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LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States Nuclear
Regulatory Commission, nor any of their employees, nor any of
their contractors, subcontractors, or their employees, make any
warranty, express or implied, or assume any legal liability or

responsibility for the accuracy, completeness or usefulness of
any information apparatus, product or process disclosed, or rep-
resent that its use would not infringe privately owned right.
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ABSTRACT

Ford, Bacon & Davis Utah Inc. has performed an engineering
assessment of the problems resulting from the existence of radio-
active uranium mill tailings at Edgemont, South Dakota. The
assessment inciuded core drillings and radiometric measurements
sufficient to determine areas and volumes of tailings and other
radioactively contaminated materials, the evaluation of resulting
radiation dose commitments to individuals and nearby populations,
the investigation of site hydrology and meteorology and the evalu-
ation and costing of alternative remedial actions.

Residents of Cottonwood Community receive dose commitments
from the Edgemont site by inhalation of radon gas and radioactive
particulates and from external gamma radiation. Residents of
Edgemont receive dose commitments primarily through inhalation
of radon diffusing from the tailings site.

The six alternative remedial actions presented range from
stabilization of the tailings at the present site and decontami-
nation or demolition of the mill buildings (Alternatives I and
IT) to removal of the tailings and all contaminated materials to
an alternate disposal site, leaving the present site available
for unrestricted use (Alternatives III through VI). Four alter-
native sites were selected as possible disposal sites for the
tailings. Estimated costs for the first two alternatives are
$6,110,000 and $7,270,000, and costs for moving the tailings to
alternative disposal sites range from $10,790,000 to $18,970,000.
Costs of remedial actions at off-site structures were estimated
at $200,000.

Reprocessing of the tailings for uranium does not appear to
be economically attractiv:e at present.
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Abbreviations/Terms

absorbed dose

A~-E
AEC

alpha particle (a)

amenability

anomaly (mobile
gamma survey)

aquifer

atmospheric pressure

background radiation

beta particle (B8;

GLOSSARY

Definitions

Radiation energy absorbed per unit
mass.

Architect~Engineer.
Atomic Energy Commisgsion.

A positively charged particle emit-
ted from certain radiocactive material.
It consists of two protons and two
neutrons, hence is identical with the
nucleus of the helium atom. It is
the least penetrating of the common
radiation (a, £, y), hence is not
dangerous unless alpha-emitting sub-
stances have entered the body.

The relative ease with which a min=-
eral (s) can be removed from an cre
by a particular process.

Any location detected by the mobile
gamma survey where the recorded counts
per second (c/s) from a large gamma-
ray detector exceed the determined
background for that area by 50 or
more c/s.

A water-bearing formation below the
surface of the earth; the source

of wells. A confined aquifer is over-
lain by relatively impermeable rock.
An unconfined aquifer is one associ-
ated with the water table.

Pressure exerted on the earth by the
mass of the atmosphere surrounding
the earth; expressed in inches of
mercury (at sea level and 0°C, stan-
dard pressure is 29.921 in. Hg).

Naturally occurring low-level radia-
tion to which all life is exposed.
Background radiation levels vary
from place to place on the earth.

A particle emitted from some atome

undergoing radioactive decay. A
negatively charged beta particle
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BEIR

BOM (USBOM)

CHES

Ci

daughter product

diurnal

dose equivalent

EGR

EPA (USEPA)

ERDA (USERDA)

ERDA-GJO

erg

is identical to an electron. A
positively charged beta particle .
is called a positron. Beta radia-
tion can cause skin burns and beta-

emitters are harmful if they enter
the body.

Biological Effects of Ionizing
Radiation.

Bureau of Mines.

Center for Health and Environmental
Studies, Brigham Young University,
Provo, Utah.

Curie (the unit of radiocactivity
of any nuclide, defined as pre-
cisely equal to 3.7 x 1010 dis-
integrations/second).

The nuclide remaining after a
radiovactive decay. A daughter
atom may itself be radioactive,
producing further daughter prod-
ucts.

Daily, cyclic (happening each day
or during the day).

A term used to express the amount
of effective radiation vaen modi-
fying factors have been consid-
ered (the numerical product of
abusorbed dose and quality factor).

External gamma radiation (gamma
radiation emitted from a source(s)
external to the body, as opposed
to internal gamma radiation
emitted from ingested or inhaled
sources) .

Environmental Protection Agency.

Energy Research and Development
Administration.

Energy Research and Development

Administration-Grand Junction
Office.

The basic unit of work or energy
in the centimeter-gram-second.

xvii



exposure

exhalation

FB&DU

gamma background

gamma ray

GJO

ground water

health effoct

heap leaching

HEW (USHEW)

system (1 erg is equal to 7.4 x
107% ft-1b).

Related to electrical charge pro-
duced in air by ionizing radiation
per unit mass of air.

Emission of radon from earth (usu-
ally thought of as coming from a
uranium tailings pile, but actually
from any location).

Ford, Bacon & Davis Utah Inc.

Natural gamma ray activity every-
where present, originating from
two sources: (1) cosmic radiation,
bombarding the earth's atmosphere
continually, and (2) terrestrial
radiation, Whole body absorbed
dose equivalent in the U.S. due

to natural gamma background ranges
from about 60 to about 125 mrem/yr.

High energy electromagnetic radia-
tion emitted from the nucleus of

a radioactive atom, with specific
energies for the atoms of different
elements and having high penetrat-
ing power.

Grand Junction Office.

Subsurface water in the zone of
full saturation which supplies
wells and springs.

Adverse physiological response
from tailings (in this report, one
health effect is defined as one
case of cancer from exposure to
radioactivity) .

A process for removing uranium from
ore, tailings, or other material
wherein the material is placed on
an impermeable pad and wetted with
appropriate reagents. The uranium
solution is collected for further
processing.

Department of Health, Education,
and Welfare.
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insult

Interim Drinking
Water Standards (EPA)

iso~-exposure line

isotope

JCAE

knot

uR/hr
mR/hr

MeV

NAS

NIOSH

noble gas

NRC

Negative impact on the environment
or the health of individuals.

Title No. 40 of the Code of Feder-
al Regulations, Chapter 1, Part
141, dated Dec 24, 1975; sched-
uled to become effective Jun 24,
1977.

A line drawn on a map to connect
all points having the same expo-
sures rate.

Oie of two or more atoms with the
scme atomic numbers (the same chem=-
ical element) but with different
atomic weights. Isotopes usually
have very nearly the same chemical
properties, but somewhat different
physical properties.

Joint Committee on Atomic Energy.

A unit of velocity, approximately
equal to 1.15 mi/hr.

Microroentgen per hour.
Milliroentgen per hour,
Million electron volts.

Maximum permissible concentration

(the highest concentration in air

or water of a particular radionu-

clide permissible for occupational
or general exposure without taking
steps to reduce exposure).

National Academy of Sciences.

National Institute for Occupational
Safety and Health.

One of the gases, such as helium,
neon, radon, etc., with completely

filled electron shells which is
therefore chemically inert.

Nuclear Regulatory Commission. .
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nuclide

ORNL

ORP~LVF (EPA)

pCi/1
PHS (USPHS)

QF

rad

radioactivity

radiocactive decay
chain

A general term applicable to all
atomic forms of the elements;
nuclides comprise all the isotopic
ferms of all the elements., Nu-
clides are distinguished by their
atomic number, atomic mass, and
energy state.

Oak Ridge National Laboratory.

Office of Radiation Programs, Las
Vegas Facility (Environmental Pro-
tection Agency).

Picocurie per liter.
Public Health Service.

Quality factor (an assigned factor
which denotes the modification of
the effectiveness of a given ab-
sorbed dose by the linear energy
transfer).

Roentgen (a unit of exposure to
ionizing radiation. It is that
amount of gamma or X-rays required
to produce ions carrying 1 electro-
static unit of electrical charge,
either positive or negative, in

1 cubic centimeter of dry air under
standard conditions numerically
equal to 2.58 x 10~ coulombs/kg) .

The basic unit of absorbed dose of
ionizing radiation. A dose of 1
rad means the absorption of 100
ergs of radiation energy per gram
of absorbing material.

The spontaneous decay or disinte-
gration of an unstable atomic nu-
cleus, usually accompanied by the
emission of ionizing radiation.

A succession of nuclides each of
which transforms by radiocactive
disintegration into the next until
a stable nuclide results. The
first member is called the paront,
the intermediate members are callod
daughters, and the final stable
member is called the end product.
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radium

radon

radon background

radon concentration

radon daughter

RDC

radon flux

raffinate

recharge

A radiocactive element, chemically .
similar to barium, formed as a

daughter product of uranium (238y),

The most common isotope of radium,

226Ra, has a half-life of 1,620

yr. Radium is present in all ura-
nium-bearing ores. Trace guanti-

ties of both uranium and radium

are found in all areas, contribut-

ing to the gamma background.

A radioactive, chemically inert
gas, having a half-life of 3.8
days (222Rn); formed as a daughter
product of radium (226Ra).

Low levels of radon gas found in
an area, due to the presence of
radium in the soil.

Tahe amount of radon per unit vol-
vme. In this assessment, the aver-
age value for a 24-hr period of
atmospheric radon concentrations,
determined by collecting data for
each 30 min period of a 24-hr day

and averaging these values. ‘

One of several short-lived radio-
active daughter products of radon
(several of the daughters emit
alpha particles).

Radon daughter concentration (the
concentration in air of short-lived
radon daughters, expressed usually
in pCi/l; also measured in terms

of working level (WL).

The quantity of radon emitted from
a surface in a unit time per unit
area (typical units are in pCi/
cmé-sec) .

The liquid part remaining after a
product has been extracted in a
solvent extraction process.

The processes by which water is

absorbed and added to the zone of
saturation of an aquifer, either

directly into the formation or .

indirectly by way of another forma-
tion.
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tailings

WL

WLM

remaining in tailings is found in
the slimes.

The remaining portion of a metal-
bearing ore after the metal, such
as uranium, has been extracted.
Tailings also may contain other
minerals or metals not extracted
ir. the process (e.g. radium).

Working level. A unit of radon
daughter exposure, equal to any
combination of short-lived radon
daughters in 1 liter of air that
will result in the ultimate emis-
sion of 1.3 x 105 MeV of potential
alpha energy. This level is equiva-
lent to the energy produced in the
decay of the daughter products
RaA, RaB, RaC, and RaC' that are
present under equilibrium condi=-
tions in a liter of air containing
100 pCi of Rn-222, It does not
include decay of RaD (22 yr half~-
life) and subsequent daughter
produccs.

Working level month. One WLM is
equal to the exposure received
from 170 WL-hours.
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CHAPLER 1

SUMMARY

1.1 INTRODUCTION

The U.S. Nuclear Rzgulatory Commission (NRC), through an
interagency agreement with the U.S. Department of Energy (DOE),
has contracted with Ford, Bacon & Davis Utah Inc. (FB&DU) of
Salt Lake City, Utah, to provide architect-engineering services
in the assessment of the problems resulting from the existence
of large guantities of radiocactive uranium mill tailings at the
Edgemont, South Dakota uranium millsite. This assessment effort
has been similar to the Phase II - Title I studies of 22 inactive
uranium mill tailings sites in 8 western states recently conducted
by FB&DU for the U.S. Energy Research and Development Administra-
tion (ERDA), now part of the DOE. However, since the NRC is plan-
ning to use this assessment as part of the technical basis for a
future licensing decision regarding this site, the present assess-
ment of the Edgemont site has been based on an expanded scope of
work in areas such as hydrology studies and in radiological path-
way analyses,

The problems relating to the presence of uranium tailings at
he Edgemont site are similar to those at many of the 22 above-
:ntioned inactive uranium millsites. To determine the extent
f those problems, a preliminary survey of inactiv_ uranium mill

tailings sites in the Western United States (Phase I) was carried
out by AEC in cooperation with the EPA and the affected states.
That s?fvey was completed in October 1974, 1In the Summary

Report ) on the findings of the survey, ERDA identified 17 sites
in Arizona, Colorado, Idaho, New Mexico, Utah, and Wyoming for
which practical remedial measures were to be evaluated. Subse-
guently, ERDA added five additional sites (Riverton and Converse
County, Wyoming; Lakeview, Oregon; Falls City and Ray Point,
Texas) to the list for a total of 22 sites. Most of the mills

at these sites produced by far the greatest part of their outputs
of uranium under contracts with the U.S. Atomic Energy Commission
(AEC) during 1947 through 1970. After operations ceased, some
companies made no attempt to stabilize the tailings, while others
did but with varying degrees of success.

Before the Phase II - Title I program, studies of radiation
levels on and in the vicinities of the 22 sites had been limited
in scope. The data available were insufficient to permit assess-
ment of risk to people with any degree of confidence in the con-
clusions reached. 1In addition, information on practicable mea-
sures to reduce radiation exposures and estimates on the projected

. (L gee end of chapter for references.
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costs of the measures were limited, Also, concern was increasing .
about the possible adverse effects to the general public from

long~term exposure to low-level sources of radiation from the

tailings piles and sites., Thus the purpose of the Phase II - Title

I study was to develop the necessary information that would provide

a basis for decision-making for appropriate remedial actions for

each of the 22 sites.

Although the Edgemont uranium mill was inactive the source
material license SUA-816 and responsibilities associated with it
were transferred to the Tennessee Valley Authority (TVA) after
purchase of the site by the TVA in August 1974. The TVA applied
for timely rerewal of SUA-816 in January 1976. Personnel at the
site have performed measurements of radiological effluent releases
and have reported these data to the NRC semiannually (in accor=-
dance with Code of Federa! Regulations, Title 10, Section 40.65).

In assessing the significance of the conditions existing at
the Edgemont site, evaluations of the following factors were
included:

(a) Exhalation of radon gas from the tailings

(b) On-site and off-site direct radiation

(¢) Land contamination from windblown tailings ‘
(d) Hydrology and contamination by water pathways

(e) Potential health impact

(f) Potential for extraction of additional metals from
the tailings

Investigation of these and other factors led to the detailed
evaluation of several alternatives., These may be placed within
two main categories:

(a) Stabilization of the recontoured tailings designed
for long-term storage at the present site

(b) Removal of the tailings to alternative disposal

sites suitable for long~-term storage and stabiliza-
tion

The estimated costs of carrying out the remedial work to
implement each alternative depend on such parameters as the
degree of decontamination to be achieved, disposition of the mill
buildings, stabilization materials availability, and haul distances.
The goal of the remedial actions is to meet as many of the NRC
performance objectives for tailings management as possible. These
objectives as given in Reference 2 are as follows: .
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(a) Siting and Design

(1) Locate the tailings isolation area remote
from people such that population exposures
would be reduced to the maximum extent
reasonably achievable. '

(2) chate the tailings isolation area such that
Q1sruption and dispersion by natural forces
18 eliminated or reduced to the maximum
extent reasonably achievable.

(3) Design the isolation area such that seepage
of toxic materials into the ground water
system would be eliminated or reduced to
the maximum extent reasonably achievable.

(b) During Operations

(4) Eliminate the blowing of tailings to unre-
stricted areas during normal operating con-

ditions.
(c) Post Reclamation
(5) Reduce direct gamma radiation from the im-

poundment area to essentially background.

(6) Reduce the radon emanation rate from the
impoundment area to about twice the emana-
tion rate in the surrounding environs.

