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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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(O) ABSTRACT
%J

;

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 included core drillings and radiometric measurements
sufficient to determine areas and volumes of tailings and other;

radioactively contaminated materials, the evaluation of resulting
3radiation 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 jparticulates 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
II) 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 j
'

,

alternative disposal sites range from $10,790,000 to $18,970,000. :
Costs of remedial actions at off-site structures were estimated i

at $200,000. !

Reprocessing of the tailings for uranium does not appear to
be economically attractiva at present.

.
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[''N GLOSSARY
k!

Abbreviations / Terms Definitions

absorbed dose Radiation energy absorbed per unit
mass.

A-E Architect-Engineer.

AEC Atomic Energy Commission,
alpha particle (a) A positively charged particle emit-

ted from certain radioactive 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, 8, y), hence is not
dangerous unless alpha-emitting sub-
stances have entered the body.

amenability The relative ease with which a min-
era 1(s) can be removed from an cre
by a particular process.

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

aquifer 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.

atmospheric pressure Pressure exerted on the earth by the
mass of the atmosphere surrounding

. the earth; expressed in inches of
! mercury (at sea level and 00C, stan-
I dard pressure is 29.921 in. Hg).

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

beta particle (S) A particle emitted from some atoms'
undergoing radioactive decay. A
negatively charged beta particle

xvi
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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,

BEIR Biological Effects of Ionizing
Radiation.

BOM (USBOM) Bureau of Mines.

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

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

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

.

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

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

EGR 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). !

EPA (USEPA) Environmental Protection Agency.
.

1

ERDA (USERDA) Energy Research and Development
Administration.

ERDA-GJO Energy Research and Development
Administration-Grand Junction |

Office.
1

erg The basic unit of work or energy |
! in the centimeter-gram-second. l

1
\
|
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) system (1 erg is equal to 7.4 x
10-8 ft-lb).-

1exposure Related to electrical charge pro-
duced in air ~by ionizing radiation

(per unit mass of air.

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

FB&DU Ford, Bacon & Davis Utah Inc.

igamma background 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. ;

gamma ray High energy electromagnetic radia-
tion emitted from the nucleus of

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

GJO Grand Junction Office.

ground water Subsurface water in the zone of
full saturation which supplies

,
wells and springs.

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

heap leaching 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.

HEW (USHEW) Department of Health, Education,
[s and Welfare.

(
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O
insult Negative impact on the environment

or the health of individuals.

Interim Drinking Title No. 40 of the Code of Feder-
Water Standards (EPA) al Regulations, Chapter 1, Part

141, dated Dec 24, 1975; sched-
uled to become effective Jun 24,
1977.

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

isotope O1e of two or more atoms with the
seme 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.

JCAE Joint Committee on Atomic Energy.

knot A unit of velocit'y, approximately
equal to 1.15 mi/hr.

,

pR/hr Microrcentgen per hour.

mR/hr Milliroentgen per hour.

MeV Million electron volts.

MPC 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).

NAS National Academy of Sciences.

NIOSH National Institute for Occupational
Safety and Health,

noble gas one of the gases, such as helium,
neon, radon, etc., with completely
filled electron shells which is
therefore chemically inert.

NRC Nuclear Regulatory Commission.
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nuclide
# .) A general term applicable to all

atomic forms of the elements;/_j
nuclides comprise all the isotopic
forms of all the elements. Nu-
clides are distinguished by their
atomic number, atomic mass, and
energy state.

ORNL
Oak Ridge National Laboratory.

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

pCi/l
Picocurie per liter.

PilS (USPHS) Public Health Service.
QF Quality factor (an assigned factor

which denotes the modification of
the effectiveness of a given ab-

1sorbed dose by the linear energy
transfer). '

R Roentgen (a unit of exposure to
ionizing radiation. It is that

(''N amount of gamma or X-rays required
,

!
I 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 10-4 coulombs /kg).

rad 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.

!

l
radioactivity The spontaneous decay or disinte-

gration of an unstable atomic nu-
cleus, usually accompanied by the
emission of ionizing radiation.

j

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

s- >
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radium A radioactive element, chemically
similar to barium, formed as a
daughter product of uranium (238U).
The most common isotope of radium,
226 a, has a half-life of 1,620R
yr. Radium is present in all ura-
nium-bearing ores. Trace quanti-
ties of both uranium and radium
are found in all areas, contribut-
ing to the gamma background.

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

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

radon concentration The 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.

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

RDC Radon daughter concentration (the
concentration in air of short-lived
radon daughters, expressed usually
in pCi/1; also measured in terms
of working level (WL).

radon flux The quantity of radon emitted from
a surface in a unit time per unit

cm2-sec)pical units are in pCi/area (ty
.

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

recharge 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- i

tion. '
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rem
j (Acronym of roentgen equivalent

man). The unit of dose of any
ionizing radiation which produces
the same biological effect as a
unit of absorbed dose of ordinary
X-rays, numerically equal to the
absorbed dose in rads multiplied
by the appropriate quality factor
for the type of radiation. The
rem is the basic recorded unit ofaccumulated dose to personnel.

residual value
The value of minerals in tailings
material.

riprap
An irregular wall of broken rock,
placed as a retaining wall, as a
protection for dikes, etc.

risk estimator
Absolute - the number of excess
(radiation related) cases of
cancer per unit of time in an
exposed population of a given
size per unit of dose, using the
linear dose-incidence model.

Relative - the ratio between the
cancer incidence risk in the ex-
posed population and the cancer
incidence risk if no radiation
exposures occurred, per unit of
dose. This assumes the radiationrisk increases in direct proportion
to the natural risk.

sands
Relatively coarse grained materials
produced along with the slimes as
waste products of ore processing
in uranium mills (see tailings).
These sands normally contain less
radioactive materials than theslimes,

scintillometer A gamma-ray detection' instrument
normally utilizing a NaI crystal.

slimes
Extremely fine grained materials,
mixed with small amounts of water,
produced along with the sands as
uaste products of ore processing
in uranium t ills (see tailings),
liost of the radioactive material

xxii
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remaining in tailings is found in
the slimes.

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

Working level. A unit of radon
WL 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 fleV 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-
lifa) and subsequent daughter
products.

WLM Working level month. One WLM is
equal to the exposure received
from 170 WL-hours.
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CHAP 2ER 1
i

SUMMARY |
'

| 1.1 INTRODUCTION

| The U.S. Nuclear Regulatory 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 quantities 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 I

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
jfuture 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-|

antioned inactive uranium millsites. To determine the extent
-

, 1

, g ) f those problems, a preliminary survey of inactiva uranium mill
! U 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 {vey was completed in October 1974. In the Summary
Report I 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-
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 succeas.

| 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. In addition, information on practicable mea-

,

sures to reduce radiation exposures and estimates on the projected '

t

!

''' ( See 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 renewal 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

(c) Land contamination from windblown tailings
J

(d) Hydrology and contamination by water pathways l.

(e) Potential health impact

(f) Potential for extraction of additional metals from ,

the tailings I

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:

1-2
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fh (a) Siting and Design'Y
(1) Locate the tailings isolation area remote

from people such that population exposures
would be reduced to the maximum extentreasonably achievable.

(2) Locate the tailings isolation area such that
disruption and dispersion by natural forces
is 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-[''*g poundment area to essentially background.
U

(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.

/h
( /

/
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1.1.1 Scope of the Edgemont Engineering Assessment

As indicated previously, this assessment is similar in scope
to the Phase II - Title I assessment performed by FB&DU for ERDA,

Inbut also has included additional work in specific areas.
general, the scope requirements of the Phase II - Title I assess-
ment as given in the contract included the following items:

i

(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.

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

(d) Performance of core drillings and radiometric
messurements 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)

and once such sites are identified, per-storage;
form evaluation and estimate the costs involved.
Performance of engineering assessments of struc-(g)
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.
Evaluation of radiation exposures of individuals

(i) and nearby populations resulting from the inactive
uranium millsite, with specific attention to:

I
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( ) (1) Gamma radiationv'
(2) Radon

(3) Radon daughter concentrations

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

(j) Investigation 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,
iInvestigation of community and area planning, andindustrial and growth projections. i

j

(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.

|
1(n) Preparation of preliminary plans, specifications, !

and cost estimates for alternative corrective !actions for each site. I

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 Edgemont site.

(p) Dose commitments were calculated for the popula-
tion and for the maximum individual in the Edgemont fvicinity for each of the pathways of radionuclides
to man. (Note that under Phase II - Title I,
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.)

\
s_ / ;
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(q) Costs for mill structure decontamination and 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
j 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 subcidiary 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 |

1 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.
i

|
,

l

Uranium recovery initially averaged 95% but towards the end j
of operations averaged about 90%. Vanadium recovery from the
ore was 75 to 80%. The U Og content of the ore averaged 0.20%3 1

| l-6
|
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SUMMARY

1.1 INTRODUCTION

The U.S. Nuclear Regulatory 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 quantities 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 NBC 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
the Edgemont site are similar to those at many of the 22 above-

(''N menticned inactive uranium millsites. To determine the extent
t of those problems, a preliminary survey of inactive 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.

Thatsy{veywascompletedinOctober1974.I on the findings of the survey, ERDA identified 17 sites
In the Summary

Report
in Arizona, Colorado, Idaho, New Mexico, Utah, and Wyoming for
which practical 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 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. In addition, information on practicable mea-
sures to reduce radiation exposures and estimates on the projected

/'''N II)See end of chapter for references.
( )x-

l-1(



|

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 renewal of SUA-816 in January 1976. Personnel at the
site have performed measurements of radiological effluent releases
and have reported theFd data to the NRC semiannually (in accor-
dance with Code of Faderal 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) Exhulation 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 objectives for tailings management as possible. These
objectives as given in Reference 2 are as follows:

1-2



,O) (a) Siting and DesignU
(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
disruption and dispersion by natural forces
is 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- istricted areas during normal operating con- I
ditions. l

!
(c) Post Reclamation

(5) Reduce direct gamma radiation from the im-

/'''Y
\ poundment area to essentially background.

\'',
(6) Reduce the radon emanation rate from the i

impoundment area to about twice the emana-
tion rate in the surrounding environs.

(7) Eliminate the need for an ongoing monitoring I

and maintenance program following successful
reclamation.

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

1

It should be noted that all of these jectives must be'

satisfied for tailings management programo :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 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.7-~
$v
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1.1.1 Scope of the Edgemont Engineering Assessment

As indicated previously, this assessment is similar in scope
to the Phase II - Title I 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:

1-4

_ _ _



_ . - . - _- _. . . . _ .-

:
r

| .

1 L

I

O
( (1) Gamma radiation

|
'

(2) Radon '

(3) Radon daughter concentrations

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

(j) Investigation 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 corrective7_s ,

[V}
actions for <;ch 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 Edgemont 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 II - Title I,
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.)

F

l

; O
,
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(q) Costs for mill structure decontanination and 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 l
cottonwood trees along the natural waterways.

l

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 j
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 j
(RIP) slime tailings by acid leaching and solvent extraction. i

Uranium recovery initially averaged 95% but towards the end
of operations averaged about 90%. Vanadium recovery from the |

ore was 75 to 80%. The U 03 8 content of the ore averaged 0.20% |
|
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('~Ns with a relatively low vanadium content of about 0.25% V 0t'-') bulk of the uranium output was produced under contract with the25 The
AEC.

At one time nearly 10% of the ore feed to the Edgemont mill
was uraniferous ash derived from the burning of lignite coal near
Belfield, North Dakota. The lignites were burned at the mine
site to an ash which then was shipped to the mill at Edgemont forextraction of the uranium. When properly burned, the ash con-
tained an average of 0.35% U 03 8 and 0.35 to 0.25% Mo. The ashalso 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,
,yoming, and some of the early shipments were from WashingtonW
State.

Uranium 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

/'''g 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, also 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. In 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 planted. 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, j
and most show signs of increasing water erosion attributable to i

the lack of riprap aggregates (rocks) which would help prevent i
erosion. This condition is also true of stabilization material 1

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.

1.2.4 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

iof the s te.

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 to 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 personnel during site investigations and drilling
operations favored the descriptions of the Belle Fourche and/or
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,

;

[I
\ 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 i

for waterborne contamination to aquifers 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
t

ground water. Likewise, the shale combination could inhibit up-
ward migration of deeper confined waters. j

1.2.5 Surface Water Hydrology

The Cheyenne River, which passes immediately north of the
2mill 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 i

Angostura Reservoir, located some 15 mi cast of the site.

Cottonwood Creek, which passes directly through the site, i
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 I

down), city well and mill fire safety tank which form a combined
discharge at the pumphouse just north of the ore stockpile areas;
overflow from the Edgemont City Park well and pond entering the
site immediately south of sand tailings area A; potential seepage i

from ponded waters in tailings ponds on the site, and from both I

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) Erosion of tailings dikes or sand tailings piles'

adjacent to the Cheyenne River or Cottonwood Creek

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

Physical transport of tailings off site is evident and is a;

I potential threat at almost every pile and pond. Eroded tailings

1-9
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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 drainage
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 flood
plain is broad; but the flood stages can reach the base of the
tailings 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 probable maximum flood is moderate. A maximum
flow of 13,800 ftJ/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 depocits, the stream has cut
through the Cheyenne River alluvium and upper 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
attentation of the fine-grained soils and bedrock, and by the
effects of sedimentation.

1.2.6 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 aquifers 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 is 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

t
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 quality data. None of the !
monitor wells are sources for domestic use. '

Attempts to utilize the upper Cretaceous shales as producing
aquifers in nearby o
poorqualitywaters.{g-) site areas have resulted in low yields andMost 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.

l
As noted, the Fall River sandstone aquifer is the largest

producing aquifer in the Edgemont quadrangle and Fall River
'j

County. The significance of understanding the general charac-
teristics of the Fall River formation is that the aquifer repre-

,- s 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 impervious shales.

Ground water characteristics specific to the site were de-
termined by evaluation of existing data from: referenced reports;
on-site 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 direction

| 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 cm/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
throughout the site.

/''N 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

I
The climate at Edgemont is described as semiarid and temper-

:
ate. Average 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- l

January, and the wettest season is May-August when between one- i
half and two-thirds of the precipitation falls as gentle rains or i
as high-intensity thunderstorms. Potential average annual evap- |oration is reported at approximately 37 in./yr. (5) However, in l

certain months, precipitation exceeds evaporation. I

1

Long-term weather records are not available for Edgemont. |
Limited weather data are available from the Hot Springs Airport !
23 mi cast of Edgemont, for the period from 1956 through 1960.
Weather data also were recorded at the Black Hills Army Ordnance

|
Depot, 8 mi south-southwest of Edgemont from mid-1962 to mid-1967. I

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. I

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 230 h, 226 a, 2 2 2 Rn ,T R

222 n daughters contained in the waste materials. Other iso-and R
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) Inhalation of 222Rn and its daughter products re-
sulting from the continuous radioactive decay of
222 a in the radioactive materials. Radon is aR
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i I gas which diffuses from the site. The principal
\-- exposure results from inhalation of the 222 n andR

Rn daughters. 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 directly from
radionuclides in the piles.

(c) Inhalation and ingestion of windblewn materials.
The primary health effect relates to t:he alpha
emitters 230 h and 226 a, each of which causesT R
exposure to the bones and lungs.

(d) Ingestion of ground water and surface water con-
aminated with radioactive 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
rh
!

) Radon gas concentration measurements at two background loca-kd tions averaged 1.4 pCi/1. The 222Rn measurements were made with jcontinuous radon monitors for 7 days each. A week-long radon
measurement in Cottonwood Community averaged 3.3 pCi/1. 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 I

flux measurements ranged from 3 to 970 pCi/m _s,2

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

l
1.3.1.2 Direct Gamma Radiation I

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

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

(''N Gamma rates reached background levels about 0.1 mi west and

(v).
i

south of the site. In Cottonwood Community the gamma rate averaged '
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Ol15 UR/hr above background. The gamma rates were still twice the
Iaverage 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 pR/hr.
1

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 i

from 175 to 5 x 105 dpm/100 cm2 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 cm2,

The alpha survey of the office building showed activities of
350 to 525 dpm/100 cm2 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-

i tween the two geadings (A) is a measure of the extent of surface
contamination. t6 ) 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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('dm) the site. The extent of soil contamination is generally in agree-
ment with the determination made with the scintillation countere.nd 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
determining population dose by inhalation of radioactive particu-
lates.

1.3.1.5 Surface and Ground Water Contamination

Water samples were collected from surface waters (Figure 2-11)
and many wells 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 indicatedthat 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 230Th,
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 <l.4 pCi/1, respectively.

,-s, Other than water from tailings ponds and drill holes, the
[x

highest concentrations of 226'

Ra are found in water from the Edge-
mont water supply well (4.1 pCi/1), the well flowing into the
pond in city park (4.3 pCi/1), and the Burlington-Northern well
(3.6 pCi/1). The radium concentration in all the domestic wells
sampled was below 1 pCi/1.

226The average Ra concentration in 4 samples from the Chey-
enne River upstream from the site was 0.28 pCi/1, while the aver-
age concentration in 2 samples downstream from the site was 0.42
pCi/1. Cottonwood Creek inflow accounts for the major portion of

226 a in Cottonwood Creek is pri-| this increase, but the increased R
| 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

226 a into the soil beneathdetermine the extent of leaching of R
the tailings.

226 a contamination was found to an average depthIn general, R,

of approximately 5 ft below the tailings-subsoil interface; how-
ever, the depth of contamination ranged from 2 to 13 ft in the

: holes tested. I

: |

1.3.1.7 Radium Concentration in Vegetation ig-sg4

s> Samples of pasture grasses were collected at several loca- 1

d
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Gtions around the site and at a background location. Samples
taken east of the site where windblown tailings are present !

226 a/g of dry grass. The other |ranged from 1.6 to 9.2 pCi of R
samples contained. 226Ra concentrations from 0.11 to 0.72 pCi/g )
of dry material. A tomato plant from Cottonwood Community and a j

grass sample from east of the site also retained relatively high I

concentrations of radioactive dust (0.71 and 0.3 pCi/g of dry j

weight). The area to the east of the site is cattle grazing land i

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 radioactivity. 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 year. 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 objectives for
post-operational reclamation of uranium tailings,(2) EPA guide-
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(''N lines for decontamination of open land areas adjacent to the
'

\ tailings ponds,(7) and the Surgeon General's criteria applicable ,

to structures with tailings underneath them or within 10 ft.

NRC guidelines for decontamination of facilities and equip-
,ment prior to release for unrestricted use are included in Appen- !

dix B of this report. The NRC performance objectives for uranium
mill tailings management to reduce exposure of the public are
listed in paragraph 1.1. The EPA guidelines for decontamination
of open lands are provisional and were developed for purposes of
the Phase II assessments. In this assessment they have been
similarly applied to the cleanup of windblown tailings and are
described in paragraph 3.6, Chapter 3. If the gamma levels are
less than 10 PR/hr above background, the land may be released
for unrestricted use. |

The Surgeon General's criteria for cleanup of structures
where tailings were used has been applied in the Grand Junction,
Colorado remedial action program. These criteria are also in-
cluded in Appendix B.

1.4 POPULATION AND LAND USE

Populated areas are located immediately west of the railroad ;

that forms the western boundary of the Edgemont site. Cottonwood
Community, with about 75 residents, is located adjacent to tail- i

,

ings pond 7 and south of the mill building.

From population studies in 1975, it is estimated that approx-
imately 2,000 people live within 1 mi of the Edgemont site, mostly
west of the site. A map indicating the population distribution
around the site is shown in Figure 2-5, Chapter 2.

The millsite is off the main highway (U.S. 18) and located
east of town where no commercial growth has taken place. A
railroad switchyard is adjacent to the site on the west, and
northward expansion of Cottonwood Community is blocked by the
site. To the east of the site is the City of Edgemont sewage
pond which would also limit residential growth in that direction.
Further to the east and south of the site are grazing and pasture
land.

Both residential and commercial areas are growing primarily
to the west of Edgemont. If the site were decontaminated and
released for unrestricted use, it would probably be best suited
for industrial use.

Bare land close to town is valued at approximately $2,000/
acre. It is possible that the millsite. if released for unre-
stricted use, could rise to nearly this value. The proximity of
the railroad switchyard and the sewage pond probably would pre-
vent the land value from equalling that of residential lots in
Edgemont..

s./
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1.5 RECOVERY OF RESIDUAL VALUES *

Since there are 11 tailings locations at Edgemont with vary-
ing concentrations of uranium and vanadium, even within one pond,
an estimate of the cost of recovering uranium and vanadium was
made for only pond 7, which appears to have the highest concen-
tration of uranium remaining in the tailings. Data from analyses
by Hazen Research Laboratory and the TVA, and samples collected
by FB&DU were considered in choosing the value of 0.013% U 038
and 0.165% V 05 in the dry tailings.2

The approach used to determine the cost of extracting ura-
nium from the tailings is that used in the Phase II - Title I
reports.

There are five factors employed to evaluate wiather re-
processing the Edgemont tailings to extract residual uranium and
other mineral values would be practicable:

(a) The amount of tailings present

(b) Concentration of residual values

(c) Projected recovery

(d) Current market price of recovered values

(e) Proximity to processing mills

Based on the aforementioned criteria, reprocessing of the
pond material with the highest concentration of uranium does not
appear to be economically viable. The lowest cost for recovery
of uranium was calculated to be $79/lb which would be reduced to
$68/lb if vanadium recovery were used to offset part of the re-
processing costs.

1.6 MILL TAILINGS RECLAMATION

Goals for the tailings reclamation program include elimi-
nating or minimizing seepage from the tailings, reduction of
gamma radiation rates to background values, reduction of radon
exhalation flux to twice the background value in the vicinity,
and elimination of the need for a long-term monitoring and
maintenance program.

Physical stabilization with clay, soil, and riprap can meet
several of the performance objectives, such as gamma radiation
and radon reduction through proper use of cover materials. Al-
though chemical stabilizers have been tested, physical stabiliza-
tion with clay and soil appears to be the most successful method
for meeting the performance objectives. Stabilization at the
present location will require reconfiguration of some of the
piles and improvements in several of the pond dikes to reduce
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seepage and protect against water erosion.

If the tailings are moved to a new site for storage or dis-
posal, other objectives such as elimination of seepage from the
ponds and location in areas remote from population can be met
also.

1.7 OFF-SITE REMEDIAL ACTION

A mobil scanning unit, operated by the AEC under an inter-
agency agreement with EPA, conducted a scanning survey in theEdgemont area in 1971. In 1972, field survey teams, consisting
of personnel from the EPA and the State of South Dakota, per-
formed gamma-screening surveys of locations suspected of contami-nation reported in the 1971 survey. Of the 56 structures scanned,uranium tailings or possible use of tailings were found at 25
locations within 10 ft of a structure in Edgemont and at onelocation in Provo. At 18 other locations, tailings were found
more than 10 ft from structures or on vacant land; however, these
locations are not covered under the Grand Junction RemedialAction Criteria specified for this assessment. The 1972 surveyswere completed prior to aquisition of the site by the TVA in 1974.

Based upon remedial action costs at Grand Junction, Colorado,a cost of $200,000
was estimated to conduct the off-site remedialactions in Edgemont and Provo, South Dakota.4

d
The extent of remedial action for open lands was determined

by soil analyses and by survey techniques using a scintillationcounter. The cost for cleanup to no more than twice background
radium soil concentration in the vicinity is estimated at $50,000
without engineering costs and contingency.

The costs for remedial action for open lands and for struc-
tures are not included in the total costs for on-site remedialaction alternatives.
1.8 ALTERNATE DISPOSAL LOCATIONS

Four of the remedial action alternatives include moving theEdgemont tailings to an alternate disposal site. The sites wereselected after consultation with local and federal agencies,cerned individuals, con-and personnel in industry. Each site was
evaluated on the basis of hydrology, meteorology, geology, ecology,economics, and proximity to transportation routes, the existance
of a mill, possible future mills, and population centers. The
4 sites used in the alternatives were selected from a total of15 sites initially considered.

The sites referred to in Table 1-1 under Alternatives IIIthrough VI are shown in a map in Figure 8-1, Chapter 8. The goal
at each of these locations would be to meet the NRC performance

1-19

_

_ _ _



objectives for tailings management to prevent re-entry of radio-
active and chemical contaminants into the environment. In all
alternatives, a limited monitoring and maintenancs program would
be required until such time that the successful completion of the
reclamation program could be assured. Land occupied by reclaimed
tailings might have to be deeded to the state or to a federal
agency for long-term land use control.

1.9 REMEDIAL ACTIONS AND COST-BENEFIT ANALYSES

1.9.1 Remedial Action Options

The many alternative remedial actions evaluated for solution
to the problems associated with the radioactive tailings and
other contaminated materials may be condensed into two major
categories:

(a) Stabilization of the piles in place at the Edgemont
site, with demolition and/or decontamination of the
buildings and decontamination of the millsite.

(b) Removal of the tailings and other contaminated materials
from the Edgemont site to an off-site disposal area,
with demolition and/or decontamination of the buildings
and decontamination of the millsite. The goal of these I
alternatives would be to leave the Edgemont site avail-
able for unrestricted use. i

Of the many potential approaches to remedial actions for
the Edgemont site, six alternatives were considered to be viable:

z
Alternatives I and II are considered to be in category (a), and
Alternatives III through VI are in category (b) above.

The evaluation of all available data on costs of processing
projections for the uranium industry leads to the conclusion that j

reprocessing of the Edgemont tailings is not economically viable '

at this time. Consequently, none of the six practicable alterna-
tives presented in this assessment report consider the estimated
costs of reprocessing of the tailings. i

Several of the remedial measures are common tu all the alter- i

native approaches costed; these measures were considered but not j
included in the total cost of each alternative because they were
relatively low in relation to the total cost of the remedial s

action and are roughly equivalent for each alternative. For ex- I
ample, in all of the alternatives, monitoring and maintenance 1
will be required until such time as successful completion of the l

site reclamation program can be demonstrated.

No acquisition costs for the alternative disposal sites are j
included in the cost estimates. The costs of off-site remedial
actions for cleanup of windblown tailings are not included, al-
though they would be roughly the same for all alternatives. i

|
,
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[m') Several of the performance objectives formulated by the NRC'd for the siting and stabilization of uranium mill tailings can be
'

met by long-term storage of radioactive materials on the Edgemontsite, if proper stabilization is implemented. It should be pos-sible to meet all applicable objectives if the tailings are re-
located. In every alternative, the performance objectives have
been considered in formulating the remedial actions.
1.9.2 Cost-Benefit Analyses

As summarized in Table 1-1, the total costs to implement the
remedial actions vary from a low of $6,110,000 for Alternative I
to a high cost of $18,970,000 for Alternative V. Each of the six
alternatives would yield a distinct health benefit and monetary
benefit (in terms of reclaimed land available for unrestricteduse). The calculated number of cancer cases avoided per million
dollars expended is given in Figure 9-2, Chapter 9. AlternativesI through VI are described briefly in Table 1-1. The curves pro-
jected in Figure 9-2 indicate an increase in the health benefit /
cost ratio with time as a result of the number of cancer casesavoided. The potential number of cancer cases avoided for each
option and the cost per potential cancer case avoided are givenin Table 9-2, Chapter 9. Alternatives I and II yield the highest
health benefits per unit cost. In contrast, Alternative V yields
the lowest benefit per unit cost.
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/~'N(/) TABLE l-1
%

SUMMARY OF ALTERNATIVES

Alternative Alternative
No. Description Cost

I Tailings remain on Edgemont 6,110,000
site, mill structure demoli-
tion and burial, decontamin-
ation of millsite grounds,
stabilization of pond / piles
in place, erosion protection

II Same as I, except tailings 7,270,000
pond / piles consolidated prior
to stabilization

III* Complete site decontamination, 10,790,000
removal of all tailings and
other contaminated materials

-~s to site 2, 2. 5 mi SE
/ \

IV* Same as III, except tailings 15,525,000,,

removed to site 6, 5.3 mi NW

V* Same as III, except tailings
removed to site 7, 10.6 mi NW 18,970,000

VI* Same as III, except tailings 16,230,000 i
removed to site 8, 12.4 mi NW '

Notes: 1. All costs are in 1978 dollars.

2. 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.

* Involve.s removal of all contaminated materials from the Edge-
mont site to an alternate disposal site and includes the demoli-
tion of structures which remain, except the office building and
mobile equipment shop.

,O _
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d CHAPTER 2

SITE DESCRIPTION

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

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 County, 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. Portionsof 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.

1

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 CheyenneRiver 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, buf falo grass, blue grama
grass and sagebrush. On the ridges of higher slopes there are
native pines in scattered concentrations. Cottonwood trees grow

g in abundance along natural waterways.-s
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The total site area encompasses some 212.7 acres of which
121.4 acres are tailings areas. Figure 2-2 is a topographic map
of the site that details site elevations and locations of the
tailings ponds, Cottonwood Creek, and the Cheyenne River.

2.3 OWNERSHIP

The mill was constructed and operated by Mines Development,
Inc. a subsidiary of Susquehanna-Western, Inc. of Chicago, Illi-
nois.

1

The startup of their operational control was in July 1956.
In August 1974, the Tennessee Valley Authority (TVA) purchased
the mill, tailings area, and associated uranium properties; they
are the current owners.

