by the Environ- |
mentz] Protection Agency.’

)
*In contrast to the relatively high specific activities of a number of prominent radionuclides
i.e,, ~ 10~} Ci/g for Pu-239 and ~ 10% Ci/g for Co-60.
#+To place the results of the accident .ialysis in perspective, the annual lung dose from natu al
background radiatiun to individuals living within an S0-km (50-mile) radius of the model milli
is about 8.2 = 10° man-rem, This dose was estimated using the annual dose from backqround
radiation (Sec. 4.12) and population data for the region.

7-1 772 YLD
) £0(

S




7-2

During the three decades of nuclear facility operation, the frequency and severity of accidents
have been markedly lower than those in related industrial operations. The experience gained
from the few accidents that have occurred has resulted in improved engineering safety features
and operating procedures, and the probability that similar accidents might occur in the futyre is
very low. In light of past experience, it is believed that even if major accidents did occur
there would probably not be a significant release of contamination offsite, and radiation expo-
sures would be too small to cause any observable effect on the environment or any deleterious
effect on the health of the human population.

7.1.1 Trivial Incidents Invoiving Radioactivity

The following accidents at the model mill caused by human error or equipment failure would not
result in the release of radioactive material to the environment.

7.1.1.1 Leaks or Rupture in Tanks ¢r Piping

Uranium-bearing slurries and solutions are contained in several tanks comprising the acid leach,
washing and clarification, and solvent extraction stages of the model mill circuit. Human error
during the filling or emptying of tanks or the failure of valves or piping in the circuit would
result in spills which might be expected to occur several times annually during operations.
Large spills fren tank failures or uncorrected human error might involve the release of several
hindred pounds of uranium in tne liquid phase to the room. However, the entire content of the
tanks would be contained within the mill sumps and therefore would not reach the enviro.ament.

7.1.1.2 Centrifuge Failure

Prior to drying, the thickened yellowcake slurry is likely to be dewatered by the use of a cen-
trifuge. The centrifuge may be located in the vicinity of a tank containing uyranium in solution
or as a slurry. 1f the centrifuge rotor were to fail, it could conceivably penetrats one of

these tanks and release radionuclides to the room. rnowever, the entire contents of 2 tank would
be contained by dikes constructed around the tank and therefore would not reach the environment.

7.1.1.3 Rupture of a Pi in the 1ailings Disposal System

The throughput of the model mill is 1800 MT (2000 ST) of ore per day. At this rate, approxi-
mately 65 MT (70 ST) per hour of sand, silt, and clay-sized particles are transported to the
tailings pond through the tailings disposal system piping. This material, usually transported as
a slurry (~ 50% water), contains mill chemicals and radioactive materials. Ruptures in the
piping would be expected to occur; however, the majority of the length of the piping would proba-
bly parallel the tailings pond, and the flow of the slurry released from the ruptu=es would be
toward the taiiings pond, where it would be contained along with the existing tailings material.
Should a rupture occur in the length of piping between the mill and the tailing: area, the slurry
could conceivably reach the watercourse. This case is considered along with tailings pond
releases in Section 7.1.3.

7.1.2 Small Raleases Involving Radioactivity

.~ following accidents, caused by human e~ror or equipment failure, would r:lease small guanti-
ties of radioactive materials to the c~ ironment. The ectimated releases, however, are expected
to be small in comparison with the annual release from normal operations.

7.1.2.1 Failure in the Air Cleaning System Serving the Yellowcake Drying Area

The off-gases from the model mill drying operation, which contain entrained solid particles of
yellowcake, typically pass through a wet scrubber which 1S expected to collect roughly 93% of the
solid material, depending on particle size. The emission rate to the scrubber is assumed toc be
approximately 1400 g/hr (3.1 1t hr) of uranium oxide. Should the scrubber fail, all of this
material could be released to the environment. Altnuugh the stack is routinely monitored for
uranium, the circuit also is usually checked every one-half hour as a part of the formal plant
procadures. A drop in pressure would indicate failure of the scrubber, in which case operations
would be terminated until the scrubber was repaired, If the failure occurred during daylight
hours, the plume would be visible to an observer.

For purposes of analysis, it is assume: that the scrubber totally fails to function for eight
hours during the night shift and that the pressure goes unchecked for the entire shift. This
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would result in the rejease to the ersironment of approximately 11 kg (25 1b) of insoluble
uranium oxide particles, assumed to be in the respirable size range. For this magnitude of |
release at the model mill, it is conservatively estimated that an individual at the closest |

permanent residence [2000 m {6500 ft)] would receive a 50-year dose commitment to the lung '
of approximately 86 mrem. |

Although-quantitative data are unavailable, catastrophic scrubber failure is highly unlikely. |
Progressive failure, in which case the plugging of vents causes back pressure, would be readily

detectable during operational checks and would probably produce inefficiencies, rather than com~
plete failure.

7.1.2.2 Fire or £x. osion in the Solvent Extraction Circuit

The salvent extraction circuit is generc’'v 1n a separate building and could contain as much as '
1390 kg (2900 1b) of uranium. Major fire. nave occurred in solvent extraction circuits of

uranium =ills in recent history.“ The tanks, con’a’'ning about 380,000 L (100,000 callons) of

solvent (xurosene and amines), are typically fitte+ with sprinkler systems containing an extin-

guishing agent.

It is conservatively assumed from previous estimates™s® relating to both uranium and plutonium
solutions that in tt event of a major fire, as much as 10 of the uranium would be dispersed.*
This would result in the ultimate release to the environment in the vicinity of the model mill
of about 13 kg (29 1b) of soluble uranium and 0.65 kg (1.4 1bs) of thorium. The maximum indivi-
dua) 50-year dose commitments at the fence [500 m (1600 ft)] and nearest residence [2000 m

(6500 ft)] resulting from this incident are estimated to be approximately 1.36 rem and 0.15 rem
to the bone, respectively,

From chemical industry data, the probability of a major fire per plant-year is estimated ‘o be

4 « 10°%.° However, at least two major solvent extraction circuit fires are documented in the
literature.” There have been approximately 550 plant-years of mill operation in the United
States, or the equivalent of 190 plant-years for mills with the capacity of 660,000 MT

(725,000 ST) of ore per year. Thus, from the historical incidents, the likelihood of a major
solvent extraction fire is in the range of 0.4 to 1 = 1077 plant-year. Using these two estimates
to bracket the probs 1ity, the staff estimates the likelihood of a major solvent extraction fire
at the model mill to rall in the range of 4 x 107 te 1 ~ 10°7 per year.

7.1.2.3 BGas txplosion in the Ye!lowcake Orying Operation

A propane- or natural-gas-fired furnace is generaliy used to remove the water remaining in ‘e
yellowcake slurry afte- the centrifuge operation. The furnace, which usually consists of se ‘ral
tiers of hearths enclosed within a large cylinder, is generally contained in an isolated enci. =d
srea on a concrete slab. For the model mill, the inventory of yellowcake in the dryer is taker
to be approximately 1500 kg (3300 1b). The off-gas from the dryer, as discussed earlier, is
usually vented through a wet scrubber. An explosion in the dryer or the fuel piping, however,
could blow off the juct work associated with the ventilation system and disperse yellowcake into
the room.

The conseguences of explosion accidents are limited by the concentration of heavy materia, that

can be maintained in the air, estimated to be approximately 100 mg/m’ {6.25 » 10°F b/ ft?) .-

For a room with a volume on the order of 16° m? (3.5 = 10%), the quantity of yellowcake

released to the room air is estimated to be approximately 000 g (2.2 1b); this estimate is

based on the conservative assumption that all of the material would be swept out into the

environment when the room is ventilated. It is estimited that if 100% of the insoluble parti-

cles are in the respirable size rnage, individuals a. the fence line [500 m (1600 ft)] and at |
the closest residence [200 m (6500 ft)] would receive 50-year dose commitments to the lung

approximately 6.5 x 1077 rem ard 6.9 x 107° rem, raspectively.

No quantitative data have been found relating ei'her to propane or natural gas furnace explo-
sions. Failure rates observed for piping used ‘n the transmission of_natural gas can be con-
verted to equivalent failure rates per plant yeiar.’ The result of this analysis indicates
approximately 5 - 10°* failures per plant year. This is probably an upper limit of the likeli-
hood of a gas explosion because it is based upon the conservative estimate of 52,000 m
(170,000 ft) of piping per plant and does not take into account the probability of ignition aciven
a failure.

#It is estimated that a smaller fraction of the uranium inventory would be released to the room,
and subsequently to the environment, in the event of an explosion.
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7.1.3 large Releases Involving Radivactivity

For operations at the model mill, there are conceivable accidents which could release larger
quantities of radicactive materials to the environment that would be released annually from nor-
mal operations. By virtue of complex and highly variable dispersion characteristics, however,
the individual impacts will not necessarily be proportional to the total amount of radiocactivity
released to the environment, ¢

7.1.3.1 Tornado

Thunderstorms, occasionally spawning tornadoes, are frsquent in spring and summer. These torna-
does tend to be less destructive than tornadoes occurring urther east. ODust devils are frequent
in the area and may occasionally cause slight damage in their paths. The ares is categorized as
Region 3 in relative tornado intensity;* '" i e., for a tyjical tornado, the wind speed is

110 m/s (240 mph), of which 85 m/s (190 mph) is rotational and 25 m/s (50 mph) is translational.
Generally, the mill structures in the model region are not designed to withstand a tornado of
this intensity.

The nature of the milling operation is such that little mo-e could be done to secure the facility
with advance warning than without it. Accordingly, a "nc warning” tornado is postulated. More-
over, since it is not possible to predict accurately the total amount of material dispersed by
the tornado, a highly conservative approach is adopted. It is assumed that (1) two days produc-
tion of yellowcake is free and not packaged in containers, (2) the maximum inventory of 45 MT

(50 ST) of yellowcake is onsite when the tornado strikes, and (3) 15% of the contained material
is released. Thus, it is assumed that the tornado 1ifts about 11,400 kg (25,100 1b) of yellow-
cake (equivalent to the contents of twenty-six 55-gallon drums).

A conservai +z model, in which it is assumed that all of the yellowcake is in a respirable form,
was used for the dispersion analysis.'' It is assumed that all of the material is entrained as
the vortex passes over the site. Upon reaching the site boundary, the vortex dissipates, leaving
a volume source to be dispersed by the trailing winds through an arc of 45°. Because of the
small particle sizes assumed, the settling velocity is considered to be negligible.

The model predicts a maximum exposure at a distance of approximately 4 km (2.5 miles) from the
mill, where the 50-year dose commitment to the lungs of an individua)l is estimated to be

8.3 = 1077 rem, For individuals at the fence line [500 m (1600 ft)] and at the closest residence
[2000 m (6500 ft)], the 50-year dose commitments are estimated to be 2.2 » 10~ rem and

4.8 = 10°7 rem, respectively.

7.1.3.2 Release of Tailings Slurry

The underflow from the washing and clarification step in the model mill is pumped to the tail-
ings disposal pond. Approximately 1800 MT/day (2000 ST/day) of sand, silt, and clay-sized
narticles entrained in approximately an equal weight of solution constitutes the tailiggs slurry.
Over the projected life of the milling operation, approximately 9.9 < 106 MT (10.9 « 10* ST) of
barren tanings could be generated and retained in the disposal area, typically 1 « 105 m?

(1.1 = 107 ft?). [Inadvertent release of the tailings slurry to the environment might result
froe an overflow of the tailings slurry, a rupture in the tailings distribution piping, or a
failure of the tailings embankment plus washout, Failure of the tailings dam could be caused by
a destructive earthquake, flood-water breaching, or structural failure.

For the expected rates of precipitation during the life of the model mill, the tailings pond
could overflow only if the processing system were allowed to operate unattended for several
weeks. A minimum of 1.5 m (5 ft) of freeboard is generally provided, which is approximately
8.0 » 10° L (2.2 = 10® gallons) of emergencv storage, The predicted runoff, with diversion
ditches installed, to the tailings pond from the postulated 100-year storm is 7.9 « 107 L

(2.1 = 107 gallons). Moreover, it is assumed that if the diversion ditches fail and a 500-year
return-period storm occurs, only 3.7 = 10* L (9.8 = 107 gallons) of water would be input to the
tailings pond. The maximum monthly precipitation recorded in the model mill site area is 6.0 cm
(2.4 inches). Assuming a maximum 24-hour 9recipitauon event of 1.5 cm (0.6 inch), an inflow to
the tailings pond of 5.2 = 107 L (1.4 « 107 gallons) is estimated. The sum of these inflows
does not exceed the reserve capacity of the tailings pond. (It is concluded in an independent
analysis that the Bear Creek tailings dam would not be overtopped by a 100-year return-period
flood or by one-half of the probable maximum precipitation event.)'” .

In _ny event, if tailings are deposited above grade, current regulations require tha! the tail-
ings Jam be designed to withstand the probable maximum flood.
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Failure of the tailings dam because of earthquake would be unlikely since the mode)l site is
postulated to be in a zone of low seismicity.' 's!* Within the mode] region, an earthquake of
intensity MM VI might be extected to have occurred within recent history. (As indicated in the
Supplement, this is the general situation in U.S. uranium resource regions. )

From the foregoing discussion 1t is clear that sufficient data are not available to estimate the
small probability of the occurrence of a natural disaster with sufficient intensity to result in
a release of tailings slurry to the environment. Even if the probability were known accurately,
however, it would be difficult to predict ‘> magnitude of the release. However, tailings
slurry releases have occurred in the past, and the consequences associated with these events
have been documented to varying levels of detail in reports to the NRC (AEC) and to Agreement
States and will be used to estimate the nominal model mil) release. Table 7.1 contains a sum-
mary of racorded incidents in the period 1959 to 1977,

Table 7.1, Summary of Accidental Tailings Slurry Releases, 1959-19772

Solids Liquids
Released, Released, Reached
Cause kg liters Watercourse

Flash flood 14 « 108 1.2 x 107 Yes
Dam failure 9 « 10%° 9.1 « 108 Yes

r Dam failure 5 « 108 4« 10%° No
Dam failure 2 « 108 2 « 1050 Yes
Pipeline failure 3 « 10° 2 = 10° Yes
Flooding 1« 1080 8.7 107 Yes
Pipeline failure 6.4 « 10°° 6.1 « 104 Small amount
Pipeline failure = 108° 1.7 = 108 Yes
Dam failure 1-18 x 106° 1-11 = 106 Yes
Pipeline failure 1 = 105° 1.3 » 10 Yes
Dam failure 9 « 1020 8 x 10? No

| Pipeline failure 4.5 x 107 8-30 « 10 No
Dam failure 8.2 « 108° 7.6 = 106 No
Pipeline failure 1.1 = 10° 1.5 = 10% Yes

I Pipeline failure/dam failure No quantitative information
% rom "Environmental survey of the Uranium Fuel Cycle," WASH-1248, U.S. Atomic Energy Commis-
sion, Fuels and Materials, Directorate of Licensing, April 1974, and "Summarv of Tailings
Slurry Releases 1972-1977," prepared by Teknekron, 28 February 1978,
b‘this value is based on the assumption that equal weights of solids and Hauids are released,
and that the density of the liguids is approximately 1.6 g/ecm® (100 1b/ft?)

From these historical aata, the average releases from tailings embankment failure or floodin
were approximately 1.4 » 107 L (3.6 » 10° gallons) of liquids and 1.6 x 107 kg (3.5 = 107 lb?
of solids. Five out of nine of the releases from embankment failure or flooding reached the
watercourse. Thus, considering the 394 mill-years of operation in the period [or 230 mill-years
normalized to 660,000 MT (725,000 ST) ore/year], the likelihcod of release from the tailings
pond to the watercourse is approx mately 1 to 2 « 10~ per plant year. Mills having dikes simi-
lar in construction to those that failed were required to strengthen the dikes, and for new
mills ;hc dﬁign of the embankment retention system is expected to conform to Regulatory

Guide 3.17.

As discussed in Section 7.1.1, most failure< in the *ailings distribution piping would result in
release of the slurry to the tailings pond and not tc the environment. However, if the failure
were to occur in the length of piping between the mill an  the tailings area, the slurry could
conceivably reach the watercourse. Based on the historical data given in Table 7.1, the average
releases to the watercourse from piping failure were approximately 3.5 x 106 L (9.1 » 10° gal-
lon<’ of Tiquid and 8.2 « 106 kg (1.8 = 107 1b) of solids. Furthermore, on the same basis as

f
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embankment failure estimates, the iikelihoot of tailings release from failure of the piping is
roughly 1 x 10°7 per plant-yesr. Since bo.a the historical consequences and 1ikelihood of
piping failures are lower than those of embunkment failure, only releases from embankment fail-
ures or flooding are considered in the discussion that follows relative to the impact of a
tailings siurry release.

For the model mi)l the fractions of the uranium, thorium, and radium originally present in the
ore that remain in the tailings are 7%, 95% and 99.8%, respectively. Generally, the solid
tailings are coated with acid solutions and are estimated to have a radiological composition of
approximately 37 ,Ci/MT (41 ,C1/ST) each of U-238 and U-234, 500 uCi/MT (550 wC1/ST) of Th-230,
and 530 Ci/MT (580 ,Ci/ST) of Ra-226. (Activities used in the assessments of accidents are
slightly higher than those postulated for the model mill, In order that the accident amalysis
be conservative, values from the upper end of the observed range were chosen.) Because of
losses due to seepage, evaporation from the disposal area, and entrapment in the tailings solids,
the composition of the )iquid phase is difficult to predict. In addition to dissolved minerals
from the ore, the tailings solution contains trace quantities of the components of the organic
phase of the solvent extraction step in the milling circuit. In Table 7.2 the composition of
typical tailings solution from an acid leach nill“?s compared with standards.

Table 7.2. Typical Concentrations of Radionuclides
and Chemicals in Tailings Solution

Maximum Permissible
Concentration in

Concentration, Unrestricted Areas,
Radionucl ide uCi/ml pCi/mi
U-238 5.4 x 107¢ 4 x 10-5
U-234 5.4 x 10-¢ 3 < 1075
Th=230 1.5 = 107 2 = 107¢
Ra-226 4.0 x 1077 3 « 10°F
Pb-210 4.0 » 10°7 1+ 107
Po-210 4.0 x 1077 7 % 10°7
Bi-210 4.0 x 1077 4 = 10°%
NAS Water
Quality Standards
Concentration, for Livestock,?
Chemical mg/L mg/L
As 0.2 3.2
Na 200 i
Fe 1,000 e
Al 2,000 e
5 e
v 0.1 =
Ca 500 i
o 35,000 250
€1~ 300 3000
NH 4 500 i+

3rom Rules and Regulations, Title 10 - Chapter I, Code of Federal
Regulations, Part 20, Standards for Protection Against Radiation,
U.S. Nuclear Regulator; Commission.

Duyater Quality Criteria 1972," A report of the Committee on Water
Quality Criteria, National Academy of Sciences, National Academy of
ggg;mring. prepared for the U.S. Environmental Protection Agency,

-t G F o
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The estimated 1.6 < 107 kg (3.5 « 107 + ) of solid tailings released from the impoundment area
in the event of an over*~pping or failure ~f the embankment would be expected to settle out
below the embankment. The extent of the area covered would depend upon the specifics of the
fatlure and is difficult to calculate. Scaling from previous estimates on the basis of the
total wass of tailings released,’® the material may be assumed to follow the tributary stream
chanpe i for a distance of approximately 2100 m (6800 ft), covering a width of approximately
130 » (425 ft), ind forming a wedge 3 cm (1-1/4 inches) in average thickness,

The main radiological concern associated with the deposition of the tailings material is the
small increase in background ~adiation levels in the affected and adjacent areas and the even-
tua! transport of these low le'els of contamination by wind and rain. These long-term effects
May be prevented by removing thi contaminated material from the environment. Accordingly, a
measure of the impact associated with the release of the solid tailings from tne pond is the
estimated cost of excavating, removal of the tailings and contaminated soil, and transporting

the material back to the tailings impoundment. Estimates of a similar operation have been made
in connection with the Vitro mii1.17 Using the Vitro mill unit costs and assuming that (1) 15 cm
(6 inches) of contaminated soil would require removal along with the tailings, and (2) the
approximate travel distance back to the tailings impoundment is 3.5 km (2 miles), the =taff esti-
mated the total cost for excavation, removal of tailings and contaminated sofl, and the truck
transport of the material back to the tailings impoundment to be approximately $120,C00.

The fate of the estimateu 1.4 ~ 107 L (3.6 » 10° gallons) of tailings solution released with the
tatlings slurry resulting from embankment ftailure or flooding would depend upon the flow at the
time in the tributary stream to Reservoir I. This is assumed to be an ephemeral stream that has
maximum flow in June an July and is dry from September to Fetruary. The snil in the central
area 0f the model site consists mainly of the Petula-Tomahawk association (see Ch., 4), A thin,
approximately 100-m (325<ft) surficial deposit of terrace and pediment alluvium caps the Triassic
siltstone, which is an alluvial soil of moderate to high permeability. The typical tailings

pond effluents would tend to move downward through the soil profile; part of the acidity of the
tailings would be neutralized by the calcareous nature of the soils, but there would still be
substantial leaching of organic matter and cations from the surface horizons. [f the tributary
stream were not dry, much of the liquid could conceivably flow via the tributary stream to
Reservoir I, approximatelz 10 km (6 miles) downstream from the tailings pond. The average volume
is assumed to be 2,8 « 107" m® (7.4 =« 10" gallons), with an average minimum of approximately

1.4 « 107 m? (3.7 « 10% gallons). If all of the tailings solution were to reach the reservoir,
and if the resérvoir volume was at the minimum value, the dilytion provided by the reservoir
aould lower the concentration by a factor of approximately 1 » 10-%.

Reservoir | may be used for the watering c¢f livestock and for irrigation of crops. It ‘s assumed
that 100 head of cattle may be using the reserveir at any one time, and occasicnally throughout
the year the reservoir may be frequented by antelope and deer. 'f the estimated concentrations
of chemicals in the tailings solution were as given in Table 7.2 and if the dilution provided by
the rese-voir was at the average minimum volume, the estimated concentrations of arsenic, su'fate,
and chloride fons in the reservoir from the tailings solution would be well within water quality
standards for livestock use.'” Water quality standards for livestock have not been promulgated
for the other chemicals,

Of the radicisotopes released to the reservoir in the event of a tailings slurry release from

the model mill, Th-230 is of primary concern,* with typical concentrations in the tailings solu-
tions approximately two orders of magnitude in excess of the maximum permissible concentration
(MPC) for unrestricted areas, as specified in 10 CFR 20.'% The actual concantration of thorium
would be expected to be considerably lower than this value because of sorption ontu the stream
bed sediment and precipitation in the reservoir as the pH of the solution approaches neutrality.
Nevertheless, an individual consuming meat derived exclusively from livestock watered from
Reservoir | could conceivably receive significant bone exposure by virtue of the potent >1ly

high concentration factors in meat from ingestion of thorium. However, should a reiease or tail-
ings slurry occur, the NRC ur the Agreement State must be notified and informed of the approxi-
mate time of the accident and be furnished estimates of the giantities of liquids and solids

that have been released from the tailings pond. If the tailings solution were to reach
Reservoir I, the radicactivity of the water, including its thorium concentration, would be moni-
tored prior to its use for the watering of cattle or for irrigation. Alternative sources of
water would have to be provided for these uses if the concentrations of radionuc)ides were found
to be excessive. In the extreme case of irreversible contamination of the Reservoir I stream bed
the top 15 ¢cm (6 inches) of sediment from Reservoir | could be excavated and hauled to the tail-
ings pond [approximately 4.4 - 10° MT (4.8 « 0% ST)]. Using the unit costs estimated for the
vgtro Mil1,!7 the staff estimates that for the mode! mill the cost of excavation and transporta-
tion would be $470,000 and $480,000, respectively. The total costs then would be $950,000.

*The estimated concentration of Ra-226 in the reservoir is less than the FPA drinking water
standard of 5 pCi/L. iy K P / 4
. ) ¢
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7.1.4 Accidents Not Invoiving Radioactivity

The potential for environmental effects from accidents ir.olving nonradiological materials at
the model mill is expected to be small. Failure of the boiler that supplies process steam to
the acid leach stage of the mill circuit could release low pressure steam to the room, possibly
causing minor injuries to workers, but neither chemicals nor radiological materials would be
released to the envi-onment. Typically, forced-air ventilation systems will be provided in the
acid leach and solvent extraction stages of the process wo dilute the chemical vapors emitted
and protect the workers from the hazardous fumes. Failire of these ventilation systems might
result in the inter 'm collection of these vapors in the “wilding air. Since the vapors would
ultimately be discharged to the atmosphere in either case, -uch a failure would have no incre-
mental effect on the environment.

A number of chemical reagents used in the process are expected to be stored in relatively

large quantities at the model mill site. Specifically, storage tanks are provided for

1.4 = 10° L (3.6 = 10° gallons) of sulfuric acid, 2.5 ~ 10" kg ‘5.6 » 10" 1b) of sodium chlorate,
8.2 = 10* kg (1.8 « 10* 1b) of kerosene, and 6.0 = 10" L (1.6 = 10" gallons) of ammonia. Each
of the tanks containing a liquid reagent is surrounded by a dike of sufficient capacity to con-
tain the entire contents of the tank. Also, even if an overflow of a dike were to ~ccur, drain-
age of the liquid at the model site would generally be toward the tailings pond.

The only chemical which might seriously fmpact the environment is ammonia. The anhydrous ammo-
‘ nia storage tank is generally located in proximity to the mill. A break in the tank's external
| piping would result in only a minor release, since an internal safety valve automatically closes
| when pressure drops, thus preventing further escape of ammonia. Department of Transportation
(DOT) regulation 10 CFR Part 173,377 requires the use of this safety valve.?’? It is possible
that the line carrying ammonia to the storage tank from the tank truck could be ruptured, in
which case the release rate is assumed to be limited to 100 g/s (0.2 1b/s) of vapor. The
resulting concentration of zmmonia at the closest residence %000 m (6500 ft)] is conservatively
| estimated to average approximately 35,000 ug/ir’ over the entire period of release. This concen-
: tration is less than the 40,000 ug/m* minimum concentration which produces a detectable odor, and
: the 69,000 yg/m’ recommended limit for prolonged human exposure, ' but greater than 600 .g/m’
short-term air quality standard derived from typical state regulations (at 1/30 thresnold limit
| values). Thus, the ammonia would pose no substantial health risk.

; 7.1.5 Transportation Accidents

Transportation of materials to and from the model mill can be classified into three categories--
{1) shipments of refined yellowcake from the mill to the uranium hexafluoride conversion facil-
ity, (2) shipments of ore from the mine pit to the mill, and (3) shipments of process chemicals
from suppliers to the mill, An accident in each of these categories has been conceptualized and
analyzed, and the results are given below.

7.1.5.1 Shipments of Yellowcake

At the model mil), the refined vellowcake product is generally packed in 55-gallon, 18-gauge

drums holding an average of 430 kg! 950 1b) and classified by the Department of Transportation as

Type A packaging (49 CFR Parts 171-186 and 10 7FR Part 71). The yellowcake is shipped by truck

an average of 2407 km (1500 miles) to a conversion plant, which transforms the yellowcake to

uranium hexafluoride for the enriikmert step of the light water-cooled reactor fuel cycle. An

| average truck shipment contains approximately 40 drums, or 17 MT (19 ST) ~f yellowcake. Based
upon the projected mill capacity of 660,000 MT (725,000 ST) of ore annually and a yellowcake
yield of 1000 MT (1100 ST), approximately 60 suc» “hipments will be required annually.

Based on published accident statistics the probacility of a truck accident is in the range of 1.0
to 1.6 = 10°%/km (1.6 to 2.6 x 107 %/mile.??=2% Truck accident statistics inciude three cate-
gories of events: collisions, noncollisions, and other events. “Collisions" are between the

t ansport vehicle and other objects, whether moving vehicles or fixed objects. “Noncollisions”
ar, acidents involying only the one vehicle, such as when it leaves the road and rolls over.
Acct.ents classified as "other events” include personal injuries suffered on the vehicle, persons
falling from or being thrown against & standing vehicle, cases of stolen vehicles, and fires
occurring on a standing vehicle. The likelihood of a truck shipment of yellowcake from the mill
being involved in an accident of any type during a one-year period is approximately 0.2, This
probability was obtained by multiplying the probability of accident per vehicle-km (1.3 = 10°%/km)
by the number of shipments per year (60) and the distance per shipment (2400 km) .

A generalized evaluation of accident risks by NRC classifies accidents into eight categories,

depending upon the combined stresses of impact, puncture, crush, and fire. On the basis of this
classification scheme, conditional probabilities (i.e., given an accident, the probability that

7/



Involved in Truck Accidents?

Release Fractions

Accident Fractional Mode] | Mode!l 11
Severity Occurrence LSA & LSA &
Category of Accident Type A Type A

Activity (LSA) and Type A Containers
1 0.55 0 0

11 0.36 .0 0.01

i
111 n.07 1.0 0.1
v 0.016 | - 1.0
v 0.0028 1.9 1.0
1.0 1.0 '
1.0 1.0
1.0 1.0

vl 0.0011
VIl 8.5 = 10-°
Vil 1.6 = 10=%

From “Final Environmental Report on the Transportation of Radio-
active Materials by Air and Other Modes," U.S. Nuclear Regulatory
Commission, NUREG-0170, 1977.

In order to assess the risk of a transportation accirdent, it is necessary to know the fraction of
radicactive material that is released when an accident of a given severity occurs. For this
analysis, two accident models are considered: Model 1 assumes complete loss of drum contents,
and Mode) 11, based upon actual tests.'“ assumes partial loss of drum contents. The packages are
assumed to be Type A drums containing low specific activity (LSA) material. The fractional
releases to the environment for each model are shown in Columns 3 and 4 of Table 7.3.7% Inte-
grating the fractional occurrence and the release fractions (loss) for Model I and Model 11, the
expected fractional release in any given accident is approximately 0.45 for Model 1 and 0.03 for
Model [1. The quantity of yellowcake released from the containers in the event of a truck acci-
dent is estimated to be about 7700 kg (17,000 1b) for Model I and 530 kg (1200 1h) for Model !I.
| Most of the yellowcake released from the container would be deposited directly on the ground in
the immediate vicinity of the accident. Some fraction of the released material, however, would
be dispersed to the atmosphere, Expressions for calculation of the dispersal of plutcaium oxide
to the environment have been developed at Battelle Northwust Laboratories on the basis of actual
laboratory and field measurements over several years.’’ The following empirical expression was
derived for the ¢ -persal of plutonium oxide via the air following an accident involving a
release from the ¢ ntainer: .
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the accident is of a certain magnitude) of the occurrence of the eight accident severities
were developed. These fractional probabilities of occurrence for truck accidents are oiven in
Column 2 of Table 7.3.%%
Table 7.3. Fractional Probabilities of Occurrence and |
Corresponding Package Release Fractions for
Each of the Release Models for Low Specific
1

f = 0,000 + 4.6 = 10-% (1.0 15uty ,1.78

where: f = the fractional airborne release,
u = the wind speed at 15.2 m (50 ft) expressed in m/s, and
t = the duration of the release, in hours.

In this expression, the first term represents the initial "puff" immediately airborne when

the container fails in an accident. If the above expression is also valid for U0, dispersal,
if the wind speed is 5 m/s (10 moh), and if 24 hours are available for the release, it is
estimated that the environmental release fraction would be 9 1077, For insoluble uranium,
all particles of which are ir the respirable size range, a 5° sector, and a population density
of 2.9 persons/km® (7.5 persons/mi’) characteristic of the mode! region (see Ch. 4), the conse-
quences of a truck accident involving a shipment of yellowcake from the mill would be 50-year
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dose commitments of approximately 9 and 0.7 man-rem to the lungs of the general public for
Models | and II, respectively., It is equally likely that this accident could occur in the more
densely populated regions of the country where the uranium conversion plants are located. Using
the population density [61 persons/km’ (160G persons/mi’ (160 persons/mi”)] of the Eastern United
States, it is found that the 50-year dose commitments to the lungs of the gereral public would
be about 200 man-rem and 14 man-rem for Models | and 1, respectively.* It is possible that the
postulated accident could cccur on a bridge, such that the containers could be knocked into the
water. No actual data are available from which to estimate the probab’lity of ~uch an event;
however, it 15 possible to use indirect data to arrive at an estimate. !n a recent study by
Sandia Corporation,”® it was conservatively estimated that there are a total of 160 km (100 miles)
of bridges and that most of the bridges are on Federal highways. A value of 240,000 km (150,000
miles) of roads under Federal control was used.’® This leads to a conditional probability of

7 = 10%% that if an accident occurs, it takes place on a bridge. Moreover, many of the accidents
are relatively minor, and most deepwater bridges are heavily protected, such that the occurrence
of an accident on a bridge would probably not result in immersion of the containers in the

water. For purposes of this analysis, however, it is conservatively postulated that the truck
and all of the containers involved in the accidest would be immersed and that 45% of the containers
would be ruptured and would release their contents to the river. [f the accident rate for

trucks of 1.2 = 10°%/vehicle-km (2 « 10°%/vehicle-mile) is combined with the conditional proba-
bility of an accident occurring on a bridge, the probability of the vellowcake becoming immersed
ts about 8.7 « 107%/vehicle-km (1.4 = 10*%/vehicle-mile).

The yell wcake will be transported east from the model region to *he conversion facility. The
first major river to be crossed other than dry drainage ditches and ephemeral streams would be
the Tributary River. Additfonal rivers would be crossed during the assumed 2400-km {1500-mile)
trip to the conversion facility. In the unlikely event of a transportation accident on a bridge,
two situations are postulated. In the first, the drums rupture and .. '11 their contents on the
bridge or partially on the bridge and on the riverbank below, but ni- in the river. For this
situation, the accident probabilities and consequences are the sam- as previously described for
the Model I and 11 releases. For the other, the truck crashes through the guardrail and breaks
up on impact with the water, For this situavion, it is assumed that 45% of the containers rup-
ture and release their contents of yellowcake conc « 'rate to the river.

Under the first situation described above, the yellowcske .huuld be cleaned up as rapidly as
possible to prevent spread of the contamination. The clewnup should be directed Ly qualified
personnel from the state radiological emergency assistance team. Should the accident be judged
by the state personnel to be beyond their capabiiity, the Nuclear Regulatory Commission would be
requested to provide assistance. The NRC regional office would assist by dispatching a radio-
logical emergency assistance team to the scene of the accident to: identify and assess the
hazard, advise on emergenc, operations to protect the health and safety of che public, provide or
prescribe procedures which will minimize injury or deleterious effects on the surrounding envi-
ronment, and generally provide assistance as ma: L2 necessary.