(7) Eliminate the need for an ongoing monitoring
and maintenance program following successful
reclamation.

(8) Provide surety arrangements to assure that
sufficient funds are available to complete
the full reclamation plan.

It should be noted that all of these objectives must be
satisfied for tailings management programs for new milling opera-
tions. However, during the course of license renewal reviews,
the locations of existing tailings areas are reviewed considering
objectives 1 through 3 to determine if sufficient cause exists to
require an alternate disposal location for tailings generated by
future milling operations and the relocation of existing tailings
at the time of mill decommissioning. The NRC decided that in the
Edgemont assessment, therefore, objectives 5, 6, and 7 were manda-
tory goals and that consideration would be given to objectives
1 through 3 in determining whether to move or reclaim the Edge-

mont tailings in place.






(3)
(k)

(1)

(n)

(1) Gamma radiation

(2) Radon

(3) Radon daughter concentrations

(4) Radium and other naturally occurring radio-
ilsotopes in the tailings

Investigation of site hydrology and meteorology.

Evaluation of recovering residual values, such as
uranium and vanadium in the tailings and other
residues on the sites,

Performance of demographic and land use studies.
Investigation of community and area planning, and
industrial and growth projections.

Evaluation of the alternative corrective actions
for each site in order to arrive at recommenda-
tions, estimated costs, and socioeconomic impact
based on population and land use projections.

Preparation of preliminary plans, specifications,
and cost estimates for alternative corrective
actions for each site.

Not all of the above items were included in the scope of the
Phase I1 - Title I work at each site. in the Edgemont assess-

ment, however, each of these items was addressed in varying detail,

and the following additional items were included:

(0)

(p)

Original work was performed on the hydrology of
the Edgemont site.

Dose commitments were calculated for the popula-
tion and for the maximum individual in the Edgemont
vicinity for each of the pathways of radionuclides

to man.

(Note that under Phase II - Title 13

health effects resulting from the tailings piles
via inhalation of radon daughters were estimated
from epidemiological data on lung cancer in miners.
This Edgemont site assessment includes a similar
approach to estimation of health effects for a

comparison with the Phase II - Title I assessment

results.)



Costs for mill structure decontamination and for
destruction and burial were estimated.

Alternative tailings reclamation plans were devel~
oped which would meet current NRC criteria (tail-
ings management performance objectives). When the
alternative plan involved an alternate storage
site the siting and design performance objectives
were given full consideration.

1.2 SITE DESCRIPTION

1.2.1 Location and Topography

The Edgemont millsite and tailings area are located in south-
west South Dakota immediately east ot the City of Edgemont, in
Fall River County, some 85 mi southwest of Rapid City, South
Dakota., Figure 2-1, Chapter 2, is a photograph showing the
relationship of the site to the surrounding area, Cottonweod
Community, along Cottonwood Creek, is adjacent to the west side
of pond 7 and south of the mill building.

The site is in the Cheyenne River Valley at an elevation of
| 3,450 ft above sea level, at the point where Cottonwood Creek
empties into the Cheyenne River, It is in a broad area of gently
rolling terrain about 3 mi southwest of the foothills of the Black

Hills mountains. ‘
| Vegetation in the area is primarily grasses and sagebrush
} with native pines in scattered locations on the higher hills and
cottonwood trees along the natural waterways.

1.2.2 Ownership and History of Milling Operations and Processing

The mill was constructed in 1956 and was operated by Mines
| Development, Inc,., a subsidiary of Susquehanna-Western, Inc., of
| Chicago, Illinois. The initial capacity of 250 tons of ore per
day, was expanded within a year to 500 tons/day.

| The original process for uranium extraction from ore in-

| volved acid leaching, resin-in-pulp ion exchange, and neutraliza-
tion of the pregnant solution with magnesium oxide to precipitate
the yellow cake., A solvent extraction circuit was added in 1958
to use the Eluex process and later, ammonia was used for precipi-
tation, Facilities for separating and recovering a molybdenum
byproduct were added to the circuit as sufficient amounts of
molybdenum became present in the lignite ash that also was pro-
cessed for uranium. In 1960, a vanadium circuit was added and
additional vanadium was recovered from reclaimed resin-in-pulp
(RIP) slime tailings by acid leaching and solvent extraction.

Uranium recovery initially averaged 95% but towards the end

of operations averaged about 90%., Vanadium recovery from the
ore was 75 to 80%. The U30g content of the ore averaged 0,20%
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CHAPTER 1

SUMMARY

1.1 INTRODUCTION

The U.S. Nuclear Regulatory Commission (NRC), through ar
interagency agreement with the U.S. Department of Energy (DOE),
has contracted with Ford, Bacon & Davis Utah Inc. (FB&DU) of
Salt Lake City, Utah, to provide architect-engineering services
in the assessment of the problems resulting from the existence
of large guantities of radioactive uranium mill tailings at the
Edgemont, South Dakota uranium millsite. This assessment effort
has been similar to the Phase II - Title I studies of 22 inactive
uranium mill tailings sites in 8 western states recently conducted
by FB&DU for the U.S. Energy Research and Development Administra-
tion (ERDA), now part of the DOE. However, since the NRC is plan-~
ning to use this assessment as part of the technical basis for a
future licensing decision regarding this site, the present assess-
ment of the Edgemont gite has been based on an expanded scope of
work in areas such as hydrology studies and in radiological path-~
way analyses.

The problems relating to the presence of uranium tailings at
the Edgemont site are similar to those at many of the 22 above-
menticned inactive uranium millsites. To determine the extent
cf those problems, a preliminary survey of inactive uranium mill
tailings sites in the Western United States (Phase 1) was carried
out by AEC in cooperation with the EPA and the affected states.
That s?fvey was completed in October 1974. 1In the Summary
Report ) on the findings of the survey, ERDA identified 17 sites
in Arizona, Colorado, Idaho, New Mexico, Utah, and Wyoming for
which practiccl remedial measures were to be evaluated. Subse-
quently, ERDA added five additional sites (Riverton and Converse
County, Wyoming; Lakeview, Oregon; Falls City and Ray Point,
Texas) to the list for a total of 22 sites. Most of the mills
at these sites produced by far the greatest part of their outputs
of uranium under contracts with the U.S. Atomic Energy Commission
(AEC) during 1947 through 1970. After operations ceased, some
companies made no attempt to stabilize the tailings, while others
did but with varying degrees of success.

Before the Phase 11 - Title 1 program, studies of radiation
levels on and in the vicinities of the 22 sites had been limited
in scope. The data available were insufficient to permit assess-
ment of risk to people with any degree of confidence in the con-
clusions reached. 1In addition, information on practicable mea-
sures to reduce radiation exposures and estimates on the projected

(l)See end of chapter for references.



costs of the measures were limited, Also, concern was increasing .
about the possible adverse effects to the general public from

long~term exposure to low-level sources of radiation from the

tailings piles and sites, Thus the purpose of the Phase II - Title

I study was to develop the necessary information that would provide

a basis for decision-making for appropriate remedial actions for

each of the 22 sites.

Although the Edgemont uranium mill was inactive the source
material license SUA-816 and responsibilities associated with it
were transferred to the Tennessee Valley Authority (TVA) after
purchase of the site by the TVA in August 1974. The TVA applied
tor timely renewal of SUA-816 in January 1976. Personnel at the
site have performed measurements of radiological effluent releases
and have reported there data to the NRC semiannually (in accor-
dance with Code of Federal Regulations, Title 10, Section 40.65).

In assessing the significance of the conditions existing at
the Edgemont site, evaluations of the following factors were
included:

{(a) Exhalation of radon gas from the tailings

(b) On-site and off-site direct radiation

(c) Land contamination from windblown tailings

(d) Hydrology and contamination by water pathways
(e) Potential health impact

(f) Potential for extraction of additional metals from
the tailings

Investigation of these and other factors led to the detailed
evaluation of several alternatives, These may be placed within
two main categories:

(a) Stabilization of the recontoured tailings designed
for long-term storage at the present site

(b) Removal of the tailings to alternative disposal
sites suitable for long-term storage and stabiliza-
tion

The estimated costs of carrying out the remedial work to
implement each alternative depend on such parameters as the
degree of decontamination to be achieved, disposition of the mill
buildings, stabilization materials availability, and haul distances.
The goal of the remedial actions is to meet as many of the NRC
performance cbjectives for tailings management as possible. These
objectives as given in Reference 2 are as follows:
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(b)

(c)

Siting and Design

(1)

(2)

(3)

Locate the tailings isolation area remote
from people such that population exposures
would be reduced to the maximum extent
reasonably achievable.

Locate the tailings isolation area such that
disruption and dispersion by natural forces
is eliminated or reduced to the maximum
extent reasonably achievable.

Design the isolation area such that seepage
of toxic materials into the ground water
system would be eliminated or reduced to
the maximum extent reasonably achievable.

During Operations

(4)

(7)

(8)

Eliminate the blowing of tailings to unre-
stricted areas during normal operating con=-
ditions.

Reclamation

Reduce direct gamma radiation from the im- |
poundment area to essentially background. |

Reduce the radon emanation rate from the
impoundment area to about twice the emana-
tion rate in the surrounding environs.

Eliminate the need for an ongoing monitoring
and maintenance program following successful
reclamation.

Provide surety arrangements to assure that
sufficient funds are available to complete
the full reclamation plan.

It should be noted that all of these jectives must be
satisfied for tailings management program: or new milling opera-
tions. However, during the course of license renewal reviews,
the locations of existing tailings areas are reviewed considering
objectives 1 through 3 to determine if sufficient cause exists to
require an alternate disposal location for tailings generated by
future milling operations and the relocation of existing tailings
at the cime of mill decommissioning. The NRC decided that in the

Edgemont assessment, . :
tory goals and that consideration would be given to objectives

therefore, objectives 5, 6, and 7 were manda-

| 1 through 3 in determining whether to move or reclaim the Edge-

. mont tailings in place.
l



1,1.1 8cope of the Edgemont Engineering Assessment .

As indicated previously, this assessment is similar in scope
to the Phase 11 - Title 1 assessment performed by FB&DU for ERDA,
but also has included additional work in specific areas. In
general, the scope requirements of the Phase II -~ Title I assess~-
ment as given in the contract included the following items:

(a) Preparation of an engineering assessment report
for each site, and preparation of a comprehensive
report suitable for submission to the U.S. Congress
on reasonable remedial action alternatives and
their estimated costs.,

(b) Determination of property ownership in order to
obtain release of federal government and A-E
liability for performance of engineering assess-
ment work at both inactive millsites and privately
owned structures,

(c) Preparation of topographic maps of millsites and
other sites to which tailings and other radioactive
materials might be moved,

(d) Performance of core drillings and radiometric
measurements ample to determine volumes of tailings
and other radium-contaminated materials.

(e) Performance of radiometric surveys, as required,
to determine areas and structures requiring clean-
up or decontamination,

(f) Determination of the adequacy and the environmental
suitability of sites to which mill tailings con-
taining radium can be moved for long-term (>50 yr)
storage; and once such sites are identified, per-
form evaluation and estimate the costs involved,

(g) Performance of engineering assessments of struc-
tures where uranium mill tailings have been used
in off-site construction to arrive at recommenda~
tions and estimated costs of performing remedial
action,

(h) Evaluation of various methods, techniques and mate-
rials for stabilizing uranium mill tailings to pre=-
vent wind and water erosion, to inhibit or elimi=-
nate radon exhalation, and to minimize maintenance
and control costs, Availability of suitable sta-
bilization cover material was also determined.

(i) Evaluation of radiation exposures of individuals
and nearby populations resulting from the inactive
uranium millsite, with specific attention to: .
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. (1) Gamma radiation

(2) Radon
(3) Radon daughter concentrations

(4) Radium and other naturally occurring radio-
isotopes in the tailings

(3J) 1Investigation of site hydrology and meteorology.

(k) Evaluation of recovering residual values, such as
uranium and vanadium in the tailings and other
residues on the sites,

(1) Performance of demographic and land use studies.
Investigation of community and area planning, and
industrial and growth projections.

(m) Evaluation of the alternative corrective actions
for each site in order to arrive at recommenda-
tions, estimated costs, and socioeconomic impact
based on population and land use projections.

(n) Preparation of preliminary plans, specifications,
and cost estimates for alternative corrective

‘ actions for  :zh site.

Not all of the above items were included in the scope of the
Phase II -~ Title I work at each site. In the Edgemont assess-
ment, however, each of these items was addressed in varying detail,
and the following additional items were included:

(o) Original work was performed on the hydrology of
the FEdgemont site.

(p) Dose commitments were calculated for the popula-
tion and for the maximum individual in the Edgemont
vicinity for each of the pathways of radionuclides
to man. (Note that under Phase I1 - Title I,
health effects resulting from the tailings piles
via irhalation of radon daughters were estimated
from epidemiological data on lung cancer in miners.
This Edgemont site assessment includes a similar
approach to estimation of health effects for a
comparison with the Phase II - Title 1 assessment
results.)



(g) Costs for mill structure decontamination an¢, for
destruction and burial were estimated.

(r) Alternative tailings reclamation plans were devel-
oped which would meet current NRC criteria (tail-
ings management performance objectives). When the
Alternative plan involved an alternate storage
site the siting and design performance objectives
were given full consideration.

1.2 SITE DESCRIPTION

1.2.1 Location and Topography

The Edgemont millsite and tailings area are located in south-
west South Dakota immediately east of the City of Edgemont, in
Fall River County, some 85 mi southwest of Rapid City, South
Dakota., Figure 2-1, Chapter 2, is a photograph showing the
relationship of the site to the surrounding area, Cottonwood
Community, along Cottonwood Creek, is adjacent to the west side
of pond 7 and south of the mill building,

The site is in the Cheyenne River Valley at an elevation of
3,450 ft above sea level, at the point where Cottonwood Creek
empties into the Cheyenne River, It is in a broad area of gently
rolling terrain about 3 mi southwest of the foothills of the Black
Hills mountains.

Vegetation in the area is primarily grasses and sagebrush .
with native pines in scattered locations on the higher hills and
cottonwood trees along the natural waterways.

1,2.2 Ownership and History of Milling Operations and Processing

The mill was constructed in 1956 and was operated by Mines
Development, Inc., a subsidiary of Susquehanna-Western, Inc., of
Chicago, Illinois. The initial capacity of 250 tons of ore per
day, was expanded within a year to 500 tons/day.

The original process for uranium extraction from ore in-
volved acid leaching, resin-in-pulp ion exchange, and neutraliza-
tion of the pregnant solution with magnesium oxide to precipitate
the yellow cake., A solvent extraction circuit was added in 1958
to use the Eluex process and later, ammonia was used for precipi-
tation., Facilities for separating and recovering a molybdenum
byproduct were added to the circuit as sufficient amounts of
molybdenum became present in the lignite ash that also was pro-
cessed for uranium. In 1960, a vanadium circuit was added and
additional vanadium was recovered from reclaimed resin-in-pulp
(RIP) slime tailings by acid leaching and solvent extruction.

Uranium recovery initially averaged 95% but towards the end
of operations averaged about 20%. Vanadium recovery from the
ore was 75 to 80%. The U30g content of the ore averaged 0,20%
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with a relatively low vanadium content of about 0.25% V505. The

:;ék of the uranium output was produced under contract with the

At one time nearly 10% of the ore feed to the Edgemont mill
was uraniferous ash derived from the burning of lignite coal near
Bglfield, North Dakota., The lignites were burned at the mine
gslte to an ash which then was shipped to the mill at Edgemont for
extraction of the uranium. When properly burned, the ash con-
tained an average of 0,35% U Og and 0.35 to 0,25% Mo. The ash
also contained considerable amounts of clay, iron, residual
organics, and various acid-consuming minerals which complicated
the process and increased the cost of subsequent treatment.