2.4 HISTORY OF MILLING OPERATIONS AND PROCES_ SING II)

The discovery of uranium ore in South Dakota in 1951, and
the location of an AEC oru buying station at Edgemont, South Dako-
ta, eventually led to the construction of a mill at Edgemont.
This mill went on stream in July 1956 with an initial capacity of
250 tons of ore per day. The mill was expanded to a capacity in
excess of 500 tons per day within a year and facilities for the
recovery of vanadium were instal.ed in 1960. Uraniferous lignite
ash from North Dakota was treated in the Edgemont mill from 1963
to 1967 in amounts up to 10% of the total mill feed. Facilities
for processing vanadium-bearing materials containing little or
no uranium were installed in 1970.

The original process for uranium extraction involved acid
leaching, resin-in-pulp ion exchange, and neutralization of the
pregnant solution with Mgo to precipitate the yellow cake. A
solvent extraction circuit was added in 1958 to use the Eluex
process and ammonia was then used for precipitation. Facilities
for separating and recovering a molybdenum by-product were added
to the circuit when this was justified by sufficient amounts of
molybdenum in the lignite ash. Vanadium was recovered from re-
claimed and RIP slime tailings by acid leaching and solvent extrac-
tion. During the 1970's, vanadiferous iron slags were roasted,
the calcine was water leached, and the solution was then combined
with the other vanadium pregnant solutions in the mill.

Uranium recovery initially averaged 95%, but towards the end
of operations averaged about 90%. Vanadium recovery from the ore
was 75 to 80%.

Most of the ore processed at Edgemont was company mined on
a lease basis. Mines were previously located in the foothill area
of the Black Hills of southwestern South Dakota and in northeast-

(1)See end of chapter for ref erences.
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ern Wyoming, but a considerable amount of ore was shipped from
near Douglas, Wyoming, and some of the early shipments were froms

Washington State. The bulk of the uranium production at the
Edgemont Mill was under contract with the AEC.

Ore from the Black Hills area is generally characterized as
very amenable to the milling process employed. Host rock is
medium- to fine-grained sandstone, not too well cemented, and
moderately low in lime and in clay constituents. Most of theuranium is in the oxidized form and the principal ore mineral is
carnotite with some tyuyamunite noted. The U 03 8 content of theore has averaged 0.20% with a relatively low vanadium content of
about 0.25% V 05-2

At one time nearly 10% of the ore feed to the Edgemont mill
was uraniferous ash derived from the burning of lignite coal near
Belfield, North Dakota. The lignites were burned at the mine site
to an ash which was shipped to the mill at Edgemont for extraction
of tha uranium. When properly burned, the ash contained an ave-
rage f 0.35% U 08 and 0.35 to 0.50% Mo. The ash also contained3
considerable amounts of clay, iron, residual organics, and various
acid-consuming minerals which complicated and increased the cost
of subsequent treatment.

2.5 PRESENT CONDITION OF THE SITE (2)

/ 2.5.1 Fac'ilities and Layout

k
The plant has not been in operation since August of 1974. Adescriptive map of the site is shown in Figure 2-3. The facilityis being utilized by the owner as an operational base for uranium

exploration in the Edgemont area.

All of the structures remain on site with most of the proces-
sing and operational equipment still in place. The locations ofthe buildings are shown in Figure 2-4. The buildings are:

(a) The main mill building, a seven-section, steel-framed,
galvanized metal exterior structure, containing almost
40,000 ft2 This structure was utilized on a 24-hr-
per-day basis for 18 yr, and the equipment has been sit-
ting idle for at least 3.5 yr. As a result, the struc-
ture is in poor condition. The acid leach process
caused erosion of most of the concrete flooring. The
floor has many cracks and is in a dangerous condition
as a work surface. It would require extensive repairs,
or even a new floor for almost any use. The metal
wall surfaces are rusted extensively in many locations,
and the roof leaks in a few places. The structural-
steel frame appears to be in a safe condition in spite
of some rusting near the column foundations. The
electrical system servicing all the mill equipment is

C in poor condition, and the panels and distribution
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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 retal grating
and are rusted, but otherwise appear to be sound. The
fixed equipment, such as hoppers, belts, conveyors, l

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.

2
(b) The "FeV" building, a 480-ft metal-framed and galva- i

Inized metal exterior structure.
1

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

The office buildingE.a single story masonry building(d)
containing 2,890 ft 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 1

also located in the building.

(e) The crusher and sampling building, a metal, two-section 1

building of 1,824 ft2, i

1

(f) A wood frame, metal exterior storage shed in the mobile l

equipment compound containing 432 ft2, j

(g) A railroad car shaker building which is steel-framed I

with metal siding containing 2,040 ft2, 1

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

I

(i) The reagent warehouse, an all-metal building containing 1

1,120 ft2,

(j) The mobile equipment shop building, an all-metal build-
ing of 1,840 ft4

(k) The scale house, a metal building of 740 ft2,

(1) The lime plant, a metal building of 440 ft2,

I (m) The carpenter shop, a metal building of 720 ft2,

1
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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

,- s the southeast corner of pile 2. The pumphouse on the south line
,

1

| 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 remoteness of
entry points. At the time of this report, TVA was installing 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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1

9Iuranium mill tailings (see Table 2-1), approximately 80% of which
were sand tailings and the balance was slime tailings with some j
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 j

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. I

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". j

i

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. 9|i

|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 U308 milling operations were discontinued in i

'

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 i

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. In 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 original limed slimes in ponds 1, 2, and 3 have been reproces-x- / sed for the vanadium content. The reprocessed slime residueswere then disposed of in pond 7. Pond 2 was subsequently util-ized for a sand tailings disposal area. Approximately one-half
of the uranium slimes in pond 7 was treated for vanadium recovery,
and the waste material was disposed of in pond 1.

Sand tailings area B has been leveled and recently covered
with a thin layer of assorted materials, including crushed rock
used as base meterial for roads. The area drains generally toward
Cottonwood Creek although the specific area of this forme r pile
has been graded so that it collects drainage from contaminated
areas into a holding basin. The area is now a storage area formill and yard materials and equipment. Also, there are at least
three piles of original source ore stored in this general area.

At present, ponds 3, 4, 7, 8, and 10 contain V205-bearingliquors of varying assay. In the past, the uranium slime ponds
were used for collection of V205-bearing liquors and solutions.
All of the slime ponds were intermittently filled and drained in
an attempt to leach out the contained solids of economic values.
Solar evaporation was used to concentrate the metallic elements
in solution.

Table 2-1 is a summary of the type and amount of tailings in
each pond or pile on the site. Additional data on the uranium,[ h vanadium, radium, and thorium content of the ponds and piles are() included in Chapters 3 and 5.

2.5.3 Tailings Stabilization

The initial tailings stabilization work at Edgemont was
started in June 1972 in two 100-by 100-f t test plots established
in the tailings pond 2 area and in the area designated as sand
tailings area A. Both sand plots were bladed smooth, then re-
ceived a 4-in. bed of crushed limestone that was disced under toa depth of 6 in. A mixture containing 40% yellow clover and 60%
crested wheat grass with 50 lb of ammonium nitrate per plot was
drilled into the prepared beds. Approximately 2 tons of fresh
manure was added to each test area. A water sprinkling system
was installed on the pond 2 plot and daily watering was commenced.
The other plot was left for natural rainfall.

2.5.3.1 Vegetative Cover

By mid-July 1972, the pond 2 plot had a 50% growth cover es-
tablished, whereas sand tailings area A had approximately 15%.
Hot, dry winds during July and August stunted the growth in both
areas and by early September, only 20% cover remained on test
plot 2 and the other plot deteriorated. Windborne sand caused
the greatest damage by cutting into the root systems and cover-

''s ing the remaining plants. Both plots were abandoned in favor of(di other stabilization techniques.
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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-lb seed / acre) and fertilized with the following mix-
tures:

25% yellow clover

25% rye

50% crested wheat grass

50-lb 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 eroding 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 quite 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 matet. .1 was removed from the
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(~
( ) top of the pile during leveling. This material was moved to thet _/ south and north, extending the tailings area in length but reduc-s

ing its profile height. The top area was fertilized and seeded
with the above specified mixture and a growth of approximately50% was established by June 1974. This area did not survive thedry summer and only 20% growth remained by early fall 1974. Dur-ing the winter of 1974-75, subsequent to TVA's purchase of the
facility, benching, leveling, and contouring of the east tail-
ings area was continued and topsoil on the benched areas was in-
creased in thickness.

At present, the surface and benches of the east pile hasonly a sparse growth of weeds. Fertilizer in the form of cow
manure has been dumped at intervals on the terraced side slopes
of the pile, but little growth exists on these steep banks, someof which are 450, or steeper. Because of the steepness of the
slopes, there is severe water-caused erosion on the pile.

Attempts were made in recent years by the Bureau of Mines to
establish shrub growth on the steep sand slopes by plantingshrubs in short length 3-in. diameter tubes. This, however, has
failed because of the steep unstabilized banks that have eroded
at such a rate that the root system could not be established.
This is very evident on the southeast corner of the pile where
sand tailings are eroding across the dirt road at the toe of theslope and into Cottonwood Creek. Lack of moisture is also a fac-'g' '} tor which has adversely affected plant growth.
2.5.3.2 Physical Stabilization

''

Pond 1 is unstabilized and contains some surface water.
The dikes were formed from soil obtained from the bench of theCheyenne River upon which the pile rests. The dike along the
river (north side) has about a 450 slope, is vegetated, and hasbeen resisting erosion very well. There are signs of rodents
burrowing into this dike. Recently, TVA has installed a 6-ft
chainlink fence along the toe of the north dike. In doing so, a
bench was cut in the toe which also destroyed a protective berm
between the toe of the dike and the Cheyenne River. This dis-ruption in the well-established dike could bring about serious
erosion problems unless some method of protection of the newly
graded areas is installed. Because of the location of the fence,remedial action appears to be difficult. The eastern dike isalso steep and at its southern end is beginning to erode as a re-
sult of surface water runoff. This pile is being considered as a
dump site for mill debris which has been placed on the west and
south sides of the pile, as well as elsewhere on the site.

Pond 3 is unstabilized and contains some surface water. Itsmain dikes are on its north, south, and east ends. These dikes
support very little vegetation and water erosion is removing dike
material into the undrained swale which lies between the pile and

[~~ ; the city sewage effluent basin.
v
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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 f t 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. Its 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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Cottonwood Community from erosion of the dikes of ponds 7 and 10
s.

Even though these dikes are constructed of natural soil materials.they do contain windblown contaminants. ,

there is considerable visual evidence that tailings have beenBecause of the predominant wind coming from the northwest,
carried by wind off site as much as 1,500 ft south and east ofpond 7.

This material has been blown well into the gullies and
draws of the low mountain southeast of the tailings area.
2.6 POPULATION DISTRIBUTION

The population of Edgemont was estimated at 1,775. Thetotal population within 1 mi of the millsite is about 2,000. Forpurposes of health effects calculations, the population in 16 sec-
tions within 1/4, 1/2, and 1 mi of the site was estimated from a
count of residences within each sector. The results of this esti-mate are shown in Figure 2-5. Cottonwood Community is located be-tween Cottonwood Creek and pond 7,
with the occupied residences indicated.and thus includes the residents
2.7 GEOLOGY, HYDROLOGY AND METEOROLOGY

2.7.1 Geology

/'^
{ The millsite lies within the Missouri River plateau and the

southwestern edge of the Black Hills uplift as shown in Figure'
2-7. The site is located near the center of the Edgemont geologic
quadrangle and is in the southwestern corner of Fall River County.The Cheyenne River passes( immediately adjacent to the site and is
the major drainage feature of the quadrangle along with severalintermittent tributary streams, including Cottonwood Creek whichpasses through the millsite. The topography is described as
rolling hills and plains with a maximum relief of less than 1,000ft throughout the quadrangle.
approximately 130 ft. Maximum relief at the site is

Alluvial deposits of the Cheyenne River, Cottonwood Creek,
and other creeks exist along and within the lower river floodplain and creek beds as shown in Figure 2-8. Unconsolidated,fine-grained deposits (mud and siltstones) also exist, as does
the alluvium in varying thicknesses along the drainage channels.It

is the combination of these sediments which underlie and sepa-
rate most of the mill tailings deposits from the shale bedrock
of the site. The unconfined water table aquifer was found to
exist within the alluvium and/or on top of the shale bedrock.
Discontinuity in the water levels was found along the Cheyenne
River where the fine-grained alluvial sediment intertongued withthe river flood plain sediment. The soil sediments are primarilyfine-grained sands, silt and clay combinations in Cottonwood
Creek and grading from fine-to-coarse sands and gravels withfs

.u
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some silts and clays in the Cheyenne River. Also, some eolian
(windblown) sands and silts occur just north of Edgemont across

,

'

the river.

Stratigraphically, only sedimentary rocks exist in the area
which range in age from early to late Cretaceous overlain by
Quaternary and some Tertiary age sediments.(3,4,5) Older pre-
Cambrian rocks underlie the site at a depth in excess of 3,000
ft and 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 Figures 2-7 and 2-9.

The general trend (strike) of the strata is to the northwest
uith the dip southwest at right angles between 1 and 5 degrees.
Although the bedrock dips towards the south, the erosional sur-
face slopes to the north at the site.

Most of the formations exist in a conformable position at
the site with only the New Castle sandstone believed to be miss-
ing. Some disagreement exists in the literature as to the exact
stratigraphy of the site. Wells drilled near the site in 1945
and 1954 identified the upper shale layer as Skull Creek and
Mowry shales, respectively. Other references (3,4) (Figure 2-7)
define the upper shale as the Belle Fourche she.le. Observations
by FB&DU during site investigations and drilling operations
favored the descriptions of the Belle Fourche and/or Mowry shale
with the dark-grey siltstones and limestone concentrations. A

detailed examination of the distinction between the formations
was not made since it was not believed to be critical to the
scope of the study.

Nevertheless, boring log data and field observations indi-
cated the shale sequence existing beneath the site was very con-
solidated and highly impervious. Information on Figure 2-9 also
indicates that the shales are not a flow zone and have low perme-
ability. The upper shale apparently acts as an aquiclude and
prevents or minimizes downward migration of ground water. Like-
wise, the shale combination could inhibit upward migration of
deeper confined waters. Extensive studies would have to be con-
ducted to evaluate fully both the downward and upward movement of
ground waters through the shale zones.

Major structural featur'es of the Edgemont Quadrangle are the
gently, south plunging anticlinal folds radiating southward from
the Black Hills uplift. The most prominent is the Chilson anti-
cline, about 4 mi to the east of the site and the Cottonwood
Creek anticline trending northeast-southwest immediately west of
the site as shown in Figure 2-10.(5) Few faults are located in
the quadrangle and none are identified on the site. Likewise,

joint fractures are uncommon and reported only in the deep under-
lying Fall River sandstones. Some sandstone dikes exist in the
area cutting the near horizontal formations along near vertical
planes but none are identified within or adjacent to the mill-
site.
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ID) 2.7.2 Surface Water Hydrology

The Cheyenne River which passes immediately north of and
borders the mill tailings site drains an area covering parts gfSouth Dakota, Wyoming, and Nebraska of approximately 9,100 miinto the Angostura Reservoir.(3)
encompasses approximately 7,140 mi2The drainage area to the site
basin are tributary to the river. All streams in this recharge

The Cheyenne River is recorded
as having an average annual flow of 65,179 acre-ft as measured atthe Edgemont station (Highway 18 bridge north of town), as shownin Figure 2-11.

For the 20 yr of record (1949-1968) studied, apeak annual flow of 314,400
minimum flow of 9,340 acre-ft in 1961. acre-ft was reported in 1962 with a

The river data also showthat the river in only 7 yr during the period of record (1947-1977) has experienced continual yearly flow. (4) The river is thetributary to the Angostura Reservoir located some 15 mi east ofthe site.

A point of additional interest involving the future runoff
of the river is the existence of an increasing number of small
reservoirs (9,320 in 1965) within the recharge basin.
of steadily potential decreasing flow rate on the dilution ratioThe impact
along the river could result in future increase of the overallcontaminant ratio in the river.stock watering and/or irrigation. The reservoirs are used forTwo such reservoirs arp lo-f_s cated above the site on Cottonwood Creek and coal Creek (3;f none are known to exist down-river between the site and the

but
( Angostura Reservoir.

Cottonwood Creek which passes directly through the site doesnot have a historic flow record. However, measurements taken
during November 1977 from two rectangular and one 900-V notch
weirs showed an average flow rate near 280 gpm. The weirs arelocated as shown in Figure 2-11 and the data are reported inTable 2-2.

Additional sources of surface flow to the site are from: thesewage outfall line
(intermittent, depending on system breakdown),city well, and mill fire safety tank which form a combinedcharge at dis-the pumphouse just north of the ore stockpile areas(designated as D-1 in Figure 2-11); the overflow from the Edge-

mont City Park well and pond entering the site immediately southof the sand tailings area A;
in tailings ponds on the site; potential seepage from ponded waters
precipitation runoff. and from both direct and ponded
ponded areas on and off the site. Figure 2-11 shows the surface drainage and

Nine major points were selected as surface water sampling
stations on and near the site and are also shown in Figure 2-11.
The stations were selected on the basis of location with respect
to existing ponds, drainages, historic data accumulations, back-gs ground (off-site upstream) and potential flow impact areas. Water( quality data complete with radiometric and mathematical model
evaluations are reported in paragraphs 3.4.5 and 3.5.1. Addi-

s
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tional data from a water quality monitoring program conducted by &

the TVA are included in Table 3-6.

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

(a) Physical transport by runoff or dike failure 4

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

(c) Erosion of tailings dikes or sand tailings piles
adjacent to the Cheyenne River or Cottonwood C, reek j

Physical transport of tailings off-site is already evident
at some and is a potential at almost every pile or pond. The
northern bank of pond 1 is designed to limit erosion to the
Cheyenne River; however, there is evidence of erosion along the
eastern side of the dike which can enter the Cheyenne River via
the roadway or adjacent gully. Erosion is also evident along the
northern and eastern border of pond 2 and could reach the nearby
Cheyenne River and Cottonwood Creek. Also, wind erosion has
drifted tailings into ponded surface waters along pond 3 and along
the northern border of pond 4 where there also is evidence of
water erosion. The eastern side of pond 8 has withstood erosion
and pond 9 has been stabilized. However, some of the cover mate-
rial along the eastern side and along the southern border of pond
9 has eroded. On pond 10, off-site erosion can take place at the
southwestern corner and along steeper sections of the western dike.
A vegetated berm protects most runoff from pond 7 from running
off site except at the northwestern corner where ponded water
exists. At the East sand tailings, eroded materials could easily
reach Cottonwood Creek from severely eroded sections of the south-
western, western, northwestern sides. Also, the dirt road bor-
dering the East sandpile might have been a protective measure to
prevent runoff; however, it has been breached in several places
providing direct runoff paths to the creek. Another source of
eroded material to Cottonwood Creek includes sections of the
eastern and southern sides of the sand tailings area A and from
sand tailings area B near the millsite.

Off-site and on-site runoff collection in the tailings ponds
or behind dikes has occurred along the southern margin of pond
9, the eastern side of pond 7, at the intersection with ponds 9
and 7, and further south at pond 10. At some of these intercep-
tions, water is seeping through the dikes into the tailings ponds
or beneath the dikes via buried drainage channels. As an example,
a series of catchment areas exist toward the southeastern border
of pond 10. (See Figure 2-11.) Note that immediately north of
and within the dike a pond has formed which is being recharged by
the infiltrating runoff waters.

Ponded waters within inactive tailings ponds consist of the
residual process waters further recharged by precipitation that

1
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is trapped in the broad surface areas of the ponds and collected
in the smaller lower areas. Although annual evaporation exceeds
annual precipitation, the precipitation is not entirely evapora-ted in a year's time. Therefore, the hydraulic head in these
ponds varies considerably and likewise the associated piezometric
ground-water surface. It is speculated that collected waters
from pond 7 percolate through the tailings dike and appear as
seeps along the western margin of the pond at times of high pond
levels. Available data indicate that when the head in the tail-ingL pond is high, the associated phreatic line (water table)
is encountered quite high at drill holes in the western dike.
Likewise, when the head is low, the water table configuration in
the dikes is below the base or r.onexistant. The potential seep(shown in Figure 2-11) in the western dike of pond 7 is masked
by surface runoff collection at the same location. Runoff hasmigrated off site to the west of pond 10 also.

Physical transport of tailings due to floodin;t of the Chey'-enne River or Cottonwood Creek is possible. The meandering Chey-
enne River channel is braided and its flood plain is broad, but
the flood stages can reach the base of the tailings in ponds 1
and 2. The peak flood of record at the Edgemont USGS Station
(No. 3950) at the Highway 18 bridge was in 1922 when a flow of
nearly 14,000 cfs reached a measured elevation of 3,428.63 ft.
The riverbed in the reach containing the tailings is at eleva-
tions between 3,412 and 3,416 ft, whereas the base of the tail-
ings is near 3,425 ft; therefore, the potential of flood trans-
port of tailings from an intermediate flood (25 yr) or a more
severe flood (100 yr) is moderate. A maximum flow of 13,800 cfs
(25 yr flood equivalent) was recorded at Edgemont in 1971. Sucha high flow could erode and undercut sections of the alluvial bank
on which tha northeastern corner of pond 2 is situated and could
also undercut the bank underlying the northwestern corner of pond1. A continuing high flow would be required to erode through thedikes and reach the tailings. The projected elevation of a prob-
able maximum flood (33,000 cfs) (6,71 is difficult to estimate due
to flood plain irregularities at the site, but a conservative
estimate is 3,435 ft.

Since Cottonwood Creek drains approximately 150 mi2 within
the reach containing the mill tailings deposits, the stream has
cut through the Cheyenne River alluvium and upper bedrock to
reach levels of 3,414 to 3,430 ft leaving 10-to 30-ft-high banks
at the site. An estimated 25-yr and 100-yr flood level was
calculated for Cottonwood Creek utilizing a theoretical USGStechnique (6). A value of approximately 3,600 cfs was estimated
as a 25-yr flow whereas a value of about 7,850 cfs was estimated
for a 100-yr flow. Respective water levels predicted at thesite should not exceed 3,440 ft. Flooding of the creek would
not reach the community living level. During mill operations,
the channel was straightened and covered in the vicinity of sand
tailings area A and the East sandpile. Both the Cheyenne River
and Cottonwood Creek are gaining streams during most of the
year, meaning that they are, in part, recharged by unconfined
ground waters along their paths, such as those at the Edgemont
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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
i the tailings ponds /sandpiles, an impact on the 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 ground 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
quality data. None of the monitor wells are employed for domestic
use.

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 level 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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..[~' structure-controlled area gradient beneath the site. However,( the potential is very low to nonexistant for' contamination of-the
aquifer, due to the presence of the overlying 260 ft of highly im-
pervious shales. Recharge to the aquifer in.the area is through
infiltration of precipitation where the formations crop out at or
near.the surface. Additional recharge occurs where surface drain-
ages cross exposed aquifer formations.

Ground sater characteristics specific to the site were deter-
mined by evaluation of existing data from the referenced reports;
on-site information from the TVA and mill records (8); and from FB&-

'DU field observations, permeability testing, data evaluations, and
model calculations. A piezometric surface (water level) and flow
gradient of the unconfined aquifer was established across the
site as shown in Figure 2-12. A gradient of 1.4% was determined
in a north-northwesterly direction. Water levels in the monitor
wells were measured using an electronic M-scope-type meter.

Permeability values of the unconfined aguifer were deter-
mined using the " slug injection" technique (91 and the " falling
head" technique.(10) Tests were conducted in the field on celect-ed existing monitor wells installed in 1975 by the TVA and also
on wells installed in November 1977 by FB&DU. Records showed that
the TVA wells were drilled into the shale zone below the aquifer,
perforated, gravel-packed at the aquifer, and developed by bail-ing, jetting and pumping. Wells installed by FB&DU also were
drilled into the shale and installed with an injection casing
bottoming within the aquifer. The casing-to-hole annulus was
gravel-packed and grout-sealed before injection testing. Loca-tions of all wells tested are shown~in Figure 2-13. Figure 2-13
also shows the horizontal permeability in relation to site con-
tours. Table 2-3 shows the respective coefficients of permeabili-
ty of each test well and designates horizontal or vertical values.

Evaluation of the data indicates that the horizontal perme-
ability coefficient ranges between a high of 6.07 x 10-2 cm/s in
test well M-13 to a low value of 1.83 x 10-5 cm/s in test wellPH-1. An average horizontal permeability of 1c3 x 10-2 cm/s was
assumed for the site.

Utilizing Darcey's Law:(ll)

V=K (h1-h)2
L *

where:

V = flow velocity
K = permeability
h1-h2 = difference in hydrostatic head
1 = distance between h -hy 2
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A flow velocity of 0.35 m/yr (1.1 ft/yr) was calen1;;cd using a !permeability of 1 x 10-4 as the horizontal velccity 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 velocity
of 6.8 m/yr was obtained by dividing the flow velocity by the
porosity (0.25). Site specific aquifer characteristics, e.g.
permeability, porosit and saturated thicknesses, etc., were in-Intera (12 ) y,put to the mathematical flow model to obtain specific
flow velocity values throughout the site. These are shown in
relation to flow potentials and pond locations in Figure 2-14.

Note that Figure 2-14 represents a flow not 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- j
piration, and sedimentation. A diffusion / dispersion concentra- !

tion rate for radium was, therefore, developed using a measured i

horizontal permeability and an estimated vertical permeability
based on the unsaturated medium test data and hydrostatic heads I
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 I

'

to nearby ponds.

Note that the figures also show the interbedded relation- ,

ship between the Cheyenne River alluvial flood plain soil sedi- |
nents 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- i

grained 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 attempts to pump the fully 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,
,

4
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f- 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 i

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- i

lection in a pond above the established safety factor of the
embankment. Overtopping also has a high potential during season-
al highs with resultant dike erosion ,

[ h 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
j 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 exce3ds evaporation.

Long-term weather records are not available for Edgemont. t

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 south-southwest of Edgemont from mid-1962 to mid-

i 1967. These data were assembled by the TVA for the Edgemont
environmental report and were used in the FB&DU model calcula-i

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,

I p wind rose for Edgemont, shown in Figure 2-17, was constructed
'I from the weather data recorded at the Black Hills Army Ordnance|\ Deport.(2)
.
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TABLE 2-1

TAILINGS AND RELATED MATERIALS
PRESENT ON SITE

Pile or Volume Weight
Location Material (yd ) (tons) Acres3

1 Sand Tailings 43,000 64,000
Slime Tailings 25,000 40,500

Totals 68,000 104,500 7

2 Sand Tailings 295,000 438,000
Stabilization
Cover 30,000 50,600

Totals 325,000 488,600 9.2

3 Slime Tailings 60,000 97,200
Slag Tailings 15,000 19,200

Totals 75,000 116,400 10.4

4 No Solids -- -- 0.6

Area Be- Sand Tailings 39,000 58,000
tween 4 Stabilization
and 7 Cover 9,700 16,400

Totals 48,700 74,400 2.4

7 Sand Tailings 85,000 126,000
Slime Tailings 115,000 186,300
Stabilization
Cover 60,000 101,300

Totals 260,000 413,600 33.8

8 Slime Tailings 26,000 42,000
Vanadium Fly
Ash Tailings 55,000 ~0,500

Totals 81,000 112,500 6.0

9 Tailings 50,000 75,000
Stabilization

Cover 18,000 30,400

Totals 68,000 105,400 5.0
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~ TABLE 2-1 (Cont)4

TAILINGS AND RELATED MATERIALS
PRESENT ON SITE

Pile or Volume Weight
Location Material (yd ) (tons) Acres3

10 No Tailings -- --

No Cover -- --

Totals 0 0 24.0

Sand Tail- Sand Tailings 185,000 275,000
ings Area A Stabilization

Cover 26,000 44,000

Totals 211,000 319,000 7.5

East
Pile Sand Tailings 520,000 772,000

11.0Totals 520,000 772,000

Sand Tail- Sand Tailings 36,000 53,500
ings Area B Earth Cover 14,300 24,100,

Totals 50,300 77,600 6.5

Summary All Tailings 1,546,000 2,317,400
Stabilization 158,000 266,800
Acres 123.4

Notes:

1. The estimated volume of materials in all contaminated dikes
on site is 225,000 yd3, or 365,000 tons. The amount of con-
taminated subsoil beneath the piles per foot of contamination
is 150,000 yd3, or 284,000 tons.

2. Assumed average weights of materials in 1b/ft3 are: sand
tailings, 110; slime, 120; slag, 95; stabilization cover,
125; dikes, 125; and subsoil, 140.