Under the second situation, where the containers aie immersed in water, it is estimated that

7.7 < 10% kg (1.7 « 10 1b) of yellowcake containit  approximately 4.3 = 107 .Ci of radicactivity
would be released to the river., [f the T-ibutary R:.er is typical of the rivers on route, the
flow rate would vary from a minimum of 5 m®/s (1400 gps) to a maximum of 80 m*/s (23,000 gps).
For a minimum flow rate, the concentrations of radicisotopes would be diluted to maximum permis-
sible concentrations in a matter of a few minutes. Even in the highly unlikely event that water
for a public water supply system were being withdrawn immediztely below the point of accidental
release, an individual would only receive a small fraction of the Radiation Protection Guide
(RPG) of 500 mrem per year. In order to be exposed to this dose, an individual would have to
drink the water at the MPC level for one year. It is expected that the yellowcake concentrate
released by the accident would pdss down the river as a slug and during its transit would be
further diluted until it was not detectable above the backqround radiation level of the river,

It is not possible in this generic amalysis to estimate the time and distance for the material to
veach backgrouna levels.

In a recent accident (September 1977) a commercial carrier with 50 drums of uranium concentrate
overturned and spilled an estimated 3200 kg (7000 1b) of concentrate on the ground and in the
trick trailer. Approximately three hours after the accident, the material was covered with
plastic sheeting to prevent further release to the atmosphere. Using the formula given earlier
for the three-hour duration of release, approximately 24 kg (53 ib) of U,0; are estimated t) have
been released to the atmosphere. The conseguence for the area in which the acnident actua’ly
occurred, where the population density is about 1.0 person/km? (2.5 persons/mi:), is est’sated
to be 1.2 man-rem. **

*A population density of 900 persons/km® out to 5 km from the point of the accident in East
City, and 2.9 persons/km’ from 5 to 80 km was assumed. A 5° sector was used.

**5° angle of dispersion, 80-distance, -y 2 y
i ’ ’
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‘Inhalation of yellowcake dust might produce some health effects due to the chemical toxicity of
uranium. In the case of the September 1977 accident, no clinical effects were observed among
the individuals who were involved with the spill and subsequent cleanup.’ Also, u:anium
bioassays of 27 persons who were in the vicinity of the spill (including the law enforcement and
rescue personnel) indicated that chemically toxic levels of uranium intake did not occur.

It is possible that in the future yellowcake will be transported as a slurry to the conversion
facility. One milling company has applied to the NRC for a permit to transport yellowcake in
such a form and is designing tank cars which would be subject to Department of Transportation
approval. [f the yellowcake were transported as a slurry, the consequence of an accidental
release of the material on land or in the water probably would be less than for the dry concen-
trate. [t is expected that the slurry would be transported from the model mill in specially
designed 9.9 « 10%-L (2.6 « 10%-gallon) stainless steel tanks with 1/4-inch-thick walls. The
slurry in such a tank would contain an average of 6 to 7 curies of radfoactivity.* It is
expected that the tank truck would be able to withstand the impact of most collisions, or under
the most severe conditions, an accident wovld result in a rupture of the tank and release of
only a portion of the slurry, To prevent the spread of contamination, the slurry would need to
be cleaned up as rapidly as possible under the direction of a state radiological emergency
assistance team. It is expected that eventually there would be some drying out of the :lurry
and release of yellowcake to the atmosphere in the immediate vicinity ¢f the accident, depending
upon how long it took to clean up the material. Although sufficient data are not available for
a quantitative analysis of such an accident, it is expected that the consequences would be
considerably lower than those estimated for the shipment of dry concentrate.

7.1.5.2 Shipments of Ore to the Mill

For the model mill, the uranium cre is usually shipped to the ore stockpiles adjacent to the
mill in 23<MT (25-57) batches. The average distance from the ir.tial uranium mine pit fo the
mill stockpile is approximately 50 km (32 miles). Based upon the mill capacity of 1800 MT
(2000 ST) of ore daily, approximately 29,000 trips per year wil)l be required. Aithough the ore
will be hauled on private roads, it is assumed that the probability of a truck accident is in
the range cited in the previous section; therefore, the estimated likelihood of an ore truck
being involved in an accident during a one-year period is absut 0.4. However, because of the
low specific activity of the material and the ease with which the contamination can be removed,
the radiological impact in the model region site is not considered significant.

As it comes from the mine, ti.2 ore contains a significant fraction of moisture and has a lower
percent:ge of fines than ore that has been crushed. For the purpose of this amalysis, it is
conservatively assumed that the ore contains 1.0% respirable dust by weight, and that in an
accident al: of this dust would be released from the truck and be available for dispersal.
Furthermore, the environmental release factor of 9 = 1077 derived in the previous section from
the Battelle formula is assumed valid. Based on the foregoing assumptions, the guantity of
dispersible ore released to the atmosphere in the event of a truck accident 15 estimated to be
about 2.1 kg (4.6 1b). 1If all of the dust is in the respirable range, the consequence of a
truck accident involving a shipment of ore from the mine to the mill would be a maximum *ndi-
vidual 50-year lung dose commitment of 0,13 rem at 500 m (1600 ft) and 0.014 rem at 2000

(6500 ft) from *he accident scene.

7.1.5.3 Shipments of Chemicals to the Mill

Truck shipments of anhydrous ammonia to the mill, if involved in a severe accident, could result
in a syjnificant environmental impact. Approximately 39 shipments of anhydrour ammocia are made
annually in 19,000-L (5000-gallon) tank trucks from the nearest supplier. It is aszumed that
the supplier is about 400 km (250 miles) from the mill.

The annual United States producti on of anhydrgus ammonia which is shipped in that form is
approximately 6.9 = 10° MT (7.6 « 10% 5T). It is estimated that :2c:t 261 of the shipments are
made by truck (with the reme:nder by rail, pipeline, and barge) GLased gn th® assumption that
the average truck shipment is about 19 MT (21 tons), approximais.v 93,00 Zruck shipments of
anhydrous amroia are made annually. Based or accident data collecte® by DOT,“® there are about
140 accidents per year involving truck shipments of an‘iydrous ammcriia.** For an estimated aver-
age shipping distance of 560 km (350 miies), tha resulting accident frequency is roughly

2.7 » 10°%/km (4.3 = 10"%/mile). The DOT data also reveal that a release of ammonia [770 kg

*J. Deuel, Consultant, Kerr-Mcuee, private communication.

**The DOT accident statist’.s are extrapolated from the number of shippers reporting, estimated
to constitute approximately 10% of the total nwaber of shippers.

]
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(1700 1b) on the average] resulted from approximately 80% of the reported incidents, and that a
member of the general public was injured in about 5% of the reported inciderts involving a
release. (Most of the injuries were sustained by the driver,)

On the basis of these data, the orobability of an injury to a member of the gemeral public
resulting from an average shipment of anhydrous ammonia is about 3 = 10°"/km (4.8 « 10" "/mile].
This would be expected to be an overestimate for shipments in the vicinity of the model mill
because of thy relatively low population density. Nevertheless, on *he basis of this estimate,
the l1ikelihood of an injury to a member of the general public resulting from shipments of ammo-
nia to the mill is predicted to be about 5 » 107' per year.

7.1.6 Regional Variations
Potential accidents at a model mill located in each of the six physiographic regions described

in the Supplement are examined to determine the regional variations in the potential environ-
mental effects.

7.1.6.1 Trivial Incidents Involving Radioactivity

Trivial accidents involving leaks Jr ruptures in tanks or piping, centrifuge failure, or rupture
in the tailings disposal system are not expected to result in releases of radicactive material
to the environment at the model site. Similarly, no factors can be identified that could lead
to such releases in any of the six regions.

7. .e.2 Small Relea es Involving Radicactivity

Short-term atmospheric dispersion is expected to be similar in all regions; thus, the estimated
short-term dispersion factor used in the model site analyses of failure in the air-cleaning sys-
tem serving t'e yellowcake drying area, fire in the solvent exti»~tion circuit, and gas explo-
sion in the yellowcake dryin? operation would also apply to the analysis of these accidents in
the six regions. Consequently, the estimated 50-year dose commitments to individuals located at
a fence line 500 m (1600 ft) away and at the zlosest residence 2000 m (6500 ft), would be the
same in each of the six regions as that for the model mill. It is expected that the only
regional variation in the consequenccs of these accidents would be in the 50-year population
dose commitments, which are a function of population density. The population densities corre-
sponding to the subregions of the physiographic regions, as shown in the Supplement, were
selected for this analysis because it is assumed that uranium mills would be located close to
known uranium deposits. The predicted 50-year population dose commitments for each nf the six
regions are cx..ared to that of the model region in Table 7.4.

Table 7.4. Comparison of the Predicted 50-Year Population Dose Commitments in
Each of the Six Regions with that at the
Model Region for Selected Accidents

Failure in the Air Fire in the Solvent Gas Explos.ion Yellow-

Cleaning System, Extraction Circuit, cake Drying Area,
Region man-rem to lung man-rem to bone man-rem to lung
Model ¥ yion 1.5 2.5 : 0.12
L Rocky Mountains 1.4 2.4 0.1
Western Great Plains 1.1 1.8 0.09
Wyoming Basin 0.72 1.2 0.07
Southern Rocky Mountains 0.68 1.1 0.06
Colorado Plateau 1.3 2,2 a.1
Texas Coastal Plains 3.1 5.2 0.24

——

PR T——



7-13

7.1.6.3 Large Releases Involving Radidactivity
7.1.6.3.1 Tornado

The annu~’ frequency »nd Brob-bility of occurrence of a tornado in the mode) reqion are aporoxi-
mat- . .15 and 1.1 = 10°%, respectively. Using the method described by Thom,” the mean annual
frequency and probability of occurrence of tornadoes for the six regions are compared with those
for the model region in Table 7.5. The relative tornado intensity, as described in the NRC
Regulatory Aufde 1.76," ‘s ircluded in this table. The Western Great Plains and Texas Coasts)
Plains are | CZategory | of relative tornado intensity, whereas the Northern Rocky Mountains,
Wyoming Basi , Colorado flateau, and Southern Rocky Mountains are in Category III, as is the
model regior. For a typical tornade in Category |, the wind speed is 160 m/s (360 .ph), of
which 134 /s (300 mph) is rotational and 26 m/s (60 mph) is translaticnal. Generally, the mill
structur -, are not desijned to withstand tornadoes in either Category [ or I11.

Table 7.5. Comparison of Tornado Probabilities in Each o' the
Six Regions with that in the Modsi feyion

Mean Annual Annual Tornado Inten-

Tegion Frequency Probability Site Category

Mode] Region U.i2 ) xR 11
Northern Rocky Mountains 0.1 8.8 » 1075 11
(Spokane, WA)
Western Great Plains 0.6 4.8 « 10" |
{Rapid City, SD)
Wyoming Basin 0.4 3.2 = 10°* 1§ i
(Casper, WY)
Southern Rocky Mountains 0.6 4.5 =« 10-* 81
(Denver, CO)
Colorado Plateau None reported - 111
(Grand Junction, CO)

E Texas Coastal Plains 1.6 1.1 = 10~2 1

{Beeville, TX)

The conservative dispersion model!! and the assumed value of 11,800 kg (25,100 1b) of yellowcake
lifted by a tornado (used in Sec. 7.1.3.1 are also applied to the evaguation of population expo-
sures in the six NURE regions. The model predicts a maximum exposure at a distance of 4 km
(2.5 miles) from a mill located in any region, such that the 50-year dose commitment to the
Tungs of an individual is estimated to be 8.3 « 107 rem. The 50-year population dose commit-
ments for people living in a 45° sector within 80 km (50 miles) of the mill in each region are
given in Table 7.6.

The Western Great Plains and Texas Coastal Plains are in Category | of relative tornado inten-
sity. It is conservatively estimated that in the event of a tornado strike at a mill in these
regions, the 50-year population dose commitments would be €.9 « 10~ and 2.0 = 10" man-rem,

l respectively.

7.1.6.3.2 Release of Tailings Slurry

Historical tailings slurry release data were used in predicting the nominal quantities of solids
and liquids released to the environment in the event of a tailings embankment failure at the
model site. It is not possible from these sparse historical data to identify regional trends
that influenced either the quantities released or the probabilities of release. Consequently,
the quantities of tailings slurry released to the environment from pipeline breaks or from
failure of the tailings embankment in each of the six regions are assumed to be roughly the same
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as those assumed at the model site. However, since flooding has been the initiating event for
tailings releases at a number of mills, it is reasonable to assume that the probability of
release 1s higher in those regions that have high rates of precipitation than those with rela-
tively low rates, although it is not possible to relate the probability of release to the pre
cipitation rate. The annual rates of rainfall and snowfall are given in Table 7.7 for each of
the six regions.

Table 7.6. Comparison of Predicted £0-Year Population Dose Commitments
in the Six Regions with the Model Region
from a Tornado Accident
Population Population 5G-Year Population
Jensity,d in 45° Sector Dose Commitment,
Hegion peaple/km- within 80 km man-ren
tade] Region 2.9 7,200 9.6 « 107"
Nov thern Rocky Mountains 2.7 6,700 8.9 = 107
We,.rrn Great Plains 2.1 5,200 6.9 » 107"
Kyoming Basin 1.4 3,500 4.6 « 107"
Southern Rocky Mountains 1.3 3,200 4.3 « 1074
Colorado Plateau 2.8 6,200 8.3 = 107*
Texas fvastal Plains 6.0 2.0 » 107%

15,000

Arom subregion {mill environs) data, Tabl: 12.2 of the Supplement.

Table 7.7. Annual Rates of Rainfall and Snowfall in the Six Regions
Evaporation
Pregipitetion Monthly Max. Potential, cm
Average Time Average Annual Precipitation, (exceeds
Region Annual, cm of Year Snowfall, cm cm precipitation)
Northern Rocky 30-50 November- October-May May 100-160
Mountains February, 17-58 14.5
(Spokane, WA) May
Western Great 40-60 April- September Mo, 100-150
Plains (Rapid September June 18.7
City, SD) 10-42
Wyoming Basin 30-40 April- September- April 100-180
(Casper, WY) “September Jume 14.6
18<54
Colorado Plateau 20-40 April- September- August 150-200
(Grand Junction, September  May 8.8
o) 8-33
Southeri Rocky 25-80 April- September- May 100-150
Mountains October June 18.6
(Denver, €0) 14-16
Texas Coastal 35-11% January- 0.3-2.9 September 165-215
Plains December 51.6
(Beeville, TX)
| LJ
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The highest monthly precipitation at the model site is 6.0 cm (2.4 inches), whereas in the NURE
regions the maximum monthly precipitation varies from a low of 8.8 cm (3.5 inches) for the
Colorado Plateau to a high of 51.6 cm (20.3 inches) for the Texas Coastal Plains. Although the
maximum monthly precipitation for a region would be taken into consideration in the design of a
tailings impoundment for a mill located in that region, flooding of the .aflings impoundment
possibly still couid nccur. The fate of tailings solution released with the tailings slurry
during an embankment failure or flooding would vary from region to region, depending upon the
location of the tailings impoundment and the flow in the rivers or stream below. The typical
rivers in each region have a maximun flow that varies 9 to 60 tirss that of the Tributary River
in the mode! regicn. Although the exact location of the uranium mills in cach region is not
specified, it is assumed that they are located in the central subregions designated in the
Supplement to this document and at a considerable distance from the typical river. During the
months of April through September in the Northern Rocky Mountains, Wyoming Basin, Western Great
Plains, Colorado Plateau, and Southern Rocky Mountains regions, and throughout the year in the
Texas Coastal Plains, the monthly rainfali and snowmelt make it possible for flooding to occur.
In the event of flooding of the impoundment and breaching of the embankment during these months,
the tailings sclution would most 1ikely flow to the major river, where it is expected that the
high flow rates would dilute the approximately 1.5 = 107 L (4.0 = 10° gallons) of tailings
solutions by severa: orders of magnitude, depending on the fiow rate at the time of flooding.
For mills located in the Northern Rucky Mountains, Wyoming Basin, Western Great Plains, Coloradc
Plateau, and Southern Rocky Meuntains region, it is likely that the streams would be dry most of
the period November through March, Thus, during these months of the year, it is expected that
tne tailings solutions reieased in the event of a tailings embankment failure would tend to move
downward through the soil profile and the environmental impact would be similar to that
described in Section 7.1.3 for the modei site.

in each of the six regions there are most lixely to be local problems that reflect the presence
of municipal water treatment centers, irrigation uses, or areas of industrial concentrations
that need to be evaluated on a case-by-case basis. Furthermore, for the Northern Rocky Mountains
Colorado Plateau, and the Southern Rocky Mountains -egions, the radioactive material could be
carried by the river to a reservoir where it would be further diluted. Of the isotopes in the
tailings slurry, Th-730 would be of primary concern and should be monitored prior to use of the
receiving wateér as a municipal wate- supply or irrigation water source. It is expected that the
NRC or the Agreement State would be notified should a release of tailings slurry occur, and the
assessment of the coniequences of the accident would be made by the state's radiological emer-
gengy assistance team, 1If a state were unable to respond, the NRC could be requested to provide
asuistance.

Most of the regions where uranium is milled are in areas of low or moderate seismic risk. When
the tailings disposal area is designed, the geologic and seismologic investigations needed would
be datermined on a site-specific basis in a.cordance with the provisions of revised Requlatory
Guide 3.11.%'% The dynamic <tability analysis to be carried out is stipulated in that Guide,
which requires that the embankment be designed to withstand an earthquake of greater magnitude
than would reasonably be expected to occur in that area.

7.1.6.4 Accidents Not Involving Radioactivity

As discussed in Section 7.1.4, ammonia is the only chemical which might seriously impact the
envirgnmert in the event of an accident. The consequences of an ammonia release in any of the
six regions would not be expected to be significantly different than those for the model site,
since the short-term dispersion factors are comparable (see Sec. 7.2.3). Moreover, no factors
can be identified that would Tead to an increase in the probability of such a release.

7.1.6.5 Transportation Accidents

Transportation of materials to and from mills within each region involves shipment of refined
yellowcake to the uranium hexafluoride facility, shipments of ore from the wine pit to the mill,
and shipments of process chemicals from suppliers to the mill.

7.1.6.5.1 Shipments of Yellowcake

For the uranium mills in each region, it is a sumed that the yellowcake wil} be packaged and
shipped by truck in the same quantities as for the model mill discussed in Section 7.1.5. The
grobebilities of an accident occurring during shipment of yellowcake to the UFg facility from
mills located in each of the six regions are given in Table 7.8. Thre values indicate that for
each region the probability of a transportation accident during yellowcake shipments is compa-
rable to that for shipments from the model mill, and varies with the distance of the mill from
the UF; facility. In the event that the postulated accident occurs on the highway in an area of




low population density or on a highway bridge, the consequences most Tikely would be the same as
those astimated in Section 7.1.5 for the model region. It is possible, however, for such an
accident to occur in or close to a city along the route to the UF, facility. [f the accident
were to occur in the largest city on the truck route from the regions in the West to the loca-
tions of the two existing UF, facilities, and for the worst case (Model 1) release fraction, a
50-year population dose comnitment of 840 man-rem is computed.

Table 7.8. Accident Probabilities for ..pments of Yellowcake

Distance to

Conversign Facility Probability of Accident

Region Metropolis, IL Gore, 0K Metropolis, IL Gore, 0K
Model Pegion 2400 km 1800 ki 0.15 (- 0.11
Northern Rocky Mountains 1240 km 2920 km 0.2% 0.23
Western Great Plains 1960 km 1600 fn 0.15 0.12
Wyoming Basin 2000 km 1630 0.16 0.12
Southern Rocky Mountains 1680 km 1180 ki 0.13 0.09
Colorado Plateau 2050 km 1575 0.16 0.12
Texas Coastal Plains 1422 km 760 km 0.1 0.06

7.1.6.5.2 Shipment of Ore to the Mill

For the model region, it was assumed that the average distance from the uranium mine pit to the
mill is about 50 km (32 miles) and that bout 29.008 trips per year would be required. In the
absence of specific data on the location of the uranium mines and mills in the six NURE regions,
it is assumed that the transportation distance is about the same as that for the model mill,
Thus, the probability of an ore shipment accident is assumed to be roughly the same as that
described for the mode! site, also, there are no specific environmental factors that could be
identified in any of the six regions that would change the estimated consequences discussed in
Section 7.1.5.

7.1.6.5.3 Shipments of Chemicals to *he Mill

As discussed in Section 7.1.5, if a shipment of anhydrous ammonia to the mill were involved in
a severe accident, a significant environmental impact could resuit. The typical shipping dis-
tance to the mills located in each of the six NURE regions is comparable to that assumed for the
mode]l site [approximately 400 km (250 miles)]. Therefore, the probability of an ammonia ship-
ment accident in the six NURE regions is not expected to be significantly different than that
for the model regions. Moreover, since the short-term dispers on factors in the six NURE
regions are comparable to that at the model region (see Sec. 7.3.2), the consequences of an
ammonia shipment accident shculd be similar for all regicns and comparable to that in the model

region.

7.2 MULTIPLE-MILL SITE
7.2.1 Trivial Accidents Involving Radiocactivity

None of the trivial accidents discussed in Section 7.1.1 in connection with the one-mill site
are expected to result in the release of radiocactivity to the environment. Although nore of
these incidents might be expected to occur if there were 12 mills, there are no circumstances
which can be foreseen that would result in an environmental impact.
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7.2.2 Small Releases Involving Radioactivity

The probability of an accident invelving small releases of radioactivity from one mill is inde-
pendent of the likelihood of an accident at any other mili within the region, since the mills
would be well separated and the initiating events for the accidents postulated in this category
are independent. Therefore, the probability of any of these accidents occurring at the 12-mill
site 1s 12 times large: than the probability of occurrence at a site containing a single mill.
The consequences from these small releases are described in the following sections.

7.2.2.1 Failure in the Air Cleaning System Serving tne Yellowcake Drying Area

The estimated quantity of yellowcake reieased to the atmosphere in the event of a catastrophic
failure of the scrubber is the same for any one of the 12 model mills on the site. However, the
50-year dose commitment to the lungs of individuals in the nearest residence [2 km to 20 km

(1.3 miles to 13 miles)] would range from .09 rem to 0.003 rem, depending upon which mill expe-
rienced the failure. The dose conmitment to individuals at the fence line and the population
dose commitment would be the same as for the one-mill site, regardless of which mill experienced
the failure.

7.2.2.2 Fire or Explosion in the Soivent Extraction Circuit

The estimated quantity of uranium releas~d to the atmosphere in the event of a fire or explosion
in the solvent extraction circuit is the same for any of the 12 mills on the site. The dose
commitment to an individual at the fence line ard the population dose commitment would be the
same as for the one mill, regardless of whicn mill experienced the failure. However, the
50-year dose commitment for an individual at the nearest residence [2 to 20 km (1.3 to 13 miles)]
would range from 0.15rem to 0.006 rem to the bone.

7.2.2.3 Gas Explosion in the Yellowcake Drying Operation

The estimated quaniity of yellowcake released to the atmosphere in the event of a gas explosion
in the yellowcake drying operation is the same for any of the 12 model mills on the site. The
dose commitment to an individual and the population dose commitment would be the same as for the
single model mi'l, regardless of which mill experienced the failure. However, the 50-year lung
dose commitment for an individual at the nearest residence (2 to 20 km (1.3 to 13 miles)] would
range from 6.9 « 1077 to 2.8 » 10°% rem.

7.2.3 Large Releases Involving Radipactivity

7.2.3.1 Tornado

't is conceivable that a tornado could pass through the model region and damage from one to
five of the 12 operating mills, depending upon the direction of its passage through the region.
Sufficient data are not available to estimate the probability of a tornado impacting five
mills during a single piss through the region; however, such an event is considered to have a
very low probability. Even if this unlikely common mode event were to occur, and the tornado
were to 11ft the same quantity of yellowcake from each mill, the population dose to the lungs
of the ge?eral population out to a distance of 80 km (50 miles) is estimated to be only

4.8 « 107" man-rem.

7.2.3.2 Releases of Tailings Slurry

It is conceivable that a common initiatina event, such as a severe flood or a high intensity
earthquake, could breach or overtop each of the 12 tailings ponds in the model region, releasing
all of the solution contained in the ponds. The quantity of tailings slurry released from each
of the 12 mills is assumed to be the same as that postulated for the single model mill, as con-
sidered in Section 7.1.3. Although difficult to evaluate quantitatively, the probability of an
event occurring of sufficient magnitude to release tailings solution from all 12 ponds is sig-
nificantly lower than the probability of a single pond release estimated in the previous section,

Middle Reservoir, having a capacity of 1.8 = 107 m* (4.7 = 107 gallons) and located about 50 m
(32 miles) downstream from the mills, would be the most likely destination of any tailings
solution which does not seep intc the ground from uranium mills 1-6 and 10-12. West Reservoir,
having a capacity of 1.0 = 107 m® (2.6 = 10° ?allons) and located about 60 km (38 miles) down-
stream from the mills, would be the most likely destination of any tailings solution from uranium
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mills 7, 8 and 9. Under the 100-year flood condition, the flow in Tributary River could reach
100 m¥/s (3500 ft?/s).

Based on these values, the dilution factors for Middie Reservoir and West Reservoir are

4.2 « 1077 and 4.6 = 1077, respectively. The isotopes released would result in a 50-year dose
commitment of 0.04 mrem to the maximally exposed individual drinking from the reservoirs in
West City. This 50-year dose commitment is not significantly greater than that from drinking
water with only background radicactivity present.

7.2.4 Accidents Not Involving Radioactivity

The probability of an accident involving the steam boiler, ventilation system, or tanks of toxic
chemicals at the one mill site is independent of the likelihood of an accident at any other mill
within the region. The mills are well separated and the initiating events are independent. The
potentia)l for environmental effects at the 12-mill site is expected to be small  The conse-
quences described in Section 7,1.4 for a 'elease of anhydrous ammonia would be the same for each
mill in the 12-mill site,

7.2.% Transportation Accidents

Transportation of materials to and from a one-mil)l site have been conceptualized and analyzed in
Section 7.1.5. A postulated transportation accident at one mill is not related to an accident
at any other mill within the - 'on, since the mills are well separated and the initiating
events are independent.

7.2,5.1 Shipments of Yellowcake

The likelihood of an acuident at the one-mill site is 0.2 per year, or 2.4 per year for 12
mills. The consequences are the same as those described in Section 7.1.5.

7.2.5.2 Shipment of Ore to the Mill

The 1ikelihood of an accident at the one-mill site is 0.4 per year, or 5 per year for 12 mills.
A collision between two ore trucks on the site can be postulated because of the large number of
shipments (approximately 350,000 annually). The consequences of such an event woula o twice
that of a single truck accident, or approximately0.0% man-rem to tne lungs of the population in
the vicinity of the model mill.

7.2.5.3 Shipments of Chemicals to the Mill
The Tikelihood of an injury to the general public from the shipment of anhydrous ammonia to the

one-mill site is estimated to be roughly 5 = 107% per year. Consequently, the estimated likeli-
hood is increased to approximately 6 » 1077 per year for the 12-mill site.
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B. ALTERNATIVES FOR MITIGATING IMPACTS OF MILLING OPERATIONS

8.1 INTRODUCTION

Alternative techiiiques considered by the staff to be capable of mitigating the impacts of uranium
milling (Ch. 5) are descrived in this chapter. Three categories of alternatives are considered:

a. Those which could control emissions during riiing operations,
Those encompassing tailings disposal programs,

Those invelving decommissioning of the mill facilities, excluding the tailings disposal
area.

The degree to which alternatives described hereunder could mitigate impacts is discussed in
Chapter 9, and associated costs are presented in Chapter 11.

The purpose of evaluating means of controlling emissions during milling operations is not to set
standards for offsite radiation exposures, but to illustrate methods that can be employed to
comply with existing standards. Some radicactive emissions during operations are limited by
standards recently developed by the U.5. Environmental Protection Agency (40 CFR 190). Unc
these standards, dose commitments to offsite indiviguals cannot exceed 25 mrem per year (do s
to whole body or single organ, excluding doses from radon and its daughter products).

The situation differs, however, with regard to radicactive emissions after operations cease,
because no formal regulations exist for disposal of mill tailings. Interim performance objec-
tives (discussed in Chapter 13) were issued in 1977 tu guide these disposal activities. Alter-
native tailings disposal programs described in this chapter are evaluated later to support the
establishment of formal regulations covering tailings management and disposal.

The decommissioning alternatives presented in this chapter are evaluated to support establishing
requirements concerning the general mode of mill-site decommissioning. It is not the purpose of
the evaluation to support establishment of specific numerical limits o~ ievels of residual
contamination. Interim guidance on such levels has been issued (Appendix J), nd the staff is
currently conducting more detailed studies aimed at establishing formal guidanc. !

All of the alternatives selected for evaluation focus on control of emissions. Extension of mill
site boundaries and exclusion of receptors are considered not to be primary methods of dose
reduction and thus are not identified explicitiy as alternatives in this chapter. Some of the
alternatives described in this chapter are not evaluated in detail (not treated in later chap-
ters) and are discussed only to the extent needed to establish the basis for their discard.

8.2 ALTERNATIVES FOR EMISSION CONTROL DURING OPERATION

A number of gaseous, liquid, and particulate emissions (both radioactive and nonradioactive) may
occur during uranium milling. The milling process can be subdivided into various activities to
identify origins of mill effluents. The following is a 1ist of mill activities that are poten-
tial problem areas, the possible emissions, ard the control systems available to limit those
emissions:

Milling Activity or Area Possible Emiss,ons Potential Controls*
Ore stockpile Particulates, stockpile learnate, 1,2,46
and runoff
Ore crushing and grinding Particulates, radon 3,7 8a-¢,9,19,11,%2
Yellowcake drying and packaging Product particles, NH, gas c, 11,15
Tailings disposal area Particulates, radon 3,14
Ro¢ 4s Particulates 5
*Number< are keyed to the listing of alternatives in Section 8.2.1 S S
) 7 PRy,
B8-1 / . . 3



8.2.1 Alternatives
1. Windbreaks around Ore Unloading Area

windbreaks can be constructed around the ore unloading area to reduce drying of the ore by wind
and the resulting dust problems.? Such windbreaks may be concrete or wooden fences around ore
stockpiles. Because of its natural moisture content, ore normally is trucked to the mill as it
is ,oeded, unloaded, and fed to the grizzly, all with relatively little emission of dust. If
the mine is some distance from the mill, or if ore blending is necessary, the ore will have to
be stockpiled to maintain a steady supply, and winds blowing across such stockpiles could cause
dusting problems because of drying of the ore. In such cases, the use of windbreaks can be
helpful in suppressing dust.

2. General Mill Drainage System

Leachate and surface runoff resulting from precipitation falling on ore stockpiles can be coi-
lected in a general mill drainage system and the collected water eventually used for mill pro-
cess water or disposed of in the tailings pond. Such drainage features as ditches and small
canals would be within and around the ore storage area and would also facilitate the movement of
vehicles in and around the area during wet (end cold) weather.

3. Hooded (~nveyor Belts

Hooded conveyor belts can be used to transport the ore from the grizzly, and, after crushing and
screening, to the fine-ore bin. This -ystem of conveyance, coupled with wetting the ore, will
help control fugitive dusts by providing an enclosure around the ore as it is being conveyed.
Wet semi-autogenous grinding of the ore will eliminate fugitive dusts between ore pad and leach
ing tank.

4. Sprinkling or Wetting of Ore Stockpile

In general, ores having a moisture content of about 4% cr more do not cause dust problems;
however, for particularly dry ores, ar alterrative method of reducing fugitive Just would be
periodic sprinkling of the stockpiles. This practice would require, as an exampie, the use of a
tank truck equipped with pumps and hoses with spray nozzles.

5. Sprinkling or Wetting of Roads

To suppress dusting caused by traffic, primarily ore-hauling equipment, roads can be sprinkled
to keep them wet. Tank trucks equipped with pumps and hoses can be utilized for this purpose.

6. Ore Warehouse

Storage of ores in a large warehouse would prevent escape of fugitive dust tc the atmosphere.
However, a substantial exgenditure would be involved [approximately $300/m? ($30/7t?) plus foun-
dation cost, 1978 dollars®].

7. Wet ("semi-autogenous") Grinding

The assumption that the model mill utilizes dry grinding of the ore has been made for the base
case so that the effect of this practice on ambient air quality might be assessed.

Use of a wet, "semi-autogencus" grinding mill can eliminate dry ore-crushing operations and the
associated dusting which occurs. The semi-autogenous grinder can perform the ore si_ing that is
done by primary and secondary crushing, as well as final grinding, as shown in Figure 8.1. The
amount of dry ore handling which can contribute to dusting (for example, where ore drops between
conveyors) is significantly reduced, if not eliminated Ore also can be handled wet, whereas
this may cuuse problems in dry crushing operations.

The semi-autogenous grinding mill is a rotating steel cylinder lined with heavy steel wear plates
and lifters. Hot water is mixed w th the ore to produce a thick slurry, [internal temperature
approximately 50°C (125°F)); the tumbling action of the lifters, large pieces of ore, and small
charge of 8- to 10-cm (3- to 4-inch) steel balls scrub the sand grains free from the clay and
carbenaceous cementing agents.

8. Wet Scrubbers

Wet scrubbers Jenerally remove particles by impacting them with scrubbing liquid (water) drop-
lets. Wet scrupl rs currently in use may involve three mechanisms for ensuring contact between
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8. Wet, Semi-Autogenous Grinding

Fig. 8.1 Comparison of (A) Dry Crushing and (B) Wet, Semi-Autogenous Grinding Procedures

particles and scrubbing ligquid. These are inertial impaction, interception, and diffusion.*
Particles larger than about | pm in diameter (the diameter of the collector droplet) are
contacted principally through inertial impacticn, whereas particles of | um or less diameter are
contacted by interception. Diffusion of the particulate into the liquid droplet governs the
contacting of particles smailer than about 0.1 uym. These wet scrubbers recover the particulates
as a slurry, which is recycled to the process eithar as a waste stream or for retreatment
(leaching). Soluble gases, such as ammonia and sulfur oxides, can also be removed through reac-
tion with the scrubbing liquid.

Before scrubbing can occur, the carrying gas first must be collected by enclosing the operation
involved and then be conveyed by ductwork into the scrubbed enclosure. This system requires
special blowers to create a reduced pressure around the operation generating the particulates.
Because this collection system is separate from the milling operation, and sometimes expensive,
its applicability .s limited to recovery of expensive or highly toxic materials. It might be
applicabie to the Ug0g drying and packaging cperations but not to the precipitation tanks, where
ammonia fumes are generated.

Three types of wet scrubbers are currently in use in the urcaium milling industry:?

a. Orifice or Baffle Scrubber.® Orifice-type scrubbers are devices in which the velocity
of the air from the collection system is used to provide liquid contact. The flow of
air through a restricted, usually curved, passage partiaily filled with water causes
the dispersion of the water. In turn, centrifugal forces, impingement, and turbulence
cause wetting of the particles by the liquid. Orifice scrubbers have a reported
removal efficiency of 93.6% and are widely used in the ura ium milling industry.

b. Wet Impi nt Scrubber.? The collected dust-laden air stream fi ;t passes through
procoﬁﬁ?tion?nq sprays, where it entrains water droplets, and thein proceeds through
perforated plates to impinge on baffle piates. Water is atomized on the perforated
plate because of the relatively high air velocity. Particles are collected on vaned

¥
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mist eliminators and are withdrawn along with “he solids collected in the liquid over-
flow from the impingenent plate. A coljection efficiency of 97.9% is reported.