Most of the ore processed at Edgemont was mined by the com-
pany on a lease basis, Mines were located mostly in the Black
Hills area of southwestern South Dakota and northeastern Wyoming,
but a considerable amount of ore was shipped from near Douglas,
Wyoming, and some of the early shipments were from Washington
State,

Uranigm processing ended in 1972 and vanadium processing was
shut down in August 1974, when the plant was purchased by the TVA.

1.2.3 Present Condition of the Site

The approximately 213-acre site currently is being used only
as an operational base by the TVA for uranium exploration in the
Edgemont area, No processing has occurred since 1974,

There are 13 bui’dings on the site with a total area of
about 53,000 ft2, Most of these buildings are in usable condi-
tion. However, the mill buildings would require considerable re-
furbishment to be usable, The water distribution system from an
on-site well and storage tank is operable, alsc the sewage system
which is serviced by the City of Edgemont. The site is fenced,
and currently a new 6~ft-high chainlink fence is being installed
around the site,

The mill produced approximately 2.3 million tons of solid
uranium mill tailings, 80% of which were sand tailings and the
balance slime tailings. These materials were deposited into 11
areas covering approximately 123 acres. These tailings piles or
pond areas are in various sizes and shapes and are located south
and east of the mill buildings., All but three tailings ponds are
east of Cottonwood Creek, The numbered tailings locations are
referred to as ponds although several of these areas are now sta-
bilized with soil cover and vegetation, 1In 1972, a stabilization
program was undertaken on two of the piles, The stabilization
consisted of a 4-in.~thick crushed limestone cover topped with
vegetation., Later, a 2-ft~thick total cover was added to the two
piles and a cover of grasses, clover, and rye was planteq. At=-
tempts to stabilize the piles with vegetation, applied directly
to the tailings, have proven ineffective, primarily because of
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harsh weather conditions (insufficient summer moisture) and steep-
ness of the banks, where severe erosion has washed away the plants
and perhaps pH of the tailings.

About half of the tailings areas (or ponds) have been sta-
bilized with 2 to 3 ft of earth cover obtained from the site.
No imported material has been used. Tailings area B has only a
thin cover of soil and is used as an ore storage area.

Dikes used to contain the tailings were constructed from
on-site material. Some of the banks of these dikes are steep,
and most show signs of increasing water erosion attributable to
the lack of riprap aggregates (rocks) which would help prevent
erosion. This condition is also true of stabilization material
that has been applied on the piles; the stabilization has worked
well on the level or gently sloping surfaces, but has suffered
erosion on the steeper slopes.

Wind action has carried tailings off site, especially to
the east of the eastern property line.

There are no formal surface drainage patterns which divert
precipitation from rain or snow around the tailings and off the
site. Consequently, there is erosion of the tailings onto roads
and other areas and into surface ponds which are formed after a
storm.

l1.2.4 Geology

The millsite lies within the Missouri River plateau and the
southwestern edge of the Black Hills uplift as shown in Figure
2-7, Chapter 2,

Alluvial deposits, including mud and siltstones, of the
Cheyenne River, Cottonwood Creek, and other creeks exist along
and within the lower river flood plain and creek beds as shown
in Figure 2-8, Chapter 2., It is the combination of these sedi-
ments which underlie and separate most of the mill tailings de~
posits from the shale bedrock and unconfined water table aquifer
of the ste,

Stratigraphically, only sedimentary rocks exist in the area.
These sedimentary layers range in age from early to late Cretaceous
overlain by Quaternary and some Tertiary age sediments.(3) Older
pre-Cambrian rocks underlie the site at a depth in excess of
3,000 ft; younger Jurassic, Triassic, and Permian formations under-
lie the Cretaceous about 5 mi to the northeast of the site as
shown on the cross-sections in Figure 2-7, Chapter 2.

Most of the formations exist in a conformable position at

the site with only the New Castle sandstone believed tc be missing.
Some disagreement exists in the literature as to the exact strati-
graphy of the site. Wells drilled near the site in 1945 and 1954
identified the upper shale layer as Skull Creek and Mowry shale,
respectively. Other references(3,5) defined the upper shale as
the Belle Fourche shale. (See Figure 2-7, Chapter 2.) Observa-
tions by FB&DU personn2l during site investigations and drilling
operations favored the descriptions of the Belle Fourche and/or
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Mowry shale with the dark-grey siltstones and limestone concen-
trations. A detailed distinction between the formations was not
made since it was not believed to be critical to the scope of the
study.

Occasionally, weathered or fractured shale provides pathways
for waterborne contamination to aguifers even though the forma-
tion is considered to be impermeable. Nevertheless, the shale
sequence existing beneath the site was found to be very consoli-
dated and highly impervious. The upper shale apparently acts as
an aquiclude and prevents or minimizes downward migration of
ground water. Likewise, the shale combination cculd inhibit up-
ward migration of deeper confined waters.

1.2.5 Surface Water lydrology

mill tailings site, drains an area of approximately 7,140 mi“ up-
stream from the site and 9,100 mi2 above the reservoir encompas-
sing parts of South Dakota, Wyoming, and Nebraska.(3) All streams
in this recharge basin are tributary to the river. Data from USGS
WATSTORE indicate that the river had year-round flow only during

7 yr from 1947 through 1976. The river is impounded at the
Angostura Reservoir, located some 15 mi east of the site.

The Cheyenne River, which passes immediately north of tge

Cottonwood Creek, which passes directly through the site,
does not have a historic flow record. However, measurements
taken during November 1977 from two rectangular and one 90°-v
notch weirs showed an average flow rate near 280 gal/min.

Additional sources of surface flow to the site are from:
the sewage outfall line (intermittently when the system breaks
down), city well and mill fire safety tank which form a combined
discharge at the pumphouse just north of the ore stuckpile areas;
overflow from the Edgemont City Park well and pond entering the
site immediately south of sand tailings area A; potential seepage
from ponded waters in tailings ponds on the site, and from both
direct and ponded precipitation runoff. Figure 2-11, Chapter 2,
shows the surface drainage and ponded areas of the site.

Potential means whereby surface waters near the site could
be contaminated by mill tailings are:

(a) Physical transport by runoff or dike failure

(b) Seepage of ponded waters through the dikes or
pond basins into surface water courses

(c) ECrosion of tailings dikes or sand tailings piles
adjacent to the Cheyenne River or Cottonwood Creek

(d) Discharge of process/sewage/wash-well waters

Physical transport of tailings off site is evident and ;s a
potential threat at almost every pile and pond. Eroded tailings
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can easily reach Cottonwood Creek from sand tailings area A
and the East sand tailings pile, and possibly from sand tailings

area B, although a dike has been constructed to prevent urainage
into Cottonwood Creek,

Ponded waters are common on site, especially after a rain-
fall. Although annual evaporation exceeds precipitation, water
trapped in broad surface areas in tailings ponds collects in the
smaller lower areas and does not entirely evaporate in a year's
time, The hydraulic head varies considerably in these ponds,

and at pond 7 results in a seep to the west of the pond at times
of high pond levels,

Physical transport of tailings due to flooding of the Cheyenne
River or Cottonwood Creek is possible. Surface runoff is a rela-
tively low percentage of yearly precipitation, less than 20%. (3)
The meandering Cheyenne River channel is braided and its fliood
plain is broad; but the flood stages can reach the base of the
tailinas in ponds 1 and 2. The riverbed in the reach containing
the tailings is at elevations of 3,412 to 3,416 ft above sea level,
whereas the base of the tailings is near 3,425 ft; therefore, the
potential of flooding from either an intermediate flood (25-yr)
or a more severe grobable maximum flood is moderate. A maximum
flow of 13,800 ft3/sec was recorded at Edgemont in 1971. Such a
high flow could erode and undercut sections of the alluvial bank
on which the northeastern corner of pond 2 is situated and could
also undercut the bank underlying the northwestern corner of pond
1. A high continuing flow would be required to erode through the
dikes and reach the tailings.

Since Cottonwood Creek drains approximately 150 sq mi, in the
reach containing the mill tailings deposits, the stream has cut
through the Cheyenne River alluvium and apper bedrock to reach lev-
els ranging between 3,414 to 3,430 ft, leaving 10- to 30-ft-high
banks at the site. During mill operations, the channel was straight-
ened and covered in the vicinity of sand tailings area A and the
East sandpile. The Cheyenne River and perhaps Cottonwood Creek
are gaining streams during most of the year, meaning that they are
partly recharged by unconfined ground waters along their paths.

If there were seepage from the tailings ponds and piles into these
waters, an impact on the creek and river waters could occur. How-
ever, this impact would be minimized by evapotranspiration and
attenvation of the fine-grained soils and bedrock, and by the
effects of sedimentation.

1.2.5 Ground Water Hydrology

Ground water exists throughout the Edgemont area and millsite,
primarily in unconfined alluvial water table aquifers along the
main drainage channels and in confined artesian aguifers located
at depth in the more permeable formations. The primary unconfined
aquifer in the area is the Quaternary alluvial deposit. Confined
ground water in the vicinity 1is found in four principal aquifers:
The Fall River, Lakota, Sundance, and Pahasapa formations, with .
the Fall River being the most common. Several deep artesian and
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near surface wells exist throughout the area. Within and

near the millsite two deep wells (greater than 2,300 ft)
penetrate through the upper formations into the confined ground
water; and even though thermal, the artesian waters are used by
the City of Edgemont, Burlington-Northern Railroad, and the mill
facility. A total of 26 monitor wells have been installed on the
site into the unconfined alluvial aquifer and overlying sediments,
The monitor wells are used to measure water level fluctuations
and to obtain permeability and water qguality data. None of the
monitor wells are sources for domestic use,

Attempts to utilize the upper Cretaceous shales as producing
agquifers in nearby ofg-site areas have resulted in low yields and
poor quality waters. ) Most of the wells in the area are located
in the alluvial deposits (unconfined aquifers) along the larger
streams and comprise the most important existing and future water
supply zone. This is primarily attributable to accessibility of
the water, adequate amount and quality of the water, and lowest
cost outlay due to the shallower drilling depths. This is signi-
ficant since the existing and future flood plain alluvial wells
within the Cheyenne River flood plain downstream from the mill-
site have a potential of being contaminated from the recharging
downgradient migrating surface and ground waters,

As noted, the Fall River sandstone aquifer is the largest
producing aquifer in the Edgemont quadrangle and Fall River
County. The significance of understanding the general charac-
teristics of the Fall River formation is that the aguifer repre-
sents the uppermost confined ground water zone with a potential
for contamination from migrating contaminated seepage. The aqui-
fer extends beneath the entire millsite at a depth near 260 ft,
The potential for contamination is very low because of the over-
lying 260 ft of highly impervicus shales.

Ground water characteristics specific to the site were de-
termined by evaluation of existing data from: referenced reports;
on-gite information from TVA; mill rec rds; and FB&DU field obser-
vations, permeability testing, data evaluations, and model calcu-
lations, A piezometric surface (water level) and flow directicn
of the unconfined aquifer was established across the site. An aver-
age flow gradient of about 1.5% in a north-northwesterly direction
was determined. Water levels in the monitor wells were measured
using an electronic M-scope-type meter.

Evaluation of the data indicates that the horizontal permea~
bility coefficient ranges between a high of 6.0 x 10-2 cm/s in
test well M=-13 to a low value of 1.83 x 10~5 em/s in test well
PH=1. Model calculations were used to determine diffusion char-
acteristics of the unconfined ground water. A flow velocity of
1.7 m/yr (5.6 ft/yr) was calculated as the horizontal flow
velocity between pond 7 and Cottonwood Community. The INTERA
hydrological code was used to calculate specific velocity values
throughcut the site.

In conclusion, based on the test data and model calculations,
the unconfined ground water characteristics of the site can be
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defined as an anistropic, semi-heterogenous medium exhibiting a
variable but overall low permeability range. Also, the vertical

and horizontal flow velocities are considered very low when com-
pared with the higher rate of flow in areas where coarse-grained,
well-sorted, more isotropic aquifer conditions exist.

1.2.7 Meteorology

The climate at Edgemont is described as semiarid and temper-
ate. Av?rage annual precipitation at Edgemont is approximately
14 in.(4) with extreme variations in the area from less than 6 in.
to more than 23 in. per year. The driest season is November-
January, and the wettest season is May-August when between one-
half and two-thirds of the precipitation falls as gentle rains or
as high-intensity thunderstorms. Potential average annual evap-
oration is reported at approximately 37 in./yr.(5 However, in
certain months, precipitation exceeds evaporation.

Long-term weather records are not available for Edgemont.
Limited weather data are available from the Hot Springs Airport
23 mi ecast of Edgemont, for the period from 1956 through 1960.
Weather data also were r1ecorded at the Black Hills Army Ordnance
Depot, 8 mi south-southwest of Edgemont from mid-1962 to mid-1967.
Limited weather data are being collected at a station set up on
pond 2 by TVA in 1977.

Regional winds tend to be northerly to northwesterly winds.
A wind rose for Edgemont was constructed from the weather data
recorded at the Black Hills Army Ordnance Depot.

1.3 RADIOACTIVITY AND POLLUTANT IMPACTS ON THE ENVIRONMENT

About 85% of the total radioactivity originally in uranium
ore remains in the processing wastes after removal of the uranium
because the radium and thorium, principal contributors to radio-
active emissions, were not normally removed from the uranium ores
during milling. The principal environmental radiological impact
and associated health effects arise from the 230Th, 226Ra, 222Rn,
and 222Rn daughters contained in the waste materials. Other iso-
topes of uranium and thorium and their daughter products also may
be present depending upon the type of ore present. Although these
radionuclides occur in nature, their concentrations in tailings
material are several orders of magnitude greater than their ave-
rage concentrations in the earth's crust.

1.3.1 Radiation Exposure Pathways, Contamination Mechanisms, and
Background Levels

The major potential evnrionmental routes of exposure to man
are:

(a) 1Inhalation of 222pn and its daughter products re-

sulting from the continuous radiocactive decay of
222Ra in the radioactive materials. Radon is a
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gas which diffuses from the site., The principal
exposure results from inhalation of the 222Rn and

Rn dauyhters, This exposure affects the lungs.

For this assessment, no criteria have been estab-
lished for an upper limit for radon concentrations

in air. Generally, the pathway for radon and radon
daughters accounts for the major portion of the
exposure to the population from uranium tailings sites.

(b) External whole-body gamma exposure lircctly from
radionuclides in the piles.

(c) Inhalation and ingestion of windble materials,
The primarg health effect relates tc ' he alpha
emitters 230Th and 226Ra, each of wh: 'h causes
exposure to the bones and lungs,

(d) 1Ingestion of ground water and surface water con-
aminated with radiocactive elements (primarily
226Ra) and other toxic materials

(e) Contamination of food through uptake and concen-
tration of radioactive elements by plants and
animals.