L

\
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TABLE 2-2

COTTONWOOD CREEK SURFACE FLOW DATA

2-f t Rect Wier 2 900 V-Wier 1 2-ft Rect Wier 3
Upper Cottonwood City Overflow Lower Cottonwood Wier 1 + Wier 2

Date Time sec-ft gg3 sec-ft ggg sec-ft gpm ggg sec-ft

11/13/77 08:00 0.1831 82 0.125 56 0.6759 304 139 0.3081

11/18/77 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
* 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

-

t
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TABLE 2-3

PERMEABILITY COEFFICIENTS OF THE
UNCONFINED GROUND WATER AQUIFER

Coef ficient of Permeability
Monitor Well (cm/s)

M-1 5.03 x 10-2
M-3
M-3N'~

1.73 x 10-3
5.44 x 10-4

M-5 8.50 x 10-3 ;
M-8 4.36 x 10-3 ;
M-8.5 1.22 x 10-4 |

. M-10 8.46 x 10-4
M-13 6.07 x 10-2
M-14 1.99 x 10-3 r
M-15 5.04 x 10-2
M-16 4.1 x 10-3
PH-1 1.83 x 10-5

i

PH-2 4.0 x 10-6 (a ,b)
['~ PH-3 6.6 x 10-5
"'/

PH-4 6.8 x 10-5(a,b)
PH-5 3.95 x 10-3(b)
PH-6 4. 71 x 10-3 (b)
PH-7/8 6. 52 x 10-3 (b)

7.4 x 10-5(a,b)
i

PH-9 3.91 x 10-3(b)
PH-10 8.10 x 10-5

(a) Values determined by laboratory analysis on re-
compacted soil samples (13)

(b) Vertical permeabilities

O
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( CHAPTER 3

RADIOACTIVITY AND POLLUTANT IMPACT ON THE ENVIRONMENT

The principal objective of the assessment in this chapter is
to determine the magnitude and characteristics of the radiation
emitted from the Edgemont uranium tailings piles and the resulting
potential e;;posure to the population residing and working in the
vicinity of Edgemont, South Dakota. In addition, this chapter
describes briefly the potential radioactive and chemical pollu-
tants and their pathways in the environment. The notations andabbreviations used are given in Table 3-1.
3.1 RADIOACTIVE MATERIAL CHARACTERISTICS

Many elements spontaneously emit subatomic particles; there-
fore, these elements are radioactive. For example, when the most
abundant uranium isotope, 238U undergoes radioactive decay it
emits a subatomic particle called an alpha particle; the 258U
after undergoing decay beomes 234Th, which is also radioactive;234and Th subsequently emits a beta particle and becomes 234Pa.
As shown in Figure 3-1, this process continues with either alpha
or beta particles being emitted, and the affected nucleus thereby

O ,
of radon.

evolves from one element into another. It is noted in Figure 3-1
230 h decays to 226Ra, which then decays to 222Rn, an isotopethat T

Radon, a noble gas, does not react chemically. The
final product in the chain is 206pb, a stable isotope that gradu-
ally accumulates in ores containing uranium. Uranium ore contains
226 a and the other daughter products of the uranium decay chain.R

One of the daughters of 226 a is the isotope 214Bi, which emits aR

significant amount of electromagnetic radiation known as gamma
radiation. Gamma rays are very similar to X-rays, only more pen'e-
trating. The 214Bi is the principal contributor to the gamma ra-
diation exposure in the uranium-radium decay chain.

Besides knowing the radioactive elements in the decay chain,
it is also important to know the rate at which they decay. This
decay rate, or activity, is expressed in curies (Ci) or pico-
curies (pCi), where 1 pCi equals 10-12 Ci or 3.7 x 10-2 disinte-
grations per second. The picocurie often is used as a unit of
measure of the quantity of a radioactive element present in soil,
air, and water.

Another important parameter used in characterizing radioac-
tive decay is known as the " half life", T1 This is the timethat it takes for half of any initial quan/g.tity of the radioactive
atoms to decay to a different isotope. For example, it takes
4.5 x 109 yr for half the 238U atoms to decay to 234 h. Similar-T
ly, half of a given number of 222 n atoms will decay in 3.8 days.R

,~
/ The activity and the total number of radioactive atoms of a( particular type depend upon their creation rates as well as their
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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 i

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 consti- |
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. i

3.2 RADIATION EFFECTS

The radioactive 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; thcy mainly affect an individual when the |
alpha emitter is taken internally. Deta 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 penetrating than X-rays
and can interact with all of the tissue of an individual near a i

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- ;

feet 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 (EL) and the ]
working level month (WLM). The working level is defined as any 1

combination of the short-lived radon daughters in a liter of air i

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 i
single unit of measure, taking into account the relative concen- !
trations of radon daughter products which vary according to fac- I
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 j
exposure of 1 R is often assumed equivalent to an absorbed dose '

3-2
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!

\s- of 1 rad or a gamma dose of 1 rem.
.

3.3 NATURAL BACKGROUND RADIATION

There are several sources of radiation that occur naturallyin 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 226 aR
concentration, from the 238U 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 226 a, 230 h, and 210Pb concentrations inR T
each of the background samples are listed in Table 3-2 and loca-,

tions are shown in Figure 3-2. Sample Cl taken in Gull Hilli

| Park was sandy soil and has 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-i

I

) 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/1, but the average soluble 226Ra concentration
in three wells in Edgemont was 4.0 pCi/1. Six background samples

! from surface waters within 1 mi of the site had an average soluble

('"})
226 a concentration of 0.54 pCi/1. These water sample analysesR;

! ( and others are discussed in paragraph 3.4.5. Additional samplingresults were reported by the EPA in 1971(1) and 1973. (2)
i

Background values of 222 Rn concentration were measured at
two locations, 3.3 mi south and 1.3 mi west of the mill building,

; using continuous radon monitors. (3) Week-long measurements plus
i two 24-hr measurements indicated an average radon concentration
I of 1.4 pCi/l in the area. The two week-long measurements indiv-idually averaged 1.7 and 1.2 pCi/1. The measurement locationsand data are shown in Figure 3-3. The measuremen at all back-groundlocationsrangedfrom1.1to1.7pCi/lofgg2Rn.

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 iaverage background flux value may be higher than normal because

226 a in two soil samples were highersurface concentrations of R
i

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 thati '

flux determination was not included in the average flux.

Background gamma ray levels, as measured 3 ft above ground,4

g also were determined at 11 locations within 5 mi of the site by
4

(1)See end of chapter for references.
<
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using a pressurized ion chamber (PIC) detector. An average value !

of 13 pR/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 i
cosmic rays is generally dependent upon the altitude and is ap- '

proximately 5 pR/hr in the Edgemont area,(4) or approximately 1

40% of the measured average background value. |

l
3.4 RADIATION EXPOSURE PATHWAYS AND CONTAMINATION MECHANISMS 1

i

As noted previously, the principal environmental radiological
implications and associated health effects of uranium mill tail-
ings are related to radionuclides of the 238U decay chain: pri-

222 n daughters. Although these ,marily 230 h, 226 a, 222 n, andT R R R
radionuclides occur in nature, their concentrations in tailings I

material are several orders of magnitude greater than in average

| natural soils and rocks. The major potential routes of exposure
|

i to man are:

(a) Inhalation of the 222Rn daughters, from decay of
222

| Rn escaping from the pile; the principal expo-
sure hazard is to the lungs.

(b) External whole-body gamma exposure directly from ;

the radionuclides in the tailings pile (primarily
from 214Bi) and in surface contamination from tail-
ings spread in the general vicinity of the pile.

(c) Inhalation of windblown tailings; the primary
230 h andhazard relates to the alpha emitters T

226 a, each of which causes exposure to the bonesR
and the lungs.

(d) Ingestion by man of ground or surface water con- ;

taminated from either radioactivity (primarily
from 226 a) leached from the tailings pile or fromR
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.

3-4
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! ( ) 3.4.1 Radon Gas Diffusion and Transport

Measurements of the radon exhalation flux from the tailings
using the charcoal canister technique (51 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/m2-s. Flux on the tailings ponds ranged
up to a high of 970 pCi/m2-s measured at pond 3. Measurements
on ponds 8, 9, and 10 were a few times the average background
flux. There was no rainfal] during or immediately preceding the,

i 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. (6),

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 corresponding 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/1.

Variations in radon concentration at two locations during
the measurement period 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,

1 3-6 illustrates the measurements 0.4 mi west of the tailings site.
Increased concentrations of 222Rn at night may be' observed in4

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 result of in-
cluding such peaks. These 24-hr measurements were obteined during
atmospheric conditions normal for that time of year (August and
November). Data were not recorded during wind 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

'~K of radon concentration downwind from the tailings piles.

(-- The radon concentration measurements are plotted in Figure |

3-7 as a function of distance from the nearest edge of the tail-
'

3-5

|



'

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 ;
1flux and the total radon releases from the piles with diffusion

theory using radium soil concentrations, and pile configurations i

deduced from the drilling and survey data. Then, |

portoffpileiscalculatedbyGaussiandiffusion(pheradontrans-) plus wind )
drift conditions. Meteorology data were obtained from a weather ;

stationonpond2duringtheperiodofthetestsaswellasannuggI i

lfrom 1962 to 1967.data from the Black Hills Army Ordnance Depot
|

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 l

piles, shown in Figure 3-3, were summed to get the total Edgemont l

health effects, l

3.4.2 Direct Gamma Radiation )
I

The external gamma radiation (EGR) levels measured on the l

tailings piles and around the site are shown in Figures 3-8 and
3-9. These measurements include background of about 13 pR/hr /
and were taken with a calibrated Geiger Mueller detector and a PIC I
detector. The highest gamma radiation rate of the Edgemont piles |
(3,780 ER/hr) was measured on the eastern portion of pond 1. )
Gamma radiation above 1,000 PR/hr was measured on ponds 1, 2, 3,

and 7. Gamma measurements on stabilized piles or ponds ranged j

between 19 and 320 UR/hr or an order of magnitude less than the i
'

gamma. radiation found on unstabilized piles. Some soil has been
excavated along the edge of pile 2, which had apparently disturbed i

Ithe pile surface cover. Gamma measurements as high as 1,080 pR/hr
were found in this area. The eastern portion of pond 7 was being j

covered with about 3 ft of soil during the time these gamma mea- ,

1surements 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. In i
the mill area gamma radiation was measured from 26 pR/hr, two !

times background, to 190 pR/hr.

Gamma rate measurements away from the tailings piles, taken I

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 l
rate was about twice background, one-third of a mile from pond 9. !

In Figure 3-9, these gamma 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.
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( 3.4.3

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 smearablesurface activity, and beta-gamma dose ratesz at 3 ft above thesurface.

A Technical Associates Model PUGIAB and a PAS 9 100 cm2 alpha
scintillation detector were used to make the measugements of alphacontamination. The detector has an area of 100 cm of which about30% is shielded by a grid protecting the detector.of 1 ft2 A smear areawas generally used to determine smearable contamination.

The measurement locations in the mill and office buildings
are illustrated in Figure 3-11, and the measured values are listedin Table 3-4. The measurements i dicate alpha contaminationlevels ranging from 175 to 5 x 10 dpm/100 cm2 with average con-tamination levels greater than 10 dpm/100 cm . This exceeds2

the NRC criteria for unrestricted use of such facilities givenin Appendix B.2 for surface activity and fixed contamination.
Generally, the areas of high smearable contamination were on or
near highly contaminated processing equipment. Uncorrected sur-

p ~g) face dose rate measurements on the floor adjacent to the yellow-
cake dryer indicated beta-gamma dose rates of 150 mR/hr at the,

\s,/ surface. At 3 ft the dose rate in the dryer area reached 10 mR/hr.

The concrete has been etched or eroded in most areas and
contamination has permeated into the concrete and probably into
the soil beneath the foundation in a few areas. Surveys of the
eroded concrete indicated alpha levels of 103 to 104 dpm/100 cm2,

Measurements on vertical surfaces showed alpha activity inthe range of 102 to 104 dpm/100 cm2 Decontamination would re-quire cleaning with commercial decontamination solvents, sandblasting, or wire brushing.

The upper floors of the mill building also were moderately
contaminated,especially near the resin tanks, the dryer, and theair scrubber.

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 cm2,

The alpha survey of the office building showed activitiesof 350 to 525 dpm/100 cm 2
on the floors, but little or no contami-

nation was found on the vertical surfaces surveyed.

In general, contamination levels in buildings on the sitej-~

exceeded the alpha activity permitted for release of the build-r j
\m_/ .ings for unrestricted use. Thus,

decontaminated or demolished and buried.the buildings would have to be
Decontamination of equip-,
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ment would be decided upon an individual basis considering the 1

cost of decontamination and the usefulness and value of the
equipment.

|

.

3.4.4 Windblown Contaminants )
I
i

The approximate extent of windblown contamination is outlined |

in Figure 3-9. The location of the line was determined primarily |

from measurements made with a scintillation detector 1 ft above j

the ground surf ace with and without a 0.5-in.-thick lead shield <

between the detector and the ground. The difference between the j

two readings (A) is a measure of the extent of surface contamina-
tion.(9) Some difference in readings exists even at background i

locations as a result of natural radioactivity in the soil. The |
line in Figure 3-9 was drawn where the A characteristic of back-

'

ground was reached during each gamma measurement traverse away
from the site. The line does not indicate background gamma rates
because gamma shine from the tailings piles and from windblown <

tailings inside the line add to the background gamma rate at mea-
'

surement locations on and beyond the line.
<

Soil samples were taken at 200-yd intervals along the gamma
measurement traverses from the surface and 6 in. beneath the sur-

226 a concentrations in these samples and additionalface. The R
samples collected by the TVA are shown in Figure 3-12, and Table
3-5 lists 230Th and 210Pb concentration in addition to the 226 aR
concentration. The extent of soil contamination is generally
in agreement with the determination of the extent of windblown
tailings by the scintillation counter A measurement. However,

226 a in a surface sample 400 yd easta relatively high value of R

of pond 8 is outside the line, although the A measurement at that
location was not greater than the background A value. EPA re-
ported additional sample analyses in the 1973 report (2) and indi-
cated that windblown tailings were found in the backyard of the
house immediately west of pond 2.

The concentration of radioactive particulates in air has
been sampled periodically at several locations by the TVA. (6) To
calculate individual and population doses from the air pathway,
the transport of radioactive airborne particulates has been mod-
eled in a manner similar~to that used for radon transport. Input
parameters were adjusted so that the model predictions fit the
air particulate measurements using weather data measured on pond
2. (See Appendix A.l.) Then, radioactive airborne particulate
concentrations were calculated at locations in the Cottonwood
Community and in Edgemont using annual meteorology data from Black
Hills Army Depot because only limited air particulate measure-
ment data were available and an annual measurement program such
as that of Regulatory Guide 4.14 has not been initiated. The

226 a particulate concen-results of the model calculations of R
tration are plotted in Figure 3-13. Airborne particulate

,

fallout on the ground also was calculated to determine dose to

| the population from the resulting gamma radiation. These
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\s- 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 thesite. (6) During 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 balanceshowed 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 surveyperiods in August and Movember 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. (1,2)

Figure 3-14 shows the location and 226Ra concentration in
water samples taken off site. Figure 3-15 presents similar data
for water samples taken on the site. A listing of the 226 a,R230Th, 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 91 years are shown in Figure 3-16 for nearby surface
waters. si,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.

Other 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/1, except water from the Edgemont water supply well (4.1
pCi/1), the well flowing into the pond in the city park (4.3
pCi/1), and the Burlington-Northern well (3.6 pCi/1). The latter

f ~g three samples are from deep wells not affected by the tailings
piles. These artesian wells draw water from the Fall River forma-t '

\_ / tion, one of the host formations for uranium in the Black Hills.
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The 226Ra concentration in all other domestic wells sampled was
below I pCi/1.

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 i

water in the area is generally high but not attributable to the I

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 (S-54 and
S-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.

226
The average gpluble Ra concentration in 10 samples in-

cluding TVA data from the Cheyenne River upstream from the site
was 0.28 pCi/1, while the average concentration in two samples
downstream from the site was 0.42 pCi/1. Cottonwood Creek in-

flow accouggg 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-ll. However,

comparison of analyses of an upstream sample from Cottonwood Creek
(S-51) and downstream samples (S-56 and S-57) indicate increases
only in manganese and zine as the creek flows by the tailings
piles. The increase in 226Ra content is due primarily to the
city water supply overflow into Cottonwood Creek.

In summation, the site does not contribute effluents to
the Cheycnne 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 radioactive
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

226 a activity in the tailings and the extentThe amount of R
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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measured in these holes with a Geiger tube probe with a lead
shield that collimates the radiation. Soil samples also were
taken from selected holes for radiometric analyses. The lo-
cations of the auger holes are shown in Figure 2-3, Chapter 2.

226 a activity profiles in the Edgemont tailingsTypical R
and subsoil are shown in Figures 3-18, 3-19, and 3-20. Figureis the 226 a profile in hole ESD-43-18 R in the sand tailings

The 226 a concentration drops rapidly to six times thearea A. R
226average Ra background concentration but then decreases slowlyto background over a depth of 10 ft.

226 a profile in hole ESD-1 dril-Figure 3-19 illustrates the R
The 226 a decreases to twice the averageled through pond 2. R

background concentration about 4 ft below the tailings subsoil
interface. There appears to be an additional layer of slight
contamination to 13 ft below the interface. The 226 a concentra-R
tion profile in hole ESD-10 through pond 9 is shown in Figure 3-20.
The 226 a activity is relatively low in the tailings (60 pCi/g)R

but it appears that leaching to a depth of 3 ft below the tailings
subsoil interface has occurred as indicated by the 226 Ra analyses
of Shelby tube samples.

Since the drill rig could not be moved onto the unstabilized['/) ponds, a hand auger was used to sample the pile and to provide a( hole for logging with the gamma probe. In most cases, water was
reached within 6 ft below the surface and the hole could not bekept intact for logging below the water table. Thus, the depth
of 226Ra contamination beneath those piles was not determined
in this assessment.

Tables 3-8A and 3-8B contain results of analyses of soil
samples from the tailings ponds. Table 3-8A includes analyses
of vertical composite samples collected during drilling or auger-ing of the tailings ponds and piles. Table 3-8B includes analyses
of samples collected by the TVA from the surface and at depth inthe various ponds and piles.

226 a contamination in the subsoil reached depthsIn general, R
of 5 to 6 ft with a range of 2 to 13 ft in the holes measured.
3.4.7 Radium Concentration in Vegetation

Samples of pasture grass were collected from nine locations
in the vicinity of the Edgemont site. The leafy material was
individually packaged separate from the roots and soil to prevent
contamination of the edible portions of the plants. Before ash-ing the leafy material for radium analyses, it was washed to re-
move dust adhering to the leaves. The wash water was then also
analyzed to determine the extent of contamination by windblown

g'' tailings. In Figure 3-21, the locations of the samples and the
226 a concentration in the plants and that washed from the plants( R

in terms of dry plant material weight are shown. In a few cases,t

at locations along the east site boundary, soil samples in which
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the grass was growing were analyzed for 226Ra content. These are
also shown in Figure 3-21.

All the samples along the eastern edge of the site contained
226 a/g of dry plant material. The highestmore than 1 pCi of R

radium concentration in the grass samples (9.2 pCi/g) was taken
226 a concentration (74from the soil sample with the highest R

pCi/g). All other samples collected contained less than 1 pCi of
226 a/g. The wash water contained only small amounts of 22 braR
indicating little windblown contamination or tightly adhering
contamination.

A background grass sample taken 5 mi west of the site con-
tained only 0.11 pCi of 226Ra/g, but had relatively high radium

in the wash water equivalent to 0.12 pCi/g of dry vege-content
tation which cannot be explained. Background samples co.lected

226 a con-and analyzed by the TVA from the Edgemont airport had R
centrations from 0.14 to 0.28 pCi/g. Samples from Gull Hill Park
to the east of the site contained 226Ra concentrations from 0.16
to 0.85 pCi/g of dry vegetation.

Tomato plants were obtained from Cottonwood Community and
from a location in Edgemont near the high school. There was no
apparent difference in radium uptake in the leafy portion of the
two plants, but the surface radium contamination from the Cotton-

I
wood Community leaf samples was 18 times larger than that in the
sample taken near the high school. '

3.4.8 Off-Site Tailings Use

Some of the uranium tailings have been moved physically from
the site and used as fill material under and around structurps in 4

Edgemont and Provo. These locations have been identified (10lby a
mobile survey and follow-up gamma surveys of individual locations.
The locations and survey results are discussed in Chapter 7 where

i

remedial action is considered. The locations at which tailings ;
are on vacant lands or are greater than 10 ft from structures 1

were not subject to the criteria used in this assessment, but
could constitute a problem in the future.

1
i

!
3.5 POTENTIAL HEALTH IMPACT

{
l

| The health impact on individuals and on the population near |
| the Edgemont millsite was analyzed using two different approaches. 1

The first approach follows NRC Regulatory Guide 1.109 as used in
environmental statements for uranium milling operations to calcu-
late annual doses to man. Methods and equations are specified in |
the guide for calculating dose in man from various release path-
ways for radioactive effluents.

The second approach is the one used to calculate health ef-
fects in man, primarily lung cancer, that was employed in the
Phase II, Title I engineering assessment of 22 inactive uranium
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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 (' L) and epidemi-W
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

1area (discussed in paragraph 3. 3) , the tailings, the stockpiled iore, and the contaminated stre * ures (paragraph 3.4). I

3.5.1.1 Radiological Impacts " rom Background !

The natural radiation environment in the Edgemont area is a~

resultsif cosmic radiation, cosmogenic radioactivity, 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 equivalent j'

due to the 7gymic radiation is approximately 40 mrem /yr to the |whole body. The dose equivalent from cosmogenic radioactivity,
primarily 14C, is about 1 mrem /yr(ll) to the whole body. )

4

i

Terrestrial radiation is mainly from the primordial radio-40nuclide K and from the three radioactive decay series originat-238 0, 235 , and 232Th. The average concentration ofing with ;U
2380 in the soils around Edgemont is 1.3 pCi/g; the concentrations

232Th and 40of K are estimated as 1 pCi/g each. At a height of 1
meter, the exposure rates due to these radionuclides are 18 mR/yrfrom the 2380 series, 15 mR/yr from the 232Th series, and 1.4mR/yr from 40g,(ll)

'

2An average radon flux of 2.8 pCi/m -s for the Edgemont vici-
nity was calculated from the data in Table 3-3. The annual quan- |

226 a-generated radon released from an areatity of background R
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/1.
With normal conditions, a continuous exposure would deliver a
dose of 800 to 1,200 mrem /yr to the segmented bronchi.

:|
AnannualaverageconcentrationofparticulatesgnSouth i

Dakota air was not available. An estimate of 4 x 10- PCi/m3of 226 232Ra, Th, and 230Th was used. (12) The 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 226 a inR
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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 per person. (13) The U.S. 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 on Lung 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 l
the discharges. Included in the analyses are the dose-commitment !

evaluations of the different categories: ;

(a) Pathways associated with particulate releases to
the atmosphere.

(b) Pathways associated with gaseous releases to the
atmosphere 1

(c) Pathways associated with the seepage of liquid
effluents to ground water |
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k ,) 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 mremM/r to the lungs (excluding dose to the
bronchial epithelium), 375 mrem 47r to the bones, and 1030 mrem /yr

i to the bronchial epithelium. At locations farther from the site,
i 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 226 a in air resulting from airborne| R
'

releases from the Edgemont 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, 230 h, 226Ra, and 210pb are given in TableT
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

makeyhe)applicationofconventionaldispersonmodelsqg9ption-able. The models used are those proposed by Slade; the
results obtained are probably conservative. Input parameters in,

i the air particulate concentration model were adjusted so that
'

the model output fit the available TVA air particulate measure-
ments. (See Appen ddx 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'
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inhalation produces 1 rem /yr dose to the bronchial epithelium.*
For the nearest individual, this dose is 1030 mrem /yr above back-
ground.

Water Pathway:

Water from the site containing dissolved solids could tra-
vel along the unconfined aquifer towards Cottonwood Community.
While the drinking water used by the community is from the city's
system, there are wells drilled into this aquifer. Conservative
estimates of the maximum potential dose from this pathway were
obtained by assuming an individual uses water from this source as
his drinking water supply. Even with this conservative estimate,
the dose from this pathway is minor. However, the municipal water

suppggresultsinabonedoseof88 mrem /yrtoanindividualfrom
its Ra content.

A contamination and me.ss flow balance was performed on all
input and outlets from Cof.tonwood Creek. The analysis of the
measured flow and 226Ra Toncentration data indicated no major
sources of 226Ra contamination to Cottownwood Creek from ground
water. Similar balances were performed for 230Th, Fe, V, Ba, Mo,
sulfates and total dissolved solids and they support the radium
balance. Details of the analyses are included in Appendix A.2.
The water pathway from pond 1 to the Cheyenne River is also ana-
lyzed in Appendin A.2. Both of these analyses indicate that the
water pathway is not a critical pathway for population exposure.

Food Pathway:

The largest dose commitment to individuals from the food
pathway would occur if beef were eaten exclusively from cattle
that grazed in the windblown tailings area southeast of the tail-
ings area. Thus, a rancher could slaughter one of the two cattle
that the windblown tailings area could support annually, for his
own use. This would lead to the dose commitment shown in Table
3-9 and Appendix A.3. Consumption of the two beef cattle any-
where would lead to a population dose commitment that is included
in Appendix A, Table A-5.

Consumption of vegetables grown in Cottonwood Community also
leads to a small annual dose commitment from uptake of radio-
nuclides in the vegetables resulting from desposition of airborne
particulates. The calculated dose assumes that airborne particu- |

lates are washed from the vegetables and that one half of the
;

leafy vegetables consumed annually are homegrown in Cottonwood i

Community. The dose commitment to the nearest resident is shown |
in Table 3-9 under the ingestion pathway. The food pathway is )
not a critical pathway. j

|

*Ditferences of opinion exist concerning the numerical value of
this dose conversion factor.
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! s_ 3.5.1.4.2 External Exposure

; Estimates of the external exposure received by the nearest
residence were determined from the measured 38 pR/hr exposure
(25 pR 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 commitmentfrom the millsite to the nearest resident.

2

3.5.1.5 Radiation Dose Commitments to Populations
4

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 also 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 222 n daughters is expressed jR
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 222 n daughters vary by over anR
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:

63 cancers per year per 10 person-WLM exposure
for uranium miners

8 cancers per year per 106 person-WLM exposure

g'}g
e

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:

66 cancers per year per 10 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
6basis and relates to a total population exposure of 10 person-WLM.

If a cancer does occur it likely will be evident during t e 30-yrperiodfollowingtheinitialexposureandlatencyperiod.}20)
When the exposure is continual over an individual's lifetime, this
commitment.is cumulative and the risk per year increases to un
ultimate value of 6 times 30 or:

180 effects per year for 30 x 106 person-WLM
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:

2221 pCi/1 of Rn = 0.005 WL

It is assumed that the component of indoor 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 |

'

reduced ventilation and to other sources of radon, such as build-
ing materials.

The exposure rate in terms of WLM/yr can be obtained from a
continuous 0.005 WL concentration (equivalent to 1 pCi/l 222 n .R

'

concentration) as follows:
1
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,) (0.005 WL) (8766 hr)
~

~

= 0.25 WLM1 WLM
yr 1 WL (170 hr) yr,

,

Therefore, a radon concentration of 1 pCi/l is equivalent 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 is 25% higher thanthe factor used in paragraph 3.5.1.4.1.

The risk estimator (18)
radiation is: used for continual exposure to gamma

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

In this 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 notincluding background (Figure 3-7) is used to determine the health
effects due to radon from the pile. First, an indoor radon daugh-

[' T ter concentration is deduced from the outdoor radon concentration( ,) curve using the conversion factor 1 pCi/l of 222 Rn outside equals0.25 (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 to 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 year 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 pilo are ob-
tained by multiplying the health effect risk per person from the
curve given in Figure 3-23 by the population distribution 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 wera 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 health

~

[ 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. If
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 decontaninated 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

230 h are present as contaminants from the 238Usince 226Ra and T
decay chain.

3.6.2 NRC Tailings Management Performance Objectives

The NRC has formulated performance objectives for tailings
management . (2 4 ) 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 materials into the ground water system would
be eliminated or reduced to the maximum extent
reasonably achievable.
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l
;

<

!During Operations:
!

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

Post Reclamation: |

|
(5) Reduce direct gamma radiation from the impoundment f

area to essentially background.
i
!

-,

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

.3(7) Eliminate the need for an ongoing monitoring and i

maintenance program following-successful reclama .
|tion.

,

(8) Provide surety arrangements to assure that suffi-
|cient funds are available to complete the full i

reclamation plan. |

Some of these performance objectives cannot be met at the
Edgemont site, primarily those relating to siting and design. ]
Post' reclamation objectives (5), (6), and ( */ ) should be achieved j

ct at the present site and remedial action alternatives discussed ;s

in ','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 Site-and Open Land A'reas

Criteria for cleanup of open land areas were formulated by
EPA and utilized in the Phasq IT - Title I assessment of inactive
uranium mill tailings sites.125i 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 pA/hr above back-
ground, the land may be released for unrestricted ,,

use.

(b) If gamma levels exceed 10 pR/hr above background,
cleanup should reduce the radium soil concentra-
tion to no more than 'wice background.

(c) If tailings removal is not practicable, residual
gamma levels should in any part of the area not
exceed 40 pR/hr above background.