¢. Venturi Scrubber.® In the Venturi scrubber, the gas stream passes through a Venturi
tube in which water is added at the throat at low-pressure. Gas velocities at the
throat are from 75 1o 100 m/s (15,000 to 20,000 fpm), and pressure drops are from 25
to 75 centimeters (1C to 30 inches) of water. In spite of the relatively short contact
time, the extreme turbulence in the Venturi promotes very close contact, and the prin-
cipal removal mechanism is believed to be impaction. The wetted particles and droplets
are collected in a cyclone spray separator. Very high coillection efficiencies, ranging
from 99.5 to 99.9%, have been reported.

9. Bag or Fabric Filters*

Bag or fabric filters, usually in the form of baghouses, remove particles by filtering the gas
through a porous flexible fabric made of a woven or felted material. The mechanisms of particu-
late collection with fabric filters--impaction, interception, and diffusion--are similar to those
in scrubber operations. The nature and extent of the collecting surface in 2 fabric filter,
however, change with the buildup of the layer of coliected particles from one cleaning to the
next. The accumulation of particles on the fabric causes a larger resistance to gas flow and a
greater pressure drop. The differences in the cleaning methods distinguish the various types of
baghouses, e.g., shaker type, reverse flow, reverse jet, a .. reverse pulse.® Typical baghouse
collection efficiencies are greater than 99.9% for gas pressure drops of 5 to 10 cm (2 to 4
inches) of water. Bag filters are used at a few mills for the control of dust from ore handling
and/or to collect particles from the packaging air stream.?

10. Dust Control Spray System

A dust control spray system can be installed at points of potential dust emission, such as where
ore is withdrawn from hoppers in which considerable turbulence is created by falling ore. It is
used when the handling of particularly dry ore: creates abnormal dusting problems. Water or
appropriate chemical agents under normal transm:ssion pressure (e.g., 3 x 105 Pa, or 40 psig)

are sprayed through nozzles. This method is usually employed throughout milling operations when
spillage or leaks occur. It is immediately effective and useful until repairs are made or spills
are cleaned up. This kind of system probably is not necessary in mills utilizing a wet-rrinding
process.

11. High Efficiency Particulate Air (HEPA) Filters’'®

HEPA filters are expendable (single use), extended-medium, dry filters constructed of pleated
mats of woven fiber glass having (1) a minimum particle removal efficiency of no less than 99.97%
for 0.3-pm particles; (2) a resistance of 2.5 cm (1 inch) H,0 when clean, and up to 15 to 25 ¢m
(6 to 10 inches) of H,0 when in service and operated at the rated airflow capacity; and (3) a
1igid casing extending the full depth of the medium. A modular HEPA filter has a cross section
or 60 cm » 60 cm (2 ft by 2 ft), a depth of 30 c¢m (1 ft), and a capacity of about 0.5 m*/s

(1000 cfm). The modules are mounted in banks to achieve the required capacity for filtering air.
To prevent clogging of the HEPA filters, roughing filters are usually installed upstream to
remeve large particles.

A high efficiency for the filters can be ensured by constructing a tight installation so that
all of the gas to be treated passes through the filters. HE’A filters have beer used for many
years for the removal of radioactive particulates from air streams.

As in the case of scrubbers (see item 8), the effectiveness of the HEPA filter depends entirely
upon the effectiveness of the collection system, which must begin at the operation being
controlled. HEPA filters are expensive and not reuseable once plugged with the material being
collected. They are suitable only as a final filter and justified only when the collected
material is highly toxic and collectible. Disposal of the HEPA filter must be as a discrete
unit; it usually cannot be incinerated to recover entrapped materials, thus resulting in the loss
of valuable yellowcake,

12. Charcoal Adsorber Delay Trap?

The trap <ystem is used in 2 dynamic adsorption process where a gaseous species such as radon in
a flowing carrier gas stream is physically adsorbed on % surface of a solid adsorbent such as
charcoal. Although the adsorbed material is not bound permanently to the adsorbent, its exit
from the adsorption bed is delayed with respect to the carrier gas, Thus, a gas such as radon,
with a half-life of 3.82 days, disappears by radicactive decay while it is retained or the
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charcoa) bed. Theoretically, a five-stage charcoal bed containing 1.5 x 108 kg (3 x 10% 1b) of
charcoal should remove 99% of the radon from a 2.5 m?/s (5000 cfm) air stream.® A filter is
needed upstream of the charcoal bed to prevent plugging, and a HEPA filter is needed downstream
because Rn-220 daughters, commonly attached to very small dust particles, are not quantitively
retained in the bed.

For the control tc be truly effective for a uranium mill, all controlled operations would require
either hoods or air-tight rooms to ensure collection of the radon. Such systems are expensive
(they could double or triple the cost per unit area of working space) and weuld not be justified
in meeting present standards or for uranium ores now being miiled. Furthermore, the capital and
operating costs of the unit itself are quite high {(~ $3.5 million and $60,000/year,
respectively).?

13. Chemical Stabilization of Driea Tailings Areas

Resinous adhcsives; lignosulfonates; elastomeric polymers; miik of lime; mixtures of wax, tar,
and pitch; potassium and sodium silicates; and neoprene emulsions have been used to form crusts
on mill tailings surfaces and thus reduce their susceptibility to wind erosion.?''? In Bureau
of Mines testing of calcium Tignosulfenate and an elastomeric polymer on uranium tailings it was
found that considerable breakage of the crusts occurred from physical causes such as human
traffic, and therefore yearly maintenance was required.'®

"Cut-back" asphalt and asphalt-in-water emulsions also have been tested for use in protecting
soils against wind erosion.'! Both were shown to be effective for periods up to two months when
applied as a fine spray on sand soils. On clay soils, the film disintegrated within two weeks,
apparently because of expansion and contraction ~t the clays during cycles of wetting and drying.
The film was porous, allowed infiltration of water, and did not interfere with germination of
wheat, grass, or legume seeds. The film is injured by insects ari rodents, and respraying may
be necessary. Three to five years after application of the aspalt treatment, the percentage of
dry erodible fractions in the tested soils had increased, sungesting that asphalt treatments may
not be desirabie under all conditions; however, as a temporary film on sandy tailings that would
eventrally be covered by a few meters of earth, asphalt treatments may be one alternative for
protecting against wind erosion while allowing infiltration of rain and continued evaporation

14. Wetting of Oried Tailings Surfaces

Maintaining tailings surfaces wet with tailings solution or by sprinkling them with water can
suppress dusting. This can be accomplished, for example, by arranging the discharge of tailings
slurry to occur from multiple, as opposed to a single-point, discharge so that a wide area of
the tailings surface remains wetted. Ailternatively, sprinkling systems or tank trucks could be
employed to spray dried areas. Because surfaces of the tailings impoundment can dry out rapidly,
particularly in dry and/or windy climates, this method of dust suppression will require continu-
ous management attention.

15. Wet Shipment of Yellowcake

Instead of drying U304 before shipment, yellow:ake could be shipped from the mill as a wet cake
or slurry. In a recent development, one UFg; conversion plant will accept a slurry of Us0g as an
input to the conversion operation. Where used, this would obviate the need for scrubbers and/or
baghouses at the U0y drying and packaging mill operations by elimination of the drying opera-
tion. Occupational exposure also could be reduced considerably. On the other hand, there is
currently limited capacity at conversion plants to accept such shipments, a charge is levied by
the conversion plant operator for receipt of this kind of shipment, and transportation costs
would increase. (One of the two existing conversion plants utilizes a "dry" process, which would
require drying of yellowcake shipped to it in a wet state; in this case, the problems associated
with drying operations would merely be transferred from one location to another.) Other aspects
of this development are discussed in Chapters 9 and 10.

8.2.2 Summary

Several available alternatives suitable for the control of emissions from various units of the
mill process circuit, as well as from the tailings disposal area, have been described briefly.
Many of these systems attain the same end. For this reason and because the purpose of this
evaluation is to illustrate how an established standard (40 CFR 190) can be met, as opposed to
developing a new one, the staff has chosen only representative controls te illustrate in subse-
quent chapters the effect of reducing emiccinng,
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Ore Storage. Of the possible methods of controlling emissions from ore stockpiles, the use of
w?ﬁruﬁs and sprinkling will be considered in the following chapters. Windbreaks are more

cost-effective than are warehouses and are chosen for this reason. Sprinkling is used to reduce
particulate entry into the airborne pathway; the mill drainage system is assumed to route
leachates to the tailings impoundment.

Ore Crushing and Grinding. The effect of utilizing a bag filter in combination with dry grinding
or substituting wet, semi-autogenous grinding for dry crushing operations will be evaluated. A
hooded conveyor belt is assumed to be used in conjunction with dry crushing operations.

Yellowcake Drying and Packaging. The assumed filtering efficiency for yellowcake particles in
the base case 1s 98%. Of tgi giluring devices considered herein, only *wo, the Venturi scrubber
and HEPA filter, are capable of raising this efficiency. The Venturi scrubber has been chosen
as the representative control because the mil) product, yellowcake, can be recovered from solu-
tion; it is virtually impossible to recover yellowcake partic es from the HEPA fiiter. Also
evaluated are the effects of shipping wet yellowcake where drying operations are eliminated.

Tailings Disposal Area. As means by which emissions (both particulate and radon) from the tail-
ings area may be reduced, the staff has selected coverage by water, supplemented by spraying of
water or appropriate chemicals to stabilize dry areas. The analysis will be made on the basis
of coverage of tailings without specificatior of the means used.

The alternative, representative controls and associated control levels (expressed as a percentage
of an uncontrolled source) considered in the evaluation of later chapters are summarized in
Table 8.1,

Table 8.1. Alternatives Considered for Control
of Emissions during Operations

Ore Storage

« No control (base case)
+ Windbreak (30%)
« Windbreak and sprinkling (60%)

Ore Crushing and Grinding

» Orifice scrubber (bass case) (97%)
- Bag filters (98%)
+ Wet, semi-autogenous grinding (100%)

Yellowcake Drying and Packaging

+ Wet impingement scrubber (base case) (98%)
+ Venturi scrubber (99%)
« Wet shipment (100%)

Tailings Disposal Area

37% covered (base case)
75% covered
90% covered

- 100% covered

8.3 ELEMENTS OF MILL TAILINGS DISPOSAL PROGRAMS
A satisfactory tailings disposal program should attain the following objectives:

(a) Reduce or eliminate airberne radioactive emissions (radon emissions are the primary
concern because of the ease of dispersion of this inert gas);

(b) Reduce or eliminate impacts on groundwater; and

(c) Ensure long-term stability and isolation of the tailings without the need for continued
active maintenance.

- 3
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sion, elements of these proposed strategies mav be classified into four categories:

fa) Preparation of tailings for disposal (some methods involve changes in mill
operations);

(b) Location of the tailings disposal area;
(c) Preparation of the tailings disposal area; and

l Numerous strategies for attaining these object ves have been suggested. For purposes of discus-

' (d) Stapilization and covering of the ta lings.
A list of alternatives broken down into these categories is presented in Table 8.2, None of

: these alternative methods in themselves represents a complete tailings disposal program; that

E is, each offers potential for solving one or several, but not all, of the problems identified

| above. They must, therefore, be combined to form a complete tailings disposal program, and it

| is obvious that numerous combinations exist. .t would be extremely difficult te evaluate the

l full range of combinations; hence, a limited number of tailirgs disposal programs selected to
incorporate the principal alternatives are described in Section 8.4. These programs are evalu-
ated in later chapters

Satisfactory solutions to tailings waste disposal problems are highly dependent upon site-
specific factors, such as climate, topography, and genlogy. The specific combination of elements
producing an optimal tailings dispo' 1 program must b developed on a case-by-case basis, taking
into account site-specific features. | o general analysis of alternative tailings disposal
programs presented herein is primarily an "1lustrative exercise intended to support the estab-
lishment of various reguirements to be incl. '»d in regulations governing the development of site-
specific programs.

In Sections 8.3.1 through 8.3.4, specific alternstives listed in Table 8.2 are described; com-

prehensive tailings disposal programs incorporatin, features of these alternatives are then des-
cribed in Section 8.4,

Table 8.2. Alternative Tailings Treatment ana Disposal Methods

Tailings Preparation

. Nitric acid leaching of ore to produce innocupus tailings

. Segregation of slimes from sands for separate treatment

. Neutralization

. Barium chloride treatment

. Removal of toxicants by ion-exchange

. Drying of tailings by filtration, by thermal evaporators, or by solar drying
. Fixation of tailings in asphalt or cement

Disposal Location

. Above grade
. Below grade, near surface
. Far below surface

Tailings Area Preparation

+ None

» S0il compaction
+ Clay liner

+ Synthetic liner

Tailings Stabilization and Covering

. None

. Native soil and overburden cover
. Gravel and riprap

. Clay cover

. Artifical covers and sealants

. Combinations of above
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8.3.1 Process Alternatives

8.3.1.1 Nitric Acid Leaching

Both sulfuric acid and sodium carbonate extract uranium from sandstone-derived uranium ores but
uranium-234 progeny in the tailings contain 85% of the radicactivity originally present. Of the
commercially available reagents, only nitric acid will dissolve radium and thorium as well as
uranium. The resulting nitrate solution can then be treated to separate uranium from the other
nuclides. The concentrated liguid radicactive waste resulting from this separation is then
converted to a form suitable for permanent storage. Laboratory tests have shown that nitric acid
can leach more than 90% of the thorium-230 and radium-226 and about 93% of the uranium originally
present in the ore.'?

As a modification of the above process, tailings from the sulfuric acid process may be leached
with nitric acid and salt solutions, but this alternative is considered to be less attr:ctive
than direct nitric acid leaching of the ore to remove all radionuclides in one step.'?

In the nitric acid process, ground ore is leached with 3-molar HNO; at 85°C (185°F) in a series
of tanks.* The leached ore is then thoroughly washed in a series of thickeners so that losses
of soluble radionuclides with the discarded sands and slimes represent only a small fraction of
that present in the leach solution. Thus, the levels of dissolved radionuclides in the tailings
liquid (slurry) are quite low. The pregnant solution is concentrated in an evaporator and the
uranium is recovered by conventional solvent extraction. Nitric acid is recovered from the
evaporator vapor and recycled to the process circuit. Radioactive metal nitrates in the waste
raffinate are converted to oxides 1 a calciner; in the oxide form they are amenable to various
di<nosal techniques (e.g., being Ixed in asphalt prior to burial). The oxides of nitrogen from
the cai.iner are recycled as nitri: acid.

The effluer.s from the nitric aci/. leach mill would be similar to those from the model mill.

The characteristics and quantitie. of particulates and radon emitted from ore storage, washing,
and grinding wwuld be identical .n the two cases since these are independent of the leaching
agent employed. Effluents from the leaching, thickening, and precipitation circuits would be
similar, with n trogen oxides replacing sulfur oxides. Effluents from yellowcake drying and
packaging opera’ .ions would ¢ ffer only in that the radium content of yellowcake produced in the
aitric acid lea'h mi1] wou'd be incrementally higher than that of yellowcake produced in the
sulfuric acid Teach mill. General characteristics (physical and chemical) of airborne effluents
from tailings produced in the nitric acid leach mi)) would be similar to those of airborne
effluents from ordinary tailings, but the radionuclide content of the effluents would be reduced
?y a factor of about ten. Any seepage liguid would contain nitrate jons in the place of sulfate
ons.

Use of nitric acid instead of sulfuric acid would increase the cost of leaching. Even if the
nitric acid were recirculated so that three-fourths were recovered, the total lifetime cost stil)
would be almost double that of sulfuric acid. The equipment for regen-rating nitric acid is 1lso
quite expensive; furthermore, all of the mil)] eguipment in contact with leach solution would ave
to be constructed of materials capable of withstanding the effects of ni .ric acid. Such mate-
rials are expensive and the staff estimates that the major portion of th: mill equipment would
cost several times that for a sulfuic acid leach mill. Comparative cap tal equipment and
r::g:nt cgs%s for 1800 MT/d (2000 $T/d) sulfuric and nitric acid plants ire listed in Appendix K
( e K-2.1.).

Laboratory tests for leaching with nitric acid showed that at best 98% of the nuclides could be
leached from typical U.S. ores with hot 3*molar nitric acid. The concentration of radium then
remaining in the tailings was at least an order of magnitude greater than that considervd typical
of soils in the western U.5. mining districts and ranged from 17 pCi/g to 60 pCi/g. 2 Taiiings
from this process would still require some special disposal treastment.

8.3.1.2 Separation of Fines (slimes) from Coarse (sands) Fractions of Tailings
for Separate Treatment?

In ores now being mined and milled in the United States, the slimes (less than 200 mesh) comprise
20% to 30% of the feed to the leaching process and conuain 40% to 60% of the desired uranium.
After leaching, these slimes contain 70-90% of the radium and gamma-emitting isotopes. [t is
assumed that other daughter products in the decay chain concentrate in the slimes, so that slimes
in the tailings are therefore considerably more hazardous (radiolTogically) than are sands’
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Separation of sands and slimes can be accorplished readily by subjecting the effluent from
counter current decantation to a cyclone* ureatment. This is often done in operating mills to
allow separate treatment of the s!imes slurry for further removal of uranium. Once separated,
the siimes tailings could be kept separate for treatment different from that given the sands.
The separation does not completely solve the tailings problem because 10¥ to 30% of the radium
and thocsium remain in the sands, which would still require treatment and isolation.

8.3.1.3 Lime Neutralization?®

For the process assumed for the model mill, the slurry would be acidic, with 2 pH of about 2.
Neutralization (implying the raising of the pH to 7 or above) with lime (a calcium-containine
basic mineral) not only would immobilize the sulfates but also would precipitate radium, t'.rium,
iron, copper, cobalt, arsenic, uranium, vanadium, and other heavy metal ions as insolubl. oxides
or hydroxides. Ammonia or sodium hydroxide could also be used, but lime would be more effective
in removing radium and less expensive. The potertial! for radium contamination by seepage would
be reduced by nevtralization.

In the process of neutralization, solid calcium sulfate would be formed, which would tend to form
a scale on valves, pipes, and cover all metal surfuaces, such as tank sides. The precipitated
radi.m couid also redissolve if fresh water washed over the precipitates. For the above reasons,
neutralization of tailings is ‘ot common practice, but would be mandatory if tailings treatment
involvad processes which woul? not tolerate the acid present, as in the case of fixing tailings
in cement.

8.3 1.4 Barium Chloride Treatment?

The addition of barium chloride (BaCl,) to tailings slurries is not effective in removing radium.

1f, however, barium chloride is added to clear sulfuric acid solutions containing radium ions, a
precipitate forms that will remove 90% to 99% of the radium. The precipitate formed must be

allowed to settle before the solution is released to the environment. BaCl, currently is used

to treat uranium mine waters. The chemical (technical grade) costs $400 per ton and is used at .
a strength of about 100 ma/L. |

8.3.1.5 Removal of Toxic Substances by Ion Exchange

Ion-exchange processes depend on organic resins specially comprunded to gather certain ions from
dilute slurries (~ 10%), as in resin-in-pulp process, or from clear solutions. The resins are
particulate in nature and are usually contained in columns through which the solution passes.
Very high concentration ratios can be obtairned. Ion-exchange processes are used widely in
nuclear chemical applications and in some of the current mill processes, where they are used to
absorb uranium from pregnant liguors, The ions on the surface of the resins are then chemically
stripped to form solutions from which U;05 can be p-ecipitated. The resin is then activated for
reuse.

Many ions can be recovered by ion exchange. Radium, for ii.lance, can be removed from carefully
filtered acid wastes, the resin eluted, and the radium precipitated by use of barium chloride.
Th2 resulting solid, having been concentrated, would be much mere radioactive than the original
solution and would present disposal problems.

Costs invalved in Dbuilding and operating ion-exchange plants have been reported; they depend on
the freedom of the solutions from solids (it will cost more to treat a slurry than a clean
liquid), the required purity of the effluent iiquid, and the volume of liquid to be treated.
This option fs not considered to be practicable for the treatment of tailings for the reasons
outlined above and is not examined further.

8.3.1.6 Removal of Water by Solar Evaporation, Thermal Evaporation, or Filtration

Past and current uranium tailings disposal methods have relied exclusively upon xposure of the
wet slurry to sunlight and winds for drying. Rates of evaporation vary considrcably with ciimate
but are very high in those states which sroduce most of the uranium. Rates 2, high as one meter
(40 inches) of water per year have been reported.

*A cyclone is a mechanical device resembling a centrifuge that seqregates the heavier fraction
of the tailings by the combined action of gravitational and centrifugal forces. The sands are
withdrawn from the conical bottom of the cyclone, and the siime fraction plus tailings liguid
are withdrawn as overflow from the top.
723 29¢€ |
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When liquid wastes are thermaily evaporated, dissolved or suspended materials that are not vola-
tilized remain in the liquid phase. Liguid from mill wastes can be evaporated at around 120°C
(250°F) to produce a concentrated solution that subsequently can be treated for disposal, while
the recovered evaporate can be recycled to the mily and used as process water. This liquid
generally will be purer than raw water.!® Acid mil) wastes should be neutralized prior to evapo-
ration. If the nitric acid leach process were to be used, evaporation could be carried out with
the aid ot a rectification tower to recover water and !3-molar nitric acid for recycle to the
mill.

Use of thermal evaporation to remove specific contamirants must be regarded as an expensive solu-
tion to the problem. In the technology, a large volume of water is removed from a small amount
of dissolved material anJd the energy requirement is fairly constant, because it is based on the
amount of water to be evaporated, irrespective of *he concentration of dissclved soiids.
Correlation between costs involved in a thermal evapuration system and plant capacity has been
reported in the literature 14-16

; Tailings can be filtered by various means and the resulting cake transported to a fandfill area.
One means by which mill tailings slurry can be dewatered is through utilization of a bed of sand
as the filter medium. The filtrate, which can be recirculated, is co)lected via perforated
niping at the botiom of the sand, which rests on an impermeable substrate. Operation of this
simple gravity-tyoe filter involves no consumption of fuel. On the other hand, a comparatively
thick bed of sand is required for efficient filtration. Herein, this filter is identified as a
"dewatering filter bed "

Another means by which miil tailings slurry can Le dewatered into a relatively dry solid is by
the use of a belt vacuum filter., The equipment consists of a slotted or perforate endless
elastomer belt supporting a filter fabric which is also in endless-beit form and \.aveling across
' a suction box. The tailings slurry is pumped and evenly distributed onto the filter at o%e end.
, If desired, wash liguor may be a,, lied at one or more points along the pat: of belt travel. The
i filter cake is discharged at the other end, where the support belt and the filter medium are
|

parted to be direrted along separate lines of pulleys benc_ch the filter, The filter medium may
be washed on its return journey to the head of the filter, where it rejoins the drainage belt.
Advantages in the use of horizontal belt vacuum filter include complete cake removal and the
opportunity for effective washing of the filter medium. A cisadvantage is the fact that half of
its filte;ing surface is always idle. Effective filtering areas can range from 0.2 to 60 m® (2
to 650 ft#).

Other types of filters in common use are those operating by pressure, e.g., filter presses, and
rotary drum and rotary disk vacuum filters. To simplify the evaluation of the tailings disposal
programs, these wil! not be considered further.

The filtrate could be returred to the leach circuit for reuse to save water and process chemicals
(e.g., Hy504). A portion of the recycled filtrate would have to undergo desalination te avoid a
buildup of dissolved solids. The primary advantage of the dewatering option is the minimization
of seepage problems at the disposal site. However,K dewatering of tailings also will add to sta-
bility of the tailings impoundment and reduce problems associated with final impoundment drying
and covering of tailings. Conveying dewatered tailings to the disposal site might involve more
expense and handling than is the case when the tailings are slurried.

8.3.1.7 Sclidification of Tailings by Incorporation of Asphalt or Cement

Various solidifying agents have been suggested for incarporation into tailings so that the
resulting solid form would have the desirable characteristics of low leachability and high
resistance to the diffusion of radon. Such agents presumably would be added after the tailings
slurry had been concentrated and neutralized. A variation of this technique might incorporate a
sand-slime separation to reduce the amount of solid to be produced A commonly suggested agent
is asphalt, which, if it can be inccrporated as an impervious coating on the tailings particles,
would retard the diffusion of radon and its release to the environment and would effectively
prevent the leaching of water-soluble toxicants. A facility for heating the asphalt and for the
mixing of asphalt with the tailings would be required for implementation of this alternative.

It has been estimated that about 330 kg of asphalt per metric ton (670 1b/57) of tailings would
be required te produce a suitable mix.

After the selected pretreatments, the tailings could also be mixed with cement to produce, upon
setting, a type of low-grade concrete. With proper design, the steps of required neutralization
and concretion could be carried out in the same facility. A minimum of one part of cement for
20 parts tailings has been estimated; a ratio of 1:5 is said to yield better strength and leach
resistance at a higher cost.?

o -
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8.3.2 Tailings Disposal Locations

8.3.2.) Above-Grade Disposal

Zurface emplacement of tailings is a convenient mode of disposal and has been the conventional
practice to date. Tailings can be disposed of in any of several types of surface impoundments
near the mill. Such impoundments can be constructed as four-sided structures in relatively flat
areas; they can also be formed by constructing a dam or embankment in an existing natural drain-
age area. In the jatter case, diversio~ ditches are constructed to divert runoff around the
impounament. Embankments for impound~ents have, in the past, been constructed of tailings, but
newer impoundments have been constr cted from local earthen materials. Heights of tailings
embankments vary from 10 to 30 m. (30 to 100 ft) above surrounding terrain. (Appendix B contains
a discussion of tailings dam construction.)

8.3.2.2 Below-Grade, Near-Surface Disposal

Tailings could be disposed of in such a manner that the tailings and the isolating cover mate-
rials were below grade, thus virtualiy eliminating exposure of the tailings to surface erosional
effects. Tailing~ could be disposed of in existing open mine pits or in special excavations.
Open mine pits range in depth from about 20 m to 100 m (865 to 330 ft) and commonly cut through
aquifers or water tables. Figure 8.2 shows several views of open pit uranium mines. Overburden
removed can be stored and used as subsequent cover for tailings deposited in the pit. Since any
extraneous solids (such as tailings) deposited in such pits would displace the overburden, a
mound of this excess would remain after filling and covering.

8.3.2.3 UCeep Disposal

Tailings could be disposed of in locations far below the surface [deeper than 100 m (330 ft)]

The potential advantage of this method is that the depth of cover would eliminate all radon
emissions and provide an enormous physical barrier so that the need for long-term institutional
controls or monitoring could be greatly reduced or eliminated. Abandoned deep mines could be
used for such disposal. Such mines are usually opened by a shaft from the surface (or a tunnel
from a hillside) and tunnels are extended under the ore bodies. Introduction of tailings into
the mined-out volumes via the underlying tunnels would be difficult. The tailings would probably
have to be introduced from above through a specially drilled hole after existing “below-cavity"
tunnels had been sealed.

Another deep disposal option would be to utilize existing open-pit copper or coal mines in wes*
ern regions, which can extend to depths of more than 100 m; special deep open-pit excavations
could also be made. In any event, groundwater formations would probably be encountered in any
excavation used for deep disposal of tailings.

8.3.3 Tailings Area Preparation

8.3.3.1 No Subsurface Preparation

The undisturbed ground surface would act as an interface between the tailings and whatever lay
underneath. Drainage of the tailings water would occur naturally and the soils would act as
chemical absorbers and ion-exchange agents in their natural manner. Liquid would drain from the
tailings until all moisture in the tailings had either evaporated or seeped away. The underlying
soi) would become contaminated and any natural moisture (from rain or snow) would propagate the
contamination even after drying of the tailings.

8.3.3.2 Soil Compaction

Soil compaction would increase the potential for the soil/tailings interfac: to inhibit seepage
from the tailings but would not totally prevent such seepage. Compaction would affect the den-
sity of the soil (~r clay), reducing permeability, but only to a depth of about one-quarter
meter.

8.3.3.3 Clay Liners

Emplacement of clay over compacted soil would act as a sealant and would inhibit seepage from
the tailings. Compaction of the clay would enhance this effect. Also, the ion-exchange

723 298
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characteristics of clay are enhanced compared with most western soils. Layers of less than about
one-third meter (1 ft) over large areas probably would not ensure complete cuverage. Very thick

lavers of clay [more than one meter (3 ft)] probably would not materially enhance its usefulness

as a sealant between tailings and soil.

Clays may be of different kinds. Some contain a high proportion of montmerillonite, an
expanding-lattice-type clay mineral which, when wet, tends to swell and exhibits thixotropic
properties. particularly when the predominant cation on the clay mineral is sodium. The
bentonite mined in the Black Hills region of Wyoming and South Dakota consists of about 85%
montmorillonite and 15% nonclay minerals such as quartz, cristobalite, gypsum, caicite, and
feldspar.'” Wyoming has extensive deposits of bentonite, a montmorillonitic-type clay. One
commercial bed occurs in the Mowry shale of Cretaceous age and extends into Montana and South
Dakota.'® In some cases it may be desirable to treat clay with a sodium compound (e.g., rock
salt) before final compaction. Such treatment renders the montmorillonite predominantly in the
sodium form to achieve maximum swelling of the clay lattice and maximum dispersion of the clay
particles. Some naturally occurring montmorillenitic clays, including the bentonite found in
Wyoming, occur as mixtures of sodium montmorillonite and calcium montmorillonite.!? Bentonite
found in Texas, Arizona, and California is mainly of the calcium type.'® Calcium bentonites
exhibit marked differences from sodium bentonites when placed in water, e.g., calcium bentonites
do not have the tendency to swell to any appreciable extent, and settle in water as floccules.!'®

8.3.3.4 Synthetic Liners

There are many types of synthetic sheeting available for lining ponds. Various kinds of
synthetic liner materials that could be used to inhibit seepage are listed in Tab'e 8.3. Rigid
liners would have limited application in connection with tailings disposal, that is, only where
a hard rock foundation was involved. This study considers only use of flexible liners which are
normally reinforced with a fabric material such as polyester. Most successful Tiners have been
employed for water storage only (no solids above the liner)., They require gentle slopes to
minimize any tendency to fold or bend; application on steep slopes would be difficult at best.
Careful preparation of the base (absence of rocks or sudden changes in slope and subsoil compac-
tion) is also required if long life without perforation is to be expected. Also, a protective
soil cover is required to avoid dana?e to the lTiner. A1l liners are flexible initially but tend
to lose this property after long periods of exposure to sunlight or certain chemicals. The liner
should extend beyond the water line and interface with soil only. If completely successful,
liners should be able to contain the tailings water and eliminate seepage. The capacity of such
liners to endure for long perieds cannot be determined because such endurance will depend less
on the liner itself than on preparation and installation procedures and care and maintenance
during use. Ground movement will also affeci. the permanence of the installation. Once perfo-
rated, the liner will Jose its effectiveness. Very long-term stability of bottom liners is not
as important as tailings covers; the primary purpose of the liners is to contain solutions dur-
ing mill operztion, when about 1200 MT (1300 ST) of water is dispcsec of daily.

Table 8.3. Synthetic Liners anc Cover Materials

Plastics®

- Polyvinyl chioride (PVC)
+ Polyethylene (PE)
+ Chlorinated polyethylene (CPE)

Elastomers®

- Hypalon

- Neoprene

+ Ethylene propylene diene monomer (EPDM)
Asphalt Coatings

Rigid Liners
« Gunnite
+ Cement grout

‘Hlny of these materials are used with polyes r
or nylon reinforcement. The materials differ
in tensile strength, resistance to puncture,
flexibility and cnange of flexibility with tem-
peratur:, resistance to air and sunlight, resis-
tance to chemicals, ease of making good joints
in the field, lifetimes and other properties.
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8.3.4 Tailings Stabilization and Covering

Covering and stabilization of the tailings as a part of the tailings management program are
addressed in this section; temporary stabilization of tailings during mill operation is
discussed in Section 8.2.

8.3.4.1 No Cover or Stabilization

If a tailings pile is allowed to dry out, wind and water erosion will beagin to spread the tail-
ings over an ever increasing area. Experience indicates that without further treatment, most
tailings surfaces will not support vegetation, even if efforts are made to replant indigenous
flora. Emissions would be maximal for this situation.

8.3.4,2 Native 50i! Cover

Use of native soil to cover the tailings would be desirable f om the viewpoint of facilitating
establishment of indigenous plart species. Native soil ¢ +, '+ applied in several layers after
settli.; has occurred, has provided adequate resistance ! win¢ and water erosion in some cases
In a few cases, vegetative growth has further enhanced eruston resistance. Even if compacted,
however, native Western soil is usually rather ineffective in reducing radon emissions.

8.3.4.3 Gravel or Riprap Cover

e

A layer of coarse grave) or crushed rock decreases wind erosion and allows infiltration o water.
Studies of wind and water erosion on a sandy loam soil using a portable wind tunnel to produce

an equivalent 85 mph (38 m/s) wind velocity at 50 ft (15 m) above the ground indicated that
"insignificant” amounts of wind erosion [less than 25 Ibs/acre (28 kg/ha)] ocew. . d when at least
20, 50, or 100 ST/>C;2 (45, 110, or 225 MT/ha) of fine, medium, or coarse gravel, espectively,
were spread uni‘ormly on the ground surface.?® For gravel sizes greater than 2 mm in diameter,
the finer *“e gravel, the lesser the amount required. Amounts of gravel or crushed rock in
excess of 1at required to completely cover the ground appeared unnecessary under the conditicns
of the - .udy.

R R R RSN,

Riprap is rock or stone cover which is applied to cuntro) erasion of soil. Used in applications
such as slopes of highway embankments?' or flood cont) ] channels,?? it could be employed to
stabilize tailings embankments and overburden cover. F qure 8.3 shows riprap placed on an
embankment siore. While applications of riprap to date hLive been to handle shorter term erosion
concerns than those faced in tailings disposal, the guidarce developed for such applications as
presented in various engineering and design texts such as 'eference 22 can be of some use. For
example, they describe optimum stone shape, size and gradat ion. Riprap, in addition to providing
an "armoring" of the tailings cover against erosion,?* may enhance the growth of vegetation. It
may provide protection for the collection of eolian soil particles which will form a favorable
habitat for vegetation to qrow between rocks.?%

8.3.4.4 (Clay Cover

Clay, especially if damp, has the potential of reducing raden emissions substantially. [t is
not suitable, however, for direct exposure to atmospheric influences. Clay is even more suscep-
tible to wind and water erosion than is soil because of clay's fine and rather uniform particle
size and lack of organic binders. C(lay readily fissures from water erosion. Compaction would
lengthen the useful life of the clay cover. As long as there was some moist clay present, radon
emissions would be reduced. Maintenance of vegetation would be difficult over most clays.