1.3.1.1 Radon Gas Diffusion and Transport

Radon gas concentration measurements at two background loca-
ticns averaged 1.4 pCi/l. The 222Rn measurements were made with
continuous radon monitors for 7 days each, A week=long radon
measurement in Cottonwood Community averaged 3.3 pCi/l. Radon
concentrations reached background values about 0.7 mi to the west
of the site.

Radon flux measurements performed with charcoal canisters at
three locations off the site averaged 2.8 pCi/m2-s, On site, the
flux measurements ranged from 3 to 970 pCi/m?-s,

In the mill office building, average 222Rn concentration was
3.4 pCi/1 during the 24~hr measurement period.

1.,3.1.2 Direct Gamma Radiation

The external gamma radiation (EGR) measured at 11 background
locations with a pressurized ion chamber counter averaged 13 uR/hr.

The highest gamma radiation rate measured on the site was
3,780 uR/hr on pond 1. Gamma rates greater than 1,000 uR/hr were
measured on ponds 1, 2, 3, and 7. Measurements made on :tabilized
areas of the ponds indicated gamma rate reductions greater than an
order of magnitude compared with unstabilized areas of the ponds.

Gamma rates reached background levels about 0.1 mi west and
south of the site. 1In Cottonwood Community the gamma rate averaged
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15 uR/hr above background. The gamma rates were still twice the |
average background rates, one-third of a mile southeast of the |
site where wind has carried tailings from the site. In the mill ‘
area, the gamma rates ranged from 26 to 190 uR/hr, |

1.3,1.3 Radiation Measurements Inside Mill Structures

A preliminary radiological survey of the buildings on the
Edgemont site was performed to determine the magnitude of the
contamination of the structures and processing machinery. Mea-
surements were taken of direct surface activity, gross smearable

surface activity, and beta-gamma dose rates at 3 ft above the
surface.

The measurements indicate alpha contamination levels ranging
from 175 to 5 x 10° dpm/100 cm? with average contamination levels
greater than 103 dpm/100 cm2, This exceeds the NRC criteria for
unrestricted use of such facilities for surface activity and fixed
contamination., Generally, the areas of high smearable contamina-
tion were on or near highly contaminated processing equipment.
Uncorrected surface dose rate measurements on the floor adjacent
to the yellow-cake dryer indicated beta-gamma dose rates of 150
mR/hr at the surface. At 3 ft the dose rate in the dryer area
reached 10 mR/hr. Surveys of the eroded concrete floors indica-
ted alpha levels of 103 to 104 dpm/100 cm2,

Surveys of the FeV building, the oil storage area, the garage,
and other mill buildings indicated alpha levels ranging from 350
to 1,000 dpm/100 cm?.
The alpha survey of the office building showed activities of
350 to 525 dpm/100 cm? on the floors, but little or no contamina-
tion was found on the vertical surfaces surveyed.

In general, contamination levels in buildings on the site
exceeded the alpha activity permitted for release of the buildings
for unrestricted use. Thus, the buildings would have to be decon-
taminated or demolished and buried.

1.3.1.4 Windblown Contaminants

The approximate extent of windblown contamination is outlined
in Figure 3-9, Chapter 3. The location of the line was determined
primarily from measurements made with a scintillation detector 1
ft above the ground surface with and without a 0.5-in.-thick lead
shield between the detector and the ground. The difference be-
tween the two ﬁeadinqs (A) is a measure of the extent of surface
contamination. 6) Some difference in readings exists even at
background locations as a result of natural radioactivity in the
soil.

Soil samples were taken from the surface and 6 in. deep at
200-yd intervals along the gamma measurement traverses away from
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the si?e. The extent of soil contamination is generally in agree-
ment with the determination made with the scintillation counter
and lead shield.

Model calculations, with model parameters adjusted to fit
data taken by TVA, were used to determine air particulate concen-
trations in Edgemont and Cottonwood Community for the purpose of
?etermining population dose by inhalation of radioactive particu-

ates.

1.3.1.5 Surface and Ground Water Contamination

Water samples were collected from surface waters (Figure 2-11)
and many welle on and off the site for radionuclide and chemical
analyses. Location and depth of wells are shown in Figures 2-12,
13, 15, and 16. A radium balance in Cottonwood Creek indicated
that the largest source of radium in the water is from the over-
flow of the pond in the city park in Edgemont. This water is from
a city water well and flows into Cottonwood Creek upstream from the
sand tailings area A. Similar balances were performed for 2307h,
Fe, V, Ba, Mo, sulfates, and total dissolved solids and they sup-
port the radium balance. Samples taken from the mouth of Cotton-
wood Creek, where it enters the Cheyenne River, in July, August,
and November contained 1.55, 3.1, and <1.4 pCi/1, respectively.

Other than water from tailings ponds ana drill holes, the
highest concentrations of 2206Ra are found in water from the Edge-
mont water supply well (4.1 pCi/l), the well flowing into the
pond in city park (4.3 pCi/l), and the Burlington-Northern well
(3.6 pCi/l). The radium concentration in all the domestic wells
sampled was below 1 pCi/l.

The average 226Ra concentration in 4 samples from the Chey-
enne River upstream from the site was 0.28 pCi/l, while the aver-
age concentration in 2 samples downstream from the site was 0.42
pCi/l. Cottonwood Creek inflow accounts for the major portion of
this increase, but the increased 226Ra in Cottonwood Creek is pri-
marily from the overflow of the pond in the Edgemont city park.

1.3.1.6 Soil Contamination Beneath the Tailings

Soil samples obtained from auger holes and logs obtained
from a gamma probe with a slotted lead collimator were used to
determine the extent of leaching of 226Ra into the soil beneath
the tailings.

In general, 226pa contamination was found to an average depth
of approximately 5 ft below the tailings=-subsoil interfage; how~-
ever, the depth of contamination ranged from 2 to 13 ft in the
holes tested.

1.3.1.7 Radium Concentration in Vegetation

Samples of pasture grasses were collected at several loca-
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tions around the site and at a background location. Samples
taken east of the site where w%ndblown tailings are present
ranged from 1.6 to 2.2 pCi of 26Ra/g of dry grass. The other
samples contained 226Ra concentrations from 0.11 to 0.72 pCi/g
of dry material. A tomato plant from Cottonwood Community and a
grass sample from east of the site also retained relatively high
concentrations of radioactive dust (0.71 and 0.3 pCi/g of dry
weight). The area to the east of the site is cattle grazing land
and windblown tailings enter the food chain through beef cattle
that eat the grasses during the portion of the year that grazing
occurs.

1.3.2 Potential Health Impact

1.3.2.1 Radiological Impacts from Background

Dose commitments to the population results from several back-
ground sources such as cosmic radiation, cosmogenic radioactivity,
and terrestrial radiocactivity. Background gamma radiation rates
produce a dose rate of 114 mrem/yr and a population dose commit-
ment of 230 man-rem annually in the 2,000 residents of Edgemont.
Population dose commitments to residents of Edgemont from natural
background pathways total about 250 man-rem to the whole body and
lungs and 450 man-rem to the bone. Bronchial epithelium dose is
about 2,400 man-rem, primarily from inhalation of radon.

Dose commitments to the population due to the Edgemont mill-
site are 8 to 16% of the natural background dose commitments for
the whole body, bone, and bronchial epithelium. For the lungs,
the population dose commitment due to the site is about 50% of
the natural background dose.

Using a different approach to determining the health impact
of the Edgemont tailings, the potential lung cancer risk in the
population can be calculated from data on lung cancer incidence
in miners versus exposure to radon and radon daughters. The
number of potential lung cancer cases in the population of Edge-
mont from inhalation of radon daughters from the millsite is on
the order of 0.01 cases per vear. This is about 10% of the inci-
dence resulting from inhalation of background concentrations of
radon daughters.

Health impacts are discussed in detail in paragraph 3.5 and
additional information on the calculation of dose commitments is
presented in Appendix A.

1.3.3 Remedial Action Criteria

Radiological criteria established for this engineering as-
sessment for possible remedial action at the site are divided
into four categories: NRC guidelines for decontamination of
facilities for unrestricted use, NRC performance cbjectives for
post-operational reclamation of uranium tailings, (2) EPA guide-
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Alternative

No.

1

II

111+

1v*

v*

VI*

TABLE 1~1

SUMMARY OF ALTERNATIVES

Description

Tailings remain on Edgemont
site, mill structure demoli~-
tion and burial, decontamin-
ation of millsite grounds,
stabilization of pond/piles
in place, erosion protection

Same as

I, except tailings

pond/piles consolidated prior
to stabilization

Complete site decontamination,
removal of all tailings and
other contaminated materials

to site

Same as
removed

Same as
removed

Same as
removed

2, 2.5 mi SE

I1I, except tailings
to site 6, 5.3 mi NW

IITI, except tailings
to site 7, 10.6 mi NW

I1I, except tailings
to site 8, 12.4 mi NW

Alternative
Cost

6,110,000

7,270,000

10,790,000

15,525,000

18,970,000
16,230,000

Hotes: i

All costs are in 1978 dollars.

The costs of the alternatives do not include the
estimated costs for off-site remedial actions.
These costs are the same for all alternatives and

are $200,000 for off-site structures and $50,000 for
off-site open lands.

*Involves removal of all contaminated materials from the Edge-
mont site to an alternate disposal site and includes the demoli-

tion of structures which remain,

mobile equipment shop.

except the office building and
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CHAPTER 2

SITE DESCRIPTION

The purpose of this chapter is to describe the site at Edge~-
mont, South Dakota, its ownership, history of operations, geology,

hydrology, and meteorology, characteristics of the tailings areas
at the site, and population distribution.

2.1 _LOCATION

The Edgemont millsite and tailings area is located in Edge-
mont, Fall River County in Southwest South Dakota., It is 13 mi
east of the Wyoming-South Dakota border, 27 mi southwest of Hot
Springs, the county seat of Fall River Coun‘y, and 85 mi southwest
of Rapid City, South Dakota. It is immediately south of the junc-
tion point of Cottonwood Creek with the Cheyenne River. Portions
of the site are within the eastern extremities of the Edgemont
City corporate limits. Figure 2-1 is a photograph of the site
and its relationship to Edgemont and other local geographic fea-
tures.

The site is located in the southeast 1/4 of Section 36, Town-
ship 8 South, Range 2 East; the southwest 1/4 of Section 31, Town-
ship 8 South, Range 3 East; the east 1/2 of Section 1, Township
9 South, Range 2 East; and the west 1/2 of Section 6, Township 9
South, Range 3 East; all referenced to the Black Hills Meridian.
More precisely, the northern portion of the mill area is located
at 103 deg 49 min 10 sec west longitude and 43 deg 18 min 8 sec
north latitude.

2,2 TOPOGRAPHY

The Edgemont millsite is located just south of the confluence
of Cottonwood Creek and the Cheyenne River at an elevation of
3,450 ft above sea level. The immediate vicinity of the millsite
consists of bottom lands and alluvial terraces which exhibit low
relief. There is about an 80-ft grade difference between the low
point and the highest elevation on the site. Across the Cheyenne
River to the north is a broad area of gently rolling hills,

Beyond this, the land breaks into rugged northwest-southeast
trending ridges. About 3 mi to the northeast are the beginnings
of the foothills of the Black Hills mountains. South of the mill,
the land consists of northwest-southeast trending ridges traversed
by Cottonwood Creek,

Vegetation in the site area is primarily native rangeland
grasses made up of western wheat grass, buffalo grass, blue grama
grass and sagebrush. On the ridges of higher slopes there are
native pines in scattered concentrations. Cottonwood trees grow
in abundance along natural waterways.
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(b)

(c)

(d)

(e)

(f)

(g9)

(h)

(1)

(3)

(k)
(1)

(m)

boxes are rusted. Most of the electric motors have
been removed. The lights are still in working con-
dition, but provide poor lighting. Most of the mez-
zanine floors and stairs are made of metal grating

and are rusted, but otherwise appear to be sound. The
fixed equipment, such as hoppers, belts, conveyors,
lifts, etc., is in sound condition. Whether or not
this equipment can be used again in the future would
have to be determined on a need/condition analysis on
an individual basis. Most of the wooden tanks are
broken or have deteriorated and are completely useless
at the present time.

The "FeV" building, a 480-ft2 metal-framed and galva-
nized metal exterior structure.

The electric shop, a wood framed-sheet metal exterior
building containing 576 ft2,

The office building, a single story masonry building
containing 2,890 fté. This brick structure is in good
condition since it has been in constant usage and kept
in good repair. The building has several private of-
fices with a central work area and a reception or cen-
tral entry location and rest rooms. A rear entry pro-
vides access to the mill building and to a laboratory
also located in the building.

The crusher and sampling building, a metal, two-section
building of 1,824 ft2.

A wood frame, metal exterior storage shed in the mobile
equipment compound containing 432 ft2.

A railroad car shaker building which is steel-framed
with metal siding containing 2,040 ft2,

The fly ash pump house, a wood-framed building with
metal siding containing 204 ft2,

The reagent warehouse, an all-metal building containing
1,120 ft2,

The mobile equigment shop building, an all-metal build-
ing of 1,840 ft<.

The scale house, a metal building of 740 ft2,
The lime plant, a metal building of 440 ft2,

The carpenter shop, a metal building of 720 fr2,




The total area of all these buildings is 52,790 ft2 and approxi-
mately 13 acres are utilized for these structures. The struc-~
tures are mostly in fair condition with some having concrete and
others dirt floors. The buildings were designed and built for
specific milling operation purposes, but are now full of stored
equipment or materials. Except for the mill building and the of-
fice, the other floor space would be difficult to adapt for use.

Water for the mill is still being supplied from an on-site
artesian well. Storage of water is accommodated by an elevated
metal storage tank located just north of the main mill building.
The 130-ft-tall tower provides the water supply and pressure for
the fire protection system in the mill building and to hydrants
on the site.

Sanitary sewage is disposed of through the City of Edgemont
sewage treatment facilities. The city's 22-acre sewage effluent
pond is located immediately east of pile 3. There are two city
sewage effluent lines which pass through the site in a west-to-
east direction that supply the pond. One line is north of the
East sandpile and north of pond 3, the other is south of the
East sandpile and runs beneath the tailings located in the area
between piles 4 and 7. One of these lines is serviced by a pump~-
house which is located on TVA millsite property. The pumphouse
on the north line is located in a gully about 200 ft southeast of
the southeast corner of pile 2. The pumphouse on the south line
is located about 75 ft west of the northwest edge of pile 7 on
private property.

Electricity for the mill is supplied by the local utility
company. A high voltage, electric transmission line on wooden
poles crosses the site in an east-west direction approximately
400 ft parallel to the north property line. The line crosses the
south side of pile 1 and through the middle of pile 2. Only two
of the poles appeared to be in or near any tailings.

The site is completely fenced with locked gates. Existing
fencing is comprised of a variety of types: three- and four-
strand barbed wire fence, 6-ft chainlink fence with barbed wire
on top, and 6 x 8 in. mesh hog fence. Some sections are posted
with radiation warning signs and others are not. Pedestrian
access to the site would not be difficult either from the area
which is adjacent to the Burlington Northern railroad switching
and mainline facilities which are just west of the site, or on
the west or south edges of the tailings area. Unauthorized ve-
hicle access is unlikely because of fencing and/or remcteness of
entry points. At the time of this report, TVA was ins?alllng new
fencing around the site using 6-ft chainlink fencing with three
strands of barbed wire on top.