3.6.4 j]ff-S.ce Remedial Action at Structures

If remedial actions are initiated at tailings locations off
the site, then the criteria whien apply to tne 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 Recommendation

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 tt 3.05

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.

O.

O
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TABLE 3-1

NOTATIONS AND ABBREVIATIONS USED IN CIIAPTER 3
_ __

Isotope - A particular type of element, differing by
nuclear characteristics, identified by the
atomic mass number given after the element
name, e.g. radium-226.

Isotope Abbreviations:

238
U = Uranium-238

234Th = Thorium-234
232Th = Thorium-232
234

Pa = Protactinium-234
226

Ra = Radium-226(
222

Rn = Radon-222
218 Po = Polonium-218
214 Pb = Lead-214
214

Bi = Bismuth-214
40

K = Potassium-40

Radiations:

alpha particle - helium nucleus; easily stopped with
thin layers of material, all energy
deposited locally.

beta particle - electron; penetrates about 0.2 g/cm
of material.

gamma rays - electromagnetic radiation; similar to
X-rays, and highly penetrating.

Half-Life (T - time required for half the radioactive1/2)
atoms to decay.

%

1
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'''] TABLE 3-1 (Cont)
(O

Working Level (WL) - measure of potential alpha energy
per liter of air from any combination
of short-lived rgdon daughters
(1 WL = 1.3 x 10 MeV of alpha energy).

One Working Level - WLM-Exposure to air containing a RDC of
Month (WLM) 1 WL for a duration of 170 hr.

|Roontgen (R) - that quantity of gamma radiation which
|yiegds a charge deposition of 2.58 x i

10 coul/kg air. This is equal to the
energy deposition of 88 ergs /g of dry
air or 93 ergs /g of tissue.

-6PR/hr - 10 Roentgen /hr.

Rad - energy deposition of 100 ergs /g
of material

Picocurie (pCi) - unit of activity (1 pCi = 0.037 radio-
active decays /sec or 2.2/ min).

MeV - unit of energy - 1 MeV = 1.6 x 10-6
erg.

(_,) Rem - unit of energy deposition in man.
1 rem = 1 rad x quality factor.
The quality factor = 20 for alpha
particles.

:

~- >

l
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TABLE 3-2

BACKGROUND RADInTION SOURCES IN
SOIL IN VICINITY OF EDGEMONT

226Ra 230Th 210PbSample Locationa (pci/g) (pCi/g) (pCi/g)

Canister Cl Surface 0.66 + 0.03 1.02 1 0.05 3.3 + 0.2

Canister C1 6-in. deep 0.50 + 0.02b b b1.35 1 0.08 1.82 1 0.09
eCanister C2 Surface 5.6 + 0.3 5.2 1 0.3 5.6 + 0.3

Canister C2 6-in. deep 1.38 + 0.07b 2.4 1 0.l 1.80 1 0.09b b

Canister C3 Surface 1.76 + 0.09 1.23 1 0.09 2.1 + 0.1

y Canister C3 6-in. deep 1.39 + 0.07b 0.92 1 0.05b 1.82 1 0.09ba
*

Surface 0.94 + 0.07b 1.61 1 0.09b 0.15 1 0.07Site 2
E Sec 14 EDG Shale

b3.02 _+ 0.20b 1.54 + 0.08b 3.30 + 0.20

b b bSurface 0.64
Site 6 -+ 0.08 0.25 + 0.02 1.87 + 0.12

-
-

N Sec 14 EDG Shale
b b bSubsurface 1.43 1 0.22 0.96 + 0.08 0.88 + 0.10

1.33 + 0.84 1.29 + 0.67 2.63 + 1.75

"See Figure 3-2
b
Used for average background concentrations

cCanister location near a road

__
..

._ ..
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TABLE 3-3

RADON EXHALATION FLUX FROM THE EDGEMONT TAILINGS

Radon FluxSample" Location (pCi/m _3)2

ESD-2 Background NNE of site C2b 2.7
Red Canyon Site - 4 mi

ESD-3 Background, 4 mi NW of site C3b 3.5

bESD-4 Background, 4 mi SW of site C4 2.2

cESD-7 Pond 1 - west side 260

ESD-8 Pond 1 - central, near water 61

ESD-24 Pond 1 - near center 400

ESD-25 Pond 1 - near center 490

ESD-26 Pond 1 - near center 300

<s ESD-27 Pond 1 - near center 220
k EUM-1 Pond 1 - central, near water 72 '

ESD-5 Pond 2 - west side 290

ESD-6 Pond 2 - east side 130

EUM-2 Pond 2 - center 40

ESD-9 Pond 3 - north end near water 6.7

ESD-10 Pond 3 - south end 970

ESD-13 Pond 4 6.8

ESD-18 Pond 7 - south central area 17

ESD-17 Pond 7 - east side on dirt cover 6.8

EUM-7 Pond 7 - northwest corner 18

ESD-23 Near Pond 7 - 10 yd from southeast 43
corner

ESD-14 Pond 8 - center 4.9

ESD-15 Pond 9 - north end 2.8
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k TABLE 3-3 (Cont)

Samplea Radon Flux
Location (pCi/m2-s)

ESD-16 Pond 9 - south end 6.2

EUM-9 Pond 9 - center 13

ESD-19 Pond 10 - center, near water 3.6
ESD-20 Pond 10 - south end 4.7

ESD-21 Sand Tailings Area A Pile - northeast 57side
ESD-22 Sand Tailings Area A Pile - southwest 52side
ESD-ll East Sand Tailings Pile - near top 46

on west side

ESD-12 East Sand Tailings Pile - near top 66
on east side

I

g''

a EUM: 3-hr samples taken Jun 22, 1977
|ESD: 24-hr samples taken Aug 17-18, 1977 !

b Background flux locations shown in Figure 3-2

c Remainder of flux measurement locations shown in Figure 3-4.
!

,
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TABLE 3-4

SURVEY OF MILL BUILDINGS
>

B+y

a Surface (dpm) a Smear (dpm) '

3 j 3
LOCATION NO.* per 100 cm per 100 cm (mR/hr) Remarks

1 350
2 700

-< MDA 0.06/0.05 surface unchanged
-- 0.08/0.05 --

3 700 0.08/0.05--
--

4 875 -- 0.05/0.07 --

5 1,050 70 0.07/0.1 after smear
a surface = 3506 grinder floor 700-1,400 1 MDA -- --

7 drillpress floor 700 1 MDA -- --

8 bench top 525 i MDA -- --y 2-7 composite of -- 35-70 -- --

(n floor smear*
9 1,225 50 0.08/0.06 --

i

10 350 50 0.06/0.05 --

11 700 70 -- --

12 350 -- 0.07/0.05 --

13 -- -- 0 3 /0.3 --

14 700 -- 0.3 /0.4 --

15 350 35 -- --

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 -- - /0.1 --

20 700 -- - /0.11 --

21 700 70 - /0.09 after smear a surface =70022 10,500 2,100 0.08/0.75 af ter smear a surface =9,00023 525 -- 0.04/0.0724 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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TABLE 3-4 (Cont)

!

B+Y
3a Surface (dpm) a Smear (dpm)

S aw
LOCATION NO.a per 100 cm per 100 cm (mR/hr) Remarks ,

26 interior walls 2,100 210 -- --

27 1,750 -- 0.2 /0.45 --

28 bottom of map 14,000 700 0.15/10.0 6+y smear so.06 mR/hr/100cm
item No. 42 %3,300 dpm/100cm2

28 bottom of map B+p smear -- --
--

item No. 42 3,000 -- --

29 floor 2,450 -- 0.8 /2.0 --

30 floor 1,750 -- 0.25/1.0 --

31 under vats -- -- 0.5 /0.6 --

31A wall 700 -- -- --

,

w 32 wall 175 -- 0.17/0.17 --

& 33 exterior wall 525 -- 0.08/0.08 --

34 floor 1,400 -- 0.15/0.1 --
w

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 3 --

!38 dose-rate -- -- 1.0 / - --

39 floor 7,000 -- 0.1 /1.0 --

40 floor 700 -- 0.1 /0.15 --

41 floor 1,050 -- 0.08/0.05 --

42 floor 1,400 -- 0.05/0.1 -- <

43 floor 350 -- 0.07/0.07 --

44 floor 1,050
45 mezz floor 700

-< MDA 0.15/0.15 --

-- 0.05/0.1 --

46 mezz floor 1,050 70 0.15/0.2 --

47 mezz 700 -- 0.05/0.07 --

;48 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 / - --

>
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TABLE 3-4 (Cont)

8+Y
,

a Surface (dpm) a Smear (dpm)
S a / u2 2LOCATION NO.a per 100 cm er 100 cm (mR/hr) Remarks

51 mezz 1,050 90 -- --

52 mezz 3,150 -- 0 5 /0.7 resin basket
53 mezz 3.150 -- 0.4 /0.4 --

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

55 mezz 490,000 700 - /15 0 resin basket
56 concrete floor 7,000 -- 0.5 /0.8 --

57 in item No. 44 -- -- - /1.5Y in yellowcake dryer
- /sl50S+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 dryerw
i 60 wall 700-210,000 70 -- wall near scrubber dryer$ 61 mezz 175 -< MDA 0.05/0.06 --

62 exterior wall 525 -- 0.1 /0.14 s4 ft off ground
,

c63 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 7 MDA 0.1 /0.25 on concrete (vertical)65 building exterior 175 7 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
69 350

-< MDA -- --

-- 0.05/0.05 --

70 525 < MDA 0.02/0.02 --

71 < 350 7 MDA 0.02/0.02 --

72 < 350 -- 0.03/0.03 --

73 - 175 < MDA 0.03/0.03 --

74 < 350 7 MDA 0.02/0.03 --

75 FeV building 700 -- -- --

Oil storage shed < 350 < MDA -- --

- - - .-- - --. - -- . . . . . . . . . -
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TABLE 3-4 (Cont)
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S+Y
3a Surface (dpm) a Smear (dpm)

3
2 2LOCATION NO.a per 100 cm per 100 cm (mR/hr) Remarks

Garage < 700 -- -- --
_

Conveyor outside 350-700 %35-70 -- --

Conveyor No. 2 inside 175 %30 -- --

Crusher area 350-1,050
Air scrubber 2,800

~<105
-- --

700 -- --

Filter conveyor S 250 -- -- after smear
a surface = 250

Miscellaneous

I beam (vertical) 1,400 - 2,100 dpm/100 cm @ surfacew
I

$ Wocd beams (loose on ficor).21,000 dpm/100 cm @ surface; smear = 700 dpm/100 cm

alocation numbers are shown in Figure 3-11.
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TABLE 3-5

OFF-SITE SOIL SAMPLE ANALYSES

226 , 230 210p Th Pbb D bSample Locationa pCi/g i o pCi/g .+ c pCi/g io

200 yd ENE of pond 1 surface to 1.5 in. 7.1 0.4 6.1 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 15.4 0.8 8.6 0.4 19 1
400 yd east of well M-13 at 6 in. 1.51 0.08 1.6 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

surface to 1 in.
Y 400 yd at 130 SE of pile 9 at 6 in. 2.1 0.1 1.5 0.2 1.3 0.1
$ 600 yd at 130' SE of pile 9 3.7 0.2 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 0.3 2.4 0.2 4.2 0.2
100 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 i 1 10.8 0.5 51 2
200 yd SE of pond 7 east fence surface 33 i 2 7.7 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

aSample locations are shown in Figure 3-12.
b
One 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&DU 'Ibtal
Figures 3-14 for Lab 226pa 230Th Uranium
& 3-15 Analysis Incation (pCi/1) (pCi/1) (pCi/1)

A1 ESD -1 NE portion of pond 2, hole 1 7.9 0.4 130
A2 ESD -2 Mi portion of pcnd 2, hole 2 4.2 0.3 36
A6 ESD -6 Mi on dike of pond 7, hole 6 0.28 0.2 330
A7 ESD -7 SW on dike of pond 7, holo 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 Cbttonwood Creek on W side 1.48 <0.1 26
M 11 M-ll Mi corner of pond 7 outside dike,

inside fence 200 ft E of sewagey pumping station 0.30 0.4 214
m
*

A4 ESD W-4 Center of E road on sand tailings 0.39 <0.2 21
area A, hole 4

A 100 ESD W-51 N of pile 2 by Cheyenne River 0.21 0.6 27

S 51 ESD W-51 Cottonwood Creek upstream O.32 <0.1 14
S 52 ESD W-52 Cheyenne River upstream at bridge 0.10 < 0.1 9
S 53 ESD W-53 Cheyenne River below confluence

with Gottonwood Creek 0.18 <0.1 7
S 54 ESD W-54 Cheyenne River downstream 0.51 <0.1 8
5 55 ESD W-55 Cheyenne River downstream 0.32 <0.1 6
S 56 ESD W-56 Cottonwood Creek, nouth of (bttmwood

Creek 3.1 0.3 22
S 57 ESD W-57 (bttonwood Creek atove 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

3S 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 N of pond 8 5.5 3.3 20
S 70 ESD W-78 Cheyenne River upstream frcm bridge 0.22 12.1 6

_-____________---___ _ ___________- __.__________-_ _--- ___- ----- - . =.
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TABLE 3-6 (Cont)
Designation Designation Dissolved (bncatrationsof Sample on by FB&DU

TotalFigures 3-14 for Lab 226 a 23&Ih UraniumR
& 3-15 Analysis location (pCi/1) (pci/1) (pCi/1)

W 58 ESD W-58 Well N of fairt3 rounds in ESD,
S of river 0.85 0.3 5W 59 ESD W-59 Danestic well off Highway 3424
NE of Dxiley 0.13 0.3 5W 60 ESD W-60 Fdgetont water supply from well 4.1 9 6W 62 ESD W-62 Burlington well, E of RR roundhouse
near site office 3.6 1.5 <3W 63 ESD W-63 Well flowing into pond in ESD city park 4.3 1.7 <3W 72 ESD W-72 Dottestic well, campground N of
Geyenne River 0.81 0.6 6W 73 ESD W-73 Well, 2 mi SE of tailings 0.13 19 8W 74 ESD W-74 Well, 2.8 mi SE of tailings 0.30 3.8 5

Y S1 Pond 1 Pond 1 16.9 3.2 x 10 8.4 x 104 3O S3 Pond 3 Pond 3 7.6 4.7 x 103 8.8 x 103S7 Pond 7 Pond 7 3.7 2.6 x 104 1.85 x 104S8 Pond 8 Pond 8 1.6 1.53 x 103 2.3 x 103S 10 Pond 10 Pond 10 0.8 3.1 x 103 5.8 x 103
MONITOR WELL DATA TAKEN BY TVA*

M1 --

a 1.35 0.17 28.2M2 -

0.69 0.23 117M3 -- 0.59 0.56 12.5M7 -

0.62 0.41 74.3M8 --

0.10 0.74 19.4M9 - See Figure 3-15 for nonitor well 1.92 0.64 18.7M 10 - locations 0.29 0.63 768
M 11 -- 1.19 0.76 78.3M 12 -

1.11 1.39 25.0M 13 --

1.24 1.43 1.13M 14 - " 0.88 0.38 118
RT - Control, R. Toman farm 0.41 0.14 12
* Average of sample data in Peference 6

-___. _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - - _ - _ - - - - - - _ _ - _ _ _ - _.
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()| ( , TABLE 3-7

CHEMICAL ANALYSES OF WATER SAMPLES *

Sample No.a Fcrcury Copper Iron Inad Manganese
MCLb 0.002 -- -- 0.05 --

ESD l-2c <0.0002 0.013 0.148 0.071 0.587
ESD -1 0.0080 0.035 0.099 0.189 1.074
ESD -2 <0.0002 0.020 52.100 0.091 17.680
ESD -6 <0.0002 0.046 0.249 0.182 1.045
ESD -10 0.0060 0.037 0.111 0.163 0.030
ESD W'100 <0.0002 0.019 0.119 0.109 1.307-

ESD M-1 <0.0002 0.027 0.185 0.163 3.149
ESD FF2 <0.0002 0.029 0.159 0.163 2.742
ESD MH3 <0.0002 0.017 94.900 0.123 9.080

ESD M-3N <0.0002 0.018 41.900 0.143 3.260
ESD FF7 <0.0002 0.038 0.142 0.207 0.045
ESD M-8 <0.0002 0.009 0.078 0.047 0.862
ESD M-12d <0.0002 0.017 6.170 0.087 0.117
ESD M-120 <0.0002 0.012 6.310 0.088 3.200
ESD M-12f <0.0002 0.013 0.079 0.091 0.722
ESD M-13 <0.0002 0.019 1.95 0.104 6.70
ESD M-14 <0.0002 0.991 240.00 0.121 14.13
ESD W 4 <0.0002 0.016 0.132 0.089 0.806 |

-

ESD W 51 0.0009 0.011 0.075 0.082 0.189-
,

|

x ESD W 52 <0.0002 0.008 0.073 0.052 0.009 :
-

ESD W-53 <0.0002 0.008 0.057 0.058 0.006
ESD W'54 <0.0002 0.040 0.076 0.056 0.002-

ESD W-55 <0.0002 0.010 0.084 0.061 0.004
ESD W'56 <0.0002 0.009 0.201 0.061 0.163-

ESD W-57 <0.0002 0.012 0.111 0.077 1.265
ESD W 58 <0.0002 0.006 0.087 0.051 0.081 j-

ESD W'59 (0.0002 0.009 24.400 0.033 0.029 l
-

ESD W 60 <0.0002 0.007 3.52 <0.001 0.024 i
-

ESD W'62 <0.0002 0.006 0.048 0.027 0.003 |
-

ESD W'63 <0.0002 0.005 0.072 0.031 0.002 i
-

ESD W'64 <0.0002 0.006 1.426 <0.001 0.036
,

ESD W-65 <0.0002 0.005 0.187 0.011 0.124 l
ESD W-67 0.0440 0.154 67.500 0.030 5.450 1

ESD W-69 0.0002 0.042 46.000 0.110 12.880 '

ESD W'72 <0.0002 0.007 0.102 0.048 0.091
ESD W'73 <0.0002 0.009 0.071 0.034 0.003-

I
- IESD W 74 <0.0002 0.008 4.540 0.039 1.421

| ESD W-789 <0.0002 0.010 0.062 0.046 0.004
M-9 <0.0002 0.019 0.048 0.075 0.067
M-ll <0.0002 0.033 0.075 0.173 0.025r

' Pond 1 0.0125 5.420 60.300 0.148 150.200
Pond 3 0.0012 3.500 399.000 0.120 103.900

[ Pond 7 0.0165 13.330 5,450.000 0.153 222.800
i Pond 8 0.0015 3.540 422.000 0.088 78.600
\' Pond 10 0.0048 95.600 7,510.000 0.137 303.400

|
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TABLE 3-7 (Cont)

Sample No.a Nickel Titanium Vanadium Zinc Cadmium
MCL3 -- -- -- -- 0.010ESD l-2c 0.059 <0.001 0.014 0.062 0.006
ESD -1 0.161 <0.001 0.023 0.060 0.010
ESD -2 1.774 <0.001 0.115 0.083 0.006
ESD -6 1.450 <0.001 0.160 0.158 0.018
ESD -10 0.145 <0.001 0.050 0.039 0.004
ESD W-100 0.166 <0.001 0.008 0.024 0.005
ESD M-1 0.395 <0.001 0.009 0.071 0.024
ESD M-2 0.202 <0.001 0.030 0.025 0.004
ESD M-3 2.520 <0.001 0.007 0.047 0.005

,

ESD M-3N 1.608 <0.001 0.009 0.031 0.009
ESD M-7 0.174 <0.001 0.022 0.056 0.010
ESD M-8 0.058 <0.001 0.042 0.022 0.004
ESD M-12d 0.078 <0.001 0.010 0.014 <0.001
ESD M-120 0.145 <0.001 0.021 0.054 0.004
ESD M-12f 0.360 <0.001 0.030 0.079 0.006
ESD M-13 0.457 0.008 0.011 0.644 0.010
ESD M-14 18.600 0.015 0.013 3.100 0.027
ESD W'4 0.356 <0.001 0.011 0.128 0.005-

[ ESD W 51 0.018 <0.001 0.010 0.019 <0.001
-

s ESD W'52 0.006 <0.001 <0.001 0.013 <0.001
-

ESD W-53 0.003 <0.001 <0.001 0.015 0.009
ESD W-54 <0.001 <0.001 0.006 0.050 0.024
ESD W'55 <0.001 <0.001 0.003 0.026 <0.001-

ESD W'56 <0.001 <0.001 0.008 0.046 <0.001-

ESD W-57 0.011 <0.001 0.009 0.053 <0.001
ESD W'58 0.006 <0.001 0.007 0.162 0.004-

ESD W 59 0.015 <0.001 0.005 0.097 0.007-

ESD W'60 0.055 <0.001 0.007 0.011 0.003
-

ESD W'62 0.014 <0.001 0.015 0.044 <0.001
ESD W-63 0.012 <0.001 0.010 0.009 <0.001
ESD W 64 <0.001 <0.001 0.004 0.013 <0.001-

ESD W-65 <0.001 <0.001 0.006 0.025 <0.001
ESD W'67 1.860 <0.001 0.091 0.857 0.039-

ESD W'69 6.830 <0.001 0.055 0.422 0.006
-

ESD W-72 0.033 <0.001 0.009 0.132 0.004
ESD W'73 0.029 <0.001 0.008 0.022 <0.001-

ESD W'74 0.053 <0.001 0.007 0.055 0.024-

ESD W-789 0.025 <0.001 0.006 0.013 <0.001
M-9 0.053 <0.001 0.014 0.133 0.007
M-ll 0.153 <0.001 0.007 0.027 0.009

Pond 1 15.660 <0.001 0.550 6.100 3.850
Pond 3 52.700 <0.001 161.000 6.920 0.036

/'''N Pond 7 286.000 <0.001 120.000 29.400 0.400
t, Pond 8 101.800 <0.001 43.000 3.630 0.030
'

Pond 10 510.000 <0.001 110.000 30.100 0.107'-
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TABLE 3-7 (Cont)
<Sanple No.a Arsenic Chrmian Barium Seleniun Silver

MCdb . 0.05 0.05 'l. 0.01- 0.05ESD l-2c <0.001 0.014 0.016 <0.001 0.010ESD -1 <0.001 0.020 0.027 <0.001 0.032 i

ESD -2 0.020 0.051 0.026 <0.001 0.009 >

ESD -6 <0.001 0.027 0.029 <0.001 0.026ESD -10 0.024 0.009 0.042 <0.001 0.025
ESD W-100 <0.001 0.015 0.044 <0.001 0.013 ;ESD M-1 <0.001 0.024 0.024 <0.001 0.026
ESD FF2 0.001 0.026 0.024 <0.001 0.027
ESD M-3 <0.001 0.046 0.028 <0.001 0.014

,

s

ESD M-3N <0.001 0.045 0.018 <0.001 0.018
ESD M-7 <0.001 0.034 0.020 <0.001 0.032 1ESD M-8 <0.001 0.020 0.040 <0.001 0.005
ESD M-12d <0.001 0.015 0.005 <0.001 0.008
ESD M-12e <0.001 0.014 0.003 <0.001 0.007
ESD M-12f <0.001 0.015 <0.001 <0.001 0.008
ESD M-13 <0.001 0.039 <0.001 <0.001 <0.001 1

ESD M-14 <0.001 0.138 0.021 <0.001 0.014
ESD W'4 <0.001 0.013 0.005 <0.001 0.003

ESD W'51 <0.001 <0.001 0.045 <0.001 0.013
-

\s . ESD W-52 <0.001 <0.001 0.064 <0.001 0.007
t

ESD W-53 <0.001 <0.001 0.044 <0.001 0.009 i
ESD W-54 <0.001 <0.001 0.059 <0.001 0.008 |ESD W'55 <0.001 <0.001 0.053 <0.001 0.006

-

ESD W'56 <0.001 <0.001 0.028 <0.001 0.004
ESD W-57 <0.001 0.010 0.042 <0.001 0.008

-
:

ESD W'58 <0.001 0.005 0.025 <0.001 0.004 i
ESD W-59 <0.001 0.022 0.009 <0.001 0.008

i,

ESD W'60 <0.001 0.005 <0.001 <0.001 0.003 |
-

ESD W-62 0.004 0.006 0.036 <0.001 0.002 !ESD W'63 0.007 0.005 0.031 <0.001 0.002 l
-

ESD W-64 <0.001 <0.001 <0.001 <0.001 <0.001
ESD W-65 <0.001 <0.001 0.007 <0.001 <0.001
ESD W'67 ~ <0.001 0.526 0.022 <0.001 <0.001

- *

ESD W'69 0.009 0.029 0.007 <0.001 0.017 :

ESD W-72 <0.001 0.008 <0.001 <0.001 <0.001 !ESD W'73 <0.001 0.007 0.012 <0.001 <0.001
-

i
ESD W-74 <0.001 0.009 0.011 <0.001 <0.001
ESD W'789 <0.001 0.008 0.020 <0.001 <0.001

M-9 <0.001 0.009 0.015 <0.001 0.007
M-11 <0.001 0.024 0.034 <0.001 0.029 I

Pond 1 4.600 3.630 0.024 0.932 0.024 :
Pond 3 4.200 10.960 0.014 0.255 0.019 :

Pond 7 2.750 3.000 0.020 0.456 0.026
Pond 8 0.006 10.540 0.017 <0.001 0.020 ,

Pond 10 0.004 6.850 0.021 0.087 0.027 '

i
!
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TABLE 3-7 (Cont)
iSample No.a Molybdenum pH Units Nitrate Sulfate Chloride [MCIM 10.- --

i
--

ESD l-2c 0.021 7.65 1.90 4,000.0 216.0 j

-

ESD -1 0.018 7.00 0.48 13,400.0 400.0
ESD -2 -- -- - -- -- -

TBD'-6 -~ -- - - -

ESD -10 0.725 7.91 0.05 14,000.0 370.0' !
ESD W-100 -- -- -- -- -

ESD M-1 <0.001 7.30 175.00 12,200.0 810.0 :ESD r.-2 0.010 7.90 39.00 12,400.0 860.0
ESP M-3 0. 0?.1 6.90 10.10 10,000.0 940.0

ESD M-3N 0.013 7.32 0.05 10,800.0 900.0
ESD M-7 0.009 7.79 2.10 14,000.0 1,130.0 iESD M-8 0.011 7.54 8.50 3,800.0 180.0 '

ESD M-120 <0.001 8.11 1.32 3,800.0 440.0
ESD M-12e 0.022 8.17 1.14 3,600.0 340.0 ;
ESD M--12f 0.011 8.15 0.84 3,600.0 390.0 |ESD M-13 <0.001 7.05 0.28 3,400.0 780.0 |
ESD M-14 <0.001 3.15 3.90 8,800.0 300.0
ESD W -4 - -- -- - -

ESD W-51 0.023 7.34 0.03 2,720.0 290.0
N ESD W-52 0.019 7.95 0.05 1,280.0 312.0 :

ESD W-53 0.008 7.50 0.19 1,180.0 314.0 j
ESD W-54 0.012 7.25 0.52 1,140.0 308.0 _;
ESD W-55 0.018 7.45 0.40 1,140.0 312.0
ESD W-56 0.011 7.20 0.08 900.0 254.0 i

,

ESD W-57 0.011 7.67 <0.01 980.0 252.0 '
,

ESD W-58 <0.001 8.05 <0.01 1,680.0 24.0
ESD W-59 0.005 7.77 0.02 440.0 84.0

ESD W-60 0.007 7.77 0.07 300.0 230.0 ;
ESD W-62 0.013 7.81 0.10 202.0 124.0
ESD W -63 0.010 7.34 <0.01 312.0 228.0
ESD W-64 <0.001 7.32 0.03 1,920.0 < l.0
ESD W-65 <0.001 7.42 0.08 20.0 4.C iESD W-67 0.010 2.74 0.06 900.0 < l.0 :

ESD W-69 1
-- -- -- - --

ESD W-72 0.012 7.45 1.62 1,640.0 16.0 !