R R R OO R R BRI

8.3.4.5 Artificial Covers and Sealants

Artificial covers, such as a layer of asphalt or a plastic, could be placed over the tailings to
reduce wind and water erosion and radon emissions. A !ikely plastic for such a use is polyvinyl
chloride (PVC). However, 11, too, is not suitable for direct exposure; sunlight could cause
fairly rapid deterioration. Asphalt emulsion sealants have been shown to provide very good
attenuation of radon.?® Work on such emulsions indicates that radon exhalation can be reduced
by several crders of magnitude with thin coatings of about one centimeter. Potential problems
arise concerning pinholes that can form during application and also uncertainty about long-term
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Figure 8.3 RIP RAP COVER ON EMBANKMENT SLOPE
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[greater than 35 cm (15 inches) per year]. In semiarid regions [less than 25 cm (10 inches) of
rainfall per year), recourse to a cover of compacted clay and rock might be necessary. This
latter situation would not return the surface to its original use (grazing for cattle and local
fauna), which is required by some state regulations.

Methods of reclamation of covered tailings disposal are discussed in Appendix N. A brief con-

sideration of regulatory requirements for reclamation and suggested criteria for the evaluation
of reclamation efforts is included.

8.3.5 Potential Tailings Disposal Alternatives Rejected

Some of the tailings disposal alternatives listed in Table 8.2 were eliminated from detailed
evaluatior after an initial screening process by the staff. Prominent among these were alterna-
tives for disposal of tailings in very deep locations [at least 100 m (300 ft)] as described in
Section 8.3.2.3. Because these alternatives offer the major potential advantage of eliminating
the need for any institutional controls of the disposal site, it is appropriate to review the
reasons for not perforning a detailed evaluation. Some of the drawbacks of these alternattges
are common to others carried through for detailed evaluation; however, it was the accumulation
of negative factors which led to dismissal of the alternatives to be discussed below.

8.3.5.1 Disposal in Existing Deep Open-Pit Mines

The potential advantage offered by deep disposal is elimination of the need for any long-term
institutional controls to exciude human intrusion and direct exposure to the tailings which
could occur in the case of surface or near-surface disposal.

The first deep disposal option that was rejected involves using one of the existing deep pits
excavated in the western United States to mine nonuranium ores. Tailings from several, if not
all, mills in a region would be placed in such a pit. In this sense, the d sposal option would
constitute a regional repository of tailings. Under this alternative it wouid be necessary to
transport the tailings long distances since it is not likely that existing deep nonuranium mine
pits would be very close to the uranium mining and milling areas. Considerable transportation
costs and environmental impacts would be incurred. If transported by rail or truck, these im-
pacts would include loss of tailings dust during loading, shipment, and unloading. Review of
the situation indicates that average shipping distances would likely be on the order of from 500
to 1000 km (300 to 600 miles). Estimates of losses from transportation are based on similar
milling operations and knowledge of lTosses from shipment of other materials, such as coal. Ship-
ments of this nature also would result in common transportation accidents. Each day there would
be as many as 100 twenty-ton trucks making shipments to such a deep pit. If shipment were by
rail, a number of carloads of tailings would be required from each mill each day.

Another problem with deep-mine alternatives is that groundwater formations inevitably intercept
the pits. While steps might be taken to fix the tailings to eliminate potential groundwater
contamination problems, the costs for doing so would be on the order of those computed for
Alternative 8, which are shown in Chapter 11 to be very large. The high cost of fixing the
tailings is significant in screening out this alternative, since these costs would be incurred
in addition to those of transportation and environmental concern.

Finally, institutional barriers would have to be surmounted in order to implement this option.
For example, it would be necessary to locate and acquire a mine which essentially would become a
"waste dump” isolated from the "money-making" venture of the mill. It would then suffer from
the same siting problems as do other forms of waste from the nuclear fuel cycle. Waste deposi-
tien would no longer be directly connected to the economically profitable part of the venture;
hence, it would likely be difficult to obtain acceptance of the repository by nearby communities
regardless of actual risks involved. A similar institutional barrier would make difficult the
utilization of a slurry pipeline to transport tailings from the mills to the deep pit. A slurry
pipeline would offer potential for reducing costs and impacts, but siting the line and cbtaining
right-of-way for it would suffer from the same kind of problems encountered in siting electrical
transmiss‘on lines. The fact that the tailings would be a waste material as opposed to a useful
commodity such as electricity would 1ikely exacerbate such problems.

8.3.5.2 Specially Excavated Deep Open Pit

Another kind of deep-open-pit disposal option initially considerea but eliminated from detailed
review was placement of tailings in a specially excavated pit in a geclogical formation where
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groundwater was sufficiently deep to avoid contact with the tailings. Review by the staff indi-
cated that it is not likely that such formations, as in the first case, would be found near
uranium mining and milling regions. The process which resulted in the initial deposition of the
uranium ore is associated with groundwater, and it is not Jikely that significant changes have
occurred. Also, it is likely that such formations would consist of hard rock, which would lead
to extremely high excavation costs.

8.3.5.3 Disposal in Lined Deep Mine

The staff gave consideration to the concept of lining a deep mine with impermeable coatings to
isolate the tailings from groundwaters. This basic concept has been explored by the Bureau of
Mines in sealing deep mine walls for the purpose of redu. ng radon emanation. In that case,
combinations of cement and epoxg coatings were applied to sections of deep mines, with some suc-
cess in sealing radon reported.*®

A major problem of this alternative is the extreme '.ncertainty about the performance of coatings,
particularly over the long term. Subsidence and lsrge differential movements around the deep
mine cavity are likely; this would result in failu'e of at least portions of coatings, providing
a path for contaminants to enter the groundwater. Furthermere, application of coatings are
expected to be relatively difficult and expensive. This alternative is not expected to be
appreciably different from disposal of untreated tiilings in deep mines over the long “=m. The
technology has not been carried out on a commercial scale; the extent of experience is . the
level of a pilot study (tests have been carried out in limited sections of actual mines). It is
sxpected that extreme care would be required in app.ying the coatings to ensure that there would
be an effective bond with the mine rock, especially in the overhead portions. Also, the area to
be covered would be relatively large because typical mines are lengthy and tortuous in their
configurations. Estimates by the staff allowing for uncertainties and the large scale of such
an operation, are that costs to apply the lining could be on the order of from $100 to 130
million.

8.4 DESCRIPTION OF TAILINGS DISPOSAL PROGRAMS
8.4.1 Introduction

The specific measures discussed in Section B.3 should be combined to form a complete tailings
disposal program. Each alternative offers potentia’ for solving one or more, but not all, of
the problems which must be addressed. For thic rgiscs, and because of interrelationships among
the opjectives of tailings cisposal proarams, tiw gevera] approach adopted by the staff was to
evaluate a range of complete disposal programs, as ..posed to evaluation of individual methods
to achieve aach objective exciusi aly. The tradeoffs, for exasyle, between the desire to avoid
contamination of groundwater and the advisability of isolaiirg tailings from surface erosion for
long-term stazility can be more clearl' 1 lustrated by thi. approach.

If the various aspects of tailings manageme. 't are combined into different overall programs, a
vast number (1iterally thousands) of tailings man.gement alternatives are possible. In
considering these many schemes, the staff reduced the number of alternatives by dividing tailings
management into *he four nterdependent categories listed in Secticn B.3. Within these subdivi-
sions, various options were considered; that is, four locations (above ground, open pit,
specially dug pit, deep mine) we e visualized; four methods for preparation of these locations

to receive tailings [none, compaction of the earth, natural liner (e.g., clay), synthetic liner]
were examined; three types of tailings [wet, dried, mixed with solidifiers (e.g., asphalt)] were
taken into account; and three postoperational treatments (covering with a cvecially prepared clay
cap, covering with iocal overburden, a combination of these two) were incorporated.

These 14 options can be combired into 144 alternatives; however, some of these combinations
(e.g., compacting the earth in a deep m'ne) are incongruous. When the staff eliminated such
incongruous combinations, 96 alternatives remained for consideration. The staff examined these
remaining alternatives from the viewpoint of compariscn of environmental impacts presented in
Chapter 6. In addition, such faciors as monetary cost, long-term reliability, availability of
necessary technology, and regional appiicability were introduced. A rough ranking of the alter-
natives was then carried out by categorizing each as better, average, or worse with respect to
each of the factors. This ranking proved to be instructive but not cunclusive; it permitted the
elimination of some of the alternatives. but left a still unwieldy numcer of closely ranked alter-
natives (Close examination of these alternatives indicated that the clcie ranking resulted, at
least in part, from the circumstance that many could be regarded as varia‘icns on one basic type.
As a result of these considerations, the staff has selected nine alternat)/es for detailed
examination and evaluation in addition to the base case. Each of these alternatives is taken to
be representative of a type of tai'ings management program; variations within the type are

kP 14
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possible, and some of *.e most readily evident will be discussed as “gptions." These discus~
sions and other elements of the evaluation of alternatives are given in Chapters 9, 10, and 1}

The major aspects of nine tailings disposal programs evaluated by the staff are summarized in
Table g.l. The alternative programs all address, to some degree, concerns of reduction of air-
borne radiocactive emissions (particularly radon) and of the potential for groundwater contamina~
tion, however, there are major differences among the programs. The programs can be categorized
according to the degree of tailings isolation provided and the associated levels of ongoing care
and monitoring required. The three categories or modes assessed are (1) active care mode

(2) passive monitoring mode, and (3) potential reduced care mode. These three modes are
discussed briefly below in Sections 8.4.1.1 through 8.4.1.3, and specific alternatives are
described in more detail in Sections 8.4.2 through 8.4.10. The matter of groundwater protection
is highly site-specific, the approach taken by the staff to account for this in evaluating alter-
natives is discussed below in Section 8.4.1.4. A more detailed description (f alterpatives is
provided in Appendix K.

8.4.1.1 Active Care Mode

The first mode encompasses those alternatives which would require active care and maintenance
indefinitely to ensure continued isolation of the tailings. Although the tailings would be
cnvered with overburden and scils, the isolation area would be susceptible to natural erosion
capable of causing relatively rapid deterioration of an unmaintained pile. One tailings disposal
program is described to i)lustrate this level of protection (Alternative 1).

8.4.1.2 Passive Monitoring Mcde

In the passive monitoring mode, tailings would be isolated from erosional forces so as to elimi-
nate the need for ongoing care. Five alternatives are described to illustrate the several basic
approaches which can be taken to achieve this level of prote-tion. These alternatives involve
primarily below-grade, near-surface burial of the tailings (Alternatives 2-5); however, one case
(Alternative 6) constitutes an above-grade disposal scheme whereby selection of proper siting
and design features would result in protection equivalent to that provided by below-grade
disposal. The below-grade alternatives include use of available open pit m'nes or excavation of
specizl pits for disposal (Alternatives 4 and 5) These alternatives, although described in
idealized fashion in this generic study, are much like disposal programs developed for actual
mills. The description of such programs is provided in individual mill environmental
statements,?” 29 and staff presentations on the subject of tailings disposal.3?

8.4.1.3 Potential Reduced Care Mode

The third mode (Alternatives 7, 8, and 9) is a loose collection of alternatives that represent
departure: from current technology or practice. To one degree or another they have the poten-
tial to provide an added measure of isclation and protection, as well as a reduced level of
ongoing care, beyond that provided by the two other categories. Unigue features of the alter-
natives in this category are (1) disposal of tailings in relatively deep locations, (2) fixation
of tailings slimes in asphalt or concrete, and (3) nitric acid leaching of ore.

8.4.1.4 Groundwater Protection

Most of the alternative programs conservatively provide groundwater protection by isolating
tailings and tailings solution through use of bottom liners and location above groundwater for-
mations. It may be possible to treat tailings to allow contacting sands or sands and slimes,
with groundwater, or to eliminate liners altogether. Proposals involving this would have to be
evaluated on a case-by-case basis. fata from tests performed on tailings treated in the manner
proposed and on site-specific soils, hydrology, and geology would be needed. For Alternatives 7
and 8 it is assumed that washed sands could be contacted with groundwater; in real cases, ‘this
would have to be evaluated as just discussed.

8.4.2 Alterpative 1

Under Alternative 1 the disposal site is taken to be at grade level, or slightly above, so some
surface soil would be removed and the subsoil compacted. An earthen berm would be constructed
on the four sides of the impoundment. /ailings would then be moved from the mill to the tailings
impoundment by siurry pipeline, and water would be recycled to the mill. Diversion ditches,
drains, and dikes would be emplaced where necessary. The total area disturbed woult be about

100 ha (250 acres).
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As large areas of beaches became thoroughly dry, the surface would be sealed with 0.6 m (2 ft)
of compacted clay and 2.7 m (9 ft) of bac«fill. Topsoil ['5 cm (6 inches)], saved from the
original preparation, would then be used t» cover the entire area. It would be contoured and
then vegetated with native plants. This alternative is depicted s-hematically ir Figure 8.4

8.4.3 Alternative 2

Under Alternative 2, the untreated tailings would be deposited in a partially backfilled and
lined open pit mine and then suitably covered (rig. 8.5). Implementaticn of Alternative 2 would
be predicated on the availabili*, of an open pit mine relatively close to the mill. The disposal
operations might take place in stages within a large open-mine pit, with temporary dams
constructed between the tailings area and areas being actively mined. After final drying of
first stages, overburden being stripped from newly opened mine areas could be directly nlaced
over the tailings for cover. Thus, it may be possible to conduct sequenced reclamation of the
tailings disposal areas.

There would be two options under this alternative relative to lining of the pit. In one option,
a low-permeability liner, either of clay or plastic, would be installed befare backfil'*ng the
pit to a plane above the water table. In the second eotion, the pit would fir:t be bacarillad
above the water table plane and then the liner woul. pe irstallec. Care would be required in
preparation of the cavity to ensure that side slopes would support the clay or plastic liner and
not crumble or bend.

ihe tailings would be transported to the disposal area by peline and deposited as a slurry in
the prepared pit. A return pipeline would be required for water removed by a floating decant
system from the tailings deposited in the pit. Some water would be recycled to the mi'1; the
excess would be evaporated from an auxiliary pond [~50 ha (125 acres)]. When mill operations
ceased, the decanted tailings would be allow:d to dry out naturally, then a cap of compacted ¢lay
would be emplaced. The pit would then be backfilled with overburden, and the surface restored
to a condition required by regulations.

8.4.4 Alternative 3

Alternative 3 is similar to the first option of Alternative 2 [disposal in a pit after back-
filling ana lining only the bottom (not the sides) ~ith clay or plastic], except the tailings
would be dewatered before being deposited in the pit. The major advantage of Alternative 3 is
that only the bettom of the pit would have to be prepared and Tined; dewatering the tailings
would remove the possibility that moisture could migrate horizontally from the dispoal area.
Dewatering of the railings also would make final covering and reclamation of Lne tailings
disposal area easier since an extended drying period would not be required, and the use of heavy
equipment for ta lings-covering coerations would be facilitated. The sequence of tailings
disposal could be coordinated with mining plans as described for Alternative 2.

Tailings slurry would be transported to the disposal site in a pipeline, then the slurry would
be either (1) filtered ocn a horizontal vacuum filter to remove part of the water, or (2) pocl-
evaporated and dried. If the first procedure were followed, the filtering device would convert
the slurry into a semidry cake (moisture content of 20% or more) which would then be hauied to
the disposal pit by truck or by a belt conveyor system. Water from the horizontal filter would
be pumped to an evaporation pond [area of about 50 ha (125 acres)]. Under the second procedure,
the slurry would be placed in an evaporation pool [area of about 100 ha (250 acres)] and after
evaporative drying would be hauled to the disposal pit by truck.

After additional drying in the aisposal pit to allow for movement of heavy machinery, the tail-
ings would be covered as in Alternctive 2. Alternative 3 is depicted schematically in . gure
8.6.

8.4.5 Alternative 4

Alternative 4 would ailow more freedom in selection and design of the disposal site, and no
liners would be needed. It represents a case where an open pit mine is not available for tail-
ings disposal, so a specially excavated pit is dug. An isolated area having relatively imperme-
able subsoils, such as shale or clay, would be located and a pit excavated. Untreated tailings
slurry then would be sent to the pit frun the mill by pipeline and placed within the shale or
clay layer. Part of the water would .- ecycled and the tailings would dry in the pit as a
result of evaporation due to solar heat and dry winds; however, it is likely that an auxiliary
evaporation pond would be required.
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At the end of mill operstions, the tailings weuld be allowed to dry completely and then would be
covered with a cap of clay or plastic, followed by overburden saved from the initial excavation,
The surface would be restored and vegetated to conform with current regulations. Alternative 4
is shown schematically in Figure B.7. Such special excavations could be construc.ed in "cells”
which would hold several years' worth of tai)ings at a time instead of as one large impoundment
such an approach would reduce the amount of up-front investment required and alluw for a phased
covering and reclamation of the tailings area.

8.4.6 Alternative 5

Under Alternative 5, as under Alternative 4, & special pit would be dug for the disposal of
untreated tailings, however, the pit would be |ined because no impermeable qcolo?ic formation is
assumed. The pit would be in the form of a square 1000 m (2300 ft) on a side, within which a
series of trenches similar to thase used in landfil) disposal of waste would be dug (see

Fig. 8.8). Although some of the dirt removed when the trench was dug would have to be moved only
short distances using bulldozers and graders, the bulk of the overburden would have to be moved
elsewhere,

A section of the trench of sufficient size for about two years' worth of tailings would be
excavated and lined first. Later sections would be built as needed. Temporary dikes would be
built across the trench to isolate tailings water from constructicn areas. The water balance
would be similar to that of Alternative 4. Sealing, backfilling, and restoration could follow

in a few years after a trench area was filled w'th tailings. Construction, filling with tailings,
and restoration would move along the length of the trench in sequence. The length of pipeline
used to deliver the siurried tailings would vary; however, an average length of 16 km (10 miles)
is assumed.

The potential advantages of Aiternative 5 are that the reclamation of the mill tailings would be
staged, and the exposed tailings areas during cperation would be reduced from those of the other
alternatives where reclamation s not staged. Another potential advantage of this option would
ve that slimes could be segregated from sands and covered by careful deposition of the tailings
slurry. If introduced at the upstream end of the trench, tailings would form a "ramp,” with
sands depositing first and slimes being carried to the lower end by the tailings solution.

8.4.7 Alternative 6

Although tailings would be disposed of above grade in Alternative 6, design and siting features
incorporated into the dispesal progran weuld minimize or eliminate the effects of natural erosion
to an extent reasonably equivalent to that under Alternatives 2 through 5. Topography is one of
the primary factors which would determine the degree to which the tailings dispusal area wll be
exposed to erosion forces. However, because topographic features are so highly variable, it
would be inappropriate to define them in any great detail in this generic study. The kind of
general features wh ch wuuld make this alternative reasonably egquivalent to below-grade burial
are:

(a} A site is chosen where the upstream drainage area is very small. This would mean, for
example, that the impoundment would be near the top of a divide.

(b) Site topographic features provide shelter of the tailings area from wind; 1.e., the face of
the embankment 15 not exposed directly to prevailing winds,

(c) Final reclamation is carried out in such a manner that embankments are contoured to make
very gradual slopes.

{d) Tailings are covered with reasonably thick soil and overburden materials. The overburden
i5 stabilized with vegetation, or rock riprap and cobbles as appropriate, to retasd any wind
ang water erosion.

(e} The dam is constructed according v accepted geotechnical engineering standard practices to
ensure long-term stability (principles outlined in Regulatory Guide 3.11 are followed).

(f) The tailings disposal area is not sited near a geologic fault,

(g) Design features combine to cause deposition of sediment on the tialings srea from what run-
off does occur across the impoundment area.

A more detailed discussion of long-term stability and the factors which influence it are
presented in Section 9.4 1. i)
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8.5 ALTERNATIVES FOR DECOMMISSIONING OF MILL ANO MILL SITE

Alternative modes of decommissioning are described in this section and the environmental conse-
guences of these actions are examined in Section 5.5. The monetary costs of the actions required
to return the mil) site (excluding the tailings area), the mill buildings, and any offsite con-

tamirated areas to conditions suitable for unrestricted general us<e are described in Section 11.3.

It is assumed that no tailings material would have bDeen removed for use in offsite construction
and, therefore, that nc decontami.ation of offsite buildings would be necessary.

The alternatives to be considered are: (1) the retention and use of some or all of the buildings
and eguipment after decontamination, and (2) the complete removal of all buildings, foundations,
and equipment, with the restoration of the site to its original state. The abandor.sent of the
.11 and site without decontamination and with or without fences and guards is not considered a
viable alternative,

On cessation of mil] operations, all salvageable equipment would te decortaminated to acceptable
levels of surface radioactivity. Nonsalvageable equipment would Le removed from the buildings
and buried in the tailings pile. Concrete floors, foundations, sumps, and subsurface piping with
unacceptably high levels of uranium and daughter nuclides would be broken up, removed, and buried
in the tailings pile. Contaminated earth beneath the foundations and equipment removed would be
excavated to the required depth and also taken to the tailings pile. The building would be
decontaminated; any porous contaminated material, such &s concrete block, would be removed. For
Option 1, equipment could e removed from the buildings as desired and the buildings would chen
be available for general use. For Option 2, the buildings would be removed and uncontaminated
foundations broken up and used as fill or riprap on steep or erodible <lopes.

Areas outside the buildings and not covered with equipment would be treated idertically in the
two options. Heavily contaminated areas, such as ore pads and sludge ¢~ collection ponds, would
be excavated, generally to a depth of a few meters, and the dirt removed to the tailings pile.
The extensive onsite and offsite areas lightly contaminated by dust blc .n from the ore ped, mill
and tailings is expected to be excavated to a relatively shallow depth [10 to 15 cm (4 to 6
inches)], with contaminated dirt being taken to the Lailings pond. Finally, all excavated areas
would be backfilled and graded, topsoil would be added where necessary, and the areas would be
revegetated.

Generally, all metal-surfaced equipment can be decontaminated and reused. The types of eguipment
salvageable include crusher , grinders, rod mills, valves, pumps, steel tanks, and various other
special items. For decontamination, simple proceuurss, such as sandblasting or scrubbing with
detergents, generally have been siccessful

Soft-surfaced or porous materials, e.g., wood, fiberglass, plastic, concrete, concrete block, or
rubber-surfaced equipment, generally cannot be decontaminated economically, and must be removed
and buried in the tailings area. Electric motors exposed to radicactive solutions usually cannot
be decontaminated. In some cases, high-guality lumber used for tank shells car be reused in new
uranium mills, but not otherwise.

Mill buildings of bolted prefabricated steel construction, as assumed for the model mill, have
rarely presented any decontamination problems. In some mills, however, large amounts of yellow-
cake dust or of uranium daughter nuclides hiave accumulated in inaccessible areas, such as over-
head support members cr rafters; suc’ hazards wust be guarded agains* when the building is dis-
mantled. In areas where acid solutions are ha dled, uranium and its decay products have pene-
trated concrete foundations and the eartr below to a depth of a few meters. The contaminated
foundations and dirt must be removed regardless of whether the entire building is to be reused
or removed. In the case of the model mill, it is assumed that extensive areas of concrete and
dirt contamination would be present. Although the decontarination of equipment and buildings is
not generally hazardous or difficult, protective equipment and proper supervision of workers are
required.

In several mills where production has ceased, the salvageable equipment has been sold or trans-

ferred to new mills owned by the same company. Much of chis equipment is of use in general ore-
processing operations, and thus markets should be available. For the model mill, it is assumed

that the salvageable equipment would be removed without cost to the mill operator.

A more complete discussion of decommissioning operations is given in Appendix K-7.
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9. ENVIRONMENTAL IMPACTS OF ALTERNATIVES

9.1 INTRODUCTION

The analysis of the base case model mill in Chapter 6 identified four major potential impacts
for the single mill: ()) the probability that during the operation of the mill dose commit-
ments to nearby individuais will exceed applicable standards (40 CFR 190), (2) the existence of
very low doses to large numbers of people over long periods of time resulting from radon
releases from uncovered tailings piles, (3) the potential f~~ contamination of groundwater by
toxic ions (e.g., sulfate and selenium) seeped from unlined tailings ponds, and (4) the perma-
nent commitment of land to waste disposal. Various alternative methods of reducing these
impacts are described in Chapter 3.

The purpose of this chapter is to evaluate the effects of applying alternative methods of
enission control and waste management to uranium milling operations. The environmental impacts
of the .arious alternatives described in Chapter 8 are analyzed by considering what the effects
would be in the model region if the alternatives were implemented at the model mill. This
approach facilitates the comparison of the alternatives among themselves and with the base case
(Ch. 6); in particular, it demonstrates how the impacts identified for the base case may be
reduced.

A wide range of alternatives is considered in varying degrees of detail and depth. Most atten-
tion is devoted to tailings management alternatives because the environmental impacts from
continued existence of the tailings extend over a long period of time compared with the opera-
tional period of the mill. The analysis of the base case indicates that the tailings area
would be the major source of radiological effects both during and after milling; thus, an
assessment of alternatives suitable for mitigation of these effects is desirable.

All of the alternatives were evaluated in the same manner as was the base case; i.e.. the
impacts to air quality, water quality, soils, etc., were considered, and then a comparison to
the base case was made. An attempt was made to evaluate the incremental improvement that would
result from implementation of each alternative, in those cases where this proved feasible
(Secs. 9.2 and 9.3), a quantitative estimate of the improvement was possible. This provides a
measure of the "benefit" of the alternative to be weighed against its “cost” (Ch. 11). A final
cost-benefit eviluation of major aspects of alternatives, as identified in Chapters 9 and 11,
is presented in Chapter 12 with corresponding proposed actions.

The long-1ived nature of the radiological hazard of uranium mill tailings makes long-term
institutional control of the disposal site a major consideration in evaluaticn of disposal
programs; thus, alternatives are also evaluated in Section 9.4 with respect to the degree to
which tailings are isolated. In the light of this evaluation, consideration is given to the
1y of long-tum control likely to be needed to supplement engineered and natural barriers to
rad vactivity.

[he taiiings isolation provided by various alternatives i< assessed by examination of two sepa-
rate, but related, questions:

(1) How well will the isoiation provided withstand natural forces, such as erosion, to which
the dispo.c] site will be exposed (Sec. 9.4.1);

(2) What risks are associated with potential human activities at or near the site (Sec. 9.4, 0).

Althuugh the questions are interrelated, they are treated separately because of their different
nature. The former poses the problem of isclation of the tailings from the inevitable, conti-
nual processes of nature; if the problem can be solved, continuing active care of the disposal
site can be avoided. The second question, involvirg as it does human activities, deals with
risks that are very difficult to predict. The worst-case scenario, which postulates unknowing
encroachment of the tailings sometime in the future, poses the problem of inadvertent human
contact with excessive radiocactivity; the necessity for land use control to avoid unacceptable
exposures is examined. Consideration of long-term monitoring and control activities at tailings
disposal sites that includes consideration of both natural forces and human activities is pre-
sented in Section 10.3.

9-1 - 7
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9.2 CONTROL SYSTEM ALTERNATIVES

The function of the control system alternatives described in Section 8.2 would be to limit the
gaseous, and particulate emissions during uranium milling. The changes that would occur in
environmental impacts if these alternatives were implemented are described in the following
sections.

9.2.1 On Air Quality

As indicated in Sections 6.2.1 and 6.3.1, the most significant potential impact on air quality
from milling operations is the increase in suspended particulates that will occur from dust
produced. The major sources of dust will be that produced by blowing over dried tailings
surfaces and by traffic on haul roads. In the uncontrolled base case involving operation of a
12 mill cluster, it was shown that air quality iimits could be exceeded at a reference location
| km from the central mill. (An annua) concentration of 65 ug/m® is predicted; this would
exceed limits in some states such as Wyoming where the limit on suspended particulates is

60 ug/m*.) With app'ication of dust controls identified in Chapter B such as sprinkling of
roads and wetting or chemical stabilization of dried tailings beaches, resultant concentrations
cou,d be reduced to levels well within limits. For example, with 50% and 90% c- ntrol of road
dusting and tailings surfaces respectively, concentrations at the | km reference location would
be reduced to about 45 ug/m®. Achieving these levels of control would require constant manage-
ment attention, particularly during dry periods, since the chemical spraying or wetting
controls will only last for relatively short periods of time.

9.2.2 0On Topography and Land Use

Control systems would significantly reduce the degree of land contamina*ion that would occur as
a result of blowing tailings. To the degree that such contamination i: -educed or eliminated,
restriction of land uses would be avoided.

9.2.3 On Mineral Resources

All control system alternatives considered would have impacts identical to those of the hise
case.

9.2.4 On Water Resources

9.2.4.1 Surface water

The control system alternatives that would reduce the dispersal of particulates to ephemeral
stream beds or mine dewatering streams would reduce the impact on water guality proportion-
ately. Confinement of contaminant-carrying runoff to the mill site would still be necessary.

9.2.4.2 Groundwater
The impacts of the alternatives considered would be similar to tnose of the base case.
9.2.5 On Soils

Effective dust control measures would minimize the incremental addition of sodium, sulfate,
chloride, and nitrate compounds to natural concentrations in the soil. Also, the reduction of
primary p-oduction by dust deposition on leaf surfaces under conditions of the base case
would be prevented by the dust control option, indirectly, this wourd reduce soil erosion by
providing for better growth of vegetation,

% 2.6 On Biota

9.2.6.1 Terrestrial

Effective dust control would reduce impacts from deposition of tailings particles on vegeta-
tion; such impacts include decrease in primary prodictivity and increase in toothwear of
grazing animals. The effects of tailings dust inhalation by animals would also be decreased by
dust control.

£.«.6.2 Aquatic

The effect of dust on the aquatic habitat in the mode] region is minimal; therefore, the con-

trol system alterna*tives considered for particulate emission contro! would have little conse-
quence on water chemistry or on the aquat : hiota.



9.2.7 0On the Community

The alternatives considered would have impacts identical to those of the base case.

3.2.8 Radiological
9.2.8.1 General

Ir the base case analysis, a low level of emission contro) was assumed for the major radio-
active sources at the mill. the ore storage pad, crushing and grindiag operations, ore bins,
yellowcake dryer and tailings. Under the base case no steps were taken to control dusting from
the ore storage pad or from dried areas of the mill tailings impoundment (which comprised 60%
of the tailings surface area). Less than the most efficient rated stack control devices were
employed. As a result, individual exposure limits (40 CFR 190) were not met at the three
reference locations evaluated.

Section 8.2 identified alternative control methods which can be used to reduce emissions during
mill operations. Table 9.1 summarizes representative, available methods selected by the staff
from among those described in Chapter B, to illustrate the effects of increasing the level of
emission control in increments above the base case. These controls include the following:
using windbreaks and sprinkling at iLhe ore pad; improved filtering and wet, semi-autogenous
grinding to * luce or eliminate dusting which occurs from dry crushing of ore; improved
filtering or wet shipment to reduce or eliminate yellowcake emissions; and, stablizing the
tailings surface with water cover, surface wetting or chemical spraying.

Table 9.1, and Tables 9.2 and 9.2 which show what contr 'butions to offsite individual and
popu'ation exposures are made by various sources under the base case, provide an indication of
the relative importance of mill sources. From the releases and resultant exposures summarized,
it is clear that fugitive dust releases from the ore pad and grinding and crushing operations
are relatively insignificant. Ffurthermore, these releases do not present an obstacie in terms
of meeting the requirements of 40 CFR Part 190. However, in order to meet the 25 mrem/yr limit
of 40 CFR Part 190 at all three locations, tailings pile particulate releases and yellowcake
emissions would have to be simultaneousiy reduced by substantial fractions. Tailings pile and
yellowcake releases are also dominant in the production of regional population dose commit-
ments, as shown in Table 9. 3.

The effects of incorporating available emission controls into the base case model mill are
shown in Table 9.4 for individual doses at the three reference receptor locations, and in Table
9.5, for regional populatiun dose commitments. At all three reference receptor locations, air
concentrations resulting from operation of the mode) mill inder the base case were previously
shown ir compliance with the 1imits for unrestricted areas specified in 10 CFR Part 20. For
the base case model mill, doses at the fence post location are within the 25 mrem/yr limit of
40 CFR Part 190, for limited occupancy with no ingestion of locally grown food. At the trailer
location, compliance with 40 CFR Part 190 depends on emission controls, and also on the assumed
occupancy and ingestion pathways, For an occupancy factor of 50% with the vegetable ingestion
pathway present, cowpliance with 40 CFR Part 190 would require covering or contro)l of abuut 90%
of the 80-ha (200-acre) tailings area, in addition to a 50% further reduction of fugitive ore
dust and yellowcake releases. These control levels would also be sufficient to establish
compliance for the ranch location, even with vegetable, meat, and milk ingestion, and to reduce
regiona)l population doses by a minimum of about 80%.

While, in general, the staff has not attempted to evaluate the effects of specific control
devices or methods, two recent developments are noteworthy in that they can potentially elimin-
ate yellowcake and dry ore crushing emissions. These alternatives are use of wet, semi-
autogenous ore grinding and wet product shipment from the mill. Table 9 4 shows that employing
these methods can reduce offsite exposures but also shows that the incrementa)l benefit will be
only modest because the affected sources are small in comparison to the tailings source.
Greater potential benefits are offered in the area of occupational exposure which is discussed
below.

In summary, Table 9.4 shows that 40 CFR 190 limits canr be met at locatiuns near the mode! mill
but only with a high degree of tailings surface control and with an efficient yel.owcake dust
collection system. Since tailings dust controls are not autnmatic, constant vigilance and man-
agement attention to the status of tailings surfaces wili have to he exercised in order to meet
off-site dose limits. With regard to yellowcake emissions, a factor which is just as important
as rated collectinn device efficiency is proper and continuous control operation. It is imper-
ative that yellowcake drying and packaging operations that can produce yellowcske just be
secured when the stack control is not uperating properly. This obviously cails fo frequent
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Tabie 9.1. Effect of Improved Controls on Radioactive Emission Rates from Model Mill

Emiscsion Rate

Source end P 5
Control Level Particulates (mCi/y) Radon (Ci/yr)
Ore Pad
Base case (0%) Loe" 107c
Windbreak (30%) o 779
Sprinkling and (60%) 0.46°
Windbreak
Ore Crushing and Grinding
Base case (97%) 0.28"
Bag filter (98%) 0.19%
Jemi-autogencus grinding 0
Yellowcake Drying and Packaging Negligihle
Base case (98%) 72¢
venturi scrubber (100%) 36°
lurry product (100%) 0
Tailings Pile
Wetting and chemical
<tabilization
37X covered’ (50 ha dry) 2009 7000
75% covered (20 ha dry) 809 2800
90% covered ( 8 ha dry) 329 1100
100% covered 0 0

‘Pcrconuge of reduction in emissions from an uncontrolled source is given in parentheses.

bNot.n that because of the short half-life of 3.82 days, very little of the Rn-222 released
during a year will be present in the environment at the end of that year. Equilibrium between
the rate of release and the rate of radioactive decay is establishad relatively gquickly;
therefore, release at a constant rate equivalent to 7109 Ci/yr (as in the base case for the
mode! mill) will result in only 107 Ci of Rn-2.2 existing outside of the sources at any point
in time.

“Total release from ore through a!) stages before leaching is 107 Ci/yr and is unaffected by
application of controls.

dEnission rate for each of the long-lived isotopes (L-238, U-234, Th-230, Ra-226, Pb-210,
Po-210).