2.5.2 Tailings Storage Areas

The mill produced approximately 2-1/3 million tons of solid
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uranium mill tailings (eee Table 2-1), approximately B80% of which
were sand tailings and the balance was slime tailings with some

vanadium tailings. During the operational period these materials

were deposited in 11 ponds or piles. The area dedicated to ponds

or tailings storage comprises approximately 180 acres, which in-

cludes areas covered by piles, ponds, dikes, access roads, and

unused areas.

The numbering and/or naming of the piles was and is unusual.
A July 1969 print of the site area prepared by Mines Development
Inc. indicates that what has been called the "AEC" pile has also
been called “"sand tailings area A" and is so designated in this
report. A tailings area of approximately 4.5 acres located east
of the mill area and west of Cottonwood Creek was designated as
"sand tailings area B". This pile does not appear on subsequent
drawings which were made available to FB&DU. It was discovered
while drilling holes in the ore storage area which were to be
used in determining the depth of soil contamination in the area.
The tailings sand fraction in Area B apparently had been recon-
toured for the purpose of increasing the ore storage area. The
1969 print also labels the pile now known as the "East" pile as
"sand tailings area C".

The other ponds or piles have been numbered from 1 through
10 except that there are no tailings piles on site using the
designations 5 or 6. They are missing from any references.

At the onset of operations the sand tailings were first .
stored in sand tailings area A and then in the "East" sand tail-

ings pile and later in pile (pond) 2. Dikes for the ponds were

formed from soil on site, usually from future bottom areas of

the ponds. No dike material was imported. These original stor-

age areas are no longer active. A small portion of pond 7 was

the last area to be used for disposal of uranium tailings mate-~

rial. When the U30g milling operations were discontinued in

1972, ponds 2 and 7 were utilized as disposal areas for solid

waste generated during vanadium processing.

Several stages of tailings disposal area expansion occurred
during the history of the site. All pond and dike designs were
prepared by engineering firms and approved by the AEC. None were
lined with any special treatment such as imported clay, and all
dikes were wide enough at the top for vehicles to travel on.

From 1962 through 1970, disposal areas 3, 4, 7, 8, and 9 were con-
structed. Ponds 4 and 9 were built solely to provide for solar
evaporation of liquids for concentration of the metallic con-
stituents. 1In 1971, the solar evaporation capacity was expanded
by the construction of pond 10. The soil beneath this pond was
found to be a sand, silt, and clay mixture suitable as dike and
pond liner material.

Since 1956, slime tailings were impounded and disposed of
in ponds 1, 2, 3, 7, and 8. During the first 4 yr of uranium
operations, all slimes were treated with lime for neutralization.
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The addition of 1.5 to 2 ft of topsoil on pond 2 was com-
menced in May and completed in late June 1973. The area was
seeded (60-1b seed/acre) and fertilized with the following mix-
tures:

25% yellow clover

25% rye

50% crested wheat grass

50-1b ammonium nitrate (34-0-0)/acre
12 tons fresh manure/acre

Topsoil addition of 1.5 to 2 ft to sand tailings area A
was commenced in early July and completed in late August 1973.
The same seed and fertilizer mixture as for pond 2 was added.
Neither plot received artificial watering; however, soil moisture
was sufficient to start a medium to medium~heavy growth. The
areas received only 1.75 in. of rainfall during the growing sea-
son, but both plots contained 80% ground cover by the end of the
growing season.

Natural growth reestablished itself in both plots during the
spring of 1974 and by early summer, ground cover was estimated at
90%. Severe drought conditions prevailed through September of
1974, causing retarded growth.

At present, sand tailings area A is well covered with vege~-
tation (about 90%). The top surface and the west slopes and edges
of the pile have withstood erosion and are holding up well. The
steep east slope of the pile, however, is ercding rapidly and
there are many locations where the contour or terrace grading of
the stabilization cover has been eroded by surface water. In
these locations the entire cover has eroded and is, along with
the tailings, being carried by surface water into Cottonwood
Creek. The north edge of the pile, south of the mill building,
and the south edge are likewise being eroded by water.

Pile 2 is covered with about an 80% vegetative cover. Its
entire surface and edges appear to be holding up well, as no sur-
face signs of wind or water erosion are evident. The south and
east side slopes of this pile are guite gentle, but between the
pile and the river there are places where erosion is starting to
develop.

On pile 9, an approximately 90% cover of native weeds has
been established.

Leveling, contouring, benching, and topsoil addition to the
high, east sand tailings area were comme' 'ed during the early
winter and spring of 1973-74. Sand mate.. .1 was removed from the







pond 4, a small pond located at the toe of the south edge of .
the East sand tailings pile, is now stabilized and contains no

solid tailings. The area between ponds 4 and 7 has been stahi-

lized with an average of 3 ft of earth cover obtained from the

extreme south end of the site, beyond pond 10. The distance be-

tween this newly applied stabilization and the toe of the East

sand pile is so narrow (averaging *20 ft) that pond 4 has vir-

tually been eliminated.

At present, about 50% of pond 7 (the eastern one-half) has
been stabilized with earth obtained from the area south of pond
10. This cover is about 3 ft thick. The balance of the pile is
unstabilized with liquid present on the western portion of the
pile. The main dike surrounding the pile is on the east and
north sides. It has resisted water and wind erosion quite well
and has a good cover of weed growth. East of the pile at its
tow and across the property line of the site there is evidence of
leaching on the ground surface.

Pond 8 is unstabilized with some water in it. 1Its steepest
dike is on the north edge and is eroding quite rapidly as a re-
sult of surface water runoff.

Pond 9 has been stabilized with an average cover of 3 ft of
soil obtained from the southeast corner of the inside of pond 10.
There is about a 90% cover of native weeds that has grown on the
pile's cover material. Along the north edge of the pile, at the
junction of the dike with the stabilization, the surface cover
and the dike are rapidly being eroded by surface water runoff.

Pond 10 contains some water, no tailings, and consequently
no stabilization. The containment dike is steep, and mostly weed
covered, but on the northwest corner it is beginning to be eroded
quite rapidly as a result of surface water runoff.

Since the containment dikes on site were constructed with
material from the site, and are quite steep, most are showing
signs of increasing water erosion, mainly because of lack of ag-
gregates (rocks) of various sizes which would act as riprap, thus
preventing such erosion. This is also true of the weathered shale
stabilization material that has been applied on the piles; it
works well when on a level surface, or gentle slope, but erodes
rapidly on steeper slopes. Weed or other vegetative cover is
helpful in preventing such erosion, but in major storms and over
a long period of time, these surfaces without riprap will not
last.

The potential for tailings transport into streams from water
erosion is high along the lower portion of Cottonwood Creek ad-
jacent to pond 2 and adjacent to ponds 1 and 2 along the Cheyenne
River. However, direct impact on the nearby populace is remote
since the populace is situated upstream from these locales. The
most immediate potential threat from water erosion would be to ‘
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site. Wells located within the flood plain are likewise re-
charged by entering ground water and/or by flood plain surface
water flows. Should these waters be affected by seepage from
the tailings ponds/sandpiles, an impact on tie wells, creek and
river waters could occur.

2.7.3 Ground Water Hydrology

Ground water exists throughout the Edgemont guadrangle and
millsite, primarily in unconfined alluvial water table aquifers
along the main drainage channels and in confined artesian aqui-
fers located at depth in the more permeable formations. The pri-
mary unconfined aquifer in the area is the Quaternary alluvial
deposits. Confined ground water in the vicinity is found in four
principal aquifers: the Fall River, Lakota, Sundance, and Pahas-
apa formations, with the Fall River being the most common. Sev-
eral deep artesian and shallow near-surface wells exist through-
out the area. Within and near the millsite two deep wells (great=-
er than 2,300 ft) penetrate through the upper formations into the
confined gronnd water. Even though the artesian waters are therm-
al, they are used by the City of Edgemont, Burlington-Northern
Railroad, and the mill facility. A total of 26 monitor wells have
been installed on the site into the unconfined alluvial aquifer
and overlying sediments. The monitor wells are used to measure
water level fluctuations and to obtain permeability and water

guality data. None of the monitor wells are employed for domestic
use L

Attempts to utilize the upper Cretaceous shales as producing
aquifers in nearby off-site areas have resulted in low yields and
poor quality waters.(4) Most of the wells in the area are located
in the alluvial deposits along the larger streams and comprise
the most important existing and future water supply zone primarily
due to accessibility, adequate amount and quality of water, and
lowest cost outlay due to the shallower drilling depths. The
significance of this observation is that existing and future allu-
vial wells along the Cheyenne River downstream from the millsite
have a potential of contamination from downgradient migrating
surface and ground waters. The average depth of the wells is
about 23 ft with a water levcl near 13 ft. Most are hand-dug or
drilled 36-in. wide utilizing concrete or steel casings. Produc-
tion is low, generally less than 3 gpm. Obviously, from the
shallow depths and water levels reported the river is the domin-
ant recharge source to the wells via seepage through the alluvial
gravels.

As mentioned previously, the Fall River sandstone aquifer is
the largest producing aquifer in the Edgemont guandrangle and Fall
River County. Significance of understanding the general charac-
teristics of the Fall River formation is that the aquifer repre-
sents the uppermost confined ground water zone with a potential
for contamination from migrating contaminated seepage. The aqui-
fer extends beneath the entire millsite and exists at a depth
near 260 ft. Figure 2-10 shows the direction and slope of the .
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A flow velocity of 0.35 m/yr (1.1 ft/yr) was calen?-_c4 using a
permeability of 1 x 104 as the horizontal velcrity between pond
7 and Cottonwood Creek. However, in modeling the contaminant
transport to the nearest resident in Cottonwood Community, a

flow velocity of 1.7 m/yr was calculated based on an average
permeability value of 5 x 10~4. An average integranular veloc..y
of 6.8 m/yr was obtained by dividing the flow velocity by the
porosity (0.25). Site specific aquifer characteristics, e.g.
permeability, por?fsyy, and saturated thicknesses, etc., were in-
put to the Intera mathematical flow model to obtain specific
flow velocity values throughout the site. These are shown in
relation to flow potentials ané pond locations in Figure 2-14.

Note that Figure 2-14 represents a flow net based on ve-
locity rather than head potentials. Velocity rate and migration
patterns are considered critical at the site. The flow net
illustrates the overall general pattern, but is lacking detail
in the southwest and northwest quadrants due to lack of data.
Trends shown in these areas are therefore computer averaged. Ver-
tical flow velocities were estimated using permeability coeffi-
cient tests conducted in a partially saturated medium. Therefore,
a true permeability could not be achieved due to the effects of
attenuating factors, such as soil/bedrock sorption, evapotrans-
piration, and sedimentation. A diffusion/dispersion concentra-
tion rate for radium was, therefore, developed using a measured
horizontal permeability and an estimated vertical permeability
based on the unsaturated medium test data and hydrostatic heads .

from annual precipitation data. Figures 2-15 and 2-16 illustrate
by cross-section the respective boring depths, location and per-
meability coefficients by stratigraphic soil profile, and relation
to nearby ponds.

Note that the figures also show the interbedded relation-
ship between the Cheyenne River alluvial flood plain scoil sedi-
ments and those of the Cottonwood Creek drainage which exists
beneath most of the ponds/piles of the site. The intensive
nature of the intertonguing sediments is believed to be responsi-
ble for the discontinuity in the static unconfined water table
across the site. Likewise, the variable but typically fine-
gruined nature of the soils beneath the ponds is believed to
minimize and cause variability in both vertical and horizontal
migration of pond/pile contaminants towards and into the creek
and river. Some drill holes were found to be dry to bedrock
which leads to the partially saturated media conclusion, gives
additional evidence of perched water tables and low permeability
values, and helps to explain the extremely low recharge rates en-
countered during attempt< cto opump the ful!y developed TVA wells
on the site. Limited data prevent a .ull analysis of all seepage
characteristics of the site and a calculated estimate of total
pond seepage into the ground.

In conclusion, based on the test data and model calculations,
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the unconfined ground water characteristics of the site can be

defined as an anisotropic, semiheterogeneous medium exhibiting

a variable but overall low permeability range. Also, both the

vertical and horizontal flow velocities are considered very low
as compared to high in areas where coarse-grained, well-sorted,
more isotropic aquifer conditions exist.

Of additional concern when evaluating the potential of seep-
age from tailings ponds and piles entering the surface of ground
waters of the site is the aspect of flow migration from seepage
through the tailings pond dikes. Since most of the precipitation
that falls on the site is accumulated in ponds and depressions
and either evaporates or seeps into the ground water, the effects
of the variable hydrostatic heads in the ponds and their poten-
tial seepage must be realized. The major source of recharge to
the unconfined aquifer is from seepage of surface precipitation.
Even though the effects of the seepage through dikes is difficult
to measure and may be going unnoticed beneath the outward toe of
the dike bases, seepage does occur as evidenced by the variable
phreatic (water level) zone observed in several borings along
the dikes of ponds 7 and 10. Also, a potential for dike failure
exists when the phreatic line rises due to seasonal runoff col-
lection in a pond above the established safety factor of the
embankment. Overtopping als» has a high potential during season-
al highs with resultant dike erosion.

2.7.4 Meteorology

The climate at Edgemont has been described previously as
semi-arid and temperate. Average annual precipitation at Edge~
mont is reported as 14 in. (14) with extreme variations in the
area from less than 6 in. one year to more than 23 in. another
year. The driest season is November-January, and the wettest
season is May-August when between one-half and two-thirds of
the precipitation falls as gentle rains or as high-intensity
thunderstorms. Potential free evaporation is estimated to be
approximately 37 in./yr (4) using an evaporation pan coefficient
correction factor of 0.7 and a yearly evaporation rate of 53 in.
However, in certain months, precipitation exce :xds evaporation.

Long-term weather records are not available for Edgemont.
Limited weather data are available from the Hot Springs Airport,
23 mi east of Edgemont, for the period from 1956 through 1960.
Weather data also were recorded at the Black Hills Army Ordnance
Depot, 8 mi sou!h-southwest of Edgemont from mid-1962 to mid-
1967. These data were assembled by the TVA for the Edgemont
environmental report and were used in the FB&DU model ~alcula-
tions. Weather data have been recorded by the TVA at the Edge-
mont site for about 1 yr.