ESD W-73 0.004' 7.78 2.20 1,600.0 30.0

ESD W-74 0.012 6.92 0.07 3,000.0 14.0
ESD W-789 0.010 7.95 0.09 1,220.0 308.0

M-9 <0.001 7.20 3.80 2,040.0 180.0
M-ll 0.016 7.59 0.08 18,600.0 480.0

Pond 1 -- - - - -

Pond 3 - - - - -

g Pond 7 0.230 2.01 0.14 40,000.0 200.0
Pond 8 -- - -- - --

Pond 10 - - - - --

!
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TABLE 3-7 (Cont)

1 Sample No.a Carbonate Bicarbonate Total Dissolved Solids

ESD l-2c <0.01 622.2 15,575.0
ESD -1 <0.01 2,049.6 22,717.0
ESD -2 -- -- --

ESD -6 - -- --

ESD -10 <0.01 488.0 21,418.0

ESD W-100 -- -- --

ESD M-1 <0.01 805.2 20,940.0
ESD FH2 <0.01 1,903.2 21,796.0
ESD M-3 <0.01 427.0 15,437.0

ESD M-3N <0.01 1,695.0 17,171.0
ESD M-7 <0.01 3,538.0 26,028.0
ESD M-8 <0.01 305.0 13,907.0
ESD NH12d <0.01 353.8 7,098.0
ESD M-12e <0.01 366.0 6,000.0
ESD M-12f <0.01 317.2 6,303.0
ESD M-13 <0.01 85.4 6,514.0
ESD M-14 <0.01 < 0.01 14,545.0
ESD W-4 -- -- -

('''g ESD K'51 <0.01 253.8 3,904.0

( / ESD W-52 <0.01 185.4 2,473.0
'~' ESD W'53 <0.01 183.0 2,457.0-

ESD W'54 <0.01 180.6 2,377.0-

ESD W-55 <0.01 185.4 2,547.0
ESD W 56 <0.01 326.9 2,020.0-

ESD W'57 <0.01 224.5 2,130.0-

ESD W-58 <0.01 261.1 2,526.0
ESD W'59 <0.01 348.9 1,069.0-

ESD W-60 <0.01 190.3 1,032.0
ESD W'62 <0.01 222.0 738.0-

ESD W-63 <0.01 217.0 1,072.0
ESD W-64 <0.01 46.4 591.0
ESD W'65 <0.01 214.7 308.0-

ESD W'67 <0.01 < 0.1 1,422.0-

ESD W-69 -- -- -

ESD W-72 <0.01 246.4 2,498.0
ESD W-73 <0.01 158.6 2,387.0

ESD W-74 <0.01 63.4 4,649.0
ESD W-789 <0.01 165.9 2,380.0

M-9 <0.01 458.7 4,024.0
M-ll <0.01 3,294.0 30,532.0

Pond 1 - -- --

Pond 3 -- -- --

Pond 7 <0.01 < 0.01 64,732.0
Pond 8 - -- --

5 Pond 10 - - --
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TABLE 3-7 (Cont)

#
ESD - water samples from drill holes
ESD-W - surface and ground water samples
ESD-M - water samples frcm monitor wells

b - maximum contaminant levels fran National Interim Primary
ti

Drinking Water Regulations, Fcderal Pegister, Dec 24, 1975.
dESD M-12 - sampled after punping test

1
i Origina,1 Designation Corrected Designation *
|

} ESD l-2 M-10
c

'

"ESD M-12, 1st north M-16
f
ESD M-12, northrost M-12N

l 9ESD W-78 ESD W-701

. * Original maps contained several incorrect well designations.
j; Correct designations are as indicated,

l

Notes: 1. For samples locations, see Figures 3-14 and 3-15.
2. All measuranents are in ng/l unless listed otherwise

|

'

I

!

l

l

l

1
i

1

,

|I

|

|

!
'

r

(
e,

3-63



. - . .. -. _ .. _ ._. _ __ .-.

i .

i
'

T

-^g
i

TABLE 3-8As-

RADIONUCLIDE CONCENTRATIONS IN TAILINGS PONDS / PILES

Vertical Composite Samples (pCi/g)a
Depth '

Pond / Pile (ft) 226 230Th 210Ra Pb

1 0-5 202 2 10 32 2 1070 1 50
1

25 + 1 109 i 5 195 1 92 0 - 24

18.4 + 0.9 47 1 2 16.3 + 0.83 0-3

South of 3 0-6 7.7 + 0.4 12.7 + 0.6 63 + 3

! 7 0 - 5.5 480 + 20 7414 1900 1 100
8 0-4 3.1 + 0.2 19 + 1 20 1 1
9 0 - 20 17.3 1 0.9 5.4 1 0.3 31 1 2

/eh 10 0 - 2.5 2.2 + 0.1 51 + 2 118 + 6
,

,
- - -

!

Tailhigs
; area A 0 - 27 17.6 1 0.9 7814 182 1 9

aGamma logs were run in same holes from which vertical composite!

j samples were taken

bPond 10 has no uranium tailings
1

! Note: The results of analyses of samples from tailings area B
are not available. A gamma log maximum indicating 225i

! pCi/g of 226 '

Ra was logged at a 3.5 ft depth.:

| <

l I

,

!

V
i
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\ TABLE 3-8Bw/

RADIONUCLIDE CONCENTRATIONS IN TAILINGS PONDS / PILES"

Depth 226 230Th Total UraniumRa
Pond / Pile (ft) (pCi/g) pCi/g) (pCi/g)

1 slimes Surface 238 270 13

1 slimes 0-8 692 822 26

2 sand Surface 60 12 4

3 slimes Surface 293 273 22

3 slimes 0- 5 335 249 20

4-7 sand Surface 48 9 6

7 sand Surface 52 20 3

7 slimes Surface 810 497 66

7 slimes 0-7 586 596 80

(''by J 8 slimes Surface 66 67 10 i

8 slimes 0-7 99 141 17

East sand
tailings 124 37 4.P

Thilings (No information available)
area B

a
TVA data - average for all samples reported

u

[
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TABLE 3-9

|

ANNUAL DOSE COMMITMENTS TO INDIVIDUALS
FROM RADIOACTIVE RELEASES FROM THE EDGEMONT SITE

AND FROM BACKGROUND
i

' i.

Dose (mregyr) Background Dose (mrapyr) |

Exposure Bronchial Bronchial .

Incation Pathway Whole Body M Bone Epithelium Whole Body Lung Bone Epithelitru
aNearest Permanent Inhalation 18 236 116 1,030 1 2

'

l 1,200 !

Resident (NE !

(brner of Cbtton- Ingestion 3 - 39 - 11 - 110 -
I

wood Ocmnunity) !
External 220 220 220 - 114 114 114 -

'

'Ibtal 240 460 375 1,030 126 116 225 1,200 [
y Rancher (bnstning Ingestion 25 250 - - - - -

-

m Beef Cattle That* Graze SE of Site

r

i

a
Doses to whole body, lung, and bone are those resulting frcm inhalation of
particulates of U-238, U-234, 'Ih-230, Ra-226, and Pb-210.

,
'

i
bDoes not incitde dose to bronchial epithelium from radon and radon daughters,
which is listed separately. i

t
i

h

!
I

i

t
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\s.,/ TABLE 3-10

ANNUAL POPULATION DOSE COMMITMENTS
TO POPULATION OF EDGEMONT (manrem)

Receptor Organ Millsite Source Natural Background

Whole Body 20 250

Lung 120 250a

Bone 70 450

Bronchial epithelium 321 2,400

a
Does not include dose to bronchial epithelium from radon and
radon daughters, which is listed separately.

4-

|
s
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\ _, TABLE 3-11s

ESTIMATED HEALTH IMPACT FROM EDGEMONT TAILINGS
FOR AN AREA 0-1 MILE FROM TAILINGS EDGE

Total
Pile-Induced Background I

Population RDC Health RDC Health
Time Period (Persons) Effects /yr Effects /yr

1975 2,000 0.01 0.11
,

2000 (Static) 2,000 0.01 0.11

2000 (Declining growth") 4,097 0.03 0.22

25-yr Cumulative Effect Pile-Induced RDC Background-Induced RDC

Static population 0.36 2.7 (
Declining growth rate" 0.65 4.9

s_ /
-

aThe population doubles in 10 yr and grows at a 0.16% rate for
15 yr.

Note:

The total cummulative pile-induced RDC health effects are pro-
jected here through the year 2000 to illustrate possible trends.
This projection is not made past the year 2000 due to difficul-
ties in estimating population growth and does not imply that the
hazard would diminish after that time.

"\
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CHAPTER 4, m,

SOCIOECONOMIC AND LAND USE IMPACTS

The Edgemont tailings and millsite are located immediately
east of the railroad tracks that border the town of Edgemont,

3 South Dakota. Edgemont is a relatively small town in Fall River
County in rural southwestern South Dakota. The political juris-
dictions of Fall River County are shown in Figure 4-1. The
county seat, Hot Springs, is located 27 mi to the northeast along
U.S. Highway 18.

4.1 SOCIOECONOMIC BACKGROUND
l

Shortly after the Civil War, gold was discovered in the !

Black Hills, land settlements were made with the Sioux Indians,.

and entire areas of South Dakota including Fall River County j
were opened to homesteading. For decades, Fall River County's I

economy was based on ranching, mining, farming, and the railroad. !,

Edgemont was founded as a railroad town and the town's economy
fluctuates greatly with the fortunes of the Burlington Northern. i

Areas near Edgemont were known for sheep raising, but more recent-
ly, ranchers have been reducing their herds of sheep and raising

g'~N cattle instead. Lignite was mined near Edgemont until the 1930's,
( ) and in the 1950's the uranium boom resulted in significant popu-

! \~/ lation increases associated with the mill and mining efforts.
,

The future demographic and economic conditions of Edgemont
can be projected by extrapolating statistical data contained in
census reports and from planning documents for the area. (1-10)
The populations of the town of Edgemont, Fall River County and
the State of South Dakota have vacillated greatly over time. For
many years the out-migration from the agricultural communities
has exceeded the in-state increase in urban opportunities. Edge-
mont's population is quite small and reacts substantially to
changes in economic opportunities. In the last 5 yr the popula-
tion has virtually doubled, but during the preceeding 10 yr the
population shrank by almost one third. As might be expected, the
population of Edgemont decreased in the 1930's, increased during
the 1940's, and increased dramatically during the 1950's with a
major decrease in the 1960's due to long-term regional out-migra-
tion of younger working age people. Of all the political entities
in Fall River County, only Edgemont and Hot Springs experienced
a net increase in population growth from 1930 to 1970.

Educational attainment in the Edgemont vicinity is above the
median education attainment level for both the state as a whole
and for the United States. The population is virtually 50% men
and 50% women and considerably older than the state's median,

f-~s Employment composition in the areas has changed with time reflect-
( T ing the national trend in which people have migrated from rural
(_,/ areas to central marketing centers such as Rapid City. Government
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jobs account for about 40% of county employment. Edgemont had a
1970 work force of 783 persons of which the largest employment
categories were professional services, transportation /public util-
ities, wholesale / retail trade, and agriculture. Mining has ac-
counted for approximately 5% of county employment and the railroad
has provided about 33% of the jobs in recent years. Today, Edge-
mont is a community with an economy that remains highly dependent
on the railroad, on resource extraction, and on agriculture for
its prosperity.

4 ., 2 POPULATION ESTIMATES

The 1970 census figures list 1,174 town residents and 7,505 |

county residents. Fractions of the populations of two nearby
townships, Dudley and Cottonwood, have been added to the Edgemont !

population in order to estimate the number of residents within )
1/4, 1/2, and 1 mi of the perimeter of the site. Residential I
concentrations are west of the site and north across the Cheyenne !
River. Residents nearest the site live in the Cottonwood commun-
ity directly west of pond 7. Population distribution around the j

millsite is shown in Figure 2-4, Chapter 2. For the purposes of ,

this report the following population estimates are used: |

1970 1975 !

Edgemont. 1,174 1,775
I

" Greater Edgemont" (includes 80% of i

Dudley and Cottonwood townships) 1,870 2,000

Population within 1/4 mi of the site 935 1,000 :

Population within 1/2 mi of the site 1,770 1,900

Population within 1 mi of the site 1,870 2,000

Several factors must be considered in determining population
projections and future growth patterns for Edgemont. South

,

Dakota's geographic location isolates it from maior consumer and
industrial markets. Transportation networks, and a lack of
water will limit long-term growth. However, the area is rich in
natural resources and the development of energy resources along
the Burlington Northern rail route (such as Wyoming's Powder River
Basin) and in Fall River County (such as the uranium deposits)
will be major stimulants to growth. The out-migration from agri-
cultural areas appears to have stabilized, timber contracts have
expanded, manufacturing employment looks promising in nearby
cities, and growth in wholesale, retail, transportation, communi-
cations, public utilities, financial institutions, insurance com-
panies and real eetate firms will parallel regional growth. Two
major employment sectors, tourism and government, are difficult
to predict. Other developments may depend on such water projects
as the Missouri River Pipeline or the Oahe Pipeline. Still others
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/s_/ may be heavily influenced by energy shortages which tend to stim-
ulate energy development, but depress tourism and agriculture.
On balance, planners predict a bright future for western South
Dakota and for Edgemont in particular.

Considering these factors, four rates of growth were calcu-
lated. The highest rate assumes a continuation of the past 5-yr
trend of annual growth at 1.83%. The second rate assumes a 0.66%
annual growth rate which is the second highest regional growth
projected by the Department of Rural Sociology, South Dakota State
University. The third rate is 0.39% annual growth which assumes
the conservative growth rate projected by the South Dakota State
University study. The lowest rate, 0.16% annual growth, assumes
a growth rate similar to that which Edgemont experienced from 1930
to 1970. These projected growth curves are illustrated in Figure
4-2.

Assumptions of a steady rate of growth may be highly unreal- i
istic. For the reasons given above, the rate of growth could de-
cline and approach zero by some future date. This is referred to
as a " declining rate of growth". A more likely growth rate would
be a doubling of population by 1985 followed by a slow rate of
growth. These rates are depicted in Figure 4-2. The following
population projections and growth factors indicate the range of

(''N growth expected at Edgemont:

Popu- Popu- Popu- !
--

lation lation lation
'

Annual Growth 1975 2000 Factor 2025 Factor

Steady 1.83% 2,000 3,147 1.57 4,952 2.48

Declining 0.16% 2,000 2,048 1.02 2,051 1.03 |

No Growth 2,000 2,000 1.00 2,000 1.00

Double by 1985 followed
by steady 0.16% 2,000 4,132 2.06 4,109 2.09

The present population distribution with respect to the
Edgemont site is discussed in paragraph 2.6, Chapter 2.

4.3 IMPACT OF THE TAILINGS ON LAND USE

At the present time, neither Fall River County nor Edgemont
has zoning ordinances or a comprehensive zoning plan. The lar-
gest single factor that affects the area's land use is federal
and state management of land. Most government land is grazed or
used for recreational purposes. In total, two-thirds of the
county's land is used for range or pasture (irrigated) , with only
scattered housing. The land east and south of the site is grazed
and some of the land west of the site is pasture land. Figure 4-3

,\s, depicts the area's land use and Figure 4-4 indicates ownership of
land bordering the site.
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| The railroad forms an extensive industrial land use running
north-south along the western edge of the site and separating the
site and the town. Residential areas are to the west and north
of the site across the Cheyenne River. This north area is known

| as "Dudley", where about 60 people live. The recent sudden expan-
sion in the town's population has strained the housing resources
of the area. New housing complexes are under construction in-
cluding a senior citizen's unit, rental units brought in from
Igloo, 8 mi south of Edgemont, and new housing developments south-
west of town near the airport. Space for trailers has been rented
in vacant lots and driveways. The school has been able to accom-
modate the increase of students, but will become seriously over-
crowded if the town's population were to double in the next 10 yr.
Presently, the sewage and water systems are undergoing consider-
able remodeling.

,

The presence of the mill and tailings area has not restricted
the use of land in the town of Edgemont to the west of the rail-
road. Residential growth presently is southwestward toward the
airport and commercial development is along Highway 18 west of
town, both unaffected by the millsite. Vacant land for additional

I'commercial development is located along Highway 18, northeast of
Edgemont. This area is north of the millsite and is separated
from the site by the Cheyenne River. The millsite should have
little effect on land use in this area.

The location of the mill and tailings piles prohibits access
to Cottonwood Community (population about 75) from the north and

,

inhibits development of that area. If the mill and tailings were i

removed from the site, it is unlikely that significant expansion l
of Cottonwood Community would occur toward the north since Cotton-
wood Creek bounds it on the north and the railroad switchyard i

would be adjacent to any northward expansion. The presence of ;

the sewage pond would also limit expansion to the northeast for I

residential use. Growth tc the south is feasible and could take
place if demand for additional housing continues and if the tail- !
ings were removed. Thus, it is not expected that pressures will

'

develop for expanding residential us<3 into the mill and tailings 1

area.

The millsite is not well suited for commercial use because of
limited access from the highway. Other more desirable property ex-
ists along the highway. If the entire area were available for unre-
stricted use, it would probably be best suited for industrial use.
However, there must be a demand for such use and other suitable ;

property exists west of the town. The railroad switchyard could
conveniently expand into the western portion of the site if ad-
ditional capacity was needed. The area probably would revert to
pasture land if the land remained vacant.

4.4 IMPACT OF THE TAILINGS ON LAND VALUES

The area of the mill and tailings (i213 acres) is almost as <

large as the occupied areas of Edgemont, but their presence has

4-4

|



been a minor factor in land values in the town of Edgemont. The
railroad which separates the town from the tailings and mill area
reduces the tailings impact on land use and values in Edgemont.
The presence of cottonwood Creek and the Cheyenne River, and
their relationships to the tailings is another factor which tends
to isolate the tailings and mill areas from town life, population
centers, land usage, and consequently land values. The only ex-
ception would be the Cottonwood residential area which is located
between the creek and the tailings. This area reflects the pres-
erce of the tailings more than does any other location in the
Edgemont area, and development has been inhibited. Land values
in. Cottonwood would normally be less than those in Edgemont be-
cause the location is separated from Edgemont; access to the area
is only from the south and the area is adjacent to mill tailings
piles. Bare land close to town is valued ni. approximately $2,000/
acre and bare lots in town, without utilities, are available for
about $1,500, or approximately $8,700/ acre. Lots with utilities-have a market value of up to $5,000.

The presence of the Edgemont city sewage effluent pond just
east of the tailings also has some bearing on land values. No
one lives within about 1/4 mi of this installation. Were the
tailings not in the area, it is probable that this pond would have
been built in approximately the same location, and thus it is a
low land value area. The railroad and highway locations have as
great an impact on land values as do the tailings.

The average cost per acre of the mill and tailings area, when
purchased, was about $140/ acre. The market value at present would
be difficult to determine. If the site were left in a condition
suitable for unrestricted use, the total site area would have an
average estimated, market yhluc of approximately $1,500/ acre as
undeveloped land.i l)l

:
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f^)'( CHAPTER 5j

RECOVERY OF RESIDUAL VALUES

The principal purpose of this chapter is to address questions
such as:

(1) Do the tailings represent a future uranium
resource?

(2) Should the tailings be reprocessed before
stabilization?

(3) Is there any likelihood that once stabilized
the tailings would be disturbed again?

The feasibility of economic recovery at each millsite is a
function of:

(1) Total mineral recovery

(2) Reprocessing costs

(3) Market price-s

- 5.1 PROCESS ALTERNATIVES

Two alternative methods of treating uranium tailings to re- |

cover uranium are: (a) placing the tailings on a prepared pad
and heap leaching, and (b) treating in a conventional mill at
some . emote site.

5.1.1 Heap Leaching

In heap leaching, the mill tailings are placed on an imper-
meable pad for leaching with appropriate reagents. The pregnant

,

solution is collected in the pad drainage system and processed |

for uranium recovery. '

It is difficult to obtain optimum conditions for metal ex- |

traction in heap leaching, the uranium recovery using the heap '

leach method is only about 56% of a conventional mill operation, '

as shown in Figure 5-1.0) However, the construction costs of a
heap leaching facility are only about 60% of the costs for a con- !

ventional mill. The operating costs for a heap leach plant are |
also lower than for a conventional mill for plants of the size |
considered--500 to 5,000 tons / day.

|
!

l
i

,<-
(1)See end of chapter for references.
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The heap leaching site must be an acceptable tailings disposal |
site that can be readily stabilized and maintained, as discussed I

in Chapter 8, or must be adjacent to the tailingc disposal site. |
A heap leach site of about 10 acres of relatively flat ground j
would be required if the 436,000 tons of tailings from pond 7 were

;

to be leached and stabilized in place. The reprocessing site also ;

would require water and power. !

5.1.2 Treating in a New Mill at a Remote Site
|

For future milling of ore, TVA is presently evaluating seve- |
ral potential uranium millsites, one of which is at Burdock about

'

15 mi northwest of the present site. |

The capital cost of a new ore processing mill would be borne ;
'by the new ore being processed. The cost of retreating the tail-

ings would include reclaiming, transporting, mill operating, and
tailings disposal costs.

,

The advantage of the remote site would be the reduced envi-
ronmental impact of the mill and tailings piles. The disadvan-
tages of the new millsite would be increased mill capital cost at
an undeveloped site, and increased cost of transporting the tail-
ings to the new mill.

5.2 EDGEMONT RECOVERY ECONOMICS

The parameters discussed in this paragraph determine the
economic viability of reprocessing Edgemont uranium mill tailings
to recover residual mineral values. The major factor in evaluat-
ing recovery economics is the mineral content of the tailings,
which is calculated from the tonnage and composition of the tail-

ings5-1.I2)The tailings tonnage and composition are presented in TableFrom the data in Table 5-1, it can be seen that pond 7
has the second highest quantity of uranium and the highest quantity
of vanadium. Calculations of contained mineral values indicate
that the tailings in pond 7 would be the most economically feasible
for reprocessing; consequently, for the remainder of the reprocess-
ing economic evaluation, pond 7 data will be used and the Phase II-
Title I approach to recovery potential will be followed.

5.2.1 Recovery

The Edgemont tailings pond 7 consists of 270,000 dry tons or
436,000 wet tons of tailings containing 38.1% moisture. D) The
tailings in pond 7 contain 0.087 lb of insoluble U Og/ ton and3
2.25 lb of insoluble V 0 / ton of wet solids, and 0.077 lb of sol-25
ubilized U 0 / ton and 1.06 lb of solubilized V 0 / ton of wet solids,38 2 5
as determined from TVA analyses. Further sampling would be neces-
sary to verify these estimates. Additional sampling and analyses
of pond 7 tailings are being performed under the direction of TVA.
If the tailings are treated in a conventional mill it is conserva-
tively estimated that 95% of the soluble, and 40% of the insoluble

U03 8 would be recovered. In addition, approximately 65% of the

5-2
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( I soluble, and 15% of the insoluble V 02 5 would be recovered. Amena-\~ ! bility tests performed for TVA support recovery of these levels
for both uranium and vanadium. (2) Heap leach recovery is estimated
at 56% of conventional mill recovery as discus.ted in paragraph
5.1.1.

5.2.2 Reprocessing Costs

A range of operating costs for both heap leaching and conven-
'ional uranium mills as a function of plant capacity are shown in.

Figures 5-2 and 5-3. (1) Operating costs of a heap leach plant
range from $3.55 to $2.80/ ton of feed for a 500- to 5,000-ton / day
uranium mill, while operating costs for a conventional mill range
from $7.00 to $3.30/ ton of feed for a 500- to 5,000-ton / day uranium
mill. Additional reagents and facilities would be required to re-
cover vanadium, increasing the operating cost by 50% and the con-
struction cost by 25% for both heap leach and conventional mills.
The construction costs of a heap leach facility are obtained from
the lower range of Figure 5-4.

5.3 ASSESSMENT OF EDGEMONT MINERAL RECOVERY POTENTIAL

Using Figures 5-2 through 5-5 and the estimated mineral re-
covery, as discussed in paragraph 5.2.1, the breakdown of costs
of uranium recovery for the Edgemont tailings can be calculated,,s

t i as follows:

U038 Recov- Operating Construction Total Cost /lb
erable (lb) Costs ($M) Costs ($M) Cost ($M) ~($)

Heap
Leach 26,400 1.5" 2.7" 4.2 159

Mill at
Remote

D cSite 47,100 1.9 1.8 3.7 79
;

Additional Additional
V025 Recov- Operating Construction Total Cost /lb
erable (lb) Costs ($M) Costs ($M) Cost ($M) ($)

Heap
dLeach 210,000 0.75 1.06* 1.8 9

Conven- 0tional 447,000 0.95 0.95 2--

a d
For a 500-ton / day facility 50% of U 03 8 costs

/'' For a 2,000-ton / day facility *25% of U 0 costs

(~ '\
c 38

) Reclaiming costs plus transportation
costs of $0.10/ ton /mi for 15 mi
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9lUsing the Phase II approach for the economic evaluation of |

Ireprocessing Edgemont tailings, it can be seen that none of the
two proposed options are presently economically feasible even |
when the reprocessing of only pond 7 is considered. The lowest |
cost for reprocessing appears to be $79/lb of U 038 in the remote l

site approach. This value is based on current dollars and in- !

eludes no interest costs, inflation costs, nor allowance for i

profit. If vanadium were recovered, the reprocessing cost would
be further reduced to an equivalent of $68/lb of U308 While it 1

is always possible that the uranium price may increase or techno- i

logical improvements may be developed to decrease the reprocessing
costs, the present Phase II-type estimation indicates that it is
not economically feasible to reprocess the tailings at this time.

TVA is currently assessing the possibility of reprocessing
the Edgemont tailings using a more detailed approach. With the
Phase II-Title I method of evaluation, cost-per-pound is margin-
ally uneconomic. A more detailed evaluation might indicate that
the tailings can be reprocessed economically.(2)

O

9
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[ \ TABLE 5-1 I

\s_/ I

MINERAL CONTENT BY TAILINGS POND / PILE
I

)

Mineral Mineral Content
2Composition

,

Pond Dry Tonnagel(tons)'

%U 0g %V 0 U03 25 3 8(lb) V02 5(lb) i
l

{

i 1 91,000 0.009 0.170 16,500 312,000

|
2 398,300 0.010 0.062 79,700 494,000

3 101,300 0.0103 0.3743 20,300 758,000

| 4 0 -- -- -- --

||

|
,

'

between 52,700 0.003 0.025 3,200 26,000 |4& 7 '

7 270,000 0.013 0.216 70,200 891,000

| 8 109,400 0.003 0.180 6,600 394,000 |/"' .|

(N)
i

9 75,000 0.001 0.029 1,500 43,500

10 0 -- -- -- --

L

Area A 275,000 0.007 0.022 38,500 121,000

f

lEstimated from volume estimates using average density of,

| 100 lb/ft3,

20btained from a composite of grab samples unless noted.

|
;

!

!
,

|

|

( -) ,
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( CHAPTER 6

MILL TAILINGS RECLAMATION

|

Remedial actions involve long-term storage of tailings,| and
require an adequate reclamation program to prevent the spread of
radioactive materials into the environment. Of the NRC perfor-
mance objectives for tailings management, only those listed below
are applicable to the Edgemont site. Objectives (5), (6), and (7)
below could be met by physical stabilization at the present site.
If the tailings and other contaminated materials were moved to a
new location, objectives (1) through (7) could be met.

<

(1) Locate the tailings isolation area, remote from
ipeople, so that population exposures will be

reduced to the maximum extent reasonably achievable.;

!

(2) Locate the tailings isolation area so that dis-
! ruption and dispersion by natural forces are
| eliminated or reduced to the maximum extent reason- |

ably achievable.

i

g\ (3) Design the isolation area so that seepage of toxic
\m,) materials into the ground water system will be,

eliminated or reduced to the maximum extent reason-
ably achievable.t

|

; (5) Reduce direct gamma radiation from the impoundment
'

area to essentially background.

(6) Reduce the radon exhalation rate from the impound-
ment area to about twice the exhalation rate in the,

| the surrounding environs.

(7) Eliminate the need for ongoing monitoring and
maintenance program following successful reclama-
tion.

6.1 PREVENTION OF WIND AND WATER EROSION

Wind and water erosion of the tailings can be prevented by
'

physical stabilization with various types of cover materials.
Vegetative stabilization aids in preventing erosion of the cover
materials.

6.1.1 Chemical Stabilization of the Surface

This process involves applying chemicals to the surface of
the tailings to form a water- and wind-resistant crust. Chemical/''N stabilizers have been used successfully as a temporary protection

,

I

|
! 6-1
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;

1

!

| on portions of dikes and tailings ponds which have dried and be-
come dusty, and in areas where water shortage or chemical imbal-
ance in the tailings prevents the use of cover vegetation. Chem-
ical surface stabilizers, however, are susceptible to physical
breakup and gradual degradation and will not meet the long-term
requirements for stabilizing the Edgemont tailings piles.

Other complications also can arise in achieving satisfactory
chemical stabilization in that the surfaces of tailings piles I

seldom are homogeneous, and variables such as particle size and

moisturecontentg{fectthe.bondingcharacteristicsofthechemi- J

cal stabilizers.I
INTests were conducted by the Bureau of Mines using certain

chemicals (e . g . Compound SP-400 Soil Gard, and DCA-70 elastomeric
polymers) on both acidic and alkaline uranium tailings. Subse-
quently, the chemicals DCA-70 and calcium lignosulfonate were
applied to the surfaces of the inactive uranium tailings ponds
and dikes at Tuba City, Arizona, in May 1968, because low moisture
conditions and high costs prohibited vegetative or physical stabi-
lization. After 4 yr, approximately 40% of the dike surface
showed disruption while the crust in pond areas was affected to
a lesser extent. The major disruptions were attributed to initial
penetration of the stabilizer by physical means such as vehicles,
people, or animals crossing the tailings surface.

In 1969, a portion of the Vitro tailings at Salt Lake City,
Utah, was sprayed with tarlike material as a Bureau of Mines ex-
periment to achieve surface stabilization and to reduce wind ero-
sion. The attempt was unsuccessful because the material decom-
posed and the tailings were exposed within 2 to 3 yr.

Since no chemical sealant has been used successfully to sta-
bilize uranium tailings for more than a few years, this method
has not been considered in the various stabilization alternatives
presented in Chapter 9.