®Emission rate for U-238 and U-234; others are much lower.

f!ﬁ cover represents the base case for the model mil)--80 ha contain tailings but 20 are
covered with water and 10 more are maintained wet.

YEmission rate for Ra-226, PH-210, Po-210. Values for Th-230 are 5% less, much less f'ov
uranium isotopes.
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Table 9.2 Base Case Individual Doses at Reference Lacations, by Release Source, During the Final Year of Mill Operation
\
40 CFR Part 190 Dose, mrem/yr Total Dose, mrem/yr ‘
WhoTe Whole “Brenchial
Location Source of Releases Body Bone Lung Body Bone Lung Epithelium
1. Fence (site bom'uury)a Ore pad, G. and C. 0.01% 0.419 0.706 0.041 0.422 J.710 3.
Occupancy: 10% Yellowcake D. and P. 0.054 0.9u! 13.9 0.056 0.904 13.9 0.
Age: Adult Tailings Pile 0.410 7.64 2.37 6.85 141 8.81 196.
- 0.64 km ENE
i 411 sources 0.479 8.96 17.0 6.95 15.4 23.4 199.
. I1. Trailer® Ore pad, G. and C. 0 094 1.5 1.59 0.179 1.8 1.66 10.
‘ Occupancy: 50% Yellowcake D. and P. 0.194 3.24 40.3 0.202 3.2% 40.3 0.
1 : Adult Tailings Pile 8.97 115. 14.3 25.9 132. 31.2 505.
J 0.94 km ENE
| All sources 9.26 119. 56.1 26.3 136. 73.1 515.
' I11. Ranch® Ore pad, G. and C. 0.070 0.853 0.666 0.141 0.925 0.698 5. °
Occupancy: 100% Yellowcake D. ~+d P, 0.152 2.49 20.8 0.156 2.50 20.8 0. &
Age: Child Tailings Pile 1.1 19, 14.0 20.8 129. 23.8 283.
2.0 km ENE
All sources 11.3 122. 35.5 21.1 132. 453 288.

o ingestion doses included.
"Vogouble ingestion doses included.
chuble, meat, and milk ingestion doses included.
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Table 9.3 Base Case Annua! Population Jose Commitment

Received by Regional Population, by Relea e Source, Person Rem/Vr?

o Whole “Bronchial
Source of Releases Body Bone Lung Epithelium
Ore pad, G. and C. 0.075 0.539 0.191 2.1
Yellowcake 0. and P, 0.032 .51 1.3 0.
Tailings Pile 6.36 §2.2 1.2 136.
A1l sources 6.47 53.3 12.8 138.

%0 ¢ commitments are those received in final year of operation by the model region population.

checks of the yellowcake stack contrul device o determine when it is not operating properly,
as well as effective administrative controls tarring product operations during periods of mal-
function.

The previous discussion focuses primarily an the eifects of concrols in a case involving opera-
tion of a single mill for one year, and on the problem of meeting individual exposure limits.
Table 9.6 presents a broader perspective on the potential health risks associated with the
relatively high level of control required tc meet 40 CFR 190 at nearby locations. Total
exposures (inciuding contributions from radon and daughters) are presented for the individual
living at the ranch and an average individual living in the milling region for both the cases
involving isoclated mil) operations and operation of a mill cluster (12 mills). The table shows
what potential health risks are faced by these selected individuals as a result of exposure to
releases from a full 20 year mil) )lifetime. More specifically, the table indicates the fo!-
lowing:

1. Tata) exposures and risks to the maximum individual would be reduced to less than 10% of
those risks presented by background radiation on the assumption that surface contro!
measures would reduce radon emissions as effectively as dust, in the worst rase of 12
mills operating in a regiun. These risks would be to less than 2 per 10,000 of premature
deaths from cancer

2. The risks to the average individual in the milling region would reduce to sma'l fractions
(less than 1%) of background radiation induc-J risks even in th» worst case mill cluster
situation.

The above risks are those associated with a level of tailings dust control which would be a
s‘gnificant improvement over the base case which is representative of past practice at mills.
However, notwithstanding the facts that the risks estimated for this level of control would be
very small compared to those occurring as a result of background radiation, and individual dose
limits are met, the fact that any potential health effects can occur calls for reducing
emissions to as low as reasonably achievable. This is also necessary to avoid spread of ground
contaminati. which will lead to problems of final site decommissioning and cleanup.

The assumption that radon emissions will be suppressed to the same ex.ent as surface dusting is
a good approximation when a water cover or complete saturation ¢° che upper tailings surfaces
is the control method employed. . When chemical sprays and super?.~ial wetting are empioyed to
control dusting from dried surfaces, this assumption is not expected to be as accurate since
these would produce only a thin surface film. Thin films would be effective in controliing
aust but small imperfections or penetrations, which would likely be present in such films,
would provide escape routes for radon Water ccver could be achiaved in cases where the
tailings are disposed in a -lurry. This, however, has potential negative aspects when viewed
from the br. "4 ~ ~spective required in developing a long-term tailings disposal program.- For
example, a water cover provides a driving force for seepage to groundwiter, creates additional
problems of impoundment stability, =nd may make the problems of final covering of the tailings
more difficult than if tailings zre dewatered or dried prior to disposal. This conflict is
resolves by those tailings disposa) schemes which involve staged covering ¢nd reclamation of
tailings.

Section 9.3 evaluates in a more comprehensive manner the overall problems of tailings wanage-
ment and disposal. In that section, 9 alternative tailings disposal problems are evaluated
from a broader perspective than just control of tailings dustirg during operation.

N
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Table 9.4 Effects of Emission Controls on Individual Doses at Referencs Locations During the Final Year of Mill Operation

e

40 CFR Part 1390 Dose, mrem/yr

Total Dose, mrem/yr

Added . Whotle Bronchial
Location Effluent Controls Bone Lung Bocy Bone Lung Epithelium
1. Fence (=ite boundary) None (base case) 8.96 17.0 6.95 15.4 23.4 199,
Occupa.cy: 10% A, B, and D 3.72 8.25 2.1¢ 6.30 10.8 81.4
. Adult A, &, and £ L 1.88 7.68 | 2.92 8.7 344
N.%4 km ENE A, B, adF i 0.66: 7.303 0.049 0.663 7. 305 3.0
A, C, und D X 3.2, 1.30 2.76 5.85 3.88 81.4
A, C, and E . 1.4) 0.732 1.12 2.47 1.76 344
A, C, and F 0.008 0.216 0.353 0.021 0.211 0.355 30
II. Trailer None (base cass) 9.26 119. 56.1 26.3 136. 73.1 515.
Occupancy: 50% A, B, and D 3.73 48.2 26.7 10.6 55.0 33.5 212.
Age: Adult A, B, and E 1.58 20.6 23.2 4.3 23.3 26.0 90.8
0.94 km ENE A, B, and F 0.144 2.20 20.9 0.191 2.2 21.0 10.0
A, C, and D 3.64 46.6 6.52 10.4 53.4 13.3 212. o
A, C, and E 1.48 19.0 3.08 4.23 21.7 5.82 90.8 =
A, C, and F 0.047 0.575 0.795 0.08%5 0.590 0.830 10.0
III. Ranch None (case base) 11.3 22. 35.5 213 132. 45.3 288.
Occupancy: 100% A, B, and D 4,55 49.3 16.3 8.47 53.3 20.3 118.
Age: Child A, B, and E 1.89 20.7 13.0 3.48 22.4 4.6 50.3
2.0 km ENE A, B and F 0.1 1.67 10.7 0.149 Ln 10.7 5.0
A, (. and D 4. 48 48.0 5.93 B.39 52.1 9.87 118.
A, o, asd E 1.6} 19.5 2.57 3.40 21.1 4.16 50.3
A, C, and F 0.03% 0.427 0.333 g.on 0.463 0,349 £.0
‘Key to Effluent fontrols: A, ore pad, grinding, “rushing releases reduced by S0%. D, tailings 75% covered.
B, yeilowcake releases reduced by 50%. E, tailings 90% covered.
C, yellowcake releases reduced by 100% (slurry). F, tailings 100% covered
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Table 9.5 Effects of Emission Controls on

Annual Population Dose Commiiments, Ptrson‘MIYr"b'c

Added d Whole Bronchial
Emission Controls Body Bone Lung Epithelium
None (base case) 5.47 53.3 12.8 138
A, B, and D 2.60 21.4 5.26 56.7
A, B, ».¢c 1.07 8.88 2.57 23.9
A, P and F 0.054 0.526 0.776 2.1
A, C, and D 2.58 21.2 4.58 5.5
A, C, and E 1.06 8.62 1.89 23.9
A, C,and F 0.0386 0.270 0. £

‘This table presents annual populatien dose cummitments, (as opposed to environmental
dose commitments; see Section & 2.8) received by the population of the 80 km -adius
mode! regian in the final year of mill operation.

blf the same assumption regarding exporting food from the model region that was :
assumed n Chapter 6 were made here, total exposu'es to whole body, bone and lung 1
would be very roughly 50%, 75% and 30% greater than as shown here. However, total

bronchial epithelium dose would not be different from that received in the region and

total heaith risks would be only about 10% greater than those faced in the region

alone.

Cenvironmenta) dose commitments (EDCs) would be roughly in the same proportion to annual

dose commitments as was predicted in the base case (Chapter 6) ror example, with

contrels A, B and E appliad (see footnote d), the EDCs delivered in the region to whole body,
bone, lung and bronchial epithelium would be 1.49, 10.9, 3.0, and 23.9 person-rem per year,
respectively. This would be an approximate 80% reduction in exposure which is similar to
that estimated for annual dose commitments.

dl(ay to Emission Controls: A, ore pad, grinding, crushing releases reduced by 50%.
B, yellowcake releases reduced by SU%.

C, yellowcake releases recuced by 100% (slurry).

D, tailings 75% covered.

E, tailings 90% covered

F, tailings i00% covered.
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Table 9.6 Radiological Impact to Selected Individuals with Control

Risk of Premature Risk from Mills
Death from Exposure as Fraction of
to Mill Releases Risk Due to lact;
Dose Commitment (mrem/yr) Over 20 years ground Radiation
Whole Body Bone  Lung per 10,000°+¢ (%)
Max i mum lndividmld
(Ranch Location)
I il 1.5 F 65 1.1 (6.3) 7.6
Mitl Cluster 4.4 26 94 1.7 (9.5) 1
Average Individual?
1 Mill 0.026 u. 19 0.47 0.009(C.05) 0.06
Mill Cluster 0.27 2.8 4.8 0.08(0.55) 0.54

311 doses are tetal annual 50-year dose commitments. All doses are rounded to two significant
figures.

bThe range in risks due to uncertainties in health effects models extends from about 1/2 to
2 times the central value (App. G-7). This range does not include uncertainties in other
areas (e.g., source term estimates and dose assessment models).

“Risks are presented for exposure received after entire mill 1if.; that is, 15 years of exposure
during the operation of the mill, and 5 years of e:posure post ope ations while tailings are
drying out. are cunsidered. This value is greater than 20 times annual exposure presented
because tailings dust releases increase in period when tailings are drying. Figures in paren-
theses state risks estimated for base case.

Yrhe control level assumed involves 90% tailings surface dust control, 99% U30® emission
control, 98% control of ore crushing dust, and 60% control of ore pad dusting.

®The risk of premature death due to background radiation is estimated to be 7.4 x 1078
for one year of 1.5 x 10° for twenty years. The following annual background exposures
are ‘ssumed for the model region: whole body, 143 mrem; bone, 250 mrem; and lung,

704 mrom.
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9.2.8.2 Cumulative Dose Commitments and Health Effects to Occupational Wirkers

Cumulative dose commitments to occupational workers in United States uranium wills over the
period 1978 to 2000 were estimated for the mode) mili base case (Sec. 6.2.8.2.7). Cumulative
dose commitments based on the model mill are given again in Table 9.7, along with estimates of
the occupational exposure incurred if improved controls were added to the model mill.  Wet,
semi-autogenous grinding would greatly reduce one of the largest sources of radiological risk
to occupational mil) workers by essentia’ly eliminating ore dust in crushing and grinding
areas. The combination of wet, semi-autogenous grinding with wet shipment of yellowcake would
decrease the average radiological risk to occupatioral workers by about 27%. Cumulative
somatic health effects to occupational workers are given in Table 9.8 for alternative operating
modes. Table 9.9 shows the effects of the alternative operating modes on the average worker;
risks are presented in compariscn with those faced by exposure Lo backgrouind radioactivity.

Table 9.7. Cumulative Dose Commitments to Occupational Workers in United States Uranium Mills
(1978-2000) for Alternative Operating Modes

Dose Committment (organ-rem)

Lung
Operating Mode whole Body Bone Pulmonary Bronchial Epitheiium
Base Case 3.99 x 104 1.84 x 10% 1.53 x 10% 2.64 x 10°
With wet semi-autogenous 3.59 x 10* 7.38 x 104 4.73 x 10% 2.64 x 10°
grinding
With wet shipment 3.74 x 109 1.43 x 108 1.39 x 10% 2.64 x 105
of yellowcake
With wet semi-autogenous 3.34 < 10% 3.38 x 104 3.34 x 10% 2.64 x 10°%

grinding and wet shipment
of yellowcake

Table 9.8 Cumulative Somatic Health Effects to Occupational Workers in United States Uranium
Mills (1978-2000) for Alternative perating Modes

Average Decrease in
Increase in Cancer Radiological Heaith Risk to

Premature Deaths Death Rate due Occupational Workers by
Operating Mode due to Milling to Career Dose Alternative Operating Mode
% %
Sase Case 3.7 x 10! 12 0
With wet, semi-autogenous 2.8 x 101 8.8 24
grinding -
With wet shipment 3.6 x 101 11 3
of yellowcake
With wet, semi-autogenous 2.7 x 101 8.5 27

grinding and wet shipment
of yellowcake

%The career dose is based on a person working in the miliing industry for 47 years (that is,
from age 18 te 65). The increase in cancer death rate is based on an average annual risk
of death due to cancer of 1. 6x10 3 (Ref. 1).
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Table 9.9 Fotential Hea!th Risks to Average worker for Alternative Operating Medes

Risk of Premature Risk as a Fraction

Dose Commitment Death for Total of Exposure to

(mrem/yr Career - Chances Background 8

Operating Mode WhoTe Body Hone  Lung per 10,000 Radiation (%)
fase case 450 2100 4700 200 570
: Semi-autogenous grirging 110 840 3500 158 338
E Wet Uy04 Shipment 420 1600 4600 190 550
| Semi-autogenous grinding 380 380 3400 145 420

and wet Uy 0q Shipment

3Refer to Table 4.14 for natural radioactivity exposure levels.

9.3 MILL TAILINGS MANAGEMENT ALTERNATIVES

l Implementation of the several tailings management alternatives described in Seciion 8.4 is

* evaluated herein in terms of the environmental impacts expected to cccur in the model region.
The evaluations are valid for comparisco of the alternatives, but are rot necessarily valid for
any existing or future real eituation It ic realized that tha relztive merits of the alter-
natives may change when they are applied in different geophysical regions; thus regional varia-
tion? and other factors that might affect implementation of alternatives are discussed when
pertinent.

The potentia! impacts on a given environmental component (e.g., soil, biota) are evaluated for
each of the alternalives successively so that the impacts on that component can be readily
compared. The purpose is to illustrate to what degree the base-case impacts can be reduced by
each of the alternative tailings management programs. Inasmuch as the programs contain various
process alternatives, they are evaluated as parts of the programs. The various monetary costs
associated with implementation of the alternatives are summarized in Section 11.2; a more
complete discussion is given in Appendix K-4., Cnapter 12 contains a final benefit-cost evalua-
tion of major aspects of mill tailings management and disposal alternatives.

9.3.1 On Air Quality

The primary impact of the tailings area on air guality would be an increase in suspended particu-
fate matter downwind of the piles. The alternatives are assessed relative to emissions of dust

| and gases or vapors that probably would result during operation and before reclamation. It is

| presumed that after reclamation, all emissions would be indistinguishable from the natural
release of dust in surrounding areas.

: 3.3.1.1 Before Reclamation

| Relative to air quality impacts, the alternatives fall into three classes: (a) those for whick

. impacts would be virtually the same as for the base case (or of the improved base case if the

i control alternatives of Soac. 9.2 were used); (b) these for which impacts would be incrementally

| lessened; and (c) those for which impacts might be more severe than those of the base case.
Members of class (a) are Alternatives |, 4, and 6, all of which duplicate the base case during
opera’ions and require a dr ng-out peried of several years.

Class (b) zonsists of Alternatives 2, 3, and 5. Some decrease in air quality impacts is
expected under Al.ernatives 2 and 3 because the drying surface of the tailings would be below
grade and protected by relatively steep walls; impacts would be reduced under Alternative 5 as
a result of the phased nature of drying and covering.
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Alternatives ., ., and 9 are placed in class (c) because of the additional emission of p-llu-
tants resulting from the drying and fixing operations and from emission of oxides of nitrogan
from the nitric acid process.

1.3.1.2 After Reclamation

With respect to the maintenance of ambient air guality after vegetation is established, all the
alternatives are good (and much better than the base case); some are better than others, how-
ever, when long-term effects are considered. Tailings areas resulting from the programs of
Alternatives 1, 6, and 9 would be relatively more susceptible to erosion effects and the like-
lihood of particulate dispersion would be correspondingly greater. The disposal areas of
Alternatives 2 through 7 would be better protected from erosion, whereas that of Alternative &
would he imnune

9.3.1.3 Conc usion

The impacts occurring before reclamation are weighted less heavily because they are temporary,
the following remarks are based largely on effects expected during the postreclamation period.
Relative to air quality impacts during such periods, all of the alternatives are generally
acceptable, although Alternative 1 should be avoided, if at all possible, because the sceep
aspect of the tailings pile is likely to result in relatively severe problems with blowing dust
over iong periods of time. Of the remaining alternatives, 6 and 9 are less favored, and 8 is
ideal.

9.3.2 On Land Use

Land use aspects of the various tailings management alternatives can be considered from two re-
lated but slightly different points of view: (]) the removal of land from premilling use and
(2) restriction of future land use. The evaluations in this section will be rastricted tc the
former consideration; questions of land use control are discussed in Section 9.4.2.

9.3.2.) Evaluation of Alternatives

nlternatives 1, 4, 6, and 9 all would require the use of about the same amount of land as the
base case. Assuming that a "self-maintaining" vegetative cover were established on the over-
burden covering the tailings, the land possibly could be used for grazing. The suitability of
the land for such use would depend on the degree to which vegetation was successfully estab-
lished so as to both stabilize the overburden (to prevent wind and water erosion) and stand up
under grazing pressure (of either livestock or wildlife). Such iand use would probably not be
possible under Alternative |, in that continued active care to maintain a cove: of vegetation
would be required. Range and livestock management on surrcunding lands would also affect the
use ut the tailings land.

Alteinatives 2, 3 and 7 also would reguire about the same amount of land as the base case.
Since a depleted open pit mine would be used, some of the land use restrictions which existed
because of the presence of the mine would be removed. This 'and also possibly could be used
for grazing. There could be a net gain of about 100 ha (250 acres) for this activity.

Implementation of Alternative 5 would require about twice as much land as wouid those above;
however, the phased nature of the operation would allow earlier return of the land to pro-
ductive use and the ultimate use of the area would be identical.

The above analyses apply to the model regfon, In those regions of the United States substan-
tially different from the model region (e.g., the Southern Rocky Mountains, Northern Rocky
Mountains, and Texas Coastal Plains regions, which have a high percentage of land in woodland
and forest, or the Great Plains, which has a high percentage of crepland) the above evaluation
must be modified. It is doubtful that forest could be reestablished on the tailings. In the
case of cropland, it may be desirable to prohibit any agricultural practices which involve
tilling the soil or growing human foodstuffs over the tailings, as discussed in Section 9.4.2.

Tailings disposal in a deep mine, as in Alternative 8, would result in little or no additional
disturbance of surface land. Filling of the mine with tailings might, in some cases, lessen
the potential for surface subsidence over the mine.

9.3.2.2 Conclusion

Relative to land use, Alternative 8 appears optimal. The small amount of land disturbed during
implementation of the alternative could be restored rapidly; furthermore, there appears to be
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little chance that unrsstricted land use would be preciuded in the future. Alternatives 2, 3,
and 7 would allow the reclamation of an open pit mine, which would result in additional pro~
ductive land, but the {robability that this use might have to be abandoned in the future is
higher than for Aiternative 8 The same consideration applies to Alternatives 4 through 6 and
9; furthermore, in thes: cases no previousiy restricted-use land would be reclaimed.
Alternative | appears t be the jeast desirable because the potential for productive use of the
reclaimed tailings disprsal site is the least,

9.3.3 0On Mineral Resour:es

Those aspects of the tai ings management alternatives that impinge on mineral resources consist
primarily of the nerceivid difficulty of future recovery of those mineral values in the
tailings and, in some ca.es, those lying below the tailings area. The evaluation of future
recoverability is made ¢y the basis of currently available mining technigues. It is recog-
nized, howeser, that on/oing development cf these technigues may obviate some of the diffi-
ctulties now perceived. From this viewpoint, the base case is highly rated inasmuch as the lack
of covering would -~ .er easy the recovery of minerals from those tailings.

9.3.3.1 Evaluation of Alternatives

The placement of a liner below the tailings might make the recovery of any mineral resources
located below the tailings somewhat more difficult, but would not affect the recovery of any
minerais left in the tailings themselves. The placement of a cap over the tailings would be an
impediment to the recovery of any mineral resources below the tailings or of minerals left in
the tailirgs, but would not preclude their recovery. Fixing the tailings in concrete, asphalt,
or another agent would seriously impede future recovery of any minerals in the tailings. In
addition, the recovery of any mineral resources below the tailings would be made more dif~
ficult,

On the basis of the above discussion, Alternative 1 appears desirable relative to this consid-
eration, far only the cover would impede recovery of mineral values. Those alternatives that
involve only emplacement of a liner and cover (Alternatives 4 through 6 and 9) would make
recovery somewhat more difficult, but not materially sc. (The presence of shale in Alternative
4 and the more dispersed character of the tailings in Alternative & are considered to be incon-
sequential.) The presence of substantial quantities of backfill in Alternatives 2 and 3 would
add another increment to the difficulty of recovery, but again a rather small one. Such is not
the case for Alternstives 7 and 8, under which fixing of the tailings could seriously impede
recovery; indeed, returning fixed tailings to a deep mine virtually precludes future mining of
the tailings.

9.3.3.2 Conclusion
Relati. . to recoverability of mineral values, all the alternatives except 7 and 8 are satis-

factory, although minor differences exis' among them. The fixed tailings under Alternative 7
would be difficult to mine and those under Alternative 8, very difficult.

9. 3.4 On water Resources

The contamination of water resources from uranium milling sctivities can result from introduc-
tion of deleterious substances into groundwater or soil strata or their deposition on the soil
surface, with subsequent movement in surface water. Recharge of aquatic hahitats by contamin-
ited groundwater will influence surface water quality during dry seasons when recharge main-
tains base flows in streams or minimum levels in other bodies of water. Degradation of surface
water quality may also occur when contaminants deposited on the soil surface from wind dis-
persal and seepage are transported to aquatic habitats in runoff or soil interflow following
precipitation; however, this mode of transport is not likely to be important,

9.3.4.1 Surface water

9.3.4.1.1 Before Reclamation

Of the various processes incorporated into the tailings management alternatives, only nitric
acid leaching of the ore would have impacts to surface water quality different from those of

the base case. This process differs from the sulfuric acid leach process by releasing nitrogen
as nitrate, a more toxic chemical than sulfate.? The nitrate fon does not adsorb on soil as

- <
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readily as does the sulfate ion and thus will be transported to groundwater by seepage and
thence to surface water by recharge. ® The resultant impacts to aquatic systems would exceed
those of the base case.

9.3.4.1.2 After Reclamation

Analysis of impacts to surface waters from each of the tailings manage-ent alternatives is
based on an evaluation of potential contamination routes in comparison to the base case. The
surface water contamination mechanisms considered are wind dispersion, seepage to surface
water, seepage to ground surface, and seepage to groundwater and subsequent recharge of surface
water.

Many of the alternatives would involve installation of & clay or synthetic (plastic) liner to
reduce or eliminate seepage. A 1-m (3-ft) layer of compacted bentonite clay installed as a
liner in the tailings pond would reduce seepage to 6% of that typical for the base case
(unlined). On the other hand, the contaminants in the seepage would be concentrated to 3.6
times the values for the base case (from increased evaporation). The effect of clay liners on
potential surface water quality degradation therefore is difficult to estimate since the impact
of reduced seepage rates must be offset by the increase in pollutant concentration. In addi-
tion, the distance that the seepage traveled would influence its chemical composition and the
concentrations of the pollutants.

“ynuotic (plastic) liners are impermeable barriers to seepage of tailings discharge. Proper
instal ation of a plastic liner over the tailings pond bottom and a!l embankments would elimin-
ate see age if the integrity of the liner were maintained.

The bentinite clay cover used in all the alternatives would retard infiltration of atmospheric
precipitacion. This procedure would reduce seepage from the pile and might aid in the reten-

tion of the integrity of the liner. [Installation of a clay cap would eliminate aerial distri-
bution of particulates and contaminants and infiltration of precipitation into the tailings.

The use of asphalt, cement, or other “tailings binders” to immobilize heavy metals and soluble
salte gischarged in mil] wastes would reduce or eliminate the potential for these substances to
degrade surface water quality.

No Jiner is provided under Alternative )1, hence, seepage and its rasultant effects on ground
and surface waters would be as described in Section 6.2.4.

Liners would be provided under Alternatives 2 through 6, and 9. If the liners were of clay,
the remarks above would apply; seepage would be reduced, but not eliminated. It is assumed
that if plastic liners were used, seepage would be eliminated for a limited time, but over
Tangor periods some seepage would occur (see Sec. 9.3.4.2) so that the overal) effect would be
ne same. The effects on surface water gquality would be similar to, but less than, those
discussed in Section 6.2.4.1, no quantitative statement can be made for the complex system,

"he partial drying of tailings before deposition (Alternative 3) would reduce (to about 40%)
v1e potential for seepage as compared to other alternatives in this group, assuming that the
integrity of the cap were maintained. The shale layer of Alternative 4 would be intermediate
between clay and plastic with regards to seepage. The character of the seepage under Alter-
native 9 would be different (see Sec. 9.3.4.1.1), but the overall effects would be comparable.

The fiaacion of tailings with cement or asphalt would eliminate impacts from dispersal of dust
and minimize seepage problems so long as intcqrity of the bond were maintained. Implementation
of Alternative 7 or 8 thus is desirable relative to maintenance of surface water quality;
placement of the fixed tailings in a deep mine (Alternative 8) is regarded as the better
choice.

9.3.4.1.3 Conclusion

The impacts on surface water quality resulting from implementation of any of the tailing:
management alternatives would be small. Seepage to the groundwater and depositicn of airborne
toxicants likely to result under Alternative | would lead to some contamination of surface
waters via the indirect mechanisms mentioned above. Those alternatives that provide liners
beneath the tailings would be neede only in the short term until the tailings pond dried out.
Because the fixed tailings in Alternatives 7 and 8 would be deposited in contact with ground-
water, potential for damage to aquifers would be higher, and surface water quality might be
impaired via recharge from contaminated groundwa!2r. Emplacement of the standard covering for
Alternatives | through 7 is considered desirable in that it would mitigate the impacts of
particulate dispersion. The thinner cover of Alternative 9 would make probable earlier disper-
sion of deleterious substances, so this alternative is less desirable in this regard. The

/ I) ) :' JQ
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thick covering of overburden afforded by the location of the deep mine would make Alternative 8
most desirable from this standpoint.

The discussions above are all based on the characteristics of the model region. Some discus-
sion of potential impacts in the six physiographic regions of the United States in which ura-
nium mining and milling occurs is given in Appendix M

9.3.4.2 Groundwater
9.3.4.2.) Before Reclamation

Several of the processes incorperated into the tailings management alternatives could result in
impacts to the groundwater quite Jifferent from those discussed for the base case. Because
these impacts would occur during operations, they are discussed here, although some would con-
tinue into the postreclamation period.

- Nitric Acid Leach Process. The nitric acid leach process would result in a tailings pond
1iquid composition essentially the same as that for the base case (Table 5.3), except that
nitrate jons would replace sulfate ions and the concentrations of radionuclides would be
reduced by a factor of ten. Rates of seepage and groundwater contamination would be the same
as for the base case, except that high concentraticns of nitrate, instead of sulfate, would
occur in groundwater. Because the maximum permissible concentration for nitrate is 10 mg/L and
that o suifate is 250 mg/L (Table €.3), there would be a somewhat greater groundwater contam-
ination and health hazard in using the nitric leach process.

Neutralization of Slimes. If the tailings sond liguid were neutralized, most toxic solutes
would precipitate. The rate of seepage from the tailings pond and the distribution of seepage
water in groundwater would not change from the base case: however, most cf the toxic constitu-
tents of the tailings liquid would not be present in the seepage water. Anions such as sul-
fate, selenate, and arsenate might not be removed, however, and hence some groundwater contam-
ination would still eccur.

Soligification of Tailings by Incorporation in Asphalt or Cement. Conversion of tailings to
a solid form by incorporation with asphalt, cement, or other material prior to disposal would
minimize groundwater contamination by seepage and percolation because of the low leachabilit/
of the fixed material. Some experiments have been perfurmed to determine leachabilities of
this type of material.* These studies indicate that because portland cement ~cn-rete hardens
with an open-cell, porous structure, fons from uranium tailings used as concrete aggregate may
be leached relatively easily (compared to tailin?s solidified in a bitumen). The actual sur-
face area exposed to a leachant may be 8 x 107 times greater than the geometric surface area of
the concrete. Leaching rates from concretes containing radioactive wastes other than tailing
have been measured to be between 2 x 10 * and 10 ' g/cm?-day.® As with unsolidified tailings,
certain ions are more easily leached than others, Leaching rates for all ions are greatest
when:

1. The ratio of tailings to cement is high, and the tailing surface area exposed to inter-
connecting pores within the cement is jarge.

2. The ratio of basic and acidic oxides in the final product (a function of the chemistry of
the tailing and cement) does not fall within the narrow range of desirable values and
results in the concrete having a poor mechanical strength. This leads to cracking,
spalling, and increased surface area. S)imes are neutralized to minimize this possibil-
ity.

Leaching may Le minimized by:®

1. Incorporating bentonite, grundite, or other clays into the concrete mix to adsorb some of
the ions.

2. Coating the surface of the coicrete with bitumen or a similar material to fill the pores
and prevent water from seeping through the concrete.

3. Impregnating the surface pores with styrene monomer, which is then polymerized by heating
to 50-70°C (120 to 160°F). This can decrease the leachalility by two orders of magnitude,
but it may be impractical for the large volumes of tailings-concrete,

The leaching rate of ions from tailings incorporated in asphalt (bitumen) is expected to be
between 10? and 10° times lower than for similar cement mixes, because of the superior coating
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characteristics and insolubility of asphalt,® Actual leach rates of actinide tracers have been
determined to be between 10 7 and 10 ? g/cm?-day.® As with the cement mixes, leaching rates
vary with the individual fons.

Experiments at Oak Ridge National Laboratory indicate that the leaching rate uf an asphalt mix
is highly dependent on the ratio of waste to asphalt.* Again, incorporation of clays or other
chemical adsorbents into the asphalt mix is a good mitigative measure.

All of the tailings management programs considered herein include placement of . cover over the
tailings. Relative to groundwater contamination, this has the advantage that because precipi-
tation would not enter the abandoned tailings, if the clay cap retains its integrity there
should be no long-term seepage as was predicted for the base case. The lack of seepage would
be a definite advantage because contaminants would be permanently isolated at the level o
which they advanced at the end of mill operation [0 .26 m (10 inches) below the tailings for
radium for the base case].

Most of the alternatives would include installation of a liner--1 m (3 ft) of cowpacted clay or
a sheet of Hypalon--to reduce seepage from the tailings. [f a synthetic liner we-r used, there
would be no seepage during mill cperation if the iiner retained its integrity. Although
synthetic liners have been known to fail because of subsoil settlement, puncture by rocks,
splitting at seams, or entrapped air bubbles,® the probability of failure can be greatly re-
duc _ , careful placement and the use of reliable linc-s. Synthetic liners resistacl to
sutfuric acid are available, but the long=term reliability of these liners is not known.

| Where tailings are to be deposited as a slurry, proper placement of a clay liner will render
' the holding area relatively impermeable. The clay layer would consist of clay containing a
l high propertion of montmorillonite, an e anding-lattice type clay mineral which, whan wet,

tends to swell and exhibit thixotropic properties, particularly when the predominant cation of
the clay mineral is sodium. If properly placed and a'luwed to dry, the resulting surface is
relatively impermeable. Experience with clay liners at existing tailings impoundments has
shown that the major problem:s en_ountered with this type of impervious layer are faulty
material and the difficulties associated with bonding of the clay to sloping rock surfaces. In
the latter case, blasting a trench into the rock and packing the trench with clay provided
satishg’:tovy bonding. On slopes of less than 45°, compaction and ciay bonding were not dif-
ficult,

Assuming that the clay liner is satisfactorily installed and that equilibrium conditicns apply
(i.e., no additiona) water is furnished to maintain an arbitrary coverage of the tailings
surface), the expected seepage rate can be computed Following tic method of Appendix E, the
hydrologic budget ran be written as:

Qppt 4 Qiill " Qentr N Qevap ’ qup M

where Qppt = 2.79 x 10% */yr (9.9 x 10° 7t¥/yr) and Q ), = 4.60 » 10% m¥/yr (1.6 x 107 ft3/yr)

{from App. E). Leakage through the liner would be slow, but it can be assumed that gravita-
tional water in the tailings would eventually drain out, and Qentr = 6.6 x 10% m*/yr (2.3 x 10°

ft3/yr) as in the base case. Use of a liner would result in the development of a large pond,
and seepage would be likely to occur through the eatire area of 80 ha (200 acres).
Qun*:t seop can be found from the Darcy equation, where the head laoss (M) is Laken as 5 m (15 ft)

[4m (12 ft) of saturated tailings and 1 m (3 fi, of tentonite liner], and the hydraulic cca-
ductivity (K) and thickness (L) of the clay admixture are taken as 10 ® cm/s (4 x 10 ® inches/s)
and 1 m (3 ft), thus,

- rieal
Qnit seen | ()

(1075 ew/s) () ha) (%'!)
i

1.58 x 10° m*/yr-ha
(2.3 x 103 ft3/yr-acre)
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[Thus, for the clay liner, Qunit - is about &% of Q.. - (3.65 x 10% m¥/yr-ha) for the
model mi 1 Mu'tiplying by 80 ha, Q$e,p = 1.3 x 10% m*/yr (4.6 x 105 ft3/yr). Substituting

known values into equation (1) above, chnp = 5.60 x 105 ¥ /yr (2.3 x 107 ft3/yr).

Under equilibrium conditions, the evaporating area (A ) would increase by about 50% over that
for the model mill, i.e. : e

A, = .60 x 105 md/yr
1.5 m/yr

= 44 ha (110 acres).