Regional winds tend to be northerly to northwesterly. A
wind rose for Edgemont, shown in Figure 2-17,.was constructed
from the weather data recorded at the Black Hills Army Ordnance

peport. (2)
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TABLE 2-1

TAILINGS AND RELATED MATERIALS
PRESENT ON SITE

Pile or

Location

1

Area Be~
tween 4
and 7

Material

Sand Tailincs
Slime Tailings

Totals

Sand Tailings
Stabilization
Cover

Totals

Slime Tailings
Slag Tailings

Totals
No Solids

Sand Tailings
Stabilization
Cover

Totals

Sand Tailings

Slime Tailings

Stabilization
Cover

Totals

Slime Tailings
Vanadium Fly
Ash Tailings

Totals

Tailings
Stabilization
Cover

Totals

Volume

(yd3)

43,000
25,000

68,000
295,000
30,000
325,000

60,000
15,000

75,000

39,000
9,700
48,700

85,000
115,000

60,000
260,000
26,000

55,000
81,000

50,000

18,000
68,000

Weight
(tons)

64,000
40,500

104,500
438,000
50,600
488,600

97,200
19,200

116,400

58,000
16,400
74,400

126,000
186,300

101,300
413,600
42,000
0,500
112,500
75,000

30,400
105,400

9.2

10.4

33.8







TABLE 2-2

COTTONWOOD CREEK SURFACE FLOW DATA

2-ft Rect Wier 2 90° V-Wier 1 2-ft Rect Wier 3

Upper Cottonwood City Overflow Lower Cottonwood Wier 1 + Wier 2
Date Time sec-ft gpm sec-ft gpm sec-ft gpm gpm sec-ft
11/18/77 08:00 0.1831 82 0.125 56 0.6759 304 139 0.3081
11/i8/77 16:20 0.2033 91 0.129 58 0.6759 304 150 0.3323
11/20/77 14:05 0.2623 118 0.109 49 0.6201 279 167 0.3711
11/21/77 15:20 0.3193 144 0.112 50 0.6201 279 194 0.4313
11/22/77 -- 0.2907 131 0.112 50 0.5838 263 181 0.4027
% 11/23/77 15:20 0.2907 131 0.112 50 0.5835 263 181 0.4027
B 11/25/77 15:20 0.4622 208 0.129 58 0.7139 321 266 0.5912
11/26/77 14:40 0.4456 201 0.121 54 0.5481 247 255 0.5666
11/27/77 13:20 0.4130 186 0.121 54 0.5132 231 240 0.5340

11/30/77 08:00 Frozen - 0.108 49 0.7370 332 - -

Average 0.3189 144 0.118 53 0.627 282 197 0.4369
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half life for decay. If left undisturbed, the radioactive compo-
nents of the decay chain shown in Figure 3-1 all reach the same
level of activity, matching that of the longest-lived initiating
isotope. This condition is known as secular equilibrium. When
the uranium is removed in the milling process, 230Th, which is
not removed, becomes the controlling isotope. After processing
the ore for uranium, the thorium, radium, and other members of
the decay chain remain in the spent ore solids in the form of a
waste slurry. The slurry is pumped to tailings ponds. The sands
and slimes that remain after evaporation of the solutions ccnsti-
tute the tailings piles. Generally, as at Edgemont, the slimes
constitute only 20% of solid waste material, but they may contain
80% of the radioactive elements of major concern: radium and its
daughters.

3.2 RADIATION EFFECTS

The radicactive exposure encountered with uranium mill tail-
ings occurs from the abscrption within the body of the emitted
alpha and beta particles, and gamma radiation. The range of alpha
particles is very short; they mainly affect an individual when the
alpha emitter is taken internally. Beta particles have a much
lighter mass than alphas, and have a longer range; but they still
cause damage mainly to the skin or internal tissues when taken in-
ternally. Gamma rays, however, are more penetratinag than X-rays
and can interact with all of the tissue of an individual near a
gamma-emitting material.

The biological effects of radiation are related to the energy
of the radiation; therefore, exposure to radiation is measured in
terms of the energy deposited per unit mass of a given material.
In the case of radon and its daughter products, the principal ef-
fect is from alpha particles emitted after the radon and its
daughter products are inhaled.

The basic units of measurement for the alpha particles from
short-lived radon daughters are the working level (WL) and the
working level month (WLM). The working level is defired as any
combination of the short-lived radon daughters in a liter of air
that will result in the ultimate emission of 1.3 x 105 MeV of
alpha energy. The working level is so defined because it is a
single unit of measure, taking into account the relative concen-
trations of radon daughter products which vary according to fac-
tors such as ventilation. One WLM results from exposure to air
containing a radon daughter concentration (RDC) of 1 WL for a
duration of 170 hr.

The basic units of measurement for gamma radiation exposure
and absorption are the roentgen (R) and the rad. One R is equal
to an energy deposition of 88 ergs/g of dry air, and 1 rad is the
dose that corresponds to the absorption of 100 ergs/g of material.
The numerical difference between the magnitude of the two units
is often less than the uncertainty of the measurements, so that
exposure of 1 R is often assumed equivalent to an absorbed dose
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of 1 rad or a gamma dose of 1 rem.

3.3 NATURAL BACKGROUND RADIATION

There are several sources of radiation that occur naturally
in the environment. Natural soils contain trace amounts of ura-
nium, thorium, and radium that give rise to radon gas and to alpha,
beta, and gamma radiation, The average background value of 226Ra
concentration, from the 238y decay chain, in seven soil samples
from five locations was 1,3 pCi/g. The samples were taken within
4 mi of the site. The 226Ra, 230Th, and 210Pb concentrations in
each of the background samples are listed in Table 3-2 and loca-
tions are shown in Figure 3-2. Sample C1 taken in Gull Hill
Park was sandy soil and hus a low radium content. The soil sam-
ples taken at canister locations C2 and C3 were typical of
weathered shale, and are therefore more representative of the
larger radium content in the shale in the vicinity of the Edge-
mont site, especially east of the site.

The average concentration of soluble 226Ra in five well water
samples within 3 mi of the site, not including the town of Edge~
mont, was 0.44 pCi/l, but the average soluble 226Ra concentration
in three wells in Edgemont was 4.0 pCi/l. Six background samples
from surface waters within 1 mi of the site had an average soluble

6Ra concentration of 0.54 pCi/l. These water sample analyses
and others are discussed in paragraph 3.4.5. Additional sampling
results were reported by the EPA in 1971(1) and 1973. (2

Background values of 222Rp concentration were measured at
two locations, 3.3 mi south and 1,3 mi west of the mill building,
using continuous radon monitors.(3) wWeek-long measurements plus
two 24-hr measurements indicated an average radon concentration
of 1.4 pCi/l in the area. The two week-long measurements indiv-
idually averaged 1.7 and 1.2 pCi/l. The measurement locations
and data are shown in Figure 3-3. The measuremenSs at all back-
ground locations ranged from 1.1 to 1.7 pCi/1 of 2Rn.

Radon flux was measured at three background locations using
charcoal canisters. The average radon flux was 2.8 pCi/m2-s,
Locations and individual values are shown in Figure 3-2. The
average background flux value may be higher than normal because
surface concentrations of 226Ra in two soil samples were higher
than those in the soil 6-in. deep. These surface soil sample
concentrations were not used to obtain the average soil concen=-
tration. Also, the background measurements were made on shale
which has a higher 226Ra content than sandy or rocky soil. A
canister placed on rocky soil (Cl) was stolen, and therefore that
flux determination was not included in the average flux.

Background gamma ray levels, as measured 3 ft above ground,
also were determined at 11 locations within 5 mi of the site by

(l)gee end of chapter for references.
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using a pressurized ion chamber (PIC) detector. An average value
of 13 uR/hr was obtained. Cosmic rays are part of the measured
background radiation levels. The locations and measured gamma
radiation rates are shown in Figure 3-2. The contribution from
cosmic rays is generally dependent upon thﬁ altitude and is ap-
proximately 5 uR/hr in the Edgemont area, (4) or approximately

40% of the measured average background value.

3.4 RADIATION EXPOSURE PATHWAYS AND CONTAMINATION MECHANISMS

As noted previously, the principal environmental radiological
implications and associated health effects of uranium mill tail-
ings are related to radionuclides of the 238y decay chain: pri-
marily 230Th, 226Ra, 222Rn, and 222Rn daughters. Although these
radionuclides occur in nature, their concentrations in tailings
material are several orders of magnitude greater than in average
natural soils and rocks. The major potential routes of exposure
to man are:

(a) thalation of the 222Rrn daughters, from decay of
22Rpn escaping from the pile; the principal expo-
sure hazard is to the lungs.

(b) External whole-body gamma exposure directly from
the rgdionuclides in the tailings pile (primarily
from 214Bi) and in surface contamination from tail-
ings spread in the general vicinity of the pile.

(¢) 1Inhalation of windblown tailings; the_primary
hazard relates to the aipha emitters 230Th and
226Ra, each of which causes exposure to the bones
and the lungs.

(d) Ingestion by man of ground or surface water con-
taminated from either radioactivity (primarily
from 226Ra) leached from the tailings pile or from
solids physically transported into surface water,

(e) Erosion and removal of tailings material from the
pile by flood waters or heavy rainfall; this can
create additional contaminated locations with the
same problems as the original tailings pile.

(f) Physical removal from the tailings pile also pro-
vides a mechanism for contamination of other loca-
tions.

(g) Contamination of food through uptake and concentra-
tion of radioactive elements by plants and animals
is another pathway which can occur.

The extent of radiation and pollution transport from the

piles into the environment is discussed in the following para-
graphs.
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3.4.1 Radon Gas Diffusion and Transport

Measurements of the radon exhalation flux from the tailing=
using the charcoal canister technique(5) are listed ir Table 3-3
and shown in Figure 3-4. The background radon flux in the area
averaged 2.80 *+ 0.66 pCi/m?-s., Flux on the tailings ponds ranged
up to a high of 970 pCi/m?-s measured at pond 3. Measurements
on ponds 8, 9, and 10 were a few times the average background
flux. There was no rainfall during or immediately preceding the
flux measurements, although the surface of some of the ponds were
moist during the measurement period. Radon flux depends princi-
pally on radium content of tailings. In general, reported values
of radon flux vary considerably from time to time at a single
sampling location due in part to differing moisture in the soil,
to changes in pile configuration between measurements, and to the
difficulty in performing such measurements. These measurements
are within the range of those obtained by the DOE Environmental
Measurements Laboratory (EML) taken on the sand tailings area A
and the East sand tailings piles.

Radon gas above background has been detected at a distance
of 0.7 mi west of the tailings site. During the August 1977 sur-
vey, winds blew from the pile towards Edgemont for several days
although that is not the prevailing wind direction. Measurement
locations and correspeonding 24~hr average radon concentrations
are illustrated in Figure 3-3. The average background radon
concentration was 1.4 pCi/l for two background locations. To
the west of the site, the average background value was 1.2 pCi/l.

Variations in radon concentration at two locations during
the measurement perioda and the existing weather conditions are
shown in Figures 3-5 and 3-6. The sample location for Figure 3-5
is outside of the mill office building on the north side. Figure
3-6 1llustrates the measurements 0.4 mi west of the tailings site.
Increased concen“rations of 222Rn at night may be observed in
both figures. The 24-hr averages and 7-day averages include these
diurnal variations. A plot of the radon concentration during a
7-day period, 3.3 mi south of the site, had increased radon con-
centration during two of the seven nights accounting for an aver-
age concentration higher than the baseline value. Thus, the
higher-than-normal background values are partly the rcsult of in-
cluding such peaks. These 24-hr measurements were ocbt=ined during
atmospheric conditions normal for that time of year (August and
November). Data were not recorded during w:nd or rainstorms.

Radon concentration measurements taken during this program
generally indicated increased concentrations during the night,
with reduced values during the day. The increase in concentra=-
tion is probably the result of an inversion condition and reduced
wind velocities. High velocity winds tend to disperse the radon
and generally do not result in significantly higher measurements
of radon concentration downwind from the tailings piles.

The radon concentration measurements are plotted in Figure
3-7 ag a function of distance from the nearest edge of the tail-
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ings piles. Also shown in the figure are the FB&DU model results. .

Model calculations were performed with annual meteorology data to
provide an additional estimate of the radon concentration in the
vicinity of the pile. The FB&DU model first determines radon

flux and the total radon releases from the piles with diffusion
theory using radium soil concentrations, and pile configurations
deduced from the drilling and survey data. Then, she radon trans-
port off pile is calculated by Gaussian diffusion (/) plus wind
drift conditions. Meteorology data were obtained from a weather
station on pond 2 during the period of the tests as well as annu?é)
data from the Black Hills Army Ordnance Depot from 1962 to 1967.

The model curve, not including background, was used to cal-
culate potential health effects resulting from radon diffusion
from the Edgemont tailings, and the health effects from groups of
piles, shown in Figure 3-3, were suimned to get the total Edgemont
health effects.

3.4.2 Direct Gamma Radiation

The external gamma radiation (EGR) levels measured on the
tailings piles and around the site are shown in Figures 3-8 and
3-9. These measurements include background of about 13 uR/hr
and were taken with a calibrated Geiger Mueller detector and a PIC
detector. The highest gamma radiation rate of the Edgemont piles
(3,780 uR/hr) was measured on the eastern portion of pond 1.

Gamma radiation above 1,000 uR/hr was measured on ponds 1, 2, 3,
and 7. Gamma measurements on stabilized piles or ponds ranged
between 19 and 320 uR/hr or an order of magnitude less than the
gamma radiation found on unstabilized piles. Some soil has been
excavated along the edge of pile 2, which had apparently disturbed
the pile surface cover. Gamma measurements as high as 1,080 uR/hr
were found in this area. The eastern portion of pond 7 was being
covered with about 3 ft of soil during the time these gamma mea-
surements were being taken. As shown in Figure 3-8, one gamma
measurement transverse was made across both stabilized and un-
stabilized areas on pond 7. The stabilization cover reduced the
measured gamma radiation by more than an order of magnitude. 1In
the mill area gamma radiation was measured from 26 uR/hr, two
times background, to 190 uR/hr.

Gamma rate measurements away from the tailings piles, taken
at 100-yd intervals, reached background levels at about 0.1 mi or
less to the west towards Edgemont and to the south. One and one~-
half times the average background gamma rate was reached 100 yd
north of the Cheyenne River, and 0.25 mi east of ponds 1 and 8.
Towards the southeast, where wind has carried tailings, the gamma
rate was about twice background, one-third of a mile from pond 9.
In Figure 3-9, these ganma radiation rate measurements are shown
for the vicinity of the Edgemont tailings piles. The reduction
of gamma radiation as a function of distance from the piles is
shown in Figure 3-10.










particulate fallout rates are also plotted in Figure 3-13 at the
same locations where the airborne concentrations were determined.

3.4.5 Surface and Ground Water Contamination

Water samples have been collected periodically by the TVA
from surface waters near the site and from monitor wells on the
site. (6) puring the two field surveys conducted by FB&DU, addi-
tional water samples were collected from the Cheyenne River,
Cottonwood Creek, monitor wells and from wells off the site owned
by individuals and by the City of Edgemont. This additional in-
formation was used for determining a radium balance in Cottonwood
Creek (Appendix A.2) to determine if significant additions of
radium enter the creek as it passes through the Edgemont site and
the effect of the site on the Cheyenne River. The radium balance
showed little if any addition of radium to the creek from the
tailings ponds via the ground water. Analyses of water from moni-
tor wells were performed as part of the effort to determine any
contribution of contaminants to the ground water by the tailings
piles. This ground water eventually reaches the Cheyenne River.

Analyses of water samples collected during the field survey
periods in August and November of 1977 are presented in Figures
3-14 and 1-15 and Tables 3-6 and 3-7. Additional data from
a water quality monitoring program conducted by the TVA is in-
cluded in Table 3-6., EPA also has collected and analyzed samples
from the area. 0 2)

Figure 3-14 shows the location and 226Ra concentration in
water samples taken off site. Figure 3-15 presents similar data
fgr water samples taken on the site. A listing of the 226Ra,

- Orh, and uranium concentrations in the water samples is given
in Table 3-6. Chemical analyses for the samples are listed in
Table 3-7.