6.1.2 Complete Chemical Stabilization

This process, which has been used in other mineral industry
operations, involves the addition of chemicals in sufficient quan-
tities to a slurry to produce a chemical reaction which solidifies
the slurry. Chemicals may be added in two ways: to a slurry
pipeline, and in situ. The in situ method of stabilization is
relatively new and extensive research is required in each indi-
vidual situation to define the optimum chemical addition to pro-
duce the desired results.

One of the featurer claimed for this stabilization method is
that all pollutant chemicals are locked in the solidified slurry
and chemicals cannot be leached from the solid.

f (1)See end of chapter for references. ;
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,

,) The cost of this stabilization method is expensive for the
chemicals alone. A cover material, such as gravel, would be re-
quired to protect the solidified slurry from wind and water ero-

; sion. It is not known whether vegetation can be established after
;topsoil and other soil cover have been spread over the solidified

slurry. This probably would be a function of the specific chemi-
cal makeup of the solidified slurry and would require research to '

i

identify the conditions under which vegetation could thrive.
6.1.3 Physical Stabilization'

i Physical stabilization consists of isolating the contained
;material from wind and water erosion by covering the radioactive.
'

; materials with some type of resistant material (e.g. rock, soil, '
' smelter slag, broken concrete, asphalt, etc.). A stabilization

cover should also reduce radon exhalation flux and gamma radia-3

tion, and prevent leaching of radioactive materials from the tail-
i ings due to precipitation on the pile. Thin covers of concrete

or asphaltic materials have been shown to break down over rela- ?

,

tively short periods of time; and starting within a few years >

after application, continuing maintenance is required. A concrete '

covering sufficiently thick and properly reinforced would be rela-
tively permanent and maintenance-free, but the cost would be pro- -

hibitive for large areas.

In some arid regions, where the potential for successful
vegetation stabilization is slight, physical stabilization using,

combinations of pit-run sand and gravel, soil, and riprap has
been successful in preventing wind and water erosion of uranium
tailings. An important component of physical stabilization is
the proper treatment of the finished surface by such means as
contour-grading and the terracing to reduce water erosion. Such

,

treatments can reduce greatly long-term maintenance costs.

At the time of the Edgemont field survey, cover material was
being taken from an area south of pond 10 and placed on pond 4,
on an area between pond 4 and 7, and on the east edge of pond 7
to a depth of about 3 ft. Pond 9 was stabilized in 1976 and is
discussed further in paragraph 6.1.4.

6.1.4 Vegetative Stabilization

This method involves the establishment of vegetative cover
on the tailings or on a growing medium placed over the tailings.

There are species of plants which are self-regenerating and
require little or no maintenance after growth becomes established.
Vegetation can surv_ive providing that:

(a) Evapotranspiration is not excessive

' (b) Landscapes are properly shaped i

N.
,

4
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i

i9;(c) Nontoxic soil mediums capable of holding moisture
are provided

! (d) Irrigation and fertilization appropriate to the
area are applied

(e) Proper selection of plants conducive to self-
regeneration under conditions anticipated over a i
long time i

Generally, establishing the growth of vegetation at sites !receiving less than 10 in. of annual precipitation and with high ;
evapotranspiration rates requires irrigation and fertilization. j
At Edgemont, precipitation averages about 14 in. annually and 1

appears capable of supporting vegetation. l

Pond 9 at Edgemont was stabilized with 3 ft of weathered
shale in 1976. Since that time a good vegetative cover has been
established. The soil cover has reduced gamma radiation to near
background rates and has reduced radon exhalation by an esti-
mated 50%.

One potential problem in the use of vegetative stabilization
is the possibility of pickup of radioactive elements by the
plants. The effect of this mechanism is addressed in Chapter 3.
6.2 PREVENTION OF LEACHING

Leaching into underground aquifers is one of the several
pathways that chemicals and radioactive materials might take into
the environment. The techniques which could be employed to con-
trol leaching from tailings piles include the following:

(a) Employ chemical stabilization to prevent leaching
into underground aquifers.

(b) Physically compact the tailings to reduce the per-
colation of water through the materials.

(c) Contour the tailings surface, then employ appro-
priate chemicals to seal the surface, thus pre-
venting water from penetration and destabilizing
the tailings.

(d) For a new site, line the storage area with an
impermeable membrane (bentonitic clays and various
plastic materials commonly are used for this pur-
pose). Placement of dry tailings above the water
table and below a cover layer, which prevents
collection of runoff, may obviate the need for a
lining in the storage area.

The current NRC performance objectives for tailings manage-
ment address the prevention of leaching. Recent uranium mill

6-4
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' '( licenses have included provisions for an impermeable barrier''

beneath new tailings ponds, most commonly, a compacted clay liner.
This approach is applicable to the Edgemont tailings if they are
moved to a new site.

6.3 REDUCTION OF RADON EXHALATION

The NRC performance objectives for uranium tailings manage-
ment include a provision for reducing the radon exhalation rate
in the tailings impoundment area to about twice the exhalation
rate in the surrounding environs in the post-operational period.
At present, little experimental data on the effective diffusion
coefficients for radon in various types of cover material of

1practical interest are available. However, for the purposes of !this assessment effective diffusion coefficients have been esti- I

mated, and are used consistently in the alternatives, facilitating
intercomparison.

Radon exhalation from uranium tailings may be reduced by !

1

covering the tailings with an impermeable cover, by increasing |the diffusion path with ordinary soils such that the radon decays !to a nongaseous state before reaching the surface, or by using
dense materials with smaller diffusion coefficients to reduce thethickness of cover mat (rial required. Reducing the amount of
radium in the tailings also would reduce radon exhalation, but

/ this poses additional technological problems in radium recovery
( and radioactive waste disposal.

_

From simplified diffusion theory estimates, about 13 ft of
dry soil (2,3) are needed to reduce radon flux by 95%, but only
a few feet of soil are needed if a high moisture content is main-
tained in the cover material. Effective diffusion coefficients
recently employed (4) for radon diffusion in dry soil commonly ;available for stabilization cover and in moist clay are 1.2 x '

10-2 and 6.6 x 10-4 cm2/s, respectively. Where clay is expensive
because of' low availablilty in the vicinity, it is possible to
use combinations of materials such as layers of clay and soil.
Economic tradeoffs can be calculated to determine the optimum
thicknesses of the cover layers necessary to achieve the desired
radon flux reduction at the least overall cost for materials and
earthmoving operations.

!

6.4 REDUCTION OF GAMMA RADIATION

A few feet of cover material are sufficient to reduce gamma
radiation to acceptable levels. Three feet of cover reduce the
gamma radiation from the tailings by nearly three orders of mag- ,

nitude.(5,6) Therefore, the 3 ft of average cover thickness now
| being placed on some of the tailings areas by the TVA should be
j sufficient to reduce even the highest gamma radiation levels on
i site to near background levels.
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6.5 ASSESSMENT OF APPLICABILITY

None of the methods used thus far to stabilize uranium tail-
ings sites has been a totally satisfactory solution to uranium
tailings radiation problems. It is believed that recently author-
ized stabilization methods will result in acceptable tailings
management programs. These methods involve such techniques es
encapsulation of the tailings in compacted clay liners and c :ps
plus addition of soil cover. The objective would be to reduce
gamma radiation to background, reduce radon exhalation to'twice |
the background flux, and reduce or eliminate seepage of toxic
materials from the tailings.

i
The alternative remedial actions in Chapter 9 that include |

long-term storage of the tailings at the Edgemont site also in- !

clude provision for covering the tailings with a compacted clay
cap plus additional soil cover to meet the NRC performance objec- !

tives with regard to reduction of gamma radiation and radon flux l
from the tailings. The tailings are now located on relatively

,

lou permeability shale, and downward seepage is small as confirmed )
by the hydrological slug injection tests in wells around the tail-
ings ponds and piles. Additional remedial action will be neces-
sary along the west side of pond 7. The tailings might be located i

elsewhere on the site or replaced in the same location after chem- 1

ical fixation and/or within improved diking. Also, diking improve- |

ments will be required for protection of some of the other tailings
areas from erosion.

O
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\v/ CHAPTER 7

OFF-SITE RF".EDIAI. ACTION
1

Another objective of this engineering assessment is to esti-
mate the costs of appropriate remedial action at those structures
and land areas off site where tailings are located, based upon
the Surgeon General's guidelines.

Some tailings have been transported off the site by indi- :
viduals, others by wind and water erosion.

7.1 DATA SOURCES
,

,

A mobile scanning unit, operated by the AEC under interagency
agreement for the EPA, conducted a scanning survey in the Edgemont,
South Dakota area in 1971. In 1972, field survey teams, consist-
ing of personnel from the EPA and the State of South Dakota, per-
formednation (gamma-screeming surveys of locations suspected of contami-1) reported in the 1971 scanning survey. Fifty-six loca- |

,

tions were surveyed by the field teams.

The gamma survey and soil analyses were the data sources j
used for consideration of the remedial action for open land areas.,_

'
) 7.2 REMEDIAL ACTION FOR STRUCTURES

[ Uranium tailings were found under or within 10 ft of struc-
| tures at 25 locations in Edgemont and at 1 location in Provo. At
! 18 other locations in the two communities, tailings were found
I more than 10 ft from structures or on vacant land. Possible tail- '

ings use locations are included herein, although the radioactive;

i materials were not identified as tailings.

An extended series of measurements, such as required in the
full application of the Grand Junction remedial action criteria,
might modify the actual number of locations included in the reme-
dial action. The locations at which tailings are on vacant lands

| or are greater than 10 ft from structures could constitute a
' problem in the future. Remedial action costs for this category |

are not included in this assessment because they are not covered
under the Grand Junction remedial action criteria.;

The presence of ore was identified at several locations, but
these locations were not given further consideration in this study.

The average cost of remedial action at off-site structures I

in Grand Junction where tailings were found under or within 10 fti

[' ' (1)See end of chapter for references.
*

g
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of the structures is about $13,000. This figure is considered to '

be higher than the eventual overall average because the locations
,

with tailings under the structures or with extensive use of tail-
ings were remedied early in the program to reduce exposure to the
occupants. In the Phase II - Title I DOE program, an average of
$8,000 per location was used where a relatively large number of
structures was involved covering a range of tailings use. If

,

|
only a few locations were involved, this average was adjusted ;

based upon review of the individual radiological survey results. |
Also, not all locations will qualify for remedial action after
the required series of measuremects are made. '

For the 26 locations identified in Edgement and Provo, a
cost of $200,000 has been estimated for remedial action. This
cost is not included in the costs of the remedial action alter- ,

natives in Chapter 9. !

7.3 REMEDIAL ACTION FOR OPEN LANDS
I

The extent of windblown tailings is indicated by data in
Figure 3-9, Chapter 3. Decontamina tion of windblown tailings

,

|
consists of removing the contaminated soil and returning it to !

the tailings piles. The Phase II criteria state that the area i

for windblown soil removal is determined by residual radium con- |
centration in the soil of no more than twice background radium '

concentration in the vicinity. All areas could be decontaminated
by moving an average of 4 in, of soil, gravel roads, etc. After '

decontamination, the affected areas would be restored with addi-
tional clean material and vegetation would be reestablished.

The estimated cost for off-pile decontamination of open
lands for the Edgemont site is $50,000 without engineering costs
and contingency. These costs are not included in the remedial
action costs in Chapter 9.

|

1

0
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TAILINGS DISPOSAL SITE ALTERNATIVES

| In several of the alternative remedial actions considered inthis assessment, the tailings would be moved to an alternate site
isolated from the populace. For convenience, alternate storage ;
sites for tailings are referred to in this report as disposal
sites.

8.1 CRITERIA FOR TAILINGS DISPOSAL

Possible alternative sites for disposal of tailings were
sought and identified that could meet the NRC performance objec-
tives for storage of radioactive tailings. Sixteen disposal sites
were considered and each was visited and examined closely. Of
these, four sites were selected for cost estimate studies; they
are presented herein as alternatives. These locations are con-sidered in Alternatives III through VI. Table 8-1 contains thename of each alternate disposal site studied and the distances
from the Edgemont site. Figure 8-1 shows the locations of the
four proposed disposal sites. Table 8-2 shows the soil character-
istics of three of the sites. The soil types are defined in Fig-
ure 8-2.,_

,

( Twelve of the 16 sites were omitted as alternatives prima ,ry '

'

because of inadequate site configuration, the possibility of en-
croachment on the site, the value of the site for other purposes,
the adverse surface hydrology (too much upslope drainage), and the
scarcity of suitable earth for use as stabilization cover.

>

Each of the four alternative sites was evaluated on the basis
of hydrology, meteorology, geology, ecology, and economics. The
evaluations consisted of literature surveys and on-site investiga-
tions, including boring and soil tests. Assessments of the hydro-
logic and meteorologic conditions were centered on such factors
as wind and water erosion, orientation to weathering by the pre-
vailing winds, water contamination, flooding, drainage basin con-
figuration, subsurface and surface drainage, and natural storage
basin features. The geologic examination addressed stability i

problems and soil characteristics, such as evidence of slides and
faults, and types of unconsolidated and bedrock materials. The
ecological study included evaluation of land use potential, con-
sideration of animal habitats, proximity to population centers,
and aesthetic considerations. Economic considerations included
preliminary estimates of support facilities such as highways, dis-
tance from the site, and the extent of site preparation and long-
term maintenance required at the dir.posal sites. A railroad line
runs alongside the Edgemont site and branches in both northeast
and northwest directions. Consequently, rail haulage of the tail-

i f-'s ings and locc ion of storage sites near rail facilities were con-
! sidered. Private, state, and federal lands were included in search-
\s ing for acceptable alternate sites.

I8-1 |
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Three of the four sites are located on privately owned lands,
and one is on public land currently administered by the U.S. ;

Bureau of Land Management (BLM).

8.2 GENERAL DESCRIPTION OF ALTERNATE DISPOSAL SITE AREAS |

The area within a 15-mi redius surrounding the Edgemont site
was researched for possible alternate storage site locations. !

Considered were items such as haul routes, haul methods to be
,

used, and haul distance. The configuration of the specific poten- I
'

tial site was evaluated along with the availability of suitable
stabilization cover and storage dike or dam materials. The orien-
tation with respect to sun, wind, and upslope drainage was also a
factor in the selection.

i

Several possible sites were located that could be adapted as i
alternate disposal sites for the tailings within the Cheyenne
River Valley and some of its tributaries, which include Cottonwood |
Creek, Red Canyon Creek, and numerous unnamed draws and washes. |
Locations at the head of washes which had horseshoe-type basins |

or configurations were sought so that dams or dikes easily could ,

be constructed to form storage basins. Locations were sought I

which would enable the objectives outlined in Chapter 6 to be met.

Populated areas or areas where population growth appears
likely were eliminated from site consideration. Also eliminated
was land used for farming or with farming or irrigation potential.

The topography of the area provided locations where sharp
breaks in slope, and thus drainage direction changes, occurred.
Thus, some potential storage sites were steep and others were more
gradual. There are several locations within reasonable and eco-
nomical haul distances of the Edgemont site which could be adapted
into excellent disposal sites.

If a new mill were built approximately 12 mi northwest of
the existing mill, then additional tailings storage area could be
provided there. For example, at one such location, within 1 mi
of a potential millsite, pond areas could be developed with suffi-
cient volume capacity to contain the new tailings production and
the existing tailings. However, there are several disposal loca-
tions which are closer to the existing Edgemont tailings that
would offer storage at a lower cost and would have more favorable
storage conditions than at a location close to the new mine
area.

The suggested disposal sites are all similar. They are lo-
cated at the head of drainage areas in naturally formed horseshoe-
shaped depressions or ravines. The sites have little or no evi-
dence of heavy recent wind or water erosion. Access to the sites
would be primarily over dirt, paved, or graveled public roads.
At some sites, haul roads would need to be constructed. Where
dirt roads would be traversed by trucks carrying tailings, the
estimates involve the construction of a gravel-based surface suf-
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j/ ficient'to handle the heavy loads and traffic. Dust control costsalso are included, but no costs for repairs or for maintenance
of public roads are included. Transportation, site preparation,
and maintenance costs are discussed fully in Chapter 9.

!

8.3 DESCRIPTIONS OF SPECIFIC ALTERNATE DISPOSAL SITES

Site names are based upon their locations in a certain sec-
tion of the USGS Quadrant Map in which the site is located. ,

:
8.3.1 East Section 18, Edgemont (Site 2)

This site is located 2.5 mi south and slightly east of the
Edgemont mill. It is within a 120-acre, "L-shaped" parcel of
vacant public domain land which is under the jurisdiction of the
BLM. Currently the property is leased for grazing purposes.
The site is bounded on the east by an unpaved, unnumbered county
township road. This road runs from Edgemont (and the southern
extreme of the Edgemont tailings area) in a southeasterly direc-
tion, and it serves the ranches southeast of Edgemont and east
of the Igloo /Provo area. No more than six or seven vehicles per
day pass over that road. The portion of the site suggested as
a disposal location is at the head of an intermittent drainage
basin. From this basin drainage eventually flows eastward into

,- the Cheyenne River. The configuration of the basin is a natural
' horseshoe-shaped area that opens to the east. On the north andk ,/ west of the high part of the site, the downward slopes will allow '

precipitation to drain into Cottonwood Creek.
1

{
l About 50 acres of the site could be used for tailings dispos- i

al and dike construction. There are two natural abutments on the
site which would form the extreme ends of a containment dike to !

;

| be constructed. There are no structures on the site, and appar- i
; ently it has been used for occasional grazing. Vegetation, which !'

covers about 80% of the site, consists mostly of grasses and sage-
|brush; there are no trees. There is about a 120-ft difference '

in elevation between the county road and the highest point on the
| site. Therefore, the elevation at the base of the dike would be
| about 3,720 ft above sea level. Downslope from the low point of' the site, there is a water storage reservoir of about 0.25 acre

that is being used for livestock watering. The closest residence
to the site is a ranch house, about 1.5 mi to the southeast. A
barbed-wire fence is installed along the east side of the site

!just west of the road. No population growth is projected for the
area that would infringe upon the site. Exposure of the site
would be to the east, offering ideal conditions for revegetative
processes to occur on a stabilized storage pile in that location.

;

'

Soil cover at the site consists of about 6 in. to 2 ft of
a brown, fine-grained, silty clay topsoil with less than 15% sand

i

and gravel, as shown on Table 8-2 The topsoil is damp, and it j

['' contains roots down to about 8 in. From a depth of about 2 to 4

Q ft a light-brown silty clay exists. A trace of sand, calcareous
!

,

i
,

|
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concretions and shale fragments exist near the base, but no gravel
exists. Both the topsoil and the underlying layer have liquid
limits near 45, but the underlying layer has a higher (96%) con-
centration of silt-clay compared with 86% for the topsoil. The
third soil layer at the site consists of a brown, highly weathered
upper zone of shale bedrock strata. This layer contains the high-
est (98%) silt-clay ratio and extends to a depth of about 5 ft.
A maximum dry density of 106.8 lb/ft3 was obtained for that layer.

Bedrock of the site consists of the Greenhorn limestone for-
mation and the underlying Belle Fourche and Mowry shales, all of
which are of mid-Cretaceous age.(1) See Figure 2-9 for the strat-
igraphic section. The sediments are nearly flat-lying with a
gentle dip of between 1 to 5 deg to the south. No fractures
(faults or joints) are reported in the vicinity. Erosion was ob-
served to be moderately high on the exposed limestone and shale
outcrops. Permeability of the fine-grained sediments at the site
could be expected to be low, especially at the perched flow weath-
ered zone at the soil-bedrock interface. Migration rates and
flow velocities probably are minimal.

Concentrations of 226 a, 230Th and 210Pb in soil samples fromR
the sites are shown in Table 8-3.

8.3.2 Northwest Section 14, Edgemont (Site 6)

This site is located 5.3 mi northwest of Edgemont, on the
east side of an unnumbered county township road (commonly called
Road 10) which generally parallels the Cheyenne River and the
tracks of the Burlington-Northern Railroad (BNRR) as both head
northwest from Edgemont. The site is located 1 mi south of Break-
neck Hill, which is on private property and on land where the TVA
has leased the mineral rights.

Approximately 60 acres would be required for tailings dispos-
al and dike construction. At this location, there has been a
break in surface contours; the net result is that the proposed
site is at the very head of a drainage basin from which an inter-
mittent stream drains northwesterly into the Cheyenne River. The
basin is a natural " sink" and would require a dike to extend
across the downhill side of the basin in a northeasterly-to-south-
westerly direction. There are no structures on the site and it ,

is used for intermittent grazing. Vegetation, which covers about '

90% of the site, consists mainly of grasses and low sage, with
no trees or bushes. The base of the containment dike would be
at an elevation of approximately 3,590 ft above sea level. The
road which passes near the site is a graveled surface road serving

I

(1)See end of chapter for references.
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,/ ranch and railroad areas northwest of Edgemont. The road is fre-

iquently used with about 60 vehicles (including school buses) pass- !

ing the site per day. The closest residence to the site is 2.5
mi to the southeast. The site is enclosed with three-strand barbedwire fencing attached to wooden posts. Exposure of the site would
be to the northwest. Access for hauling and depositing the tail-
ings would be very convenient since the site is not only adjacent
to the road, but approximately halfway between the Edgemont mill
and the old open-pit mine area.

Soil cover at the site consists of medium-brown silty clay
topsoi), moist with roots down to about 1 ft. The topsoil con-
tains 80% silt-clay, about 12% sand, and 8% gravel. The maximum
dry density was measured at 99.1 lb/ft3, with an optimum moisture
content of 22%. Table 8-2 shows the soil characteristics in rela-
tion to soil conditions at the other alternate sites. The soil
immediately beneath the topsoil also is classified as a silty claywith like characteristics to a depth of about 6 ft. The shalebedrock can be found at depths varying across the site from 1 to
about 8 ft, depending upon the amount of erosion and/or sediment
deposition. The upper surface of the shale is weathered to about
6 in. and contains calcareous deposits. The shale is highly fis-
sile and can easily be parted along the planes of foliation when
compression is removed.

Os Bedrock of the site consists of the Belle Fourche shale of
mid-Cretaceous age, as shown in Figure 2-7. The nearly flat-lying
sediments dip in a southerly direction at about 5 deg. No frac-
tures (fault or joints) occur within the upper bedrock. The New
Castle limestone should lie immediately beneath the shale, but
it is reported missing from the section at this locality, as is
the remainder of the lower Cretaceous sediments. Sediments of
the Jurassic age apparently underlie the Belle Fourche formation
in this area. Permeabilities at the site probably would be low
with limited migration rates and low flow velocities due to the
fine-grained nature of the soils and the flat-lying sediments.
8.3.3 Southeast Section 11, Burdock (Site 7)

This site is located 10.6 mi northwest of the Edgemont mill,
about 0.75 mi northeast of the location where the county township
road (commonly called Road 10) from Edgemont crosses north over
the BNRR tracks south of the old Burdock station. The site is
at an elevation of 3,680 ft above sea level and is in the general
vicinity of where the TVA has considered the development of an
underground mine. The site is on privately owned land of which
the mineral rights have been leased by the TVA. The use of the
site for a tailings disposal area would require at least 70 acres,
and would necessitate the construction of at least three dikes or
dams. The land is used for grazing and has only a thin ground cov-
er of grasses and sage, without trees or bushes. The site is at[''T the head of a drainage basin from which drainage flows south, then

( ) eventually west into the Cheyenne River. There are no structures
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; on the site, except the wooden remains of an old shallow water
I pump system and several pipe stubs protruding from the ground
| where wells once existed, or where attempts were made to locate

wells. The closest residence to the site is a ranch house, ap-
proximately 2 mi directly south of the site. There is a small
cattle-watering pond at the extreme low elevation of the site.
This pond is about 0.17 acre in size, and is in the drainage pat-
tern beginning at the head of the site. Access to the site from
the county road is over an unimproved dirt road which now is being
used by uranium exploration crews.

Soils at this site consist of about 2 ft of a medium-brown
clayey silt (CL-ML) topsoil with some thin calcareous stringers
and roots extending down to about 1 ft. The topsoil contains 90%
silt-clay and approximately 10% fine sand, as is shown on Table
8-2. Immediately underlying the topsoil to a depth of about 8.5
ft is a light-brown sandy silt (ML) containing 75% silt-clay and
25% fine sand. A maximum dry density is estimated at 100 lb/ft3,
with an optimum moisture content near 15%. The soils are under-
lain by a fine-grained gray shale decomposed at the surface to
about 6 in. The shale is very friable, dry, and contains thin
fine sand seams.

Bedrock at the site is of Cretaceous age, with either the
Belle Fourche or Skull Creek shale exposed at the surface under-
lain by the Fall River sandstone and Dakota formation. (1) No
major fractures (faults or joint sets) are reported within the
site. Some sandstone dikes have been located in nearby valleys
but have not been traced through the site., Permeabilities can be
expected to be low in the soils and weathered shale zones of the
site. Shales could have fairly high permeabilities along partings, I

but vertical flow would be minimal. Flow velocities can be ex- :
'

pected to be low except where shales are highly disturbed.

Data also were collected on a potential tailings storage site
located immediately to the southwest of the site in an adjacent {
valley. Site 16, in the northeast corner of Section 15, is a

,

location that might serve as a potential disposal site for future |
tailings if a new mill facility were located nearby. Soil analy-
sis data are shown on Table 8-2 for the samples taken across the
site. Conditions were found to be similar to those of site 7 but

1
samples exhibited higher percentages of the silt-clay fraction |

and less sand. These conditions would indicate even lower perme- )
abilities. However, at the back-hoe test pit excavated in the
center of the site drainage pattern, ground water seepage was en-
countered in the upper shale zone.

8.3.4 North Section 1, Burdock (Site 8)

This site is located 12.4 mi northwest of Edgemont. It is I
bounded on the north by the line separating Fall River County
from Custer County, and on the north and east by the Harney
National Forest. This location was the source of much of the
uranium ore that was fed to the Edgemont mill, and is a large

,

l
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( "'/ open-pit mine area. In the vicinity there are three large open-

pit mines. Either Darrow pit No. 1 and 3 or pit No. 5 could be
used as a disposal location. The pits vary in depth up to 75
ft, and are ringed by piles of the overburden which was removed
to mine the ore. There is only sparse vegetation in the pits or
on their side slopes, and water erosion has created many gullies
on the side slopes. There are no structures on the site, and the
closest residence is a ranch house about 1.8 mi west from the
site. The elevation at the bottom of the pits is approximately
3,840 ft above sea level. Access into the bottoms of the pits
could easily be developed by regrading the former ore-hauling
routes.

The bedrock at the site of the two abandoned open-pits is
reported as consisting of sedimentary formations of lower Creta-
ceous age. (1) Although a detailed study was not made, it is be-
lieved from field observations, reference research, and information
provided by the TVA that the formations existing at the site in
descending order are the Skull Creek shale, Fall River sandstone,
and the Fuson shales of the Lakota formation. The sediments are
primarily interbedded black to light grey marine shales, sandstone,
and limestones. Bedding is near horizontal with a projected strike
of north-northwest and a dip angle less than 5 deg to the south.

Fractures at right angles to the bedding planes were observeds,

to be sparse and scattered. Partings within the shale layers
along foliation planes were common. No major faults were reported
within the immediate pit areas.

Erosion of the pit walls was observed to be moderate to high,
especially where the softer shale sediments were exposed. The
pit bottoms were partially filled with erosional wash and debris i
from scaling and slough. Water which had originated from a recent
storm runoff was found ponded in the lower elevations of the pit
bottoms. No ground water seeps nor evidence of major flow zones
were noticed although some of the sandstone layers contained iron
precipitate deposits indicating historic or intermittent ground
water flow.

Relative permeability of the individual formations with re-
spect to outward migration of seepage from the pits was not deter-
mined. However, seepage could occur within the sandstones and
highly fissile shales or along bedding planes.

8.4 RETURN TO ORIGINAL MINE SOURCES

The return of tailings to each mine from which the ores were
initially obtained is impractical. The ore refined at the Edgemont
plant came from many mines scattered over a wide area. These mines
(some active and others potentially active) are held by many own-
ers and are not available for long-term storage. The last main') source of ore for the Edgemont mill was from an open-pit mine ap-,

'') proximately 12.4 mi northeast of the mill; this area is included: ,

! an a possible long-term storage site.
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TABLE 8-1

SITES EVALUATED FOR DISPOSAL OF EDGEMONT TAILINGS
_

Miles from
Alternative Edgemont

Site No. No. Pile Site Namea

1 0.75 E Section 6, Edgemont
b2 III 2.5 E Section 18, Edgemont

t

3 2.15 W Section 18, Edgemont
4 3.4 E Section 3, Edgemont
5 7.0 S Section 6, Edgemont SW |
b

6 IV 5.3 NW Section 14, Edgemont
b i

7 V 10.6 SW Section 11, Burdock

8 VI 12.4 N Section 1, Burdock

9 2.95 W Section 2, Edgemont
10 5.5 E Side Route 52 (Provo) !

11 5.15 NW Section 20, Edgemont
|12 5.45 E Section 18, Edgemont

13 4.25 NE Section 23, Edgemont
14 10.25 Igloo Area

15 9.5 SW Section 20, Burdock

16 10.6 NE Section 15, Burdock

i

a
Name is derived from the site's location in various section |

numbers of the USGS quad maps of the Edgemont and surrounding
!areas. !