The rate of seepage during mil) operation would be only (0.13 x 10° m*/yr)/(2.2 x 105 »¥/yr) =
6% of that of the base case. This does not mean, however, that the groundwater impacts would
be reduced to 6% of those of the base case, because the reduced seeping causes increased evapo-
ration, resulting in a more highly mineralized seep.

The net loss of pure water would be 3.87 x 10% m3/yr (1.3 x 107 ft3/yr), so the increased
concentration is:

4.60 x 105 m*/yr
4.6 x 10° m¥/yr - 3.81 x 10° m3/yr

= 582%.

This increase in dissolved contaminants would increase the concentrations shown in Table E-3.1,
Column B, Appendix E, by a factor of 3.6. Because the subsoi! would stil) be able to neu-
tralize the advancing acid seepage water, however, the concentration of all substances in
groundwaier is expected to be roughly the same as shown in Table 6.3 of Section 6.2.4.2, except
for selenium, sulfate, arsenic, and other anions not affected by pH.

The trave]l times and dispersion predictions of Appendix E (Fig. €-2.2) would be roughly the
same as the base case because the downgradient groundwater flow velocity is the same. The
movement of radicactive contaminants would probably be slightly less than 0.26 m (10 inches)
below the bottom of the tailings pond area after 15 years because of the greater adsorption
capacity of clayey materials in the liner.

In summary, the berefit of using a low-permeability liner (reduction of seepage to 6% of base
case) is offset to some degree by the fact that the contaminants in the seepage wil!l be more
concentrated (3.6 times).

9.3.4.2.2 Postreclamation

Inasmuch as all of the alternatives have virtually identical cover properties, they will be
discussed from the aspect of potential seepage and th¢ resultant groundwater impacts. From
this vantage point the alternatives fall into 3 classes: (1) those similar to the base case;
(2) those related to the base case, but with lower seepage raies, and (3) those quite differant
from the base case.

There is only one member cf class (1), viz., Alternative 1. It differs from the base case in
that installation of the cap would reducs infiltration by precipitation, an? thus lessen seep-
age somewhat, but in other ways it greatly resembles the base case and the discussion in
Section 6.2.4.2 applies, although the magnitude of the impacts may be rather smaller.

A Tiner would be emplaced under Alternatives 2 through 6 and 9, and they all fall into
class (2). The discussion above on seepage through clay lines would apply directly if a I-m
(3-ft) clay liner were used; if a Hypalon sheet were emplaced, permeability values would be
lower. The general conclusions would be similar.

The two options of Alternative 2 are essentially identical with respect to seepage, and Alter-
natives 5 and 6 are sufficiently similar to Alternative 2 that they all may be discussed to-
gether. Drying of the tailings, as in Alternative 3, would reduce the amount of liquid avail-
able to seep, whereas Alternative 9 differs from Alternative 6 only in the quantity of cations
present in solution. The presence of a shale layer (Alternative 4) would result in a perme-
ability intermediate between clay and Hypalon. If these differences are borne in mind, all the
alternatives in this class can be discussed together. The general features of seepage from the
lined basins of these alternacives are discussed above. Ion-exchange prorerties of the soils
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for the base case. Relative to soil, therefore, this alternative would be less satisfactory
than the base case. For Alternative B, no additional land would be required for tailings
disposal, assuming that an aoandoned mine was already in existence. If none existed, then a
site for temporary storage of tailings would be needed until an empty deep mine became avail~
able. Such storage temporarily would remove lanu from productivity, Alternative B thus would
be less savisfactory than disposal in an open pit mine. For Alternatives 2, 3, and 7 (mine pit
disposal of tailings), no additional dis* rbance or loss of soil would be required, other than
that caused by mining; for this reascn, any of these alternatives would be superior to the base
case or any of the other alternatives in terms of minimizing the area of soil loss or disturb-
ance from tailings disposal.

9.35.2 S5o01) Salinization

As described in Section 6 2.5, salinization of soil can result from seeping and leaching of salts
from the tailings into or onto the s~il.  For assessment of impacts at the model site, it is
assumed that only a small seep from the dam, and no upward movement of seepage or soil water
occurs. Realistically, such upward movement through the soil can occur, particularly under the
influence of the high evaporation rate of the region. Any alternative that would prevent or
minimize seepage and l..ching of salts from the tailings to the soil would thus prevent soil
salinization and its consequent adverse effects. Placement of a liner, either clay or syn=
thetic, can reduce seepage markedly unless the liner fails sometime during the 20-year opera-
tion r ricd. Alternative | (compaction of the natural earth bottom) would essentially be no
different from the base case, since the model site is predominant |y sandy material that does
not compact to an impermeable layer (see Ch. 4). Alternatives 6 and 9, which involve placement
of tailings with a liner, would permit seepage to soil if the liner failed. Alternatives that
involve placement of tailings in the mine pits (Alternatives 2. 3, 7, and 8), with or without
liners, are expected to have essentially no potential for salts to reach the rooting zone of
vegetation or the soil surface, particular.s in the case where the tailings are deposited dry
(Alternative 3), Alternatives 4 anu 5, which involve near-¢urface placement of tailings and
liner  fall between these extremes but would more closely resemble the mine pit disposa) alter-
natives.

A coincidence of events in which the groundwater aquiter intersects the tailings, the liner
fails, and the groundwater rises to the soil surface, thus introducing salts into the soil, is
considered unlikely at the model site. In terms of preventing soi) salinization, therefore,
deep mine or open pit disposal of dried or fixed tailings, is optimum.

9.3.5.3 Regional Variability

Impacts to soil under the various tailings management alternatives were addressed above in
terms of the model site. It also is informetive tu consider the alternatives in terms of
regions with characteristics markealy different from those of the model region. Regional
varfability and the tailings managemert alternatives are related in two general ways: (a) some
characteristic of a given region may be a large factor in the feasibility of a given alter-
native, and/or (b) the magnitude of impacts from 4 given alternative is partly a function of
the characteristics of the given region. One example of category (a) is a region such as the
Northern Rocky Mountains, where uranium ore may be extracted by surface mining only. In that
case, Alternative 8 is more likely to be excluded from consideration in selecting a tailings
disposal method. Another example of category (a) is the Texas Gulf Coast region, where a high
proportion of the soils are Vertisols, which have high shrink-swell potentiz] (see Ch. 4 of the
Supplement). An alternative that employs a compacted earth, clay, or synthetic liner on the
ground surface (Alternatives 1, 5, 6, and 9) may not be feasible because of the potential for
rupture and deep cracking of the supporting soil base. In general, however, the effect of the
regional characteristics upon feasibility of a given alternative is of less impor~tance than the
effect of regional characteristics on the impacts of a given alternative.

As in‘icated previousiy, impacts to soils from tailings disposal arise from (1) loss of the
s0il resource by preemption of land, and (2) sof) salinization. The magnitude of these effects
will vary with the alternative and the region. For examplie, in the Northern Rocky Moun*ains,
the soils are mainly Inceptisels and Mollisols (see Supplement), relatively deep soils support~
ing grassiands, agriculture, and forest.

Salinization due to seepage is not likely tu occur because of the relatively high rainfall [40
to 125 cm (15 to 50 inches)] and, in general, good drainage in the region. The major impact in
this region will accrue from loss of forest, agricultural, and grassland soils, all of which
have higher fertility and greater productivity than the soils of the mode] site. Any tailings
management alternative that wou'd reduce the overal' commitment of land area (Alternatives 2,
3, 7, and 8) would be optimal in terms of impacts to soils in this region. In arid and semi-
arid regions, such as the southerr Great Plains, Wyoming Basin, and Colorado Plateau, rainfall
is relatively low, and soii salinization becomes important. Physical location of the tailings






. S S —

9-21

Alternatives that decrease the potential for adverse seepage effects on soil (see Sec. 9.3.5)
are also those with the least potential for causing adverse effects on terrestrial biota. This
is because seepage from the tailings impoundment must enter the soi) and surface seeps before
it can interact with terrestriz, biota. As discussed in Section 9.3.5, Alternatives I, 6 and 9
(ground-level placement of tailings with compacted earth or liner) have the greatest potential
for adverse effects to the terrestrial ecosystem if the liner fails. Disposa! of tailings,
preferably dry or fixed, in mine pits (Alternatives 2, 3, 7, and 8) would pose the least threat
of adverse seepage effects.

One distinctive feature of Alternatives 7 and 8 (tailings fixed in cement) is the potential for
dust from the cement plant to be deposited on vegetation outside the suilding. In several
studies (reviewed in Ref. 8), cement-kiln dust has been found to have direct adverse effects on
vegetation, such as crust formation on leaf surfaces, reduction of growth, prevention of pollen
germination, ano prevention of normal gas exchange due to plugging of stomata. Indirect
effects, such as changes in soil pH and nutrient availability, can affect the vegetation com-
munity structure, as has heen demonstrated in studies with forest communities subjected to
long-term exposure to cement-kiln dust. 9+10

The question of postdisposal covering of tailings can be of major importance relative to terres-
trial biota. This is because the cover would act as a physical barrier between the possibly
toxic tailings and the organisms on the earth's surface. Alternative 8 (deep mine disposal)
provides the best barrier in this respect since only a relatively small area (the mouth of the

shaft) is required to be filled in. The chance of breaching the shaft cap is thus relatively
small.

Alternatives 2, ?, and 7 (mine pit disposal) would allow the next best isolation of the
tailings from surface organisms, both plants and animals, since the depth of most open pits
would make it easier than other, near surface disposal alternatives to provide very thick cover
of the tailings. In general, however, covering with overburden to depths of several meters
would preclude penetration of the tailings by plant roots in most cases. This would, in turn,
prevent uptake of potentially toxic fons by the veyetation, translocation to aerial portions,
and introduction into the surface ecosystem.

A few species of plants can be identified that might penetrate to the near cap ana below, which
for the standard cover (sce Table B.4) is abuut 2.7m below surface. For exam:le, roots of big
bluestem, switchgrass, and Indian grass can extend down to depths of over 2 m (7 ft), 3.4 m

(11 ft), and 2.8 m (9 ft), respectively.!!’12 plant root growth in the earth cover would
increase the porosity of the cover, allowing scme infiltration of water, possibly to the cap.
Burrowing animals may penetrate overburden cover; in general, the thicker the cover provided,
the Tess likely it is that this will lead to significant disruption of the tailings isolation.

9.3.6.1.2 Effects of Process and Control Options

In general, the process and control coitions are expected to have little effect on the impacts
of the tailings management a'ternatives to lerrestrial biota, except as discussed in Section
9.3.5. Since the soil is an interacting component of the terrestrial ocosystem, options tha*
decrease idverse effects on soil also decrease adverse offects on terrestrial biota. One
process option that warrants some discuss.on in this respect is nitric acid leach. As de-
scribed in Chapter 8, the process can be designed so that the concentration of the nitrate ion
in the tailings slurry does not exceed 10 mg’L, th+ maxiaum allowabie concentration in domestic
water 2 [For livestock and poultry (and presumat iy, other animals) the recommended limit is
100 »g/L nitrate.]'® However, in the past, the use of nitric acid leaching has resulted in
nitrate concentrations on the order of several hundred mg/L in monitor well water.® Sslection
of this option thus implies a necessity for continual surveillance and control of the milling
operaticn.

9.3.6.1.5 Regional Variability

The feasibility of the various a'ternatives in any given region is subject to constraints
similar to those discussed for soil and has little to do with the biotic characteristics of the
region:z. The severity of impacts of the various alternatives upon the terrestrial biota char-
acteristic of a given region varies irom region to region. Regions such as the Northern and
Suuthern Rocky Mountains, and the Texas Coastal Plains that have the largest diversity of «ild-
{ife habitats will tend to be more adversely affected by preemption of land for tailings impound-
meits toan the other regions. 1In particular, the Texas Coastal Plains region has twice as many
federally listed endangered species as any other region, not necessarily because this region

has been more disturlLed than the other regions, but because this region has a greater diversity
of habitats, particularly wetlands, that are used by migrating and resident species.

The Wyoming Basin, Colorado Plateau, and Western Great Plains regions include areas with se’e-
niferous shales.'d The tailings characteristic of these areas will tend o Apvg hiqhq}o?cen-
{7/ "
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trations of selenium than tailings from other areas; seepage from the impoundment siteés for
these tailings would thus tend to have more toxic concentrations of seleniim than the seepage
from tailings in nunseleniferous formations. Similar conditions would exist in areas rela-
tively high in arsenic, molybdenum, and vanadium. In these regions, therefore, the alter-
natives that have the greatest potential for seepage to the ground surface (base case and
Alternative 1) would be less attractive.

9.3.6.1.4 Summary

The lagor impacts to terrestrial biota from uranium mill tailings disposal would be: (]) loss
of habitat due to preemption of land for the disposal site, and (2) introduction of toxic
material into the biosphere because of seepage from the impoundment..

Adeguate revegetation of the site after operation, and natural vegetational succession, will
tend to restore wildlife habitat. Over the long term, therefore, loss of habitat can be con-
sidered a temporary effect. Seepage effects, on the other nand, will persist for decades and
thus are of the most concern. The tailings management «lternatives that tend to maximize the
isolation of the material from the biosphere (e.g., disposal in a deep mine or in an open pit
mine) appear to be superior to the other alternatives with respect to impacts on terrestrial
biota. However, tailings alternatives which reduce seepage emissions, such as Alternatives 2
through 6, would be adequate in eliminating problems of seepage and soil salinization.

9.3.6.2 Aguatic

Impacts to aquatic ecosystems which may affect aquatic biota can be classified as either physi=
cal, chemical, or biological. Physical impacts are alterations of habitat: chemical impacts
are alterations of water quality; and biological impacts are introduction of new species or
removal of resident species. Impacts to aquatic biota from uranium mill tailings are princi-
pally chemical impacts. Surface water quality can be degraded by contamination from mill
tailing wastes that can reach aquatic systems either as perticulates carried by wind, dissolved
in precipitation runoff and soil interflow from areas where seepage has reached the ground
surface and evaporated, or dissolved in groundwater.

9.3.6.2.1 Effects of Process Alternatives
Those process alternatives that could (irdirectly) affect aquatic biota are:

Nitric Acid Leach Process. The major difference between the nitric acia leach process and
the base case 1s the substitution of nitrate (NOy-) ion for the sulfate (504=) ion. Since
the release of nitrate would be limite’ to levels acceptable under EPA guidelines, resul-
tant impacts to aquatic systems should be less than those caused by the sulfur'c acid
leach process.

Segregation of Slime from Sand. If the segregated siime fraction were properly disposed
. impacts to aquatic biota should be reduced from the levels expected for the base case.
ation of the fraction in asphalt or cement also would greatly reduce its leachability,
. the patentia) impact on the aquatic biota would be much smaller.

Separation of Toxic Material. Neutralization of tailings weuld decrease the solubility of
mar; heavy metals, which then would be less available for contamination of surface waters;
however, other elements, such as selenium and vanadium, are more soluble under neutral or
basic conditions. On the whole, neutrslization of tailings would improve surface water
quality over that of the base case; hence, impacts to aquatic biota should be reduced.
Similarly, removal of toxic materials from the tailings should provide adequate protection
of agquatic biota.

Solidificatiun of Tailinggf The conversion of tailings to solids would effectively elimi-
nate the tailings pond, so the potential for contaminated seepage to resch surface waters
also would be eliminated. Because there would t'ien be no change in surface water qualily,
aquatic biota would not he affected.

9.3.6.2.2 Evaluation of Alternatives

Comparison of impacts to aguatic biota from the tailings management alternatives with those
from the base case will be based on the projected impacts to surface water gquality (Sec.
9.3.4.1).

Alternative | would involve only compaction of the disposal hasin bottom, which would be inef-
fective in reducing seepage, hence, impacts to aouatic biota would be the same as those dis-
cussed in Sectior 6.7.6.2.

\
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The tailings disposal programs of Alternatives 2 through 6 and Alternative 9 would involve
emplacement of either a synthetic or clay liner. Seepage would be virtually eliainated by the
synthetic liner and reduced to 6% of the base case by the clay liner. However, with a clay
liner, materiale in the seepage would be 3.6 times as concentrated as in the base case. The
already-small impacts to aquatic biota from contamination of surface water by tailings pond
seepage should be reduced (clay liner). Impacts to aquatic biota from windborne contaminants
woild be less than those for the base case during mill operation because there would be less
dry tailings surface area. Ouring the postoperational period, however, a cap of clay and over-
burden should protect against impacts to aguatic biota from wind-dispersed contaminants.

Alternatives 7 and 8, by tixing the tailings with either cement or asphalt prior to placement
in the pit, would eliminate the potontial for wind dispersal of tailings contaminants. How-
ever, certain control options (e.g., dust control), might be necessary to prevent wind disper-
sal of contaminants from the fixing plaut. There should be very little seepage from the fixed
tailings. Compared with the base case, impacts to aquatic piota from contaminants generated if
these alterna”ives were implemented should be greatly reduced.

Regional variability of aquatic biota might affect the severity of impacts, e.g., biota in
perennial streams in the southern regions {Texas Coastal Plains) might respond differently to
certain contaminants than biota of northern (Northern Rocky Mountains) intermittent styeams.
However, based on a recent literature survey,'® the variability of response to a specific
tevicant is extremely large between species of different phyla; this variability is probably
much more significant than regional variability in the assessment of impact.

9.3.7 On the Community

Implementation of tailings management alternatives would do little to ~hange the impacts on the
community from those analyzed for the base case. Some process alternatives such as those
involved in special chem zal processing, would reguire workers with special skil's. Conse-
quently, either more noniocal people with special training would have to be recruited from
areas further away, increasing the possibilitier for sociocu'tural differences between locals
and in-migrants, or companies could institute triining programs and possibly recruit local
vesidents to fill the positions. Depending on the magnitude of the training program, the
tenancy of a part of the work force, as well as the total number of employees, could be
increased.

The snly other altered effect apparent would involve archeological/historical sites and would
depend upon the amount of land required ard the nature of the site-specific resources. The
more land utilized for a certain alternative, the greater the potential for discovery of pre-
viously unreported archeological/historic sites and the larger the area that must be covered by
a qualified archeological survey team.

9.3.8 Radiological

In this section the radiological consequences of the various alternatives for mil) tailings
management are assessed. In Section 6.2.8 it was shown that the tailings were the major source
of radon gas and that the radon daughters were responsible for approximately 75% of the pre-
dicted health effects within the mode! region during mill operation and for an even higher
propor<ion after decommissioning. Because of the mobility of radon compared with particulates,
this imert gas and its daughter products are considered the only sources of radioactivity
originating at a mill to which the populace beyond the 80-ki (50-mile) radius of the model
region might be exposed. The consequences to the North American population of radon released
from the entire U.5. milling irdustry were predicted in Section 6.4. The health effects attri-
butable to milling and tailings storage are expected to be a very small fraction of the total
effects which would occur among the population in any case and of the number produced by the
presently unavoidable background radiation, including radon from natur] sources., Neverthe-
less, the basic principle of maintaining all radiation exposure as lus . reasonably achievable
(ALARA) requires a carefu) analysis of the costs and benefits of reduc.ng radon emissions ‘rom
tailinge. The benefits are examined in this section in terms of health effects that may be
averted throuch application of various tailings management alternatives. The costs are con-
sidered in Chapter 11 and the conclusions concerning the balance of benefits versus costs are
summarized in Chapter 12.

With reference to radiolugical impact, good tailings management rejuires that sufficient cover
material remain in place to reduce radon exhalation to the desired rate. In general, a cover
thickress that produces a substantial decrease in radon flux will be more than adequate to
reduce the external gamma erxposure rate on top of the pile nearly to the background rate. Even
a very thin cover, if it remains intact, will eiiminate windolown tailings as a source of
radioactive particulates. Because of the importance of cover thickness in determining the
impact and cost of & given management plan, this subject will be discussed before the alter-
natives are considered. :?
7 1
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9.3.8.1 Estimation of Radon Flux Attenuation by Cover Material

The radon exhalation rate from tailings deposits depends on many factors, including the grain
size, smanating power, density, porosity,k moisture content and, of course, the radium content.
Mucl. of the radicactivity is in the slimes fraction, which may be concentrated toward the top
or bottom of the tailings or mixed rather homogeneously with the sand, depending on how the
material is deposited initially. The vertical distribution of these fractions, as well as the
total thickness of tailings, will affect the surface exhalation rate. Estimation of the radon
flux from uncovered tailings is discussed in Chapter S and Appendix G-1, where it is concluded
thal a specific emission rate of 1.0 pCi Rn-222/m?-s per pCi Ra-226/gram of tailings is a
reascnably representative value to use in this generic study. In calculations throughout this
document, the average radium content of 450 pCi per gram of tailings has been applied to yield
ar exhalation rate of 450 pCi/m®-s from uncovered tailings Estimates of the exhalation rate
and cumulative radon releases from covered, permanently stored tailings also are based o~ a
rat? of 450 pCi/m*-s from a bare pile. Appendix S reviews the various factors, such as the
specific emission rate, which determine cumulative releases of radon and discusses the effect
of assuming values other than those assumed here.

Radon migrates through a porous media such as a cover material by diffusion and also as a
result of transport phenomena which depend to an important extent on meteorological condi-
tions.'® Therefore, field measurements of radon exhalation rates are hignly variable, and
great care must be exercised in order to obtain flux values which approximate average or steady-
state conditions. Despite the experimental difficulties, simple diffusion theory has proven to
be useful in the prediction of radon fiux and concentrations in a variety of materials. The
general, one-dimensional equation described in Section 3.2 of Appendix G-1 (equation 2) provide.
the basis for estimation of the flux from the curface of multiple layers of cover; however,

even for the case of a sing'e, homogeneous layer containing no radium, the eaxacl s~lution is a
complex hyberbolic equation. In most situations of interest, both the tailings and the cover
will be relatively thick, and the equation may be simplified. In this case the depth of cover,
x (cm), needed to reduce the flux to the desired level, J (pCi/m?-s), is found by usa of the
relationship:

3=, exp [-xap/0)'/2), ()

where J is the radon flux from the uncovered tailings, A = 2.10 x 10 ®/second is the radon-222
decay c3nstant, D {ecm?/s) is the bulk diffusion coefficient of radon in the covering media, and
P is the porosity of the material. In addition to the assumptions of Fickian diffusion, an
infinitely thick plane source and a single, thick, homogeneous layer of cover material which
contains no radium, this approximation is most accurate when the product of the bulk diffusion
coefficient times the porosity (DP) for the tailings equals DP for the cover material. Depend-
ing cn the relative values of DP for the two media, estimates of the surface flux, J, based on
the approximate eguation (i) can be either higher or lower than the value given by the more
complex equation from which (1) is derived. In all cases, the accuracy of the predicted flux
will depend on the degroe to which the values for the diffusion parameters are representative
of the actual cover material. Because of the wide range of values which have been measurzd in
soils from various geographic areas (Table 9.10), and even within a limited area, it was not
possible to select a single, typical number. Some of the values from the literature are sum-
marized in Table 9 10 as taken from Tanner's earlier review.'? More recent values measured in
laboratory experiments cover a similar range.'® Since much of the available diffusion coeffi-
cient data was obtained by measurement of radon concentration in soil gas rather than surface
flux, it must be interpreted and applied with caution, especially if the measurements were made
in thin covers. Based on the available data, a rcnge for D/P from 5.0 x 10 3 to 5.0 x 10 #
cm?/s has been chosen by the staff as representative of cover materials available in the
western United States. Soil B has the highest diffusion corstant among the examples included
in Figure 9.1 and would be representative of porous, sandy soil. On the other hand, soil C,
with a D/P lower by a factor of ten, is typical of well-compacted, moist soils with good radon
attenuation properties. Soil A is in a mid-range, with attenuation properties typical of the
values >ssumed by the staff in recent licensing procedures. The effectiveness of these three
5011 types in reducing the radon flux from underlying tailings is shown graphically in Figure
9.1, fur which, as explained above, an uncovered flux of 450 pCi/m?-s was assumed. Since the
figure is based on equation (1), it is clear that the selection of a given soil or value of
D/P, and a thickness, x, simply establishes the ratio .. 'Jo. Because of this, one can determine
indirectly from these curves the thickness of covering required to reduce some vaiue of initial
flux other than 450 to a specified lower flux.

In part because of its small particle size, clay can hold mositure and present a more effective
barrier to radon diffusion than common soils. By incorporating moist clay into a cover, the
total thickness required for a given reduction in exhalation rate is greatly reduced. This
also is shown in Figure 9.1, which includes curves for twc composite covers, each utili.ing
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Fig. 9.1, Effect of Soil Thickness on Radon Exhalation Rate.
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Table 9.10 Diffusion Coefficients for Radon in Various Media®

Bulk Diftusion Coefficient

Moisture Porosity
Content D/p
Medium % (cm?/s)
Sand
Fine quartz 0 6.8 (-2
Building sand 4 5.8 £~2
(1.40 g/cm®, 39% voids)
Fine guartz 8.1 5.0 E-2
Fire quartz 15.2 1.0 €-2
Fine quartz 17 5.0 E-3
Soils
Granodiorite ? 4.5 &2
Yucca Flats® (25% voids) ? 3.6 £-2
Metamorphic rock ? 1.8 §~2
Granite ? LS E~2
Loams ? 8.0 E-3
Varved clays ? 7.0 £-3
Mud (1.57 g/em®) 7.2 5.7 E-6
Mud (1.02 g/cm3) 85.5 2.2 E-6

. B. Tanner, "Radon Migration in the Ground", in The Natural Radiation Environment,

J. A 5. Adams and W. M. Lowder (editors), published for Rice University by University
of Chicago Press, Chicago, p. 166, 1964. See reference 8 for more recent data on radon
attenuation.

Dexponential notation: 6.8 £-2 = 6.8 x 10 2.

“H. W Kraner, G. L. Schroider, and R. D. Evans, "Measurements of the Effects of Atmospheric
Variables on Radon-222 Flux ard Soil-Gas Concentrations,” in The Natural Radiation Environment,

op. cit., p. 210.

some clay. These rata were calculated by using equation (1), but substituting the following
expression for the single-term exponent:

o lxc(APc/Dc)k . xs(APs/Ds)’i]. (2)

where the subscripts ¢ and s refer to the clay and soil layers, respectively. In a similar
manner, this can be expanded to apply to c.serings which consist of three or more layers having
different properties. Calculation of the required thickness of cover material i: discussed
more ful'y in Appendix P.

In this analysis, a value of 6.6 x 10 * cm?® was used for O/P of clay. As was noted in the case
of soils, the properties of clay are highly variable, and this value, while considered represen-
tative, may not be typical of clay from a given area. In planning the management of tailings
at a specific site, information similar to that presented in Figure 9.1 would have to be devel-
oped using data applic2ble to the actual stored tailings and available cover materials.

Since cover materials are expected to contain up to several pCi of radium-226 per gram, the
cover itself may contribute a substantial fraction of the to’al surface flux when the radon
produces by the tailings is attenuvated down to several pCi/mé-s. For example, it is shown in
Figure 9.1 inat, according to equation (1), approximately 4 m (13 ft) of type A soil is needed
o 2 59
L 2 4/
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to reduce the flux from 450 to 2 pCi/m?-s. A more elaborate calculation assuming soil A con-
tains 3 pCi Ra/g predicts that a 4-m (13-ft) thick layer will result in a total surface flux of
3 pCi/m?=s and that 5 m (16 ft) would be needed to bring the flux from tailings plus cover to a
total of 2 pCi/m?-s. In the calculation of the thickne s of cover material required as des-
cribed in Appendix P, the contribution of t'e cover itself to the surface radon flux is to be
ignored (i.e., the soil contribution is considered to be background erhalation).

9.3.8,2 Effects of Various Levels of Radon Exhalation

The benefits expected as a result of covering the tailings and maintaining the radon fiux at a
reduced level should be evaluated in the immediate vicinity of the mill and on a much wider
scale.

During operation of the mill, access to the tailings pile is controlled and the closest possi-
ble temporary residence is considered to be a trailer located 0.7 km (0.3 mile) downwind. The
annual dose commi.ments to individuals at the trailer and other nearby points were predicted in
Section 6.2.8.2 for the operational period and in Section 6.2.8.3 for the postoperational
period, during which the tailings pond is assumed to dry out and expand to 80 ha (200 acres).
As indicated in Table 6.24, at the end of this five-year period, the radon dose to the bron-
chial epithelium would be about 0.8 rem/yr at the trailer (based on 50% occupancy). Presum-
ably, after decommissioning and in the absence of controls, a permanent residence could be
built even closer to the tailings, perhaps in an extreme case directly on the piie. Estimates
have bee) made of the radon daughter concentrations that might exist within a dwelling on or
near the tailings. These estimates are presented in Table 9.11 for various levels of radon
exhalation.

For the calculation for a house built on the pile it is assumed that all of the radon comes
through a floor which attenuates the flux to 0.3 of its value at the surface of the tailings or
the cover material, i.e., at the interface with the underside of the floor. Also, the house is
assumed to have 3-m (10-ft) high ceilings and to be ventilated at the rate of one air change
per hour. The calculated radon concentration is converted to worting level (WL) by assuming
that 100 pCi/m® equals 5 x 10 * WL. A range of expusure levels can be predicted. For example,
using the assumptions stated, 2 pCi/m?-s yields an exposure level of 0.0036 WL; other reason-
able ussumptions if stacked up in the extreme directions could lead tc a range of 0.0006 to
0.006 WL from the same flux. The WL concentrations at nearby locations (not on top of the
pile) are derived from radon concentrations calculated by use of the UDAD code and converted to
WL using this same 5 x 10 4 WL per 100pCi/m® factor.

In Section 6.2.8.3 it was shown that the annual lung dose commitment to the population of the
model region within 80 km (50 miles) of the mill did not exceed 1% of the background dose from
radon when the exhalation rate was 450 pCi/m?-s from an area of 80 ha (200 acres). Reducing
the exhalati.on rate to a few pCi/m?-s would reduce the population dose commitment correspond-
ingly to less than 0.01% of the dose from "natural" radon (radon released as a result of other
than mining, milling, or other human activity).

By application of the methodology described in Section 6.4, the annual and cumulative '00-year
environmental dose commitments to the population of North America have been estimated ior a
range of average radon exhalation rates. The results are summarized in Table 9.12. 7TF> apnual
dose is for years after 2030, when the population is assumed to remain constant in size. With
uncovered tailings (average exhalation rate of 450 pCi/m?-s), the annual dos: commitment to the
lung is projected to be .9 x 10* organ-rem. Of this total, 8.6 x 10* organ rem is delivered
to residents of the United States by deposition of shert-lived rzdon daughters un bronchial
epithelia. This is about 0.2% of the dose to a United States population of 290 million from
radon gas reieased from natural soil, released by evapotranspiration, and released into the
interior of buildings from several sources (see Ch. 12). Reduction of the average rate of
release to a few pCi/m®-s will limit the contribution of mill tailings to about 0.001% of the
total population dose from radon.

The annual and cumulative dose commiiments from Table 9.12 have been expressed as equivalent
health effects in Table 9.13 by applying the risk estimators of Table G-7.1. The uncovered
tailings are predicted to cause about ten premature deaths per year throughout North America,
but if substantial cover is applied, the rate will be negligitle.

9.3.8.3 Radiological Impact of Alternatives for Tailings Disposal

For the sake of benefit-cost comparisons, most of the tailings disposal programs described in
Chapter 8 (Alternatives 1 through 6) were given equivalent tailings covers (see Table 8.4).
Section 9.3 8.2 evaluates the general effects on long-term radioactive emissions of varying
from this fixed cover; both different cover types and thickeness are examined. To illustrate
some of the praccical cifferences that would occur amung actual disposal programs, the matter
of final tailings covering is now treated in the context of the tailings disposal programs

773 3471
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Table 9.11. Radon Daughter Concentrations in Air (WL) inaStructures
above and near Uranium Tailings Pile

Radon Daughter Concentration--Working Level above Background
Near Edge of

Radon Flux

(pCi/m?-s) Above Yailingsb Disposal Area“ Ranch at 2.0 km
450 0.81 2.5 x 1072 3.7 x 108
100 0.18 5.7 x 10-3 8.2 x 104

10 0.018 57 x 104 8.2x 105
5 0.0090 2.8 x 1074 4.1 x 105

0.0054 1.7 x 104 2.5x 108
2 0.0036 1.1 x 1074 1.6 x 1075
] 0.0018 5.7 x 10°% 8.2 x10%
0.1 0.00018 5.7 x 10°® 8.2x 107

3assumed to be B0 ha in area. working level values are derived from radon concentrations calcu-
lated by the UDAD code assuming that 1 pCi/L of Rn222 is equivalent to 0.005 WL. The estimates
of this vable are above average background concentrations which are about 0.005 WL inside a well
ventilated structure. For an estimate of dose to bronchial epithelium, multiply WL exposure
level by: 25 CWLM/WL X Srem/CLWM. So, for example, exposure to 0.005 WL continuously for one
year would result in a dose to the bronchial epithelium of about 630 mrem.

bSee Sec. 9.3.8.2 for assumptions used to calculate these concentrations.
CAbout 100 m downwind (ENE) from the edge of the tailings pile.

evaluated. Alse Section 9.2.8 treated the matter of controlling emissions from tailings
during operations without considering the effect various tailings disposal alternatives will
have on the matter; these effects are also now discussed.

9.3.8.3.' Final Tailings Cover

Disposal of tailings in an available open pit may make it easier to provide cover of tailings
than might be the case where tailings are disposed of above grade or in specially excavated
pits. This may occur since a large quantity of overburden is normally stripped to reach ore
zones (review of preliminary data obtained on operating mines indicates that the depth of
overburden, on average, is over 60 m). As a result, the distance from the top of the disposed
tailings to surface grade may very likely be significantly greater than thickness required to
reduce radon emissions to prescribed .evels. Under the open-mine pit disposal alternatives
examined, the final distance from the tailings surface to ground level is controlled partly by
the depth to the water table, since, in all cases, tailings are kept above groundwater. How-
ever, the distance to groundwater should in most cases be sufficient to allow providing rela-
tively thick cover just by returning to the mine the overburden stripped in mining the ore.