Data on radium content of water samples taken over a period
of sever?} Xears are shown in Figure 3-16 for nearby surface
waters. +2.6)  Ground water data from monitor wells drilled by
TVA, shown in Figure 3-17, extend over only 3 yr. Surface water
data reflect seeps and accidents such as pipe breaks, and trends
are difficult to identify. Trends cannot be established with the
limited ground water monitoring data but the analyses of water
from monitor wells M-11 and M-14 should be watched closely.

gther than water samples from drill holes or tailings ponds,
the 226Ra concentrations in the water samples listed in Table 3-6
are all below the EPA Interim Drinking Water Regulation level of
3 pCi/l1, except water from the Edgemont water supply well (4.1
pCi/l), the well flowing into the pond in the city park (4.3
pCi/l), and the Burlington-Northern well (3.6 pCi/l). The latter
three samples are from deep wells not affected by the tailings
piles. These artesian wells draw water from the Fall River forma-
tion, one of the host formations for uranium in the Black Hills.



The 226Ra concentration in all other domestic wells sampled was
below 1 pCi/l.

In Table 3-7, comparison of the heavy metal content of water
samples with the maximum contaminant levels (MCL) in the Interim
Drinking Water Regulations shows that only a few surface and
ground water samples (ESD W) exceed the MCL for heavy metals.
Samples ESD W-67 and ESD W-69, from standing water on site, ex-
ceed several of the heavy metal MCL. Lead content of surface
water in the area is generally high but not attributable to the
tailings site since upstream samples also are high in lead.

Water samples from several of the monitor wells (ESD M) ex-
ceed the MCL. Analyses indicate that seepage from pond 1 reaches
monitor wells M-1, M-2, M-3, and M-3N between pond 1 and the
Cheyenne River. Surface water analyses from the Cheyenne River
upstream (S-52 and S$-70) and downstream from the site (8-54 and
8~-55) show downstream increases in nitrate, zinc, and cadmium.
Monitor wells M-1, 2, and 3 are located in an area where fairly
high permeability coefficients and the highest horizontal flow
velocities are found.

The average g?luble 226pa concentration in 10 samples in-
cluding TVA data( from the Cheyenne River upstream from the site
was 0.28 pCi/l, while the average concentration in two samples
downstream from the site was 0.42 pCi/l. Cottonwood Creek in-
flow accougig for the major portion of this increase, but the
increased Ra in Cottonwood Creek is primarily from the over-
flow of the pond in the Edgemont city park.

Seepage from pond 7 is evident in the analyses of water
from monitor well M-14 and to a lesser extent in M-11. However,
comparison of analyses of an upstream sample from Cottonwood Creek
(8-51) and downstream samples (S-56 and S-57) indicate 1increases
only in manganese and zinc as the creek flows by the tailings
piles. The increase in 226pa content is due primarily to the
city water supply overflow into Cottonwood Creek.

In summation, the site does not contribute effluents to
the Cheyenne River that make it unsuitable for drinking water
by exceeding current regulations for radioactivity and chemical
concentrations.

Appendix A.2 includes water pathway analyses of radiocactive
pollutants to Cottonwood Creek, the Cheyenne River, and Cotton-
wood Community. These dose analyses show that the water pathways
are not the critical pathways.

3.4.6 Soil Contamination Beneath Tailings

The amount of 226Ra activity in the tailings and the extent
of leaching of radium from the tailings into the soil were deter-
mined by drilling auger holes in and around the tailings piles
and into the soil beneath them. The radioactivity profile was
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tailings sites for DOE. At these sites, the primary health im-
pact on the population near the tailings sites was due to inhala-
tion of radon transported from the site. The radon concentration
versus distance was converted to working levels (WL) and epidemi-
ological data were used to calculate health effects in the popula-
tion. This approach is included in the report so that comparisons
can be made easily between the health impact of the Edgemont site
and that of the other 22 sites already investigated.

3.5.1 Radiological Impacts

The sources of radiological impact to the vicinity of the
Edgemont milling site are the natural radiation background of the
area (discussed in paragraph 3.3), the tailings, the stockpiled
ore, and the contaminated str- ures (paragraph 3.4).

3.5.1.1 Radiological Impacts rom Background

The natural radiation environment in the Edgemont area is a
result ©of cosmic radiation, cosmogenic radiocactivity, and ter-
restrial radioactivity (see paragraph 3.3).

The intensity of cosmic radiation is a function of altitude
and geomagnetic latitude. In South Dakota the dose equivalen.
due to the ???mic radiation is approximately 40 mrem/yr to the
whole body, The dose equivalent from cosmogenic radioactivity,
primarily l4¢, is about 1 mrem/yr (11) to the whole body.

Terrestrial radiation is mainly from the primordial radio-
nuclide 40K and from the three radioactive decay series originat-
ing with 238y, 235y, and 232Th, The average concentration of

U in the soils around Edgemont is 1.3 pCi/g; the concentrations
of 232Th and 40K are estimated as 1 pCi/g each. At a height of 1
meter, the exposure rates due to these radionuclides are 18 mR/yr
from the 2388 series, 15 mR/yr from the 2320ph series, and 1.4
mR/yr from 49k, (11)

An average radon flux of 2.8 pCi/mZ-s for the Edgemont vici-
nity was calculated from the data in Table 3-3. The annual guan-
tity of background 226Ra-generated radon released from an area
equal to the Edgemont site is about 43 Ci. The mean concentration
of radon in air is estimated to be in the range 0.8 to 1.2 pCi/1l.
With normal conditions, a continuous exposure would deliver a
dose of 800 to 1,200 mrem/yr to the segmented bronchi.

An annual average concentration of particulates %n South
Dakota air_was not available. An estimate of 4 x 10~ pCi/m3

of 226Ra, 232Th, and 230Th was used. (12) phe dose from these
particulates to the lung, under normal background conditions,
would be about 2 mrem/yr, and the dose to the bone would be less
than 1 mrem/yr.

Ingestion dose to each resident of Edgemont from 226Ra in



the drinking water supply produces an annual dose to the bone of
88 mrem/yr and 8.8 mrem/yr to the whole body.

The medical whole-body dose rate for South Dakota is esti-
mated to be 75 mrem/yr pe:r person. (13 The U.8. average rate
for the year 1980 is estimated to be 86 mrem/yr per person. (14)
For the Edgemont area, the radiation dose rate to the whole body
from the background environment is estimated to be 126 mrem/yr
per person, as shown in Table 3-9.

3.5.1.2 Radiological Impacts from the Tailings

Radiation doses were estimated for individuals and for the
general population living near the Edgemont site. These estimates
were calculated on the basis of recommendations(15) of the Inter-
national Commission on Radiation Protection (ICRP) and the report
of the Task Group or ilung Dynamics for Committee II of ICRP. (16)

The following information was used in the dose determina-
tions:

(a) Estimates of radioactive releases presented in
paragraph 3.4

(b) Site meteorology and hydrological conditions dis-
cussed in paragraph 2.7

(c) Land-use information and population distribution
discussed in paragraph 2.6 and Chapter 4

3.5.1.3 Exposure Pathways

Figure 3-22 illustrates the exposure pathways applicable to
the contamination mechanisms described in paragraph 3.4. Actual
site measurements were used when available as a basis for the
estimate of each pathway and/or as a check on the validity of the
methodology used.

The dose commitments to man were estimated based on radio-
active effluent discharges to the environment using actual loca-
tions and characteristics of the millsite environs, and on the

actual pathways by which members of the public can be exposed to
the discharges. Included in the analyses are the dose-commitment
evaiuations of the different categories:

(a) Pathways associated with particulate releases to
the atmosphere

(b) Pathways associated with gaseous releases to the
atmosphere

(¢) Pathways associated with the seepage of liquid
effluents to ground water
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For the Edgemont site the pathways of importance for produc-
ing the most significant dosages to individuals are the inhala-~
tion of radon, radon daughter products, and radioactive dust par-
ticles, and external radiation exposure. Another pathway is the
ingestion of radionuclides in beef and vegetables. All other ex-
posure pathways contributed much less significant dose commitments.

3.5.1.4 Radiation Dose Commitments to Individuals

A summary of the predicted doses to individuals at selected
off-site locations where doses are calculated to be largest are
listed in Table 3-9. Estimates are presented for the significant
exposure pathways discussed in paragraph 3.4. The highest doses
received by individuals from inhalation of radon drifting away
from the site occur in the Cottonwood Community.

The predicted annual dose commitments to an individual in
full-time residence at Cottonwood Community are 240 mrem/yr to
the whole body, 460 mrem/y r to the lungs (excluding dose to the
bronchial epithelium), 375 mrem/y r to the bones, and 1030 mrem/yr
to the bronchial epithelium. At locations farther from the site,
individuals will receive lower doses than estimated for Cotton-
wood Community.

A brief discussion of the various pathways for radiation ex-
posure to individuals near the site are presented in the following
paragraphs.

3.5.1.4.1 Internal Exposure

Air Pathway:

The concentration of 226Ra in air resulting from airborne
releases from the Fdgemont site are shown in Figure 3-13 at loca-
tions in Cottonwood Community and the City of Edgemont. The
annual radiation dose commitments to the nearest resident from
inhalation of uranium, 230Th, 226Ra, and 210pb are given in Table
A-3 of Appendix A.

Calculation of the dispersion of airborne pollutants around
the Edgemont locale is difficult, and the accuracy of the results
is unproven. The topographical barriers to pollutant dilution
make ?he application of conventional disperson models q?sftion-
able. (17) " The models usea are those proposed by Slade; the
results obtained are probably conservative. Input parameters in
the air particulate concentratior model were adjusted so that
the model output fit the available TVA air particulate measure-
ments. (See Appendix A.l.) Model calculations of air particulate
concentrations were then performed using annual meteorology data
from the Black Hills Ordnance Depot.

Dose to the bronchial epithelium from radon inhalation was

determined from calculated radon concentrations, also shown in
Figure 3-13, and from the dose conversion of 1 pCi/l continuous

3=1%






3.5.1.4.2 External Exposure

Estimates of the external exposure received by the nearest
residence were determined from the measured 38 LR/hr exposure
(25 uR above background of 13 uR/hr), measured with the PIC de-
tector in Cottonwood Community. The results of this estimation
also are given in Table 3-9. The whole body exposure of 220
mrem/yr represents a major fraction of the total dose commitment
from the millsite to the nearest resident.

3.5.1.5 Radiation Dose Commitments to Populations

The estimated annual whole body and organ-specific dose
commitments to the 2,000 residents of Edgemont, South Dakota, are
presented in Table 3-10 as a sum of the pathway dose commitments
detailed in Appendix A, Table A-5. Natural background annual
dose commitments a.so are listed in Table 3-10 for comparison.

The population dose commitment due to the Edgemont site
range from 8 to 16% of the natural background dose commitment for
whole body, bone and bronchial epithelium dose. For the lung the
dose commitment due to the site is about 50% of the natural back-
ground dose.

3.5.2 Phase II - Title I Approach to Estimating Health Effects

3.5.2.1 Assumptions and Uncertainties in Estimating Health Effects

Since radiation exposure from 222Rn daughters is expressed
in terms of working levels (WL) and working level months (WLM),
total population exposures as well as health risk estimates are
based upon these units, i.e. person-WLM. Exposures and resulting
health effects often are expressed in terms of rems; however,
estimates of the WLM-to-rem conversion factor for internal lung
exposure to alpha particles from 222Rn daughters vary by over an
order of magnitude. Presently, there are significant differences
of opinion related to the choice of an appropriate conversion
factor. Consequently, disagreements of calculated health effects
from RDC occur when these effects are based on the rem.

The absolute risk estimator used in this assessment is that
given in the report of the National Academy of Sciences Advisory
Committee on the Biological Effects of Ionizing Radiation (BEIR

report). (18) This report presents risk estimators for lung cancer

derived from epidemiological studies conducted on two groups of
miners, namely:

3 cancers per year per lO6 person-WLM exposure
for uranium miners

8 cancers per year per 106 person-WLM exposure
for fluorspar miners
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Therefore, the average of these two values was chosen as the risk
estimator for use in this study. This estimator then is:

6 cancers per year per 106 person-WLM exposure

A dose from a given ingestion or inhalation of radionuclides
varies widely due to differences in age (infants-adults), physical
size, etc. This and other components of natural biological varia-
bility which exist among members of any given population, as well
as the differences between exposure conditions in residences and
mines, give rise to an uncertainty on the order of a factor of
3 in this parameter. (19)

The commitment, then, of 6 cancers per year has a statistical
basis and relates to a total population exposure of 106 person-WLM,
I1f a cancer does occur it likely will be evident during t?e 30~-yr
period following the initial exposure and latency period. 20)

When the exposure is continual over an individual's lifetime, this
commitment is cumulative and the risk per year increases to wn
ultimate value of 6 times 30 or:

180 effects per year for 30 x 106 person-wWLM
total cumulative exposure

This mathematical expression also can be interpreted in terms
of the average annual risk to an individual per unit of exposure.
For example, an individual with a continuous exposure of 1 WLM
annually has about a 2 x 10-4 probability each year of developing
lung cancer from this exposure. Several investigations have been
reported recently concerning the association between lung cancer
incidence and RDC exposures in miners.(19,21,22) These investi-
gations yielded risk estimator values consistent with the risk
estimator used in the present assessment. It has been stated
that the relative risk estimator could be about a factor of 3
larger than the absolute risk estimator.

For the purposes of this assessment, equivalent working
levels inside structures are determined from the radon concentra-
tion assuming a 50% equilibrium condition. This yields the fol-
lowing conversion factor:

1 pCi/l of 222gpn = 0.005 WL

1t is assumed that the component of indcor radon concentra-
tion due to radon exhaled from the piles is equal to the corres-
ponding outdoor concentration component at that point. However,
the concentration of radon daughters is higher indoors owing to
recuced ventilation and to other sources of radon, such as build-
ing materials.

The exposure rate in terms of WLM/y: can be obtained from a

continuous 0.005 WL concentration (equivalent to 1 pCi/l 222Rn
concentration) as follows:

3-18




(0.005 WL) (8766 hr) 1 WLM = 0.25 WLM
yr I WL (170 hp) yr

Therefore, a radon concentration of 1 pCi/l1 is eguivalent to
a continual RDC exposure of 0.25 WLM/yr. If the conversion factor
of 5 rem/WLM is applied to this result, (18) then the relationship

1 pCi/1 = 1.25 rem/yr is obtained. This value 1s 25% higher than
the factor used in paragraph 3.5.1.4.1.

The risk estimator(18)

. : ' used for continual exposure to gamma
radiation is:

100 effects per year for 106 person-rem
continuous exposure to gamma radiation

In ;hi§ assessment it is assumed that a gamma exposure of
1 R in air is equivalent to a dose of 1 rem in soft tissue.

3.5.2.2 Health Effects Calculations

The model curve of radon concentration-versus-distance not
including background (Figure 3-7) is used to determine the health
effects due to radon from the pile. First, an indoor radon daugh-
ter concentration is deduced from the outdoor radon concentration
curve using the conversion factor 1 pCi/l of 222Rn outside equals
0.25 (WLM/yr) inside, then, the resulting RDC distribution is
multiplied by the risk estimators given previously to yield the
health effect risk per person as a function of distance from the
pile. The estimated annual radiation induced lung cancer risk
due tc the pile is given in Figure 3-23 as a function of distance
from the edge of the pile for prolonged continuous exposure. The
curve shown in the figure represents the estimated annual radia-
tion-induced risk from the tailings pile plus the average lung

cancer risk per ¥ear from all causes for residents of the State
of South Dakota. (23)

Health effects from total population RDC exposures for the
area within 1 mi from the perimeter of the tailings pile are ob-
tained by multiplying the health effect risk per person from the
curve given in Figure 3-23 by the population dlstrlbut}on as a
function of distance from the pile. The results are given in _
Table 3-11. Annual lung cancer events are calculated using esti-
mated population data for 1975. There were at that time 2,000
persons living within 1 mi of the perimeter of the tailings pile,
and it has been assumed that no growth has occurred since that
time.