Sites included as alternatives in Chapter 9, remedial actions,
i
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TABLE 8-2

SOIL CHARACTERISTICS AT ALTERNATE DISPOSAL SITES

SITE No. 2 SITE No. 6 SITE No. 7 SITE No. 16*
Parameter E Sec 18 EDG NW Sec 14 EDG SW Sec 11 BUR NE Sec 15 BUR

Surf A B Surf A B Surf A B Surf A B

Silt-clay (%) 86 96 98 80 80 -- 90 75 -- 86 97 97

Clay (% est)a 73 52 39 40 40 -- 28 20 -- 73 45 73

Sand 6 4 2 12 12 -- 10 25 -- 6 3 3

Gravel 8 0 0 8 8 -- 0 0 -- 8 0 0

Thickness (ft) 2 2 0.5 1 2-6 -- 2 6.5 -- 2 3 6
Depth (ft) (0-2) (2-4) (4-4. 5) (0-1) (1-8) -- (0-2) (2-8,5)-- (0-2) (2-5) (5-11. 0)

y Liquid limitb 45 46 -- -- -- -- -- -- -- 53 65 63

Soil typeh CH CH CH CL CL -- CL-ML ML -- CH CH CH-MH

dMaximum dry -- -- 106.8 99.1 99.1 -- -- -- -- -- -- 96.4d3density (lb/ f )

Optimum moist -- -- 17.4 22.0 22.0 -- -- -- -- -- -- 21.0
content (%)

Underlying -- -- e -- -- e -- -- e -- -- e
bedrockc

Notes: " Percent clay in SL-CL fraction cFrom USGS/TVA reference materialb dSee Figure 8-2 (unified soil classification Test on shale
chart) eShale

Surf-A-B denote soil layers. *Not included as an alternative

Source of data: Reference 2
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\s-) TABLE 8-3

RADIONUCLIDE CONCENTRATIONS IN SOIL
FROM ALTERNATE DISPOSAL SITES

.

i

Site Ra Th PbNo. Sample pCi/g pCi/g pCi/g

2 H Topsoil 0.94 0.07 1.61 0.09 0.15+0.07
I Subsoil 1.5-5 ft 0.73 0.06 0.43 0.05 3.19 0.39J Bedrock 6-7 ft 3.02 0.20 1.54 0.08 3.30 0.20

.

6 L Topsoil 0.64 0.08 0.25 0.02 1.87 0.12 *

M Weathered shale 0.66 0.05 0.73 0.07 2.08 0.12N Shaly subsurface 1.43!0.22 0.96 0.08 0.88 0.30

7 F Clay & sand partings 0.42 0.06 0.51 0.09 0.90 0.14G Fine sands with 1.91 0.15 0.36 0.05 5.21 1.79
occasional clays

16* A Topsoil 0-2 ft 0.96 0.11 0.53 0.08 0.04 0.01B Clays 2-4 ft 1.36 0.10 0.35 0.07 0.79i0.35(''N C Shale 4-4.5'ft 2.36 0.21 0.47 0.05 0.23 0.08
( } D Chipped shales 0.92 0.08 0.22 0.03 3.11 0.48

*Not included as an alternative. Site 8 was located near Site 7.

,
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. CHAPTER 9

i

REMEDIAL ACTIONS AND COST-BENEFIT ANALYSES

L Various remedial actions for the millsite and tailings piles
!

'

were identified and investigated. The alternatives presented are
those considered to be the most realistic and practical when
evaluated in regard to the present technology, cost-health bene-
fits, condition of the mill, land values, equipment, and trans-

! portation facilities available. Remedial measures for the site
| can be separated into two basic categories:
1

(a) Stabilization of the piles at the current site
>

with demolition and/or decontamination of the
! buildings and millsite.
|
| (b) Removal of the tailings to an off-site disposal
| area with the demolition and/or decontamination;

of the buildings and millsite, leaving the entire
site available for unrestricted use.

The analyses presented in Chapter 5 have shown that the re-
processing of the Edgemont tailings would not be economic at this
time. Consequently, in none of the alternatives was the possibil-!

~s

[ ity of reprocessing any of the existing tailings costed. However,
;.

| \s,) should the economic potential change or should other conditions
'

warrant reprocessing of tailings, a determination would have to ,

be made of the location and costs involved in building a new
mill. A decision would have to be made by the TVA whether or not
it would be economical to reprocess these tailings at a new mill.i

The differences in cost which are apparent in considering
complete decontamination of the structures as opposed to partial

! decontamination or demolition of the structures are included inthe discussion of Alternative I.
| The cost estimate summary given in Table 9-1 includes a

brief description of each of the remedial alternatives and the
required costs estimated to implement each. In Alternatives Iand II the tailings areas are stabilized in place. In Alter-natives III through VI the tailings are moved to an alternate
disposal area.

Several of the remedial measures are common to all the alter-
native approaches costed; these measures were considered but not
included in the total cost of each alternative because they were
relatively low in relation to the total cost of the remedial ac-
tion and are roughly equivalent for each alternative. For exam-
ple, in all of the alternatives, monitoring and maintenance will
be required until such time as successful completion of the site

f''N reclamation program can be demonstrated.
k--'

Performance objectives formulated by the NRC for the siting

9-1
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and stabilization of uranium mill tailings have been described
previously. Several of these objectives can be met by long-term '

storage of radioactive materials on the Edgemont site with proper i

stabilization. Most of the objectives may be met if the tailings i

are to be relocated. In every alternative, the performance ob- I

jectives have been considered in formulating the remedial actions. |
A full discussion of stabilization techniques and their applica- '

bility to the Edgemont site is included in Chapter 6. ;

| No acquisition costs for alternative long-term storage areas |

| are included in the cost estimates.
l

| The cost of off-site remedial actions relating to windblown
tailings off the piles and off-site structures, as described in
Chapter 7, are not included in the alternative costs.

9.1 ON-SITE TAILINGS STABILIZATION, SITE DECONTAMINATION )
(ALTERNATIVE I)

Under this alternative the tailings would remain on site,
be reshaped as necessary, and stabilized or confined to reduce

,

the possibility of radioactivity entering the environment. |

9.1.1 Site Grading j
l

In order to reclaim land, the following procedure is pro- I

posed: make'the piles or ponds easier to stabilize for long-term |

storage, clean up the mill area, and provide for an adequate sys- |

.

tem of surface drainage (a considerable amount of site grading |
'

| is included). The economics of providing proper stabilization
cover over many large areas as opposed to consolidation and cover
also was a governing factor in the suggested grading.

All the rubble, mill debris, etc. left on the site would be
collected and placed into pond 1. This would include structures j
such as the old utility bridges crossing Cottonwood Creek.

The high, steep-banked and unstabilized East sand tailings
pile would be relocated, in part, by covering (filling) ponds 3
and 4 with material from the top portion of the East sand pile. |
Thus, the ground area covered by all three piles would remain the i

same, but the resalting surface would be shaped like an inverted
saucer with an average elevation of about 3,465 ft.

The material in pond 10, along with its dike, would be re-
located onto the low portions of pond 7.

The tailings located in sand tailings area B would be relo-
cated into pond 1 as would all of the contaminated material
(earth) in the millsite area.

A drainage ditch, approximately 10 ft wide and 4 ft deep,
would be formed along the east property line and graded in order
to intercept surface water which normally flows onto the site

|
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k _, from the hills to the east. Thie ditch would be located so ass

to carry water generally to the north, between ponds 8, 3, and
1, and the sewage pond of the City of Edgemont, and discharge intothe Cheyenne River east of pond 1. A ditch runs through part of

!this location, but it needs to be expanded, cleaned, and extended '

farther south, east of pond 7 and about half the length of pond10.t

Prior to completion of the placement of stabilization mate-
! rial and riprap (as described in paragraph 9.1.3) the other areas

of the site around the bases of the dikes would be graded to carry
surface runoff directly into either Cottonwood Creek or the
Cheyenne River. Contaminated areas of these two waterways, in-
cluding some banks, would be decontaminated by relocating the
contaminated earth or tailings onto the remaining unstabilized
areas prior to completion of the stabilization.

9.1.2 Building Decontamination

The physical condition of the main mill building, along with
the presence of radioactive contamination, required that an evalu-
ation be made as to whether it would be less costly to demolish
the structure and bury it in the tailings, or decontaminate the
building to such a level that it would be available for unrestric-

-'g ted usage. The presence of broken, dilapidated or outmoded ura-
nium processing equipment was another factor that was considered.t.

>\s_s/ Each piece of equipment would have to be evaluated on its own as
to whether it could be utilized in a uranium milling operation
elsewhere, or if it could be decontaminated and used in other
operations. Costs are such that it would be less expensive to
demolish, cut up and bury (on site) the structure than it would
be to decontaminate it ($205,000 vs $267,500). Therefore, the
main mill building would be demolished and buried within pond 1.
It is also believed probable that decontaminating the structure
for unrestricted use is not possible or possible only at a sig-
nificantly greater cost. ;

The office building, because of its relatively good condi- i

tion, would be decontaminated and could therefore be used for any !
other purpose. The estimated decontamination costs would be !
$10,000. The water tower would remain, and its superstructure '

would be decontaminated.

The remainder of the buildings on site and in the mill area,
with the exception of the mobile equipment shop, would be demol-
ished and buried within pond 1. The condition and contamination :

level of these buildings are such that it would be less expensive
to remove the buildings rather than decontaminate them for un-
restricted use ($27,000 vs $40,000). As with the main mill build- i

ing, decontamination may not be possible or possible only at a
higher cost.

I \
;

,
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9.1.3 Stabilization

After the grading and demolition activities have been com-
pleted, the site will have five areas where tailings are present:
the sand tailings Area A; pond 1; pond 2; the area formerly occu-
pied by pond 3, pond 4, and the East sand tailings pile; and the
area of ponds 7, 8, and 9. This total area entails approximately
93 acres. Areas that have not been graded would be graded so
that their surfaces would generally be convex in configuration.
The maximum slope of these pile surfaces would be 3.0 to 1.

Next in the process would be the placement of a compacted
1.5-ft-thick layer of imported impervious clay over each of the
five-pile areas. Then a total of 5 ft of imported earth would
be placed over the clay. This material would have at least 60%

t

of its composition made up of aggregate 3/4 in. to 5 in. in dia-
meter. The finished surface of this cover would be contour-graded
and terraced so as to reduce erosion (l) and assist in establishing
vegetation. Radon flux reduction calculations are given in
Appendix C.

The following step would be the protection of the dikes
around the piles or ponds, or of other areas at the base of the
piles that would be subject to surface water erosion. The areas
of particular interest are the east side of Cottonwood Creek
(west of the East sand tailings pile) , the west side of Cotton-
wood Creek (east of the sand tailings area A), the side of the
dikes of ponds 1 and 2 which face the Cheyenne River, and both
sides of the drainage ditch to be graded along the east property
line adjacent to the tailings areas. The proposed protection in-
cludes the placement of a layer of riprap, at least 1-ft thick and
from 4 to 12 in, in diameter. The vertical height of such cover
would reach an elevation of 3,435 ft along the Cheyenne River
side of ponds 1 and 2; 3,435 ft in Cottonwood Creek by the East
tailings pile; and 3,445 ft in Cottonwood Creek by the sand tail-
ings area A. Riprap covering would be placed in order to elimi-
nate bank erosion in areas subject to flooding. Along Cottonwood
Creek the rock protection would have to extend up and downstream
from the pile areas at least 400 ft or to where natural breaks in
the stream flow occur.

The final step in the process would be the seeding of the
surface of the stabilization with grasses and plants native to
the area that could survive without irrigation.

9.1.4 Site Restoration

As a result of the grading, tailings consolidation and sta-
bilization process, some areas will have large cavities left in
the ground, such as the mill building site and sand tailings area
B. These areas would be filled with clean earth so that the mill- ,

site would be in a usable condition with proper drainage. Some

(1)See end of chapter for references.

9-4

1



O
k, gravel surfacing on the entry road to the site, which also servess

the office building, would need to be replaced.
9.1.5 Security and Maintenance

The stabilized tailings areas would be enclosed within fenc-.

4 ing, suitably posted with restricted area warning signs. Gates^

would be installed at suitable locations so as to provide access
for maintenance and monitoring purposes. Physical maintenance to
assure the integrity of the stabilization, the vegetation, the
dikes and riprap, and the fencing would be required until such
time as successful reclamation has been demonstrated.
9.1.6 Resulting Impacts, Advantages and Disadvantages

Choice of this alternative would result in the site reclama-~

tion meeting the minimum NRC criteria for existing uranium mills.
The reclaimed tailings area would utilize slightly more than half
of the site's approximately 213 acres. The rest of the site couldbe utilized for any other purpose. The water tower and the officebuilding would remain.

.

Gamma radiation from the piles should be reduced to background
levels and radon exhalation should be reduced to about twice back-

| ground flux. Most of the negative effects associated with the
'

tailings areas would be removed except for their physical pres-
ence, which would prevent use of the tailings area, and the pos-
sibility of slight seepage from the ponds.

After placement of riprap, the tailings piles along Cotton-
wood Creek and the Cheyenne River would be protected against
normal runoff and probably would withstand the probable maximum
flood. The stabilization cover and surface drainage system would
be designed and constructed so that only minimum maintenace would
be required. The work could be accomplished in about 120 working
days, faster than any other alternatives.

A disadvantage is that the tailings would remain near a popu-
lation center. Five separate storage areas on the site would re-
quire a relatively elaborate system to control access and use.
Also, while the stabilization techniques suggested would be ef-
fective, they would not be as satisfactory and efficient in con-
taining the contaminated material as would a storage system
designed and constructed initially to meet NRC performance objec-
tives.

9.1.7 Costs

As shown in Table 9-1, the cost of this alternative is esti-
mated at $6,110,000. The major cost components are as follows:

/ (a) Engineering (2% of item b) $ 104,000
k

(b) Remedial action 5,211,000
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(c) Contingency (15% of itema a and b) 797,000

Total Cost $6,110,000 |

If it were decided that all of the old mill buildings should
remain on site and be decontaminated for unrestricted use, the
estimated remedial action cost (item b above) would be increased
by $71,000, with a resulting total cost of $6,180,000. This cost
does not include any decontamination efforts on the equipment or
machinery presently located within the main mill building.

9.2 ON-SITE TAILINGS CONSOLIDATION AND STABILIZATION, SITE
DECONTAMINATION (ALTERNATIVE II)

This alternative is similar to Alternative I except that
three of the tailings or pond areas would be consolidated onto
two of the others, resulting in one tailings area which would be !

stabilized.

9.2.1 Site Grading and Tailings Area Consolidation

The tailings and other contaminated material of pond 1,
pond 2, and sand tailings areas A and B woulo all be relocated
onto ponds 7 and 8. A dome-shaped pile with gradual side slopes
and surf ace would be formed to reduce erosion. (1) As described
in Alternative I, pond 10 also would be relocated onto pond 7
and the East sand tailings area would be spread over ponds 3 and
4.

The debris from the site, as well as the rubble resulting
from building demolition, and millyard decontamination would be
placed into pond 7 along with the relocated tailings.

The drainage ditch along the east property line as described
in Alternative I would be constructed, and likewise, Cottonwood ,

Creek and the Cheyenne River would be decontaminated as required.

9.2.2 Building Decontamination

This work would be the same as that described for Alternative
I, paragraph 9.1.2.

9.2.3 Stabilization

Af ter the grading and demolition activities have been ce::
pleted, the site would have only one area where tailings are pre
sent, the area now occupied by ponds 3, 4, 7, 8 and 9, and the
East sand tailings pile. This total area consists of approxi-
mately 70 acres.

This resultant pile would be graded so that it would have i

a convex-shaped surface.
'

|

|
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2.5-ft layer of imported impervious clay would be placed( / A
over the pile after which a 5-ft thick earth cover would be added.
Tl i r ser would be applied as described in Alternative I.e

t

| Riprap would be placed along the bank of Cottonwood Creek
i by the East sand tailings area and on the base of the pile where'

erosion from normal runoff and the probable maximum flood may be
likely as described in Alternative I. The surface of the pile

| would then be seeded with native plants and grasses.
|

| 9.2.4 Site Restoration

In addition to the work of site restoration as described in
Alternative I, the voids left by removal of contaminated millsite
materials and the relocation of ponds 1 and 2 and the sand tail-

i ings areas A and B would require some filling and grading so as
,

r

to leave the site in a clean, usable condition.

| 9.2.5 Security and Maintenance

Security and maintenance would be the same as described in
Alternative I, paragraph 9.1.5.

9.2.6 Resulting Impacts, Advantages and Disadvantages

[ Under this alternative, a total of about 75 acres (70+5 for!

\s_s access, buffer, and fence zones) would be utilized and held as
I

a control area for tailings storage at the present location.
Tailings would be removed from all but one side of Cottonwood
Community and about 138 acres would be available for other uses.

|
!

Radon flux and gamma radiation would be greatly reducq and ierosionwouldbecontrolledasoutlinedinAlternativeI.Ip)
Contaminated areas would be completely removed adjacent to the
Cheyenne River reducing the possibility of seepage and of flood
transport of tailings from normal runof f and from a maximum
probable flood in the Cheyenne River and Cottonwood Creek. With
the construction of a bridge across Cottonwood Creek, Cottonwood
Community would be accessible from the north. Overall, there
would be a greater assurance of long-term stability relative to
that obtainable with Alternative I.

The disadvantages are that the tailings would remain close
to a population center. The cost is in excess of 1 million
dollars more than Alternative I, at a net gain of only about 30
acres--or a cost-of-recovery of slightly over $33,000/ acre.

| 9.2.7 Costs
I l

! As shown in Table 9-1, the cost of this alternative is
| $7,270,000. The major cost components are as follows:

ff) (a) Engineering (2% of item b) $ 124,000
;v

!
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(b) Remedial action 6,200,000

(c) Contingency (15% of items a and b) 949,000

Total Cost $7,270,000

The costs for decontamination of existing structures instead
of demolition would add $71,000 to (b) above, or result in a
total cost of $7,360,000.

9.3 REMOVAL OF THE TAILINGS TO AN ALTERNATE DISPOSAL AREA
(SITE 2, ALTERNATIVE III)

Under this alternative the tailings, the contaminated earth
debris, and the building rubble resulting from the demolition of
all on-site buildings, except the office building and mobile equip-
ment shop, would be hauled to site 2 southeast of the Edgemont
site. The present millsite and tailings areas would be left
clean, decontaminated, and available for unrestricted use.

9.3.1 Excavation and Removal of Contaminated Materials and
Tailings

,

Off-road earthmoving equipment would be used to load, haul
and deposit at the alternate site all of the tailings, slimes and
contaminated rubble, dikes and earth. These vehicles would follow
an established route to and from the storage area so that spillage
could be recovered. The number and size of vehicles available
would determine the removal rate and the frequency of vehicles
leaving the site. Recovery of the spillage would be more eco-
nomical than attempting to cover or to wash down the equipment
each time they left the tailings or storage areas. No difficul-
ties should be experienced in removing most of the tailings mate-
rial by this method. In some ponds and piles and at certain times
of the year, if too much moisture were present in the tailings,
use of a dragline system might be necessary. The tailings then
could be either dried or loaded wet directly onto the transport
vehicles.

During loading and moving operations and especially during
the dry season of the year, site and haul road dust control
methods would be employed.

All contaminated earth, dike materials, and sand and slime
tailings would be removed from the Edgemont site. The total
amount approximates 2,500,000 yd3, or 3,960,000 tons. To move
this amount of material to this site (2.5 mi average) and to haul
it up an 8% grade in places would require about 2 yr with good
weather. Implementing a 24-hr shift schedule, the work could be
accomplished in approximately 8 mo.

To comply with the decontamination criteria for tailings ,

piles, as described in Chapter 3, paragraph 3.6, the contaminated
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( j soil beneath the piles must be removed. The amount of soil tobe removed depends on the depth of contamination. The amount of
contaminated soil to be removed at Edgemont has been estimated to
be an average of 3 ft beneath all of the piles and ponds, exceptpond 10. The removal of the subsoil from beneath these ponds as-
sures that the residual concentration in the remaining soil would
be less than twice the background value of 1.3 pCi/g.
9.3.2 Building Decontamination

The work associated with this portion of the alternative
would be as described in paragraph 9.1.2, except that the build-
ing rubble would be hauled by truck to the storage area.
9.3.3 Site Restoration

After the complete removal of the contaminated materials from
the Edgemont site, there would be some excavations remaining on
the site. These areas would be filled with imported clean mate-
rial. The site would be graded and contoured to an elevation
which would ensure proper drainage. The site would be made usable
for other purposes. The millyard would likewise be filled, graded,
and paved as required.

9.3.4 Disposal Area Developmentfs
{ \
( ,/ This disposal area is located on an L-shaped, 120-acre parcel

of federal government land. This land is administered by the BLM.
The land is described in Chapter 8, paragraph 8.3.1.

The first step in the preparation of this area would be:
the exact selection of the storage area within the site boundaries,
the location of the 35-ft-high dam which would be required for I

containment of the approximately 50 acres of contaminated material,
and the haul road required for access and unloading. It is be-
lieved that from within the storage basin selected, sufficient
suitable material is available to construct the dike and to provide
for most of the stabilization cover required. This material would
be removed and stockpiled.

A 1-ft-thick impervious clay liner would be placed within
the storage area. The contaminated tailings and materials would
be deposited on top of this liner, after which a clay cap would
be placed and compacted over deposited materials. Earthen mate-
rials previously stockpiled then would be placed over the clay
cap to a thickness of 5 ft. Some imported rock would be mixed
into the final surface of the pile and riprap added to the fccc |
of the pile. The final shape of the pile would be a gentle slope, j
contour-graded to minimize water erosion and to encourage the l

vegetative process. Upslope from the pile, permanent diversion
ditches would be constructed to divert water around the pile.

The final step in the process vould be the planting of all {N-' disturbed areas with grasses and plants that are native to the
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area and which could survive without seasonal irrigation. Figure
9-1 illustrates a schematic representation of how this storage
site would be developed.

9.3.5 Security and Maintenance

The Edgemont site would require no maintenance or security.
The alternate site, however, would require periodic maintenance
and monitoring similar to that for Alternatives I and II. On-
site monitoring wells would be located at strategic places.

9.3.6 Resulting Impacts, Advantages and Disadvantages

The entire Edgemont site would be available for unrestricted
The alternative disposal area land is already in federaluse.

government ownership. Economical, fast haul vehicles could be
used to relocate the contaminated materials without disruption of
normal traffic, and no hauling of such materials would be required
through any populated areas. With the use of the storage tech-
niques suggested, the proposed alternate location would provide
for safe tailings disposal with only minimum maintenance required.
The site is well isolated from the populace and is in an area
where no growth (infringement) is expected. Thus, most of the NRC ,

'

performance objectives would be met.

The disadvantages are that perhaps 60 acres of land now used
for intermittent or seasonal range grazing would be lost, and that
implementation of this alternative is $4 to $5 million more costly
than stabilizing the tailings in place.

9.3.7 Costs

As shown in Table 9-1, the estimated total cost is
$10,790,000. The major cost components are as follows:

(a) Engineering (2% of item b) $ 184,000

(b) Remedial action 9,200,000

(c) Contingency (15% of items a and b) 1,410,000

Total Cost $10,790,000

Should it be decided that all of the old mill buildings re-
main at Edgemont and be decontaminated for unrestricted use, the
estimated remedial action cost (item b above) would be increased
by $71,000, with a resulting total cost of $10,865,000. This
cost does not include any decontamination efforts on the equip-
ment or machinery presently located within the main mill building.

The cost for removal of contaminated subsoil below the 3-ft ,

average depth used in the cost estimate would be $660,000 per ad- )
ditional foot of depth in all tailings areas.
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l ) 9.4 REMOVAL OF THE TAILINGS TO AN ALTERNATE DISPOSAL AREA
\s / (SITE 6, ALTERNATIVE IV)

This alternative is the same as Alternative III, except that
the tailings, rubble, and contaminated material would be removed
by truck to a disposal area 5.3 mi northwest of Edgemont.

9.4.1 Excavation and Removal of Contaminated Materials and
Tailings,

Based upon site examination and a review of the physical pro-
perties of the tailings, it appears that no difficulties should
be encountered in loading the tailings for removal purposes. The
contractor performing this work will be able to use any number of
conventional loading methods, i.e., front-end tractor loaders,
conveyor belt feed to overhead loading, etc. Because of the vol-
umes and scattered locations involved, a loading system utilizing
a number of earth and tailings loading techniques probably will
be developed. As in Alternative III, a dragline may be required
to load some of'the tailings because of their moisture content
and the unstable conditions on the pile or pond for loading vehi-
cles. The debris on the site, as well as building material rubble,
will be loaded by cranes onto flat-bed or high-side boarded dump
trucks so that it can be transported to the. disposal site without
spillage of contaminated material enroute. There is ample room

f'~Sg on the tailings site for fast loading and easy truck access.

\] 9.4.2 Hauling and Placing of the Materials

Considering the distance and route required, truck transporta-
tion appears to be the most economical means to haul materials to
this disposal area. Trucks could move the materials at a rate of ,

about 6,000 tons / day, or 12 truckloads /hr, based upon the loading
systems.used and traffic capacities on the road to the disposal
site. At this rate, on a 5-days-per-week, 10-months-per-year
basis, all materials could be removed in approximately 3.3 yr.
This method assumes the use of conventional truck and/or truck-
trailer combinations. Rapid drying of the tailings and lack of
moisture in the native earth during certain seasons of the year
would require the use of dust preventative methods in the excava-
tion and loading process. Dust control measures, such as heavy
rubber covers and washdown facilities for the trucks, are included
in the trucking costs. No costs are included for repair and main-
tenance of public roads.

Most of the ore processed at the Edgemont site was hauled to
the mill along the same road suggested for hauling the tailings
to site 6. Therefore, no difficulty is expected in using this
road which is locally referred to as County Road 10. During the
dry seasons, road dust control is expected to be necessary, which
is included in the costs.

{ \ In leaving the Edgemont site, leading north to the storage
\s- areas, trucks could encounter slowdown problems due to a narrow
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road leaving the site to where it meets U.S. Highway 18. There,
a stop sign and a right-hand turn leading onto U.S. Highway 18
could be a bottleneck. By the time remedial action is under way,
a local traffic problem will have been solved with the completion
of a new alignment of U.S. Highway 18 around Edgemont which will
eliminate traffic that now backs up several times a day because
of trains crossing the road. The haul contractor may find it econ-
omical to construct a temporary haul bridge and road bypass which
would cross over the Cheyenne River at the northwest corner of
pond 2.

9.4.3 Building Decontamination

This work would be the same as that in Alternative III, para-
graph 9.3.2.

9.4.4 Site Restoration

This work would be the same as that described in Alternative
III, paragraph 9.3.3.

9.4.5 Disposal Site Development

This disposal site is located in a natural basin on privately
owned land. It is on the east side of, and parallel to, the haul
road, and is described in Chapter 8, paragraph 8.3.2. The proce-
dures for preparing this site for storage of the contaminated mate-
rials would be the same as that described in Alternative III, para-
graph 9.3.4. This site does not have the deep basin formation,
nor the natural dam abutments that site 2 has. Consequently, a
longer, lower dike would be required, about 26 ft high and some
300 ft long. Approximately 60 acres would be required to store
the material at an average depth of 26 ft. Truck access for un-
loading would be very easy, as would access back onto the county
road for the return trip to the site. The large, unrestricted
area and low grade of the disposal site would make for quick and j

economical unloading. Figure 9-1 illustrates the disposal site i

preparation and filling procedures.

9.4.6 Security and Maintenance

This effort would be the same as the one cutlined in Alter- i

native III, paragraph 9.3.5.

9.4.7 Resulting Impacts, Advantages and Disadvantages j

The Edgemont site would be available for unrestricted use.
The main advantage of this site is its location with respect to ,

the haul road. At the new site most of the NRC performance '

objectives would be met. |
The disadvantages are that the trucks departing from and !

returning to the Edgemont millsite every 5 min would create a ,

1

|
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traffic problem at the entrance to the present highway just east.

of the railroad crossing. The new bypass highway north of Edge- |

,

mont will alleviate some of this disruption. Construction of a
temporary bridge over the Cheyenne River directly north of the
site would expedite truck traffic to and from the site.

'
,
t

: The site is privately owned which is a disadvantage. More
! land is used for cattle rangeland at this site than at site 2,; and it also is closer to existing and potential populations. Its

,

*

orientation is to the northwest which is not as favorable in re-i establishing plant growth as is the southeast exposure of site 2.
9.4.8 Costs

;

i As shown in Table 9-1, the estimated total cost is $15,525,000.' The major cost components are as follows:
I (a) Engineering (1.5% of item b) $ 200,000

] (b) Remedial action 13,300,000
4

i (c) Contingency (15% of items a and b) 2,025,000i
-

j Total Cost $15,525,000

$ The costs for decontamination of existing structures instead
i of demolition would add $71,000 to (b) above, or result in a total
j cost of $15,600,000.
.

| The cost for removal of additional contaminated subsoil belowthe estimated 3 ft would be $900,000 per additional foot.
9.5 REMOVAL OF THE TAILINGS TO AN ALTERNATE DISPOSAL AREA

(SITE 7, ALTERNATIVE V)

This alternative is the same as Alternative III, except that
the tailings, rubble, and contaminated materials would be removed
by truck to a disposal site 10.6 mi northwest of Edgemont in the
Burdock area.