Alternatives of the Potential Reduced Care Mode would generally result in a lower level of
radon emissions than occurs with Active Care and Passive Monitoring Mode Alternatives (Alter-
natives 1 through 6) involving radon control by soil cover alone. Fixation of slimes in cement
or asphalt (’lternatives 7 and 8) could, if the fixed slime fractions covered the upper
tailings surface, be virtually eliminated. Furthermore, fixing the slises fraction of tailings
and cleaning sands Lo a degree which permits deposition of tailings in open pits below the
groundwater table would assure that very thick covers are placed over the tailings. The amount
of overburden cover would not be constrained by the distance from the water table to surface
grade. It .ould only be a function of the depth to the bottom of the ore zone.

e e e e e i e i e e

In the case where nitric acid leaching was employed to remove radiue and thorium from ‘tailings
(Alternative 3), thicknesses of tailings cover could be reduced from that required for tailings |
having normal concentrations of these nuclides. Other significant differences between Potential |
Reduced Care Mode alte-natives and the alternatives examined relsted to the different levels of |
physical isolation provided. These are discussed in Section 9.4.), Stability Against Natural |
Forces, and Section 9.4.2, Land Use Controls. ! 7 Z Z¥‘4
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Table 9.12 100-Year Environmental Dose Commitments to Population
from Radon Releases from Mill Tailings

a°‘ North American Continent

Arnual Dose Commitment

Cumulative Dose Commitme:t

(organ-rem/year) 2000-2100 2000~ 3000
Exhalation whole whole whole
Rate (pCi/m?-s) Lung Bone Body Lung Pone Body Lung Bone Body
450° 9.9 x 104 1.5 x 108 1.1 x 10 .7 x 10% 1.4 x 107 1.1 x 10% 9.9 x 107 1.5 x 108 1.1 x 107
100 .2 x Yot 3.1 x 104 2.2 x 103 2.1 x 108 3.0 x 108 2.3 x 10% 2.2 x 107 .2 x 1O° 2.3 x 108
10 2.2 x 10® 3.1 x 108 2.2 x 10% 2.1 x 108 3.0 x 10% 2.3 x 104 2.2 x 108 3.2 x 108 2.3 x 10%
5 1.1 x 102 1.5 x 10% 1.1 x 102 1.1 x 104 1.5 x 105 1.1 x 104 1.1 x 10° 1.6 x 10% 1.2 x 10%
3 6.6 x 10% 9.1 x 10% 6.6 x 10! 5.4 x 104 8.9 x 10% 6.8 x 10° 6.5 x 10° 9.6 x 10% 7.0 x 104
2 4.4 x 102 6.2 x 102 4.4 x 10! 4.3 x 104 5.9 x 10% 4.6 x 10° 4.9 x 10° 6.4 x 105 4.6 x 10
1 2.2 x 102 3.1 x 102 2.2 x 10! 2.1 x 10¢ 3.0 x 10* 2.3 x 108 2.2 x 10° 3.2 x 0% 2.3 x 0%
0 2.2 x 1§ 3.1 x 10t 2.2 x 10! 2.1 x 108 3.0 x 10° 2.3 x 10% 2.2 x 104 3.2 = o* 2.3 x 108

3Dose commitment for lung is sum of doses to bronchial epithelium

ingestion pathways.

Dose commitments for the uncovered tailings

commitment for coverad tailings are based on the assumption that
bAssminq 82 mill sites, each with BO ha of tailings.
':Mraoc exhalation rate assumed for uncovered tailings.

™
W=
o
=

en

and pulmonary tissue; values for bone and whole body include inhalation and
inciude doses due to both particulates and radon from the tailings.
there will be no particulate releases from covered tailings.

Dose

62-6
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Table 9.13 Somatic Health Effects on Population of North America
from Radon Release: from Mill Tailings

Premature Cancer Deaths

Exhalation Annu’l Cumulative Number
Rate (pCi/m2-s) Rate 2000-2100 2000-3000

450® 9.8 950

9750

100 2.1 204 2125

10 0.21 20 213

5 0.10 10 106

3 0.06 6 64

2 004 4 42

1 0.02 2 21

0.1 0.002 0.2 2

3assuming 82 mil) sites, each with 80 ha of tailings.

bAverage exhalation rate assumed for uncovered tailings. Base case values were derived from

rounded values in Table 6.39.

9.3.8.3.2 Emissions During Operation

The controls discussed in Section 9.2.8 for reducing dust emissions from tailings impoundments
involve maintaining a tailings solution cover surface wetting, or spraying surfaces with chem-
jcal stabilizers. While the latter two methods invelving stabilization of the tailings sur-
faces may control dusting, these methods are expected to be less effective in attenuating radon
than complete saturatien of tailings with solution would be. For example, chemical surface
stabilizers will be prone to imperfections and defects which will provide escape routes for
the mobile radon gas.

The Alternatives which will offer the greatest potential for providing solution cover are those
alternatives involving slurry diposal and lining of impoundment bottoms with impermeable liners
(Alternatives 2, 4, 5 and 6). Tailings area with solution cover would increase for these
alternatives by about 50% above the base case. On the other hand, increasing tailings solution
works against the objective of reducing seepage to groundwater, and also may present some
additional problems with regard to long term stability. While dewatering of tailings, such as
is done in Alternative 3, may result in less attenuation of radon in the short term than the
slurry disposal altarnatives, it provides a potential significant benefit in terms of the
groundwater protection and impoundment stability it provides. It may also make easier the
matter of final tailings drying and covering. The apprrach which would best reconcile this
conflict is phased reclamation of tailings areas. Alternative 5 is an example of how staged
reclamation might be accomplished. This alternative is intendid only to demonstrate the concept
of staged reclamation. Impoundment shapes other than the continuous, linear trench assumed for
this alternative would also permit staged reclamation. Construction of separate, unit cells
for tailings disposal has, for example, been proposed in one case (see NUREG-0505, Sweetwater
Uranium Project, Final Environméntal Statement, December 1978).

Another difference between alternative disposal programs with regard to emissions during opera-
tion will asccur between above and below grade disposal alternatives. Tailings will be sheltered
from the wind when they are disposed of below grade, whereas above grade they will be very
susceptible to wind action.

9.3.9 Accident Analyses

Accidents specific to the various tailings management alternatives, but distinct from those
accidents previcusly discussed in Chapter 7 in connection with the base case, are evaluated in
this section. Accidents associated exclusively with the milling operation are specifically
excluded because such accidents are not affected by the various tailings management alter-
natives. The types of acccidents covered in this section include:
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Rupture of the tailings slurry pipeline.
Failure or flooding of the tailings impoundment area system.

Othe,--any accident which is uniquely associated with one of the alternatives, and, there-
fore, not covered in the discussion of the base casa.

- Alternative 1. The potential for accidents and their resulting consequences generally
would be the same for Alternative | as for the base case.

Alternative 2. The principal potentials for accidents that could result in release of
consequential amounts of ‘ioactive material under Alternative 2 would be rupture of the
tailings slurry pipeline . the return water pipeline. To account for the fact that all of
the mines supplying ore to the mill, tu which tailings would be returned in this alternative,
may not be immediately adjacent to the mill, a 16 km (10 mile) distance between pit and mil)
is assumed for this alternative.

Based on the difference in pipeline length, the likelihood of failure of the tailings slurry
pipeline associated with Alternative 2 would be about 55 times greater than the likelihcod of
failure of the pipeline from the mill to the tailings pond envisioned for the bate case; thus
the Jikelihood of release to the watercourse is 0.55 per plant-year, Since the g antity of
slurry transported via pipeline in Alternative 2 woul” be equivalent to that of the base
case, the estimated amount of liquids and solids released in the event of a pipeline failure
would be the same (see analysis in Sec. 7.1.3.2).

The liquid in the retu.n water line could contain some residual radiocactivity. As a conserva-
tive estimate, the liouid is assumed to contain the concentration of radioisotopes given in
Table 7.2*. The like.ihood of rupture of the return line would be identical to that of the
slurry pipeline. Since the capacity of the water return line would be 30% of that of the
slurr, pipeline, the average quantity of liguid released due to pipeline rupture would be
proportionally reduced. Assuming all of <he liquid eventualiy would empty intc Reservoir I in
the model region, and u a minimum value for the average volume of water retained by the
reservoir, the staff has c..culated that the concent ation of radioisotopes present in the
liquid released would be reuced by a factor of 3 x 10%.

A comparison of the concentrations of radioisotopes in the tailings solution with maximum per-
missible concentrations (MPC) given in Table 7.2 indicates the isotope Th-230 to be of primary
concern. _ The concentration of Th-230 present in Reservoir I #~1lowing the release would be
4.5 x 10 ® uCi/g (based on the aforementioned dilution factor,. This is more than an order of
magnitude below the MPC for unrestricted areas.

A significant advantage from the point of view of accidents provided by below grade alter-
natives is elimination of the potential for tailings dam failure that can occur with above
grade impoundments such as that described in the base case.

Alternative 3. In Alternative 3, the potential for significant accidental release of
radioactive materials would be associated with embankment failure or flooding of any evapora-
tion pond used for natural drying of the tailings in .ieu of mechanical drying. This accident
would be comparable to that evaluated for a similar event at the tailings pond for the base
case.

Alternative 4. The probability and consequences of rupture of the 16-km (10 wile) pipe-
line associated with Alternative 4 would be the same as for Alternative 2.

It is assumed that the pit dug for Alternative 4 would be sufficiently large to hold all of the
mil) tailings plus the standard covering. 5ince the bottom of the pi’ would be impermeable,
there might be a flooding hazard should a large amount of water enter the pit; there is no way
of quantifying the likelihood of such an event, but it is expected to be very small.

Alternative 5. Since special conditions would not be r- wuired, excavation of the trench
called for in Alternative 5 might proceed in the vicinity ¢ .e mill, and it is assumed that
the tailings slurry pipeiine would be the same length as * .at required in the base case. The
likelihood «nd consequences of pipeline rupture would th refore be the same as described in
Section ? 1.3. The dimensions of the trench are thought to be sufficient to prevenrt tailings
slurrv from overtopping the walls, provided the disposal operation is properly monitored and
the joint of discharge is continually moved along the length of the trench to prevent
abnormally high discharge at a particular point that would cause obstruction of feed. Since
the trench would be excavated in sections, temporary dikes would be set up to isolate the
tailings slurry from areas of future construction. Failure of these dikes is considered a

®Actual activity should be considerably lower given the fact that the liquid clarifies consider~
ably over time in the impoundment area and is most likely diluted with clean makeup water.

- la 7
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trivial accident, since the material would be released to mill property. In addition, it is
assumed that such dikes are relatively small and could be repaired easily before a significant
guantity of material was lost.

. Alternative 6, While disposal in this alternative is above grade, siting features, such
as the very sma!l upstream catchment area, would greatly reduce the potential for impoundment
failure from that existing in the base case. The dam would be designed to withstand a probable
maximum flood and would be able to withstand earthquakes which could occur at the site. In
general the impoundment would be designed to conservative geotechnical engineering standards.
(See Appendix B for a discussion on dam constructicn.)

Alternative 7. Potential accidents of consequence associated with Alterpative 7 would
include (1) rupture of the slurry pipeline from the mill to the disposal site, (2) a fire or
axplosion in the evaporator section of the fixation plant used if neutralized slimes are fixed
in asphalt, (3) embankment failure or flooding of avy evaporation pond for natural drying of
slimes before fixation in cement or asphalt, and (4) rupture of any pipeline to the evaporator
pond.

The main slurry pipeline from t.e mil) to the disposal site would be about 16 km (10 miles)
long; therefore the potential for and consequences of a pipeline rupture would be the same as
for Alternative 2.

In the case of fixation with asphalt, the use of asphalt introduces the possibility of either
fire or explosion in the evaporator section of the fixation plant [the flash point of the
product known as asphalt/cement used in road construction is ~245°C (~475°F)]. Fires are rare
in conventional asphalt plants, and no guantitative data are available concerning the likeli-
hood of such an event in the present application. It is conservatively assumed that in the
event of a major fire* as much as 1% of the material present in the evaporators would be dis-
persed. The evaporators are designed to process 600 MT (660 ST) per day of siimes, and it is
assumed that about 150 MT (165 ST) of material would be in the evaporation section of the plant
at the time of_the fire. Therefore, 1500 kg (3300 1b) of siime solids with a total activity of
roughly 1 x 10 * uCi/g (derived by taking B5% of the combined activity in the dry solids given
in Table 5.7) wou'ld be dispersed to the environment, The maximum individual 50-year dose
commitments at the fence [500 m (1600 ft)] and the nearest residence [2000 m (6500 ft'] that
would result from this accide~t are estimated to be 3.2 rem and 5.0 x 10 2 rem to the lung,
respectively. This is a higniy conservative estimate that assumes all material released is in
the respirable sice range and that does not account for the fact that the asphalt present in
the evaporator mixture should impede the rate of release to the atmosphere.

In cases where mechanical drying of slimes is not practicable, Alternative 7 incluces the
ootion of a separate, lined evaporation pond. Though the drying area would be less than half
the size of that reguired in the base case, the slimes fraction would contain about 85% of the
radicactivity originally present in the tailings slurry, and, thus, the radiological conse-
quences of an accident involving either embankment failure or flooding would be similar to
those described for the base case.

The lenqgth of pipeline to the evaporation pond is assumed to be similar to that of the slurry
pipeline from the mill to the tailings pond of the base case; therefore, the potential for
rupture is the same.

One difference between Alternative 7 and the base case, however, is thr amount of activity
present in the liquid fraction of the tailings slurry. Under Alternalive 7, tailings slurry
would be neutralized with lime, which precipitates many of the active components. About 90% of
the radium and possibly more than 90% of the thorium would be precipitated when the slurry was
neutralized. Thus, the activity in the liquid ortion of the tailings slurry would be signifi-
cantly reduced. The release of radioisotopes to surrounding waterways via dam failure or
flooding therefore should be negligible.

The outstanding feature of Alternstive 7 is the mitigation of the consequences of accidental
releases once the tailings solids have been fixed with either asphalt or cement. Rupture in the
pipeline from the fixation plant to the open pit mine would pose a clean-up problem but would
cffer no significant threat to the environment. [he use ¢f an opsn pit mine would essentially
eliminate the potential for embankment failure or fiooding inherent in the base case.

Alternative B. In Alternative 8, tailinc: <ould be dried, neutralized, and fixed in the
same manner as in Alternative 7. The analysis of such accidents as pipeline rupture, fire in
the fixation plant, and embankment failure or flooding of the tempocrary outdoor dryind area is

¥t 7s assumed that in the event of an exp’o:ion the material would be contained within the

confines of the building. The release therefore would be limited by the volume of the buiiding

as those associated with a fire.

and, hence, the environmental consequences of such an accidear zre not expected to be "uf'ﬁq*?em «'4
7/ -’
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therefore identical to Alternative 7. The only difference between these two alternatives is
that fixed tailings would be uitimately deposited in a depleted undergrourd mine in Alter-
native 8, as opposed to the open pit mine of Alternative 7. Although the underground mine
would intersect the water table in several locations, it is assumed that the “ixed tailings
would not be affected by contact -itn subsurface water.

Alternative 9. Relative to accidents, Alternative 9 strongiy resembles Alternative 6, ana
the same accident analysis applies. The radiological consequences of any accidents would be

reduced iy an order of magnitude because the specific activity of tie tailings would be lower
by this factor.

2 4 LONG-TERM CONSIDERATIONS

9.4.1 Stability against Natural forces

Because contaminants contained in the uranium tailings include long-lived radionuclid s, the
tailings will remain hazardous for a long period and should be isolated from the biosphere for
many years. A systematic study was made to describe the kinds of naturally caused "failure”
events occurring over long periods oi time that could destroy the tailings icolation. Poten-
tial failures that could lead to dispersion of the tailings or the contained radinnuciides up
to 100,000 years into the futuve were evaluated in several different time frames.'? The pur-
pose of the investigation was to identify potent:al failure mechanisms and the associated
natural processes to be considered in developing a tailings disposal program. For each poien-
tial failure mechanism described, specific siting and design features that should be taken into
account or incorporated in the planning process were systematically identified.

The question of long-term performance of ta. lings isoclation is complex. The factors affecting
long-term performance are numerous and interrelated. The problem, therefore, is one which
necessarily must be dealt with on a case-by-case basis, taking into account site-specific
factors. Because detailed evaluation of long-term stability depends upon such highly variable
and sile-specific actors as topography and climate, in-depth evaluation (requiring knowledge
of actual physical shapes, contours, dimensions, etc.) of the tailings disposal alternctives
considered in this studv 1s not possible. Instead a general discussion of geological and
climatic trends is presented (Sec. 9.4.1.1), followed by a description of specific natural
processes and failure mechanisms that could iead to degradation of the tailings isolation
(Sec. 9.4,1.2). This discussion is  resented to provide a basis for comparison _d evaluation
of tailings disposal programs. Also, in light of this discussion, specific design and siting
features that can effectively reduce or e'iminate the potential for long-term failure of tail-
ings impoundments are described.

9.4,1.1 General Geological and Climatic Trends

Predictions of future stability hecome more uncertain as the time fra e considered increases.
Beyond rcveral thousand years, 'ong-term genlogica) processes and climatic change wii;
determine the stability and isolation of the ta‘lings. Although some major climatic and geo-
logical changes are certain teo occur during the peric.' that the Lailings remain hazardous
(hundreds of thousands of years), the magnitudge and direction of change cannot be determined.
An understanding of the nature 2nd extent of such potential future events can be gained bv
briefly reviewing events of the past 100,000 years.

The geological and climatic events t' 't dominated this period, from a Zromorphic viewpoint
(i.e., changes in the surface of the ecarth), were the advunce and retreat of the Wisconsin-age
continental ice sheet. ODuring this time, much of the United States north of the Chio River and
north and east of the Missouri River was significantly affected by ice erosion and deposition.
Elsewhere, alpine glaciers were active, and clear evidence of glacial modification of the land-
scape in the western mountains can be found as far south as the San Francisco Peaks, Flagstaff,
Arizona.

The direct effects of glacial ice were great, but even more important were global changes of
¢limate that brought about the ice ages. Significant changes of c)limate during the past
100,000 years have drastically changed the hydrological cycle and the erosional and deposi-
tional processes acting on the landforms. For example, large pluvial lakes occupied the closed
basins of Utah, Nevada, and southern California. Throughout the world, river activity changed
and reflected the altered runoff and sediment regime of the drainage basins. Furthermore, the
vast quantities of water stored in the ice sheets caused a 90- to 120-m (300- to 400-ft) fall
of sea Jevel, which exposed the continental shelves and caused the major rivers to cut deeply
into the sediment and bedrock.

"‘,‘_'«':“v 7.,.)
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, (b) Wind Erosion - The potential for wind erosion at a particular site may be high. If
allowed to progress, wind erosion could remove cover material and expose ta‘lings

.' and disperse them over a wide area. “Blowouts" or wind-caused gullies cas occur

" where above-ground embankments are used and could lead to extensive erosion of tailings.

: The wind soil loss is a “unction of climatic factors, erodibility of the soi), sur-

- face characteristics, v. etation cover, slope length, steepness of slope, and unshel-

' tered distance. The W nu Soil Loss Equation,?4 vSile limited in the same manner as

. the Universal Soil Loss Equation, can be used o aderstand the relative offect

[ these factors can have on wind erosion and blowouts. As indicated by this equation,
the worst situation with respect to wind erosion involves: (a) loose, finely divided

. dry soils; (b) a smooth bare soil surface; (c) topographic features which do not
provide wind breaks; and (d) lon;, steep exposed embankment slopes.

Over long-term periods, dispersion by wind erosion is highly possible, particularly
if tailings are isclated by high embankments with steep, exposed slopes. Elimina-
tion of such exposed embankments by below grade burial of tailings can preclude this
failure; however, where embankments are employecC, erosion control practices can, in
some cases, be effective in preventing this failure. Generally, erosion control

- practices employed to control water erosion such as use of rip rap or self sus-
taining cover will also control wind erosion. Variability in climatic conditions

' between sites calls far differant approaches to erosion control. For example, in

' arid and semi-arid sites, such as those in New Mexico where a self sustaining vegi-
tative cover cannot be assured rip rap would most likely be required. Over long-term

- periods, climatic changes will determine the extent to which this failure mechanism
' operates,

(c) Floods. Wav»r diversion structures around surface impoundments wiil become clogged
and be ineffective without ongoing maintenance. Over long-term periods, therefore,
the entire catchment area upstream from an impoundment will contribute to potential
flooding of the impoundment. The impoundment must be capable of withstanding a
flood of maximum possible magnitude.

Prediction of the probable maximum flood is subjective because of uncertainties in
the hydrolcgical conditions that will contribute to the flood. Except where the

, upstream watershed is small, prediction of the maximum possible flood that could
occur over a neriod of several hundred or a few thousand years is tenucus. For this

reason, tailings disposal areas should be designed very conservatively to avoid
flood damac:

If there is a flood of a magnitude larger than can be accommodated by the flood-
routing structures designed to protect a surface impoundment, major portions of the
| impoundment that are contacted by the flood would be subject to severe erosion.

‘ Under the worst conditions, the antire impoundment could conceivably be washed awa,
dispersing the tailings over a wide area. This is probably the moct severe failure
mechanism in terms of catastrophic, irrevocable failure and wide dispersion of
tailings.

(d) Earthquake. A major earthquake could lead to the release of tailings and radioac-
tive materials by causing cracking or rupture of the cover or embankment of an
! impoundment. Extensive failure of the embankment and liquefaction of the tailings
could lead to dispersion of the tailings over large areas, A massive failure due to

liguefaction, however, is only likely to occur withir a period after abandonment
when the tailings will generally contain large quantiiies of water. After a few
hundred years, liguefaction would not ¢ =~ and failure of the impcundment would
result only in exposure of tailings. Dispersion would not occur. Also, if the
topography is such that flow of 1'quefied tailings cannot accur (e.g., embankments
are eliminated through below-grade disposal) dispersion would not occur.

- T

: (e) Oifferential Settlement. Because of compaction and fferential settlement of the
tailings or subsoil, the cap liner can crack. The -grity of the embankment could
be endangered by settlement. Any settlement or cuapaction that ic iikely to occur
will generally be fully developed socn after abandonment of the tailings impoundment

Therefore, long-term failures due to settlement or compaction are not likely to be
severe,

(f) Root Penetration. Penetration of roots of vegetation may result in breaching of the
cap. Percolation of water through passages provided by root growth may permit
pocling of water beneath the vap. Subsequent freezing of the water, with the corres-
ponding volume expansion, may cause the cap to heave, similar to the cracking and
heaving of concrete pavement in winter.
/ /') ) 3.:) \
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9.4.1.3 Evaluation of Alternatives

Because of its location above-grade, the disposal structure in Alternative 1 exhibits the
great st potential for erosion by water and wind. With a sizable upstream drainage and with-
out protection or shielding of the pile from wind action, a steady erosion of the pile would
occur. Gullies and blowouts could progress relatively rapidly resulting in slow but steady
dispersion of tailings within relatively short periods of time (several hundred to several
thousand of years). The impoundment would also be particularly susceptible to dispersion of
tailince if it were located in a flood pathway or subject to seismic activity. Thus, the
tailings impoundment of Alternative | would deteriorate relatively rapidly without on-going
maintenance.

Below-grade dispesal is included in Aliernatives 2, 3, 4, 5, 7 and 8. This class of disposal
alternative provides isolation from all major erosive forces that could cause either sheet-
tvpe erosion or gvllying, because in general there are no embankments. Gullying potential is
eliminated by the absence of embankments and corresponding abrut changes in slope. The
features of these alternatives minimize the potential for physical transport and dispersion
due to earthquakes, since there are no embankments to fail, or due to floods, since they do
not present an “obstacle” to flood waters. Unfavcrable groundwater conditions, however, could
preclude the use of below-grade disposal; for example, groundwater formaticns may be near
enough to the surface to forestall the implementation of Alternatives 2 through 5. The below
grade burial concept may also be difficult to apply in areas of irregular terrain where the
depth of soil overlying bedrock is not sufficient to permit excavating a pit without blasting
large . ounts of rocks, and suitable alternate sites are not available. Some excavation may
be possible to reduce the size of above grade embankments required, but disposal of the ertire
tailings volume below the surface of all points in the surrounding terrain may be impractica-
ble.

Alternative 6 is an above-ground disposal plan that provides protection reasonably equivalent
to below-grade dizposal by employing proper design and siting. This alternative takes advant-
age of favorable topographic and geomorphologic features to provide long-term stability.
However, in arder for this alternative to be acceptable, strict design and siting criteria
must be met:

(a; Upstream catchment areas must be minimized so as to decrease the size of the maximum
flood possible.

(b) Topographic features should provide gocd wind protection.

(c) Embankment slopes should be relatively flat after abandonment so as to minimize ero-
sion potential and to provide conservative factors of safety to assure long-term
stability. Reducing slope gradients reduces the velocity of runoff on the slope.

As a result, erosive forces are reduced and infiltration is increased. With regard
to wind e.osion, the flatter slope obviously is better because it presents & more
streamlined profile. The broad objective should be to reduce slope gradients to
those which are as close as possible to those which would exist if tailings and
cover material are completely below natural grade; this would lead, for example, to
slopes of 10 horizontal to 1 vertical (10h:1v) or less. While the erosio. potentia’
at a particular site depends upon more than just slope gradient, in general, it

appears as though keeping slopec to less than about 5h: 1v would be a prudent, conser:

vative measure to observe in this area of con-iderable uncertainty. In cases
involving steep terrain, this may be impracticable because excessive amount of fill
would be required. In such cases, special attention will have to be given to the
other factors which will reduce the erosion potential.

‘d) A suitable slope protection scheme, such as revegetatiun or use of riprap, must be
amployed to retard wind and water erosion.® In order to avoid continuing mainte-
nan~e, vegetation must provide full coverage and be self-sustaining. Where this is
not expected to occur, rip rap must be used. Properly applied, rip rap can provide
an "armoring" of the soil cover {see Sect. 8.3.4.3). Large rock and cobble will
shelter erodible soil fractions. Vegetation and rip rap both have the effect of
holding water, reducing the velocities and amounts, and thus erosive force of,
runoff. Rip rap can also create a favorable habitat for vegetative growth between
individual pieces of rock. Eolian soil particles can collect betwean rocks forming
a favorable environment for invading plant species.?®

¥In the case of above-grade disposal, as well as below-grade buria! alternatives, final
reclamation of the surface of the tailings disposal area with vegetation would be involved.
This will enhance long-term stability and isolation of the tailings disposal area. Some
additional detiils on methods of vegetation and reclamation are provided in Appendix N.
-y 3
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(e) The impoundment should not be located near a potentially active fault that could
cause a maximum credible earthquake larger than that which the impoundment could
reasonably be expected to withstand.

(f) Where poscible, the impoundment should be designed to incorporate features which
will promote deposition of sediment suspended in any runoff which flows into the
impoundment area. If runoff flowing onto the pile can be detainea, or water velo-
city slowed, settling of suspended matter can occur. The objective of such a design
feature would be to enhance thicknesses of cover.

With regard to slope protection, it is noted that a common method of slope erosion control
used in mine reclamation, highway construction and agricultural appiication is terracing of
slopes. For example, see references 23, 24, 26 and 27. Terraces create a hreak in slopes and
impound runoff, which reduce the amount and velocity ¢f runctf. However, in most situatio:s,
erosion over very long periods of time (thousands of years) ‘s not of concern and maintenance
of terraces is assumed. Terracing of slopes dnes not appear to be a good practice to adopt in
mill tailings disposal, where the objective is to eliminate erosion of isolating cover and
containment unless they can be designed tc be erosion-resistant. Withoul maintenance, terraces
formed by contouring earthen slopes may actually enhance gullying; impounded water will spill
over at the lowest point 1n the terrace, and the gullying potential is increased at this point
of concentrated runoff. The formation of this gully would then create a channel which would
worsen over time. Reliance on other erosion control methoas, such as providing flat slopes
and high qual:ly protective cover, appear to be more appropriate in resolving the slope
protection problem unless the face of the terrace can be made erosion resistant.

Various cover types and cover thicknesses for Alternatives | through 6 were evaluated in Sec-
tion 9.3.8 in terms of radon attenuation. It was indicated in that evaluation that use of
moist clay or plastic caps would decrease the total thickness of normal soil overburden
required to reduce radon emissions. In general, adding earthen cover materials to reduce
radon flux also enhances long-term stability; however, when examined solely in terms of
long-term stability and isolation, those alternatives which achieve radon reduction by use of
normal soils as opposed to relying on caps are more desirable because of the greater overall
thickness and reliability provided. The excess thickness reduces the potential for disruption
by root penetration and generally provides additional isolation from any erosion that may take
place.

Alternatives 7 «nd 8 offer potential for immobilizing contaminants in tailings by fixation.
However, there is great uncertainty about the long-term stability of the bonds between the
fixing agents (asphait and cement) and the tailings. If this is not a problem, placement of
tailings in contact with groundwater allows deeper burial in both cases. Alternative 7/,

«iike other open pit disposal alternatives (Alternatives 2 and 3), would not involve back
filling to above the water table and, hence, would permit greater cover depths. In deep mine
burial of tailings, Alternative 8, location at depths greater than 100 m (300 ft) below the
surface would result in complete isolation of tailings from surface erosion effects. Leaching
of fixed tailings could take place, in view of the close association of the tailings with
groundwater, but such leaching is expected to be at reduced ~ates (Sec. 9.3.4).

Tailings management schemes for Alternative 9 are similar to the other alternatives except
that the radium and thorium content in the tailings would be less. The potential for failure
of the impoundment would be the same as for other alternatives, although the magnitude of
release of radiocactive material would be reduced in proportion to the radicactivity of the
tailings. The proposed 10-m (30-ft) disposal depth of Ra-226 and Th-230 concentrates wotld
isolate them from surface erosion effects.

9.4.2 Lland Use Controls

9.4.2.1 General

Isolation of the tailings should come primarily from physical barriers, such as earthen cover,
provided by the alternatives being evaluated. However, in addition ro potential degradation
through exposure to natural forces, as discussed in Section 9.4.1, there remains the possi-
bility of disruption of the tailings isolation ts a result of human activity. The potential
need for land use controls to supplement isolation of the tailings provided by overburden and
cover materials is evaluated in this section. (See ='so Sec. 10.3, which discusses the matter
of overall long-term site monitoring and contrel, tuxing into consideration both the evaluation

ol this section and that of the preceding section.)



There are several types of land use that could lead to unacceptable health risks following
final tailings disposal. Three general types of land use scenarios are used to assess tne need
for supplementary land use contrecls in the case of each alternative:

Type 1--Nearby Residence. This type of land use involves occupancy of structures very
near or, in the worst case, on top of the site (but with no digging at the tailings
disposa) area). Inadequate isolation or cover of the tailings could lead to radiocactive
airborne emissions, particularly radon, which could present unacceptable health risks to
persons living near the tailings disposal site.

Type 2--txcavation and In. ision Events. This type involves direct numan intrusion at the

taiiings site. For example a basement might be dug to buiid a structure at the disposal

site; the tailings might be dug into for use in offsite construction projects {see Ch. 2

description of past incidents); or a well might be drilled into er through the tailings.

These kinds of activities do not lend themselves to prediction; it is not possible to

evaluate the likelihood of such events in guantitative torms. Exposures from such activi- |
ties would, however, pose potentially unacceptable health risks. It is estimated that in

an extreme worst case situation where a basement is dug into isolating cover material so

that it contacted *he tailings, continuous occupancy could lead to exposures of 30 rem per |
year from radon,?® an order of magnitude greater than currently allowable exposure levels

specified in 10 CFR 20.

It must be stressed that even the worst case intrusion at the tailings site would not
result in immediate health effects. The leve' of radioactivity is low and potential

health effects would result only after long and continuous exposure to the tailings.

Because the tailings represent a chronic, as oppored to acute, health risk, it would not

be essential that controls be continuous and so complete that no intrusion could possibly

occur. Annua) or semiannual site visits would be sufficiently frequent to cease any Type

2 activity before it continuea long enough to present a real health threat.

Type 3--Surface Use Accelerating frosion. This type of land use scenariu involves surface
uses which could Tead to, or accelerate, natural erosion processes that could result in
eventual exposure of the tailings. For example, grazing or intensive recreation (such as
use of off-road vehicles) on the disposal site might result in loss of vegetative cover
established to ensure long-term stability of the tailings area; accelerated erosion of
cover material might then occur. This type of land use is distinguished from the second
type in that it would not in itself involve immediate, direct human exposure. Instead, it
would lead to disruption of the tailings isolation (uncovering of the tailings) and virtual
return to a situation where emissions from the tailings were uncontrolled, as in the base
case. Radon release and blowing of tailings would then present a threat to public heaith.

9.4.2.2 Evaluation of Alternatives

In the following paragraphs, the alternatives are assessed in terms of the land use control
each would require to aveid unacceptable public health risks. In particular, each of the
alter-atives is assessed relative to the three land use types described above.

Most mining and milling activity occurs in sparsely populated regions. The model region, which
is representative of the western milling regions, has - density of less than three persons/km?
{(7/mi?), which is an erder of magnitude less than the na'’onal average. This sparse develop~
ment results from the harsh climate and soi) conditions existing in most mining areas. While
recognizing that it is not possible t .i¢ ‘ct climatic and demographic patterns as far into
the future as the tailings will remain hazardous, current conditions and associated very low
jressures for land develcpment will most likely continue for a reasonably long period. For
this reason, any of the above land use types will tend to be "worst case" or conservative
scenarios for evaluating disposal alternatives at most dis) sal sites.

9.4.2.2.1 Alternative 1--Active Care Mode

It would be essential that land use controls be applied in the case of Alternative 1. Although
enough cover materal could be provided initially (us discussed in Sec. 9.3.8) to reduce risks
to individuals living very near the tailings site to acceptable levels (Type | use), measures
to ensure that the isolating cover remains intact under natura) weathering and erosive forces
are not provided. Surface land uses of any sort would be unacceptable since they would surely
accelerate the erosion processes which will be working in this active care mode.

9.4.2.2.2 Alternatives 2 through 6--Passive Monitoring Mode

It would be prudent to exercise land use controls for Alternatives 2 through 6, which represent
a more passive mode of disposal.
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As described in Section 9.3.8, cover material can be provided to reduce risks to levels which
would permit living near or even on the pile (Type | use). However, excavation (Type 2 event),
followed by p-clonged exposure, would probably lead to excessive radiological doses. For this
reason, some control of s‘tes appears to be a prudent supplementary measure. Whether or not
Type 3 surface land uses could be allowed would have to be determined on the basis of a number
of site-specific factors and the degree of success experienced in the tailings disposal area.
As more fully described in the discussion of decommissioning events presented in Chapter 14,
during the period that reclamation was being carried out and vegetation was being estab)ished,
surface uses would have to be excluded. While it would be prudent to have continued control of
the site (by periodic monitoring) to assure that there was no intrusion, it might be possible
to permit some selected uses of the land. This can be determined, however, orly on a site-
sperific basis and only after an extended period of observation. Eventually it might be pos-
sib.2 to allow unrestricted surface use. Because below-grade disposal would virtually «limin-
ate exposure to weathering and erosional forces, productive uses of the tailings site surface
are a strong possibility. For example, the tailings area could be used for light recreation,
grazing or, perhaps, even crop production. Because disposal of tailings in open pits will

in general make it easier to provide thicker covers than could be afforded in cases invelving

above grade or specially excavated pit disposal, the potential for surface land use is greatest
for Alternatives 2 and 3.

Because, as discussed above, the Type 2 intrusion event will not result in an acute exposure
resulting in immediate health effects, and the potential negative effects of an unacceptable
Type 3 activity would occur relatively slowly, continuous site monitoring probably would not be
required. A periodic visit to the site (e.g., annually) in addition to either land ownership
or records control would provide reasonable assurance that the tailings remained undisturbed.
This level of monitoring also would be sufficient to detect any significant degradation of the
tailings uisposal area which may be occurring as a result of exposure to natural wea*hering and
erosional forces in time to remedy the situation (since such effects will be slow). (A more
complete discussion of long-term monitoring activities is presented in Sec. 10.3.)