Health effects wer: determined for both a yearly and cumula-
tive basis. Two population predictions were used: static, and a
doubling by 1985 followed by a 0.16% growth rate. The lLiealth
effects rate continues after 25 yr but the population projections
after that time are very speculative.
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The health effect values are obtained by converting the ap-
propriate radon concentrations in the area within 1 mi of the
tailings pile to an equivalent WLM/yr and multiplying it by 180
effects per year per 106 person-WLM and by the population., 1If
the relative risk estimator is used, the health effect estimates
are correspondingly larger than the ones given in Table 3-~11.
The uncertainty in the health effects estimation is about a fac-
tor of 4.

3.6 REMEDIAL ACTION CRITERIA

Radiological criteria established for this engineering as-
sessment for possible remedial action at the site are divided in-
to four categories: NRC guidelines for decontamination of facili-
ties for unrestricted use, NRC performance objectives for post-
operational reclamation of uranium tailings, EPA guidelines for
decontamination of open land areas adjacent to the tailings ponds,
and the Surgeon General's criteria applicable to structures with
tailings underneath them or within 10 ft.

3.6.1 NRC Guidelines for Facility Decontamination

The decontamination criteria applicable to the mill buildings,
if they are to be decontaminated for unrestricted use, are des-
cribed in Appendix B.l. These criteria deal with surface contami-
nation found on floors, walls, and ceilings and surfaces of pro-
cessing equipment. Although the Edgemont mill processed ore con-~
taining natural uranium, the most restrictive release limits apply
since 226Ra and 230Th are present as contaminants from the 238y
decay chain.

3.6.2 NRC Tailings Management Performance Objectives

The NRC has formulated performance objectives for tailings
management. (24) These objectives are applicable to present and
future milling operations under NRC license and are listed below.

Siting and Design:

(1) Locate the tailings isolation area remote from
people such that population exposures would be
reduced to the maximum extent reasonably achievable.

(2) Locate the tailings isolation area such that dis-
ruption and dispersion by natural forces is elimi-
nated or reduced to the maximum extent reasonably
achievable.

(3) Design the isolation area such that seepage of
toxic matevials into the ground water system would

be eliminated or reduced to the maximum extent
reasonably achievable. .




. During Operations:

(4) Eliminate the blowing of tailings to unrestricted
areas during normal operating conditions.

Post Reclamation:

(5) Reduce direct gamma radiation from the impoundnent
area to essentially background.

(6) Reduce the radon emanation rate from the impound~
ment area to about twice the emanation rate in the
surrounding environs.

(7) Eliminate the need for an ongoing monitoring and

maintenance program following successful reclama-
tion.

(8) Provide surety arrangements to assure that suffi-

cient funds are available to complete the full
reclamation plan.

Some of these performance objectives cannot be met at the
Edgemont site, primarily those relating to siting and design.
Poet reclamation objectives (5), (6), and (%) should be achieved
a: ‘he present site and remedial action alternatives discussed

-hapter 9 are intended to meet these objectives. If the tail-
ings are moved to another site for long-term storage, all of the
applicable performance objectives should be met.

3.6.3 Cleanup of ..te and Open Land Areas

Criteria for cleanup of open land areas were formulated by
EPA and utilized in the Phase Il - Title I assessment of inactive
uranium mill tailings sites, ‘25 Cleanup of windblown and/or
water eroded tailings beyond the fence of the site should proceed
according to the following criteria:

(a) If gamma levels are less than 10 u.i/hr above back-
ground, the land may be released for unrestricted
use.

(b) I1f gamma levels exceed 10 uR/hr above background,
cleanup should reduce the radium scil concentra-
tion to noc more than *wice background.

{c) 1If tailings removal is not practicable, residual
gamma levels should in any part of the area not
exceed 40 uR‘’hr above background.

3.£.4 ffeS..e Remedial Action at Structures

. 1. remedial actions are initiated at tailings locations off
the site, then the criteria which apply to the structures are the
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guidelines published by the Surgeon General of the United States. ‘
These guidelines recommend the following graded levels for reme-

dial action in terms of the EGR levels and indoor RDC levels

above background found within the dwellings constructed on or

near uranium mill tailings:

EGR, mR/hr RDC*, WL Recommendat ion

Greater than Greater than Remedial action indicated

0.1 0.05

From 0.05 to From 0.01 Remedial action may be suggested
0.1 te J.05

Less than Less than No remedial action indicated
0.05 0.01

*Based upon yearly average values from 6 air samples of at least
100-hr duration taken at a minimum of 4-wk intervals throughout
the year.

The Surgeon General's guidelines are included as Appendix B.2.
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TABLE 3-4

SURVEY OF MILL BUILDINGS

® Surface {(dpm)

a Smear (dpm)

8+ y

# 3 ft above
Surface/& Surface

LOCATION NO.° per 100 cn” per 100 cm2 (mR/hr) Remarks

1 350 < MDA 0.06/0.05 surface unchanged

2 700 S -- 0.08/0.05 -

3 700 - 0.08/0.05% S

4 875 - 0.05/0.07 -

5 1,050 70 0.07/0.1 after smear

a surface = 3150

6 grinder floor 700-1,400 < MDA -- --

7 drillpress floor 700 < MDA -- .-

8 bench top 525 < MDA - - -

2-7 composite of -- 35-70 - =

floor smear

- 1,225 50 0.08/0.06 -

10 350 50 0.06/0.05 —

1 760 70 't e

12 350 - 0.07/0.05 -

13 s -- 0.3 /0.3 =

14 700 -- 0.3 /0.4 -

15 350 35 s —

16 2,450 50 -- large accumulation of dust
17 700 - 0.5 /0.14 --

18 1,750 35 0.1 /0.45 -

19 1,400 - = J0.1 s

20 700 - - JO.11 -

21 700 70 - /0.09 after smear o surface=700
27 10,500 2,100 0.08/0.75 after smear a surface=9,000
23 525 -~ 0.04/0.07 --

24 4,200 140 0.15/1.0 -~

25 2,800 - 0.07/0.03 -

26 floor 1,050 35 0.05/1.0 -
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TABLLE 3-4 (Cont)

t Surface (dpm)

B+ vy
@ 3 ft above

t Smear (dpm) Surface/® Surface

LOCATION NO. @ per 100 cm” per 100 cm> (mR/hr) Remarks
26 interior walls 2,100 210 - -
27 1,750 -- 0.2 /0.45 -- 2
28 bottom of map 14,000 700 0.15710.0 £+4y smear +0.06 mR/hr/100cm
item No. 42 3,300 dpm/100cm?
28 bottom of map -~ g+ -- --
item No. 42 3,000 - -~
29 fioor 2,450 - 0.8 /2.0 --
30 floor 1,750 -- 0.25/1.0 -
31 under vats -- -- 0.5 /0.6 --
31A wall 700 ik i -
32 wall 175 -- 0.17/0.17 --
33 exterior wall 525 -- 0.08/0.08 --
4 floor 1,400 -- 0.15/0.1 -
35 floor 1,400 -- 0.8 /0.4 .-
36 floor 2,100 - 0.8 /0.8 -
37 floor 8,400 1,750 0.6 /1.5 -
38 dose-rate -- -- 1.0 / - --
39 floor 7,000 -- 0.1 /1.0 --
40 floor 700 - 0.1 /0.1i5 =i
41 floor 1,050 ~- 0.08/0.05 --
42 floor 1,400 -, 0.05/0.1 -
43 floor 350 -- 0.07/0.07 i3
L4 floor 1,050 < MDA 0.15/0.15 S
45 mezz floor 700 - 0.05/0.1 e
46 mezz floor 1,050 70 0.15/0.2 -
47 mezz 700 - 0.05/0.07 -~
LB mezz 700 -- 0.1 /0.05 -
49 mezz 1,050 35 0.15/0.35 -
49A auger No. 33 2,800 105 - /1.5 on edge of auger
50 mezz 1,400 -~ 0.5 / - --

R P o




TABLE 3-4 (Cont)

R + vy
+ Surface {(dpm) t Smear (dpm) Sur;aze;; :S?::ce
LOCATION NO.° per 100 cm2 per 00 cm2 (mR/hr) Remarks

5! mezz 1,050 30 e —

52 mezz 3,150 -- 0.5 /0.7 resin basket

53 mezz 3,150 - C.4 /0.b --

54 mezz 3,500 -- 6.6 /0.6 -~

55 mezz 490,000 700 - /15.0 resin basket

56 concrete floor 7,000 -- 0.5 /0.8 --

57 in item No. U4 -- - - f1.5y in yellowcake dryer

- /1 508+y
58 near item No. 44 315,000 70,000 8-10/50.0 floor behind yellowcake
dryer

> 59 3rd floor 21,000 7,000 -- duct to scrubber dryer
| 60 wall 700-210,000 70 - wall near scrubber dryer
e 61 mezz 175 < MDA 0.05/0.06 --

62 exterior wall 525 -- 0.1 /0.14 v ft off ground

63 exterior wall 700 -- 0.15/0.07 -~

64 exterior wall 350 -- 0.08/0.08 -~

64A cement pad 525 < MDA - --

65 building exterior 1,050 < MDA 0.1 /0.25 on concrete (vertical)

65 building exterior 175 < MDA -- on building metal

66 building exterior 350 .- 0.07/0.08 --

67 building exterior - -- 0.03/0.03 dose-rate

68 concrete walkway 350 < MDA -- --

69 350 b 0.05/0.05 -

70 525 < MDA 0.02/0.02 --

71 < 350 = MDA 0.02/0.02 --

72 < 350 - J3.03/0.03 s

73 175 < MDA 0.03/0.03 --

74 < 350 < MDA 0.02/0.03 --

75 FeV building 700 it - ~--

0il storage shed < 350 < MDA - --




TABLE 3-4 (Cont)

B +Yy
@ 3 ft above
2 2 Surface/@ Surface
LOCATION NO. @ per 100 cm per 100 c¢m (mR/hir) Remarks

t Surface (dpm) ¢« Smear (dpm)

Garage < 70¢C -
Conveyor outside 350-790 .35-70
Conveyor No. 2? inside 175 v30
Crusher area 350-1,050 <105
Air scrubber 2,800 700
Filter conveyor 2%0 - after smear
t surface = 250

Miscel laneous

| beam (vertical) 1,400 - 2,100 dpm/100 cm2 & surface

rs Wocd beams {loose on flecor) 21,000 dpm/100 cm2 @ surface; smear = 700 dpm/100 cm2

2Location numbers are shown in Figure 3-11.




TABLE 3-5

OFF-SITE SOIL SAMPLE ANALYSES

226Ra 230Th 21opb
Sample Location® pCi/g * c° pCi/g * oP pCi/g * ob
200 yd ENE of pond 1 surface to 1.5 in. 7.1 * 0.4 i = 0.3 7.9 + 0.4
200 yd ENE of pond 1 at 6 in. 1.17 = 0.06 1.08 + 0.08 0.80 + 0.05
200 yd east of well M-13 surface 1.60 + 0.08 4.0 + 0.3 3.4 + 0.2
200 yd east of well M-13 at 6 in. 2.1 * 0.1 1.4 & 0.1 1.44 + 0.08
400 yd east of well M-13 surface 15.8 + 0.9 8.6 + 0.4 19 + 1
400 yd east of well M-13 at 6 in. 1.51 ¢+ 0.08 1.6 2 0.1 3.6 + 0.2
200 yd SE of pile 9 surface to 1 in. 24 ¢+ 1] 12.8 + 0.6 75 + 4
200 yd SE of pile 9 at 6 in. 2.8 + 0.1 1.74 + 0.09 3.2 ¢+ 0.2
400 yd at 130° SE of pile 9 8.1 ¢+ 0.4 5.4 ¢+ 0.4 1.80 + 0.9
e surface to 1 in.
i 400 yd at 130° SE of pile 9 at 6 in. 2.1 * 0.1 1.5 ¢ 0.2 1.3 + 0.1
o 600 yd at 130° SE of pile 9 3.7 = 8.2 2.8 + 0.2 3.3 ¢ 0.2
surface to 1 in.
600 yd at 130° SE of pile 9 at 6 in. 5.2 t 0.3 2.4 ¢+ 0.2 .2 ¢ 0.2
10C yd north of Cheyenne River surface 1.68 *+ 0.08 1.8 ¢+ 0.1 2.2 * 0.1
100 yd north of Cheyenne River at 6 in. 0.84 + 0.04 1.17 + 0.06 2.6 ¢+ 0.1
100 yd SE of pond 7 east fence surface 26 + 1 0.8 X U5 51 * 2
200 yd SE of pond 7 east fence surface 33 '+ 2 V.7 2 0.5 44 + 2
200 yd SE of pond 7 east fence at 6 in. 1.51 + 0.08 1.7 & 0.1 2.6 * 0.3

dsample locations are shown in Figure 3-12.

Pone standard deviation due to counting statistics.
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TABLE 3-6

RADIONUCLIDE ANALYSES OF WATER SAMPLES

Designation Designation Dissolved Concentrations
of Sample on by FB&aDU Total
Figures 3-14 for lLab 226Ra 230 Uranium
& 3-15 Analysis Locat ion {(pCi/1) (pCi/1) (pCi/1)
Al ESD -1 NE portion of pond 2, hole 1 7.9 0.4 130
A2 ESD -2 NW portion of pond 2, hole 2 4.2 0.3 36
A6 ESD -6 NW on dike of pond 7, hole 6 0.28 0.2 330
A7 -7 SW on dike of pond 7, hole 7 0.08 <0.1 220
A 10 ESD -10 S center of pile 9, hole 10 5.1 1.5 2.4 x 103
M9 M-9 By Cottorwood Creek on W side 1.48 <0.1 26
M1l M-11 NW cormer of pond 7 outside dike,
inside fence 200 ft E of sewage
pumping station 0.30 0.4 214
Ad ESD W-4 Center of E road on sand tailirgs 0.39 <0.2 21
area A, hole 4
A 106 ESD w-51 N of pile 2 by Cheyenne River 0.21 0.6 27
S 51 ESD W51 Cottonwood Creek upstream 0.32 0.1 14
8 52 ESD W-52 Cheyenne River upstream at bridge 0.10 9.3 9
S 53 ESD W-53 Cheyenne River below confluence
with Cottonwood Creek 0.18 <0.1 7
S 54 ESD W-54 Cheyenne River downstream 0.51 <0.1 8
§ 55 ESD W-55 Cheyenne River downstream 0.32 <0.1 6
S 56 ESD W-56 Cottorwood Creek, mouth of Cottonwood
Creek 3.1 0.3 22
S 57 ESD W=57 Cottonwood Creek above E sand tailings 1.36 <0.1 25
S 64 ESD W-64 Standing water SE of pond 10 1.05 2.8 < 4
S 65 ESD W-65 Standing water W of pond 10 0.35 <0.1 6
S 67 ESD W-67 Standing water E of pond 7 2.5 1.26 x 103 1.16 x 10°
S 69 ESD W-69 Seep <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>