9.4.2.2.3 Alternatives 7 through 9--Potential Reduced Care Mode

These aiternatives provide some additional isolation of tailings beyond that provided in the
preceding modes of disposal. Each, again, provides sufficient isolation to permit Type | land
use. However, except possibly in the case of Alternative 8, involving fixation of the tailings
and disposai in a deep mine, it again would be prudent to erercise land use contra's. Disposal
in deep mines would provide sufficient isolation that risks under even the intrusion event
would be so small as to be insignificant. Therefore, no land use controls would be necessary
for this alternative.

Alternative 7 involves fixation of the slimes, which contain most of the radicactivity in the
tailings. Being fixed in cement or asphalt, the slimes could not be dug into or removed from
the site very easily (Type 2 event). Also, consequences of loss of cover material resuiting
from surface land uses (Type 3 event) would be reduced since radon exhalation and blowing of
radiocactive particulates would be greatly reduced. Although the hazards are reduced, it « yld
appear that unrestricted land use would not be prudent. As discussed in Section 9.4.1 *
long-term stability of cement and asphalt binders is uncertain Furthermore, the sands would
not be fixed, and the radicactivity associated with them, although reduced, would present the
same kind of risks presented by tailings in previous alternatives

Alternative 9 involves two waste forms which must pe considered: (1) the radium and thorium
concentrates and (2) the mill tailings. With regard to caoncentrates, there are essentially no
risks associated with Type 1 or 3 land use aLtivities. Although the likelihood of the intru-
sion event is much less than that for near-surface burial alternatives, potential consequences
are increased. It is doubtful, therefore, that land use controls (at least in the form of
periodic monitoring) could be eliminated. Although the tailings resulting from the nitric acid
leach process would contain substantially less radioactivity than do conventional ta'lings,
and. hence, potential consequences would be reduced, residual levels cof radiocactivity would
stil]l be significantly greater than background levels; therefore, some type of land use control
appears to be prudent.

9.5 DECOMMISSIONING ALTERNATTVES
9.5.1 Introduction

The alternative modes of decommissioning considered are (1) the decontamination, retention, and

reuse of some or all of the buildings and equipment, and (2) the complete removal of all build-

ings, foundations, and equipment, with the restoration of the site to approx imately its original

state. In either case, contaminate¢ ground areas would be decontaminated to levels which would

permit complete and unrestricted access and use of the site. The abandonment of the mill and
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site without complete decontamination or dismantlement is not considered. These two alter-
natives were described in Section 8.5; the monetary costs associated with these alternatives
are given in Section 11.3.

Details of the decommissioning problem will vary depending upon specific conditions at the mill
being decommissioned; however, the staff believes that the two general alternatives evaluated
in this document for the model! mill span the range of actions expected to be necessary at
actual mills. It is assumed for this analysis that no tailings material has been removed for
use in offsite construction, and therefore no decontamination of offsite buildings will be
necessary.

Table 9.14 presents current existing NRC guidance for decommissioning, decontamination and land
cleanup. It characterizes the levels of residual contamination which would exist at the site
following oecommissioning. The land cleanup guidance is interim guidance recently issued in
the form of a Staff Technical Position (presented in full in Appendix J).

Table 9.14 Suggested Decontamination Criteria

1. SURFACES®

Radionuclide Acceptable Levels

U-238 5000 d/a® over 10g cw?
200 d/m removable

Th-230, Ra~-226 100 d/m over 100 cm?®
20 d/m removable

11. LAND CLEANUP®

Radiation Target Upper Limit
Criteria Criteria

Gamma Spr/hr° P Zour/ne

Radon Flux 0.006 WL 0.02 w9

aProposed American National Standards Institute criteria of June 1974.
Pug/m" means disintegrations per minute.
“Activity on filter or soft absorbent material obtained on wiping surface.

d"Draft "nterim Land Cleanup Criteria for Decommissioning Uranium Mill
Sites,” U.S. Nuciear Regulatory Commission, November 1977.

®Measured one meter above ground. The criteria is an increment above background.

fworking level exposure inside structure above levels resulting from background
releases.

g‘Norking level inside structure including background contribution.

9.5.2 Impacts from Equipment and Building Decontamination and Reuse

9.5.2.§ On Air GQuality

Hydrocarbons, sulfir oxides, and other air pollutants would be emitted by heavy machinery used
in excavation of o.e pads anc in other earth-moving activities. Lesser .iuunts of these pol-
Jutants would be released from smaller machinery used for washing, sprayiny or other cleaning
processes. These emissions would be temporary Dust from earth-moving and c.eaning procedures
would reduce air quality and visibility near the area of activity, but these effects also would
be temporary. At worst, the areas disturbed could be expected to suffer wind erosicn at a \ate
of 4.5 kg/ha-hr during operations, and perhaps | to 2 kg/ha-hr until the new vegetation can
stabilize the soil. Wetting, covering the topsoil with straw, or use of chemical soil binders
will reduce fugitive dust emissions.

i 20
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The impacts will vary regionally, depending upon the rapidity with which the disturbed area is

revegetated. The impacts should be greatest in Wyoming, the Great Plains, and the dry Southern
Rocky Mountains.

9.5.2.2 On Surface water Quality

If the mill is close to a surface water body (e.g., stream or creek), runoff from the building
washdown procedures might drain into these waters. In most cases, however, any runoff would
tend to flow toward the tailings impoundmen® , which are normally downgradient af the mill,

9.5.2.3 On Groundwater Quality

No impacts to groundwater quality are exp~cted from surtace activiiies associatea with decon-
tamination. However, if deep excavations were necessary for burial of contaminated concrete

and ore-pad bases, some ieaching of contaminants to groundwater might cccur if rain were allowed
to percolate into the burial site and if there were any connection to the groundwater aquifer.

9.5.2.4 0On Soils

No impacts to soils are expected from decontamination of buildings or ore pads. However, if
previously undisturbed soils were removed, either to use as cover material over decontaminated
ore pads or when a pit was dug to bury contaminatea concrete, the productivity of that soil
would be reduced. (It ‘s indicated in Sec. 8.5 that contaminated material would be placed in
the tailings pond; however, depending on the method used for tailings stabilization and reclama-
tion, the tailings pond might already have been covered at the time of decommissioning, thus
necessitating the digging of a burial pit.)

9.5.2.5 Biota

No impacts to animals are expected from decontamination procedures. Deposition of dust on
vegetation might reduce photosynthetic activity until the first rain washed the dust away. The
adverse effects of dust could be partially mitigated by sprinkling disturbed areas with water
during activities that would generate dust (e.g., earth-moving operations). In any case, these
effects would be temporary.

9.5.2.6 On the Community

The dust and noise generated by the decontamination procedures are expected to be a temporary
annoyance to any residents remaining in the area after mill shutdown. Most milling operations
are usua'ly more than 8 km (5 miles) from permanent communities, and no effects of decommis-
sioning activities wc.ld be expected at such distances.

Some of the operating force at the mil! probably would mo e from the region, resulting in a
minor impact (since the percentage change in population would be almost negligible) to those
segments of the business community which furnish goods and services to mill workers and their
families.

9.5.3 Impacts from Removal of Builcings and Equipment

Impacts to air, surface and groundw: ter, soils, biota, and the community would be guantita-
tively similar to those above; however, the magnitude of the impacts to soils and groundwater
resulting from excavation and burial of the colid waste material, and eventual covering of the
mill site, ore pads, and burial pit is expected to be greater. This is because a larger area
must be covered. The availability of soil would be severely limited. Reclamation of these
sites would be subject to the same considerations discussed in Appendix N.

9.6  SUMMARY
The effects of employing alternatives for reducing airborne emissions during operation, for

tailings management and disp sal, and for mil]l building and site decommissioning have been
evaluated in this chapter (he alternatives considered were described in Chapter 8.

L
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9.6.1 Airborne Emissions during Cperation

Airborne emissions can be controlied to levels which would ensure that 40 CFR 190 offsite dose
limits can be met at locations re.atively close to the mill site under realistic occupancy
conditions. Analysis of the base case identified dusting from the tailings pile as the most
significant potential contributor to offsite exposures. Several alternative levels of dusting
contro) were evaluated [in combination with efficient (98%) yellowcake drying and packaging
off-gas scrubbers] and it was shown that a high degrze of tailings pile dusting control (about
90%) is needed to meet 40 CFR 190 limits at a trailer location occupied 50% of the time 400 m
(1300 ft) from the tailings cdge. This level of contral could be achieved by several means,
inciuding cover by tailings solution, by water spray, or by chemical binders; in any case,
management attention will be required to assure that such dusting control is continuous and
comprehensive.

Although yellowcake emissions could be reduced to low levels and 40 CFR 190 limits could be met
at locations near the mill with available stack-scrubbing devices, offsite doses could be
further reduced by elimination of the drye: circuit. This could be done by shipment of moist
yellowcake. In addition to environmental benefits, overall ccupational radiation exposures
could be reduced by abcut 3%. Economic penalties of this 2. .ernative are addressed in

Chapter 11. The degree to which it could be implemented i. constrained by limited capacity for
processing moi<t yellowcake at uranium hexafluoride conversion plants. Complete evaluation of
this aspect is provided in Chapter 12.

Wet, semiautogenous grinding could eliminate exposures from already low (base case) emissions
from ore crushing and grinding operations. More significantly, however, worker radiation expo-
sures could be reduced by about 24% by utilization of this process.

9.6.2 Tailings Management and Disposal

The tailings management and disposal programs described in Section 8.4 are evaluated in terms
of the degree to which they mitigate the environmental impacts covered in Chapter 6, that is,
impacts on air gquality, water quality soils, biota, etc IL is difficult to summarize and
quantify the severity of these impacts and, conversely, the degree to which they can be avoided
by the mitigative measures evaluated. However, the evaluations of this chapter and of

Chapter 6 indicate that the extent of such impacts relates primarily to the following:

Extent of airborne emissions (particulates and radon gas) from the mill and mi'~ tailings
pile,

Extent of seepage of tailings soiutions,

With regard to the tailings, the long-term stability of mitigative measures employed to
control these airborne emissions and seepage.

Therefore, to simplify the matter of conducting a benefit-cost analysis of the alternatives in
support of establishing requirements for mill tailings management and disposal, the range of
concern can be narrowed t. these areas; this is done in Chapter 12.

One attempt to mitigate the evaluation of alternatives in terms of the many specific environ-
mental impacts which could occur involved ranking the nine tail 'ngs disposal programs in num-
erical fashion. This ranking is provided in Appendix L. The limitat.ons of such a process are
great: it requires that subjective judgments be made both about the extent of impacts and the
relative importance of impact categories [that is, ~elative importance of impacts on soils,
biota, vegetation, public health (radiological impacts), etc. ], it does not factor in costs,
nor does it reflect the fact that, as discussed in Section B.4, there are many other mill
tailings disposal programs that couid be developed in real situations. However,K while such an
evaluation is not conclusive or definitive, it does tend to support the correlation between the
value or benefit of particular alternatives and the degiee to which they address the concerns
identified above

Alteraatives are sorted into several groups by this ranking accordirg to the degree and poten-
tial permanence of isolation provided and, hence, to the degree to which effects of airharne
emissions and seepage are minimized

The alternatives receiving highest ranking were alternatives involving fixation of tailings and
burial in an open pit (Alternative 7) or in a deep mine (Alternative 8). The next grouping
includes those tailings disposal schemes featuring burial below grade in specially excavated or
available open pits (Alternatives 2-5). Above-grade alternatives (1 and 6) rank lower
according ‘o the degree to which they provide isolation from natural weathering and erosional
forces which affect long-term stability of isolation.

- 7 L Q
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9.6.3 0¢co-nissiontng

Alternative modes of decommissioning are discussed in Section 9.5, wherein it is concluded that
the environmental impacts of the two alternatves are not vastly different and are, in any
case, minimal and transient.
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10. MONITORING PROGRAMS

The monitoring program to be applied to uranium milling activities should be designed in three
phases: opreoperation, operation, and postoperation. Each phase is discussed below. The pro-
gram presented is general in format, although it has been slanted towards the environmental
characteristics of the model site outlined in Chapter 4 and the physical and chemical character-
istics of the model mill as outlined in Chapter 5. The type and frequency of monitoring needed
for a given mill is highly degeauent on the characteristics of the individual site and therefore
the program described below will not be totally applicable to any particular site. As discussed
more completely below, the level of postoperational monitoring that will be requir- 4 at sites is
speculative; it will de~end upon the mode of tailings disposal and the long-term stability
achieved. Therefore, instead of outlining specific details of a moni‘oring program as is done
for the preoperational and operational phases, the discussion of postoperational monitoring is
intended to characterize in a general fashion the nature and extent of monitoring activities
Lhat would be required for various tailings disposal moces.

10.1 PREOPERATIONAL MONITORING PROGRAM

The preoperational monitoring program should be conducted for ac least one full year prior to
any major site construction. This program should be designed to provide complete baseline data
on the site and its environs prior to development. These data are needed to:

« Assess impacts of the future milling operations. Since many of the potentia)
impacts associated with uranium milling are the result rf the release of
naturally occurring materials (e.g., radionuclides, toxic and/or trace
elements. susperded solids, particulates). a thorough understanding of the
background levels (and variability over space and time) of these materials
must be develaped.

+ Provide reference data against which to measure the effectiveness of the mill
effluent control systems and procedures during operating or in the case of an
unusual release.

« Provide reference data against wnich to measure comp!‘ance with applicable
environmental standards during later operations.

+ Provide a reference point for use in site deconmissioning, e.g., to provide
a definition for “successful decommissioning and reclamation.”

The radiological aspects of an uranium milling operation are largely common for all mills, and
the essential components of a preoperational radiological monitoring program are sunmarized in
Table 10.1. A number of these components should be extended into the operaticnal phase of the
mill.

Specific air quality monitoring programs are normally develope! and made conditions of permits

.ssued by States under tne Clean Air Act. This will involve sampling of major sources for SO,,
NO,+ hydrocarbons, and particulates. Ambient monitoring may be required as often a< _very six

days at locations selected to provide a statistically significant measure ¢~ *_. air quality is
being affected by mill emissions.

A program of groundwater quality monitoring should also be conducted in conjunction with the
radiological preoperational monitoring program. It should include sampling and measurements of
certain nonradiological constituents, suck as those iisted in Table 10.2. The list is based on
EPA water quality criteria.!

Other nonradiological elements of a preoperational monitoring program (e.g., soils, biota) are
so site-specific that development of a hypothetical monitoring program for the model mill on

the model site would serve no purpose. Regulatory Guide 3.8,7 which includes specification of
material that should be provided in applicants' environmental reports, should be used as a guide
in the development of preoperational monitoring efforts in the areas of land use, geology and
mineral resources, surface water, soils, biota, and demography.
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Table

10.1.

Preoperational Radiological Environmental Monitoring Program for Uranium Mills

Sample Collection

Type of Sample Number Location Type
Air
Particulates Three At or near the site Continuous®
boundaries in different
sectors predicted to
have the highest air-
borne radionuclide con-
centrations during
milling operations
One or more At or close to the Continuous
nearest® residence(s)
or occupied offsite
structure(s) {(if within
10 km of site)
One At a control or bac! Continuous
ground location remote
from siteC
Radon gasd Four or more Same locations as for Continuous
air particulates for one week
per month
representing
about the
same period
each month
Water
Groundwater®  Six or more Wells located around Grab

future tailings dis-
posal area.’ At least

three wells hydrologi-
cally down gradient of
disposal area. At
least three located on
other sides of tail-
ings disposal area

Frequency

Sample Measurement

Frequency

Weekly filter change
or more frequently as
required by dust
loading

Weekly filter change
or more frequently as
required by dust
loading

Weekly filter change
or more frequently as
required by dust
loading

Samples collected for
46-hr intervals

Nuarterly

Quarterly composites
of weekly samples

Quarterly
of weekly

composites
samples

Quarterly
of weekly

composites
samples

tach 48-hr sample

Quarterly

Semiannually

Type of Measurement

Natural uranium, Ra-I226,
Th-230, and Pb-210

Natural
Th-230,

yranium, Ra-226,
and Pb-210

uranium, Ra-226,
ind Pb-210

Natural
Th-230,

-0l

P..=222

Dissolved natural ura-
nium, Ra-226, Th-230

Pb-210 and Po-210




Table 10.1. (continued)

Sample Collection Sample Measurement

tors predicted to have
the nighest air particu-
late concentrations dur-
ing milling operations

Type of Sample Number Location ype Freguoacy Frequency Type of Measuremont
Water
Groundwater® One from each Wells within 2 km of Grab Quarterly Quarter’ Dissolved and suspended
(cont'd) well tailings disposal area natural uranium, Ra-226,
which are or could be Th-230
used for potable water
supplies, watering of Semiannually Pb-210, Po-210
livestock, or crop
irrigation
One well located hydrologi- Grab Quarterly fuarterly Dissolved natural ura-
cally up gradient from nium, Ra-226, Th-230
tailings disposal area
to serve as control or Semiannually Pb-210, Po-210
background location
Surface One from each Large permanent onsite Grab Quarterly Quarterly Suspended and dissolved
waterd body of water water impoundments, or natural uranium, Ra-226, 3
offsite impoundments Th-230 &
which may be subject
to direct surface
drainage from poten- Semiannually Pb-210, Po-210
tially contaminated
areas or which could be
affected by a tailings
impoundment failure
One from each Surface waters pgssing Grab Monthly Monthly Suspended and dissolved
body of water through the site” or natural uranium, Ra-226,
offsite surface waters Th-230
which may be subject to
drainage from poten-
tially contaminated Semiannually Pb-210, Po-210
areas or which could be
impoundment failure
Vegetation Three Grazing areas near the Grab Four times during Quarterly Natural uranium, Ra-226,
(forage) site in different sec- grazing season Th-230, Pb-210, and

Po-210

e i
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Table 10.1.  _ontinued)
! - Sample Collection - _ Sample Measurement
; Type of Sample Number Location Type Frequency Frequency Type of Measurement
1 Food Three of each Crops, livestock, etc., Grab Time of harvest or Once Natural uranium, Ra-226,
i type raised within 5 km of slaughter Th-230, Pb-210, and
‘ mill site Po-210
|
| Fish Each body of Collection of game fish Grab Semiannually Twice Natural uranium, Ra-226,
| water (if any) from lakes, Th-230, Pb-210 and
- rivers, and streams in Po-210
| the site environs which
: may be subject to seep-
age, direct surface
runoff from potentially
. contaminated areas, or
which could be affect-
| ed by a tailings im-
poundment failure.
| Site survey
: Gamma dose-  Up to 80 150-meter intervals to  Dircrt Gnee prior to site Once Pressurized ionization
rate! a distance of 1500 reading construction chamber) or properly
I meters in each of eight calibrated portable sur-
| directions from center vey instrument
T of milling area or at a
point equidistant from
: milling area and tail-
ings disposal area
: Up to 80 Measurements are re- Direct Once following Once Pressurized ionization
‘ peatea at each location reading excavation, level- cizmber or properly
' disturbed by site exca- ing, or contouring calibrated portable sur-
d vation, leveling or of miiling area vey instrument
' contouring
= Four or more At same locations as Direct Quarterly Quarterly Pressurized iorization
used for collection of reading or chamber properly cali-
' particulate samples continuous brated portable survey
i e TLD) instrument or TLD
| (-

=Gl



L e

5=01

| Table 10.1. (continued)
t
Sample Collection Sample Measurement
E Type cf Sample Number Location Type Frequency Frequency Type of Measurement
f Surface soilk Up to 40 300-meter intervals to Grab Once prior to site Once A1l samples for Ra-226,
a distance of 1500 construction 1CY of samples for natu-
meters in each of eight ral uranium, Th-230, and
directions from center Pb-210
of milling area or at a
point equidistant from
mi1ling area and tail-
ings disposal area

Up to 40 Measurements are repeat- Grab Once following exca- Once Repeat the same measure-
ed at each sampling lo- vation, leveling, or ment that was done prior
cation disturbed by ex- contouring of milling to diste~bance
cavation, leveling or
contouring

Four or more At same locations as Grab One prior to site Once Natural uranium, Ra-226,
used for collection of construction Th-230, and Pb-210
air particulata samples

Subsurface Five At center reference Grab Once prior to site Once Ra-226 (all samples);
soil profile™ location and at dis- construction natural uranium, Th-230,
tances of 750 meters in and Pb-210 (one set of
each of four directions samples)

Up to five Measurements are repeat- Grab Once following exca- Once Repeat the same measure-
ed at each samoling lo- vation, leveling, or ment that was done prior
cation disturbea v ex- contouring to di;turbance
cavation, leveling or
contouring

Sediment” Two from Up and downstream of Grab Once following sprine . wice Natural uranium, Ra-226,
each stream surface waters passing runoff and late sum- Th~230, and Pb-210

through site or from
offsite surface waters
which may be subject to
direct runoff from
potentially contaminated
areas or which could be
affected by a tailings
impoundment failure

mer following period
of extended Tow flow
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Table 10.1. {continued)

Sample Collection Sample Measurement
Type of Sample Number Location Type Frequency Frequency Type of Measurement
sediment”

(cant'd) One from each Onsite water impound- Grab Once prior to site Once Natural uranium, Ra-226

water ments (lakes, ponds, construction Th-230, and Pb-210
impoundment etc.) or offsite

impoundments which may
be subject to direct
surface runoff from
potentially contami-
nated areas or which
could be affected by
tatlings impoundment
failure

Radon-2~ Up to ten At center reference Two- to Quarterly during Each sample Rn-222 flux
flux® location and at dis- three-day spring through fall
tances of 750 nd period
1500 meters .. each of
four directions

9-01

'Continuoas collection means continuous samp'er operation with /74w change weekly or as required by dust loading, whichever is more frequent,
ne number of Tocations to ba sampled will be dependent upon the locations of residences with respect to the mill sii. and upon the predicted

radionuclide concentrations in air at these locations. In general, sampling at residences greater than 8 km from the mill site should not be
necessary. Also, for residences within 10 km from the site, it is not expected that more than three locations will need to be sampled at any
site and that in most cases sampling at a single location (the nearest residence) will be adequate. As gereral guidance, sampling should be
carried out at a residence when the doses at that location are predicted to exceed 102 of the applicable radiation protection standard. The

term "nearest” as used here means .he location predicted to have the highest airborne radionuclide concentrations during milling operations.

care should be taken in selection of the control sampling location so that it is representative of the site conditions. In general a location
more than about 15 km from the mill site (preferably in the least prevalent wind direction) should provide a suitable location for a control
sampling site. The preoperati 1] program provides an opportunity to select a site which is similar in background to the mill site.

dSanpling type and frequency re. .. to continuous collection of a gaseous air sample with samples being changed
week period. If a continuous monitor is used, then this sampling frequency would not apply.

€1¢ the sample contains appreciable suspended material, it should be filtered through a membrane filter as soon as possible following collection
and the filtrate acidified to 1% hydrochloric acid.

about every 48 hours for a one-

fThe location of the groundwater sampling wells should be determir by a hydrological analysis of the

tailings disposal area. In general, the objective is to place mc. lor wells in all directions around
downgradient locations.

potential movement of seepage from the
the tailings area, with emphasis on the

(Footnotes continued on next page.)



| Tabie 10.1. (continued)

ISurface water samples to be analyzed for dissolved and suspended fractions shouid be filtered through a membrane filter as soon as possible fol-
lowing collection and the filtrate acidified to 1% hydrochloric acid.

"ﬂaturnl drainage systems (dry washes) which carry surface runoff from the site following precipitation should be sampled following the
precipitation but at a frequency not greater than monthly.

iA grid of the mill site and its environment should be established and the various types of measurements made at appropriate irtervals. The num-
ber of each type of measurement which needs to be made at a site is highiy dependent on the variability of the site characteristics. Therefore
no specific recomm ndations which are applicable to all sites can be nade. The sampling and measurements outlined pelow are only one example
of the general approach which should be taken to define the preoperational radiological site characteristics.

' Jldeally. pressurized ionization chambers (PIC) should be used in making gamma-ray exposure rate measurements becaise accurate gamma measurements

' are not generally obtained with portable survey instruments (e.g., scintillometers, etc.) because of their energy-denendent ..aracteristics. If
portable survey instruments are used (because of their convenience), these instruments should be carefully calibrated (and cross-checked with a
PIC) so that the readings can be related to the actual gamma-ray exposure rate.

"Surface s0i! samples should be collected to a depth of 5 cm.
Msudsurface soil profile samples should be collected to a depth of three feet. Samples should be divided into one-foot sections for analysis.
NSeveral samples should be collected at each location and composited for a representative sample.

%Radon exhalation measurements should not be taken duri g periods when the ground is frozen or covered with ice or snow or foliowing periods of
riin. It is recommended that these measurements be t.ken during normal weither conditions in the period spring through fall.
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Table 10.3. Operational Radiological Environmental Monitoring Program for Uranium Mills

Type of Sample

Avr

Particulates

Radon gas

Water

Groundwater®

Three

One or Wm‘

One

fFour or more

Six or
more

Location

Locations at or near

the site boundaries and

in different sectors
predicted to have the
highest concentratinng
of airborne particu-
lates

At the nearest® resi-
dence(s), or occupied
structure(s)

Contral location(s)®

Yellowcake dryer and
packaging stack

(re crushing and
grinding stackd

Same locations as tor
air particulates

Wells located around

tailings didposal area.
At least three (3] wells

hydrologically dow:
gradient of dispos
At Jeast 3 logated un

other sides of tailings

disposal area.

. Sample Collection

area.

Type

Continuaus

Cantinuous

Continuous

Isokinet c
and represen-
tative

Com site
prouuct sam-
ple tor iso-
tope ratio

Isokinetic

Cantinuous
for at least
one week®

Grab

Frequency

Weelly filter change
or mere frequently
as required by dust
Toading

Weekly filter change
or more frequently
as required by dust
wading

Weekly filter change

or more frequently
as required by dust

Monthly

Semiannually

Monthly

nt least one week per
calendar month repre-
senting approximately
the same period each
month

Monthly {first year),
gquarterly (after
first year)

Frequency

Sample Measurement -,

Type 'of Measurement

Quarteriy composite,
by lecation, of
weekly samples

Quarterly composite,
by location, of
weekly samples

Quarterly composite,
by laration, of
weekly samples

Manthiy

Semiannual ly

Monthly

Monthly

Monthly (first year),
quarteriy (after
first year)

Semiannually

V.cural uranium, Ra-226,
Th-230, and Pb-210

Natural uramium, Ra-226,
T1h-23, and Pb-210

Natural uranium, Ra-226,
Th-230, and Pb-219

Natural uranium, flow
rate

Th-230, Re-226

Natura) uranium, Th-230,
Ra-226

Rn-222

Dissalved natural ura-
nium, Ra-226, Th-230

Dissolved Pb-210, Pg-210

6-0L
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Table 10.3. (continuea)
- __Sample Coilection I - Sample Measuyrement
Type of Sample Number Location Type Frequency Frequency Type of Measurement
Water (cont'd)

Groundwa ter At least one Hydrologically up- Grab (uarterly Quarterly Gissolved natural ura-
contrel gradient (i.e., not nium, Ra-226, Th-230
sample influenced by seepage

from tailings) Semiannually Dissolved Pb-210, Po-210
One from each Each well used for Grab Quarterly Quarterly Dissolved and suspended
well drinking water or natural uranium, Ra-226,

watering of livestock Th-230

or crops within 2 km of

the tailings Semiannual ly Di-solved and suspended

impoundment? PN, Po-210

Surface water Two from each Surface waters passing Grab Quarterly Quarterly Uissolved and suspended
water body through the mill site natural uranium, Ra-226,

or offsite surface Th-230

waters which are suf-

ficiently close to the Semiannualiy Dissolved and suspended

site to be subject to Ph-210, Poa<Zl0

surface drainage from

potentially contami-

nated a~=as or which

could be potentially

influenced by seepage

from the tailings dis-

posal area." One sam-

ple collected upstream

of mill site and one

sample collected at the

downstream site boundary

or at 1© ation immedi-

ateay uownstream of

focation of potential

influence
One from each Large water impound- C-ab Quarterly Guarterly Dissolved and suspended
water body ments (lakes, reser- natural uranium, Ra-226,

voirs) which are suf- Th-230

ficiently close to the

mill site to be subject Semiannually Dissolved and suspended

[ ————

to drainage from poter-
tially contaminated
areas or which could be
potentially influenced
by seepage from the
tailings disposal area

PP WP —— A S —y=

Py-210, Po-210
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Table 10.3. (continued)

SRS Sample Collection . L ___Sample Measurement
Type of Sample Number Location Type Frequency Frequency Type of Measurement
Direct
radiation Five or more Same as for air par- Continuous Quarterly change of Quarterly Quarterly measurement of
ticulate samples passive inte- passive dosimeters X~ + ganma-ray exposure
grat»ing rates
device or
or
Sensitive Readir - of survey
gamma radia-  instr me.
tion survey
meter (e.qg.,
pressurized
ionization
chamber )
Surface Soil  Five or more Same as for air par- Grab Annuallyl Annually Natural wranium, Ra-2726,
ticulate samples and Pb-210
Vegetation Three or more  From animal grazing Grab fuarter]y tach sample Ra-226 and Pb-210
foragek areas near the mill during spring
site in the direction through fall

Li-ot

of the highest pre-
dicted airborne radio-
nuclide concentrations

U —— S — T o S SRS e R VS S — e ——— P —

*The number of locations to be sampled will be dependent upon the locations of residences with respect to the mill site and upon the predicted
radionucl ide concentrations in air at these locations. In general, sampling at residences greater than 8 km from the mill site should not be
necessary. Also, for residences within 10 km from the site, it is not expected that more than three locations will need to be sampled at any
site and that in most cases sampling at a single location (the nearest residence) will be adequate. As general guidance, sampling should be
carried out at & residence when the doses at that location are predicted to exceed 10% of the applicable radiation protection standard.

®rhe term “nearest” as used here means the location with the highest predicted airborne radisnuclide concentrations during milling operations.

“Measurerents of camples at a control location should be representative of background levels of radicactivity in the air in the area. Samples
should be collected from a location sufficiently remote from the mill site (or from other ar*ivities that would generate airborne radioactivity)
so that the milling activities do not significantly influence the radionuclide concentrattons. In general, a location more than 15 km from the
will site (preferably in the least prevalent wind direction) should provide a suitable Tocation for collection of a background sample,

dﬂhm mill has a dry grinding, as opposed to wet, semiautogenous grinding operation.

(Footrotes continued on next page. )
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Tatle 10.3. (continued)
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®oadon-222 concentratisns in the air are extremely variable because of the largo number of factors (temperature, pressure, wind speed, etc.) that
influence the rate of In-222 release from soils, ores, ad tailings. Therefore, a radon monitoring program ideally should be carried out con-
tinuously in order to ~dequately reflect these wide variations in the concentrations of radon in the air. However, at the present time, continu-
ous radon field monitoring instrumentation has not been fully developed and field tested; technigues for collection of alr samples for a finite
time period followed by laboratory determination of Rn-222 require frequent sample collection and analysis, Therefore, because of these |imita-
tions, tue staff currently recommends that Rn-222 monitoring need be carried out for only one full week of each month. Ihe staff intends to

evalyate the data from these programs to determine their adequacy and the need for continuous monitoring in the future, particularly as new
instrumentation becomes available.

f!f the groundwater samples from the monitor wells contain appreciable suspended material, they should be filtered as soon as possible atter col-
lection and only the soluble fraction analyzed.

¢ a large number of wells are located within 2 km. o=ly those wells nearest the tailings impoundment ceed be sampled,

"!utural drainage systems (dry washes) whic. carry surface runoff from the site following precipitation should be sampled following the
precipitation with appropriate frequency.

'If thermoluminescence dosimeters are used, each dosimeter should contain two or more thermoluminescence phosphors or otherwise provige for two
or more readings of exposure from each dosimeter (see Regulatory Guide 4.13).

jﬂure frequent samples may be » quired if specified in operator plans for meeting dose limits of 40 CFR 190; see Chapter 12, Section 12.2.1,
“Emmission Control During Operation.”

"Vmution or forage sampling need be carried out only if dose calculations indicate that the ingestion pathway from grazing animals is a poten-

tially significant exposure pathway (an exposure pathway should be considered impartant if the predicted dose to an indiyidua) would ex.eed 10%
of the applicable radiation protection standard).

zZi=01
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studies, would provide effective indication of groundwater contamination. The indicator _hould
be selected from among the more mobile chemical species to allow delineation of the extent of
groundwater effects.

The program defined in Table 10.3 includes elements from a revised Regulatory Guide 4.14 now in
preparation.’ The current version of this guide covers effluent monitoring only; the revised
version now in preparation wiil also cover preoperational and operational monitoring programs.

10.3 POSTOPERATIONAL MONITORING PROGAM

There will be two distinct phases of monitoring following termination of mill operation: the
first involves monitoring to determine comp'iance with decommissioning requirements before
termination of license, and the second invoives potential ongoing, long-term site monitoring.
Chapter 14 contains & more complete description of the likely sequence of decommissioning events.

No attempt is made to describe in detail what postoperational monitoring programs should consist
of. They will vary greatly, depending upon the mode of tailings disposal. Site-specific factors
will also influence the kind of monitoring that will be appropriate. In the following sections,
postoperational monitoring 1s discussed in general terms to characterize the nature and extent
of activity that will be regiired in the postoperational period.

10.3.1 Monitoring to Determine Compliance

It is not possible at this time to delineate details of the compliance monitoring program.
However, in general, it will involve making direct and indirect measurements of surface con-
tamination on mill structures that may be decontaminated for further use at the site. Surface
and subsurface soil profile sampling will be required in combination with gamma dose-rate measure-
ments of the site to determine compliance with land cleanup requirements applicable to portions
of the site away from the tailings disposal area.

With regards to the tailings disposal and reclamation program, a combination of radon surface
flux measurements, ambient measurements, and visual observations will be required to determine
compliance. Radon concentrations in air are extremely variable because of the large number of
factors that influence the rate at which the radon is released (temperature, pressure, wind
speed, €tc.). For this reason, determination of compliance with tailings disposal requirements
will be accomplished by measurement of cover thicknesses, supplemented by surface flux and air
concentration measurements. Mill operators will be required to commit to specific disposal

plans that establish thicknesses and shape of cover. (See Ch. 12 for more detailed discussion
regarding implementation of cover thicknes< requirements.) Radon emanation would be measured to
verify that attenuation was reasonably close to that predicted in the initial establishment of
thickness requirements. The groundwater portion of the operational monitoring program delineated
in Table 10.3 snould be continued until applicable licenses are terminated. Also, because one
of the major aspects of the tailings disposal program will be surface reclamation (for example,
vegetation) to ensure leng-term stability ~f the tailings cover, the period of monitoring to
determine compliance will extend for a considerable period of time (5-20 years). (Ses the more
complete discussion of the sequence of decommissioning events contained in Chapter 14.) An
extended monitoring period will be required, because *t will take about five years for vegetation
to become firmly established. Furthermore, it will take several years to experience a suff