9.5.1 Excavation and Removal of Contaminated Materials and
Tailings

All of the work involved in excavation, loading, hauling,-
and placing of the contaminated. materials and tailings, as well
as the work required.in the decontamination of the buildings on
site at Edgemont and the restoration of the site, would be as
described in Alternative IV, paragraphs 9.4.1 through 9.4.4.

Because of the increased distance, the required time to re-
move the tailings would be twice as long as in Alternative IV,

('' unless additional trucks were used. Considering traffic condi-
tions and the probability of too much traffic on the unpaved coun-
try road, the volume could be increased to 8,000 tons / day. The
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time to remove all the tailings would require about 2.5 yr. If
a feasible number of trucks were used to haul the materials over
a 24-hr/ day period, then 12,000 tons / day could be moved requiring
a total time of 1.67 yr, considering that weather conditions
would halt the process during at least 2 mo/yr.

9.5.2 Disposal Site Development

This disposal site is located in a natural drainage basin on
privately owned land. Two hills and a small ridge from the upslope
portion of the site are described further in Chapter 8, paragraph
8.3.3. The procedures used for preparing this site would be the
same as those for Alternative III, paragraph 9.3.4. This site
would require a containment dike on its upslope (northwest) edge
and a long dike of approximately 1,300 ft along its southeast edge.
Approximately 70 acres would be required to contain all the mate-
rials at the Edgemont site to an average depth of 20 ft. The con- )
figuration of the disposal site does not lend itself to using less i

acreage to greater depths. !

A haul road of approximately 0.5 mi would have to be con- j
structed to gain access to the site from what is known locally as
County Road 10. ;

1

Figure 9-1 illustrates the disposal site preparation and fill- )
ing procedures. |

9.5.3 Security and Maintenance

This effort would be the same as that for Alternative III
and as described in paragraph 9.3.5.

9.5.4 Resulting Impacts, Advantages and Disadvantages

As in all other alternatives in which the tailings are re-
moved from the Edgemont site, this approach leaves that site avail-
able for unrestricted use. One advantage of this site is its
proximity to possible subsequent uranium mining and milling, and
future tailings storage development. In suggesting such an alter-
native location for the Edgemont tailings, it was believed advis-
able to locate all such activity in one area, away from a popula-
tion center. The possible disposal area could be enlarged to hold
all of the Edgemont tailings as well as any newly generated ones.
The TVA has suggested that, should their operations in this area
materialize, a tailings pond area would be developed in the vicin-
ity. Site 16 is 0.25 mi east of this site, and is in the area that
the TVA has considered for a tailings area. The reason that this
report suggests site 7 instead, is because of its size; it can
contain all existing and potential tailings, whereas site 16 could
not without extensive dike and site preparation. Also, site 7 has
a natural storage basin configuration and it faces to the south-
east making the revegetative process more successful than one
facing the southwest. Most of the NRC performance objectives would
be met.
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The disadvantages of this site are its haul distance from
'the Edgemont site, the higher haulage costs, the more extensive
site preparation costs which are more than at any of the other
alternative storage sites, and private ownership of'the land.
Traffic problems would be the same as those discussed in paragraph
9.4.7.

9.5.5 Costs

As shown in Table 9-1, the estimated total cost is
$18,970,000. The major cost components are as follows:

!

(a) Engineering (1.5% of item b) $ 244,000

(b) Remedial action 16,250,000
,

(c) Contingency (15% of items a and b) 2,474,000

Total Cost $18,970,000
:

The cost for decontamination of existing structures instead
of demolition would add $71,000 to (b) above and result in a total
cost of $19,040,000.

t

The cost for removal of additional contaminated soils below~'s

f the estimated 3 ft would be $1,050,000 per additional foot. ;
'

9.6 REMOVAL OF THE TAILINGS TO AN ALTERNATE DISPOSAL AREA
,

(OPEN-PIT MINE, SITE 8, ALTERNATIVE VI)
|

This alternative is the same as Alternative III, except that '

the tailings, rubble and contaminated material would be removed
by truck and stored in an open-pit mine, 12.4 mi northwest of
Edgemont in the Burdock area.

9.6.1 Excavation and Removal of Contaminated Materials and
Tailings

All of the work involved in excavation, leading, hauling,
and placing of the contaminated materials and tailings, as well
as the work required in the decontamination of the buildings on {
site at Edgemont and the restoration of the site would be as "

described for Alternative V, paragraph 9.5.1.

9.6.2 Disposal Site Development

It is suggested that_one of the several pits known locally
as the Darrow pits could be used. Either pit No. 1 and 3 or pit
No. 5 are large enough to contain all the contaminated materials
and debris from the Edgemont millsite without further excavation.

. f-s Also, there is ample overburden stockpiled adjacent to the pits
[ which would be used for stabilization cover.
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There already exist haul roads to the site from County Road
'10 which previously were used to haul ore from the pits to the

Edgemont mill. These roads would need to be improved to handle
the volume of truck traffic which would be generated with selec-
tion of this site.

i

The exposed formations may be sufficiently impermeable to
prevent leaching into aquifers, without the necessity of adding
a clay liner. However, since data necessary to make a definite !
conclusion do not exist, it is assumed that clay liners would be
used. The clay liner first would be deposited in the bottom and
up the sides of the pit as the filling operations proceed. Note
that it might be possible to deposit tailings in the pit without I

a clay liner after backfilling to above the water table; however,
this would require further study.

Trucks hauling the contaminated material to this site could
drive directly into the pit to unload the material, or an unload-
ing system utilizing a floating boom with a conveyor belt might
be developed. I

|After deposition into the pit, all contaminated materials
would be covered with a 1.5-ft layer of impervious clay and a mini-
mum of 5 ft of stabilization cover (overburden). At this point,
the elevation should be approximately even with surrounding ground
surfaces. Grading would be used to smooth the surface and to di-

'

vert drainage both off and around the site in the case of any up-
slope drainage in the area. Natural vegetation would be planted

Ion the surface of the pit.

9.6.3 Security and Maintenance

The storage pit would be enclosed with a 6-ft-high chainlink |

fence with access gates. Because the storage area is located with-
in a pit, a very minimum amount of physical maintenance is antici-
pated. Radiation monitoring wells would be located downslope from ;

the storage pit and in other locations where the radiological and !
hydrological monitoring could be accomplished. !

i

9.6.4 Resulting Impacts, Advantages and Disadvantages

The Edgemont site would be available for unrestricted use i

and the NRC performance objectives would be met. Periodic sampling j
of monitoring wells is specified until it is determined that seep-

'

age is not occurring.

Advantages of utilizing the open-pit mine as a storage site
are many: utilizing the land for a useful purpose; economy in
disposal site preparation; smaller disposal area required; remov-
ing the hazard of an unreclaimed open pit; isolation from popula- |
ted areas; minimal maintenance; and no erosion of contaminated

'

materials to the countryside. !
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('-) The disadvantages are: the haul distance and the associatedcosts, the private ownership of the site, and the elimination of
the possibility of further mining in the pits if uranium-bearing
ores are still present. TVA has identified reserves of uraniummineable through adits off the bottom of the Darrow pits. Traf-
fic problems would be the same as those discussed in paragraph
9.4.7.

9.6.5 Costs

As shown in Table 9-1, the estimated total cost is $16,230,000.The major cost components are as follows:
,

(a) Engineering (1.5% of item b) S 210,000

(b) Remedial action 13,900,000

(c) Contingency (15% of items a and b) __ 2,116,000

Total Cost $16,230,000
!The cost for installation of the clay liner was estimated
;at $800,000. If it is possible to deposit tailings in the pit I

without a clay liner (after backfilling to above the water table) ithe cost for this option would be reduced to $15,920,000.
|

,s

[ )
~

(',,/ The cost for decontamination of existing structures instead
of demolition would add $71,000 to (b) above, and would result
in a total cost of $16,300,000.

The cost for removal of additional contaminated soils below |the estimated 3 ft would be $950,000/ft.
9.7 ANALYSES OF COSTS AND BENEFITS

As summarized in Table 9-1, the total estimated costs for
the six remedial action alternatives vary from a low of $6,110,000
to a high of $18,970,000. The purpose of this section is to com-
pare the cost of the various alternatives with the corresp,nding
anticipated benefits.

,

19.7.1 Health Benefits

Each of the remedial action alternatives considered in this
chapter has an associated number of health effects that would be
avoided as a result of the action. These avoided health effects !are referred to as health benefits. In Chapter 3 the estimated I
number of health effects was determined for the Edgemont site in jits present condition. In order to estimate the number of health
benefits attributable to a particular remedial action, the effect
of that remedial action on radon exhalation from the site must(' 'g be determined, because the health effects calculated in Chapter

( ) 3 were associated with radon and its daughters.
%/
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In this evaluation, the health benefit of each alternative
is calculated from the reduction in radon exhalation that is ex-
pected for that alternative. For example, if the radon exhala-
tion and, hence, the number of health effects are reduced by 90%
for a particular remedial action, there will be a corresponding
health benefit. This health benefit is equal to 90% of the number
of health effects that would be expected had the remedial action
not been implemented. The radon exhalation is reduced by cover
material or by physical removal of the tailings to an isolated
location. In the case of cover material, the estimated resulting
radon exhalation is twice the background radon flux. Physical
removal of the tailings results in essentially a 100% reduction
in exposure to the population.

The results of the determination of potential cancer cases
avoided (health benefits) for each option are given as a function
of time in part A of Table 9-2. Alternatives I and II include
stabilization of the tailings at the Edgemont site with reduction
of radon exhalation flux to twice the background flux in the
vicinity. The slight difference in health benefits results from
differences in the area covered by the tailings after the remedial
actions are completed. The tailings would be moved and the site
decontaminated under Alternatives III through VI resulting in the
avoidance of all pile radon-induced health effects. The cost per
potential cancer case avoided for each alternative is included
as part B in Table 9-2.

Another presentation of the data in Table 9-2 is the number
of potential cancer cases avoided per million dollars expended
as shown in Figure 9-2. Alternatives I and II yield the highest
health benefit per unit cost. In contrast, Alternative V yields
the lowest benefit per unit cost.

9.7.2 Land Value Benefits

The Edgemont site would most probably find use as industrial
property, considering its proximity to the Burlington Northern
Railroad and the municipal sewage lagoon. If the entire property
were available for unrestricted use, the market value could reach
approximately $1,500/ acre. Thus, the land value benefit from
Alternatives III through VI would be an increase of about $1,350/
acre for 213 acres or about $290,000.

Alternatives I and II would have lesser benefits because only
120 to 140 acres would be available for unrestricted use.

'

O
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1

COST ESTIIRTE SUMARY

i

I,

Cbst per ft for
Patoval of

Contaminated SoilAlternative Alternative Beyond 3 ft Below lNo. Description Cbst Interface

I Tailings remain on Edgatont 6,110,000 --

site, mill structure deno-
lition and burial, decontam-
ination of millsite grounds,
stabilization of pond / piles
in place, erosion protection

II Same as I, except tailings 7,270,000 -

pond / piles consolidated prior
to stabilization

e III* Ostplete site decontamination, 10,790,000 600,000
[m) renoval of all tailings and
( ,/ other contaminated naterials

to site 2, 2.5 mi S.E.

IV* Same as III, except tailings
removed to site 6, 5.3 mi m 15,525,000 900,000

V* Same as III, except tailings
rmoved to site 7,10.6 mi W 18,970,000 1,050,000

VI* Same as III, except tailings 16,230,000 950,000
renoved to site 9,12.4 mi m

Notes: 1. All costs are in 1978 dollars.

2. 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 fran the Edgatont site to
an alternate disposal site and includes the dmolition of structures which
rainin, except the office building and nobile equipment shop.

p

V
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TABLE 9-2

POTENTIAL CANCER CASES AVOIDED AND COST PER POTENTIAL CANCER CASE AVOIDED

A. NUMBER OF POTENTIAL CANCER CASES AVOIDED

Alternatives: I II TII IV V VI

Alternative Costs
(in million $) 6.11 7.27 10.79 15.53 18.97 16.23

Years After
Remedial Action *

25 0.64 0.64 0.65 0.65 0.65 0.65
50 1.37 1.37 1.39 1.39 1.39 1.39
75 2.09 2.10 2.13 2.13 2.13 2.13

100 2.81 2.82 2.87 2.87 2.87 2.87

i Potential Cancer Cases
y After 100 yr 0.06 0.05 0 0 0 0

B. COST PER POTENTIAL CANCER CASE AVOIDED (Million $)

Alternatives: I II III IV V VI

Alternative Costs
(in million $) 6.11 7.27 10.79 15.53 18.97 16.23

Years After
Remedial Action

25 9.5 11 16.6 24 29 25
50 4.5 5.3 7.8 11 14 12
75 2.9 3.5 5.1 7.3 8.9 7.6

100 2.2 2.6 3.8 5.4 6.6 5.7
r

* Based on double population in 10 yr, followed by annual growth of 0.16% for 15 yr,
and then constant population for 75 yr.
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! APPENDIX A i

:

DETAILED RADIOLOGICAL ASSESSMENT
1

;
'

; ,

,i i
* When evaluated in-conjunction with Chapter 3, the informa-
| tion presented in Appendix A permits detailed analysis of the
I.-

radiological impact of the Edgemont millsite. Calculations of
radiation doses have been made for radionuclides and receptors j

i around the site. <

,

1
i, A.1 Air Pathway ;
i
a

j A.2 Water Pathway
]:

A.3 Food Pathway
i

~

)

| A.4 Population Dose Commitments
;|'

i A.5 References !

f |
F 1

| I
t-
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A.1 AIR PATHWAY

In analyzing the effects of contaminant transport via the
air pathway, both gaseous and particulate transport were con- |
sidered, :

l

A.l.1 Radon 1

The model used for diffusion / dispersion transport is the i

gaussian plume dispersion technique described by Slade,(1) inte- I

grated over the area source. The concentration at any point,(x,y)
resulting from a differential element source OdA can be described
by:

~

2 2= 10-3OdAfi exp ,- h _y (g_y) jC(x,y)
noyo ui 2c 2 2c zz z y _

1

where,

C (x,y) = Concentration of radon at point (x,y) (pCi/1) ;

O = Source flux (pCi/m2/sec)
2dA = Differential area element (m ) |

cy = Lateral dispersion coefficient (m)
o = Vertical dispersion coefficient On)z
ui

= Wind speed (m/sec)
h = Elevation of source release Dn)
x = Downwind distance (m)'

y = Distance from plume centerline Un)

fi = Frequency for direction i and each stability category
In the calculation of radon concentrations in the vicinity of

the Edgemont tailings, three equivalent cylindrical piles nre used
to represent the radon source from the tailings. The areas and
positions of these composite piles are shown in Figure 3-3, Chapter
3. Equation (A-1) is integrated over the areas of the piles. The
radon source term, 0, is calculated from the radium concentration
data with the following expression:

40 = 10 DqREp tanh gt (A-2)
P

where,

2D = Effective diffusion coefficient (0.023 cm sec)
q= (AP/D)l/2
A = Radon decay constant (sec-1)
P = Porosity of tailings (0.4)
E = Emanating power (0.20)
R = Average 226 a concentration of tailings (pCi/g)R
t = Depth of tailings (cm)
p = Density of tailings (1.6 g/cm3)

'

Table A-1 contains the values of key parameters for the composite
piles. The total annual average radon concentrations are presented

A-2
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!

]

I k'~') in Table A-2. The locations given in the table are shown in Fig-
| ure 3-13, Chapter 3.

A.l.2. Air Particulates

The air pathway model is also used to calculate the concen-
tration of radioactive particulates in air. The effect of par-
ticulate deposition is accounted for by the depletion fraction|

i presented in Reference 1, through the expression:

, - x V-2 d
" **P o exp h2/2a 2), z z'

- o
!

where Q' is the effective source flux corrected for particle depo-
sition and vd is the deposition velocity (0.01 m/sec).

The above equation was evaluated numerically using analytical
approximations for the values of o z.

l The particulate source, Q, was determined from comparisons !
! with experimental data at the Edgemont site. (2) The Windspeed

dependence of the source term was assumed to be described by the,s

|V)
following function:

1

I Q = K Rua
1

t

where R is the concentration of the nuclide in the tailings (Ci/g).

The K1 and a were then varied until the calculation of the
226 a for the known experimental con-airborne concentrations of R

ditions was identical to the least squares fit of the available
, TVA data. The data used and the curve of least squares fit are )
| shown in Figure A-1. The calculated concentrations are identical 4

to the least squares fit. |

The resulting expression for Q is given by

| Q= (4.7 x 10-6) Ru2.6, 2Ci/m /sec (A-4) |

The annual deposition flux F(x,y) was determined by the
relation:

!

2F(x,y) = C(x,y) v (3.16 x 107), Ci/m /yr
d

| Because of the irregular geometry of the Edgemont site, it
was necessary to model the site as several cylindrical and annular
sources at different locations, with different characteristics.
Composite pile dimensions are given in Table A-1. Airborne con-

/''N centrations at representative points away from the site resulting

(N- ) from each of the several sources were determined and the indi-
vidual contributions added to produce the total particulate con-

A-3 |
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The results for 226 a are given in Table A-2. Cor-centrations. R
responding concentrations of 2380, 234U, 230Th, and 210Pb differ
from those of 226 a by the nuclide concentrations in the tailingsR 1

(Chapter 3).

A.l.3 Annual Dose Commitments ,

1

Annual dose commitments are obtained from the usage factors
and dose conversion factors in Reference 3. For radon, 1 pCi/l =
1 rem /yr. The results are shown in Tables A-3 and A-5.

A.2 WATER PATHWAY !

Specific water pathways investigated include, input to
Cottonwood Creek, ground water contamination of a well at nearest i

'

permanent resident and surface and ground water releases to the
Cheyenne River with subsequent maximum man-uses.

Releases to Cottonwood Creek
226Ra

Possible releases of to Cottonwood Creek are esti-
mated from mass and concentration flow data. The location of
flow and concentration monitor points are shown in Figure 2-11, ,

Chapter 2. A flow balance along the creek yields:

IA~ IW =W ~ l~ 2 s
~

x 3

where,

W. = water flow rate at location i (i=1,2,3)
1

W = flow rate from sewage pipe
8W = possible unknown flow rate ('such as ground water) .

i

Table 2-2 contains the values of Wi, W2 and W3 that were
measured in this work. The value of W was about 75 gpm. Thes
sum of W , W2 "Ud N is equal to W * " "*E*# """

s 3
uncertal ty

The concentration balance gives:

-CC W =C W " ~

xx 3 3 ss 11 22 (A-6)

Using Ra concentrations given in Figure 3-14, Chapter 3.

CW = 27.5 - 21.1 - 14.4 - 16.2g x

Cx x & 0 pCi/secW

6
Therefore, the dominant source of Ra in Cottonwood

Creek is the city and sewage overflow.

226Ra were attributed to theEven if as much as 1 pCi/l of
piles, the potential exposure to a maximum man is negligible.
Equation (1) of Reference 3 is:

A-4
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!O
| Dose = 1100 Uap Mp QDt
' f i

!
p (A-7) ;

| where,
t
'
t

| Uap = intake rate (1/yr)
i M = mixing ratio at point of exposurep
l O = release rate (Ci/yr) ;

i Df = dose factor (mrem /pCi)
'

i F = flow rate of liquid effluent 3(ft /see)
Then,

(730) (7.1x10-3) (5.6x10~7) (3x10-2)Dose = 1100
0.63

-4i Dose = 1.5 x 10 mrem /yr.

Ground Water from Pile 7 to Nearest Resident

In this investigation, the following second-order differen-
tial mass balance equations are used to describe nuclide migrationin a two region ground water medium:

2
3C1 BC1 BC1

D -V1 -K - KA Cd1=0
3x12 :

3x1 Btb 1 :

V and (A-8) !

2BC 2 BC BC22
D -V2 ~K - KA Cd2=0

,2
Bx2 3X at2 2 !

where,
2D = dispersion coefficient (m /s)

C = nuclide release rate (Ci/yr) I
V = water velocity (m/sec)

:
Ad = decay constant (yr-1) l

K = equilibrium sorption coefficient |

x = distance along the region (m) l

t = time (yr) I

| Because studies of ground water flow in soils suggest axial i

convection and dispersion are much greater than transverse con- |
vection and dispersion, a one-dimensional transport path is I
assumed.

| The boundary condition needed to solve the mass balance
I equation in the first region is provided by the expression for
. the leach rate of radium (10-5 yr-1) (4) in the tailings p.ile, i.e.,
i

C (xy = 0,ty) AIy gg exp (-A ty) (A-O=
E

t

!
'

| A-5



O
where,

Io = initial inventory (Ci)
AL = leach rate (yr-1)
AE=AL+Ad

= inventory total loss constant (yr-1)
Ad = decay constant (yr-1) <

The boundary condition for the second region is the release
rate from the first region, which is approximated by the expres-
sion

Ae-a(t2-T) - Be-b(t -T) (A-10)2C2 (X2 = 0,t2) =

where,
t2>T
T = arrival time at x2 = 0 (yr)

A,B,a,b = constants determined by the form of the transient
at the outlet from region 1.

Using these boundary conditions, the solutions to the mass
balance equation for the two regions are found to be

Region 1: (g_11)
_ _

r K D

Lo l1
-

- xi-2 _ G tyi
Al VX D K

AtEl-Gxy erfC1 (x1, tl) ( SXP
-=

1 2 C
2 2D V 1 -

~
~ '

_ _

K D
Ix1+2 -GtiiD K )V x1 - A tEy+Gxy 3rfc1+ exp y

2D _ 2[
_ .

_

,

where,

!2V g(x - Ad)1 E
G
1 = 4D -2 o

and
2 Y 2-Zerfc (y) =1 - e dz

81 0

9
,
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!

I
1

!
Region 2: i<

_

(A-12)
i

I_ _

- K D
i

V *2 - a(t -T)
_

2 (*2,t2) = b { A exp 2 2d 2t2C '

|2 - G *2 erfc D K22 2D I
- 2g

_ i,-. _

|
_ _

-
- K D i

V *2 - b(t -T) x2-2 -Gt2 32 i-B exp
2 - G *2 erfc D K- :3

2M ,

i

-
_

,

-
_ - K D

~

$
V *2 5 *2+22 Gt |22+A exp - a(t -T) + G *2 erfc2 2 K |

2D !
-

- 2 [2 !,_ -

-
- -

K D
-

(3

V *2 *2+2 -Gt322-B exp - b(t T) + G *2 erfc D K |
1

2 3- 2D'
-

- 2[ {'
_

where,
i

'

t2.=t T (yrs) |i

!

G2= V 2 K(A-a)'2

4D2 -
'

p (A-13)
!

G3* Y K(A-b)'2

4D2 - 9

f

226 a concentra-This model was used to calculate the maximum R ;

tion in well water at the location of the nearest residence. As '

discussed in paragraph 2.7.3, Chapter 2, an intergranular velocity
of 6.8 m/yr was used in the calculations. The parameters used i

in the calculations and the results are given in Table A-4. The :
equilibrium sorption coefficient g as used in the code, is dimen- ,

sionless. The maximum possible Ra concentration in the water
iwas derived from the average 226 a concentration in the tailings !R

and the sorption coefficient. A water well location was assumed
at a location near the first street west of the pond 7 dike.
The calculated 226Ra concentration in the water well is given in ;
Table A-4 and the calculated ingestion doses from 226 a and 230Th ~

R
to the whole body and to the bone. The highest calculated dose was

}

A-7 '
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22612 mrem /yr to the bone from Ra. The water pathway to a well
in Cottonwood Community is not the critical pathway.

Ground Water from Pile 1 to Cheyenne River

226Ra release to theAnother estimate of the potential
Cheyenne River was made by multiplying the 226 a concentrations IR

in ground water samples from well M1 and M3 (about 1 pCi/l above
background), by the estimated ground water flow rate (uw) under
pile 1. The GW is given by ,

GW = v3wh (A-14)

where,

v3 = ground water velocity under pile 1 (15.8 m/yr)

w = width of pile 1 (300 m)

h = height of aquifer (1 m)

6 1/yr for GW, which resultsThis gives a value of 4.7 x 10
in a potential release rate of 4.7 x 10-6 Ci/yr for 226 a intoR

the river. Application of Equation (A-7) yields:

Dose = 1.3 x 10-3

This pathway is also not a critical pathway.

A.3 FOOD PATHWAY

Radioisotopes can enter the human body through the ingestion
of meat containing radioactive materials. Radioisotopes enter
the meat-ingestion pathway by direct deposition on, and by uptake
through the roots of, grass used as feed for beef cattle.

Cattle graze in pastureland adjacent to the Edgemont site.
Vegetation samples were obtained in this area (Figure 3-21, Chapter
3). The potential dose commitment to man from the ingestion of
beef grazing on this land is estimated using Equation (A-15) :

(A-15)Dose = U FaC *0a D *WVa a a

where,

U = Consumption rate of beef (90 kg/yr)a
F = Element transfer factor (0.034 days /kg)a
C = Concentration of isotope in vegetation (1.1 pCi/g drya

weight above background value)
Qa = Vegetation consumption rate (50 kg/ day)
W = Vegetation dry-to-wet weight ratio (0.05)y
Da = Ingestion dose factor (mrem /pCi)

A-8
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The value for Ua is obtained from Reference 5. The valuesof C and W are from the experimental data (Figure 3-21, Chaptera y
3) , and the other values are from Reference 3. Solution of Equa-for 226 a yields:tion (A-15) R

Dose = 250 mrem /yr (bone).

25 mrem /yr (whole body)
,

This is the critical pathway for ingestion.
! This potential dose commitment is applicable to a rancher

who might slaughter one of his own cattle and eat meat only from^

an animal grazing adjacent to the site in the windblown tailings
The nearest rancher would receive no additional dose fromarea.

,

the Edgemont site.

Two beef cattle could be supported annually in the windblown
tailings area. If these were consumed by the population in 1 yr,
a population dose commitment of 1.25 manrem/yr bone dose would be
received by the population regardless of where the beef was con-
sumed.

Windblown tailings particulates are deposited in Cottonwood
Community and on vegetables grown in small gardens there. A cal-
culation of radionuclide uptake in leafy vegetables was performed(''' for the nuclides shown in Table A-3 using the same relative con-

( centrations. The radium and other nuclide deposition rates were
'-

determined by the model calculations in Cottonwood Community at
locations listed in Table A-2.

,

Dose was calculated in the whole body and bone using equa-
tions C-5 and (14) in Regulatory Guide 1.109, Revision 1. A very
conservative dose calculation resulted from assuming that the
total population of Cottonwood Community (about 90 people) con-
sumed one-half of their annual intake of leafy vegetables from
local gardens. The man-rem dose commitment was less than the
population dose from eating beef cattle and is included in the
food pathway dose commitment in Table A-5.

A.4 POPULATION DOSE COMMITMENTS

The population dose commitments from background radiation
are obtained by multiplying the background radiation values by
the appropriate usage and dose conversion factors and by the pop-
ulation at risk (2,000 persons). Population dose commitments are
listed in Table 3-10, Chapter 3. The two largest factors in the
background dose commitments are external gamma radiation and the
ingestion dose from the 226Ra content of the Edgemont city water
supply, neither of which are related to the presence of uranium
tailings at the millsite.

r~g Annual population dose commitments from the Edgemont site
( } are listed in Table A-5 and Table 3-10, Chapter 3 where they may

A-9



be compared with background dose commitments. The external gamma
dose commitment was calculated by multiplying the average gamma
radiation rate above background in Cottonwood Community by the
population in the community (about 90 people). Values for the
inhalation pathway were determined by integrating radon concen-
trations given in Table A-2 over the population distribution
shown in Figure 2-5, Chapter 2, and then applying appropriate
usage and dose conversion factors.(3) In a similar manner, in-
halation dose commitments from radioactive particulates were cal-
culated using airborne 226 a concentration distribution fromR
Table A-2 and other nuclides and concentration ratios listed in
Table A-3. Inhalation dose commitments to the population are
listed in Table A-5 from airborne particulates. The population
dose commitment to the bronchial epithelium from inhalation of
radon is listed separately in Table A-5 and is not included in
the lung dose.

O

i
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TABLE A-1

VALUES OF KEY PARAMETERS FOR COMPOSITE PILES

Composite Radium
Pile For Arga Radius Thickness Concentrationa g

2Radon (m ) (m) (m) (pCi/g) (pCi/m sec)

A 150,000 219 4.9 141 189

B 30,000 98 4.7 143 192

C 190,000 246 1.5 321 292

Composite Inner Outer Net Avg 226 Ra
Pile For Radius Radius Arga Height Concentration

Particulates (m) (m) (m ) (m) pCi/g

A 60 132 43,000 7.6 76

B 63 117 31,000 4.6 76

C 149 70,000 0.8 192--

D 122 47,000 1.4 76--

aWeighted average concentration based upon TVA analyses of
samples collected from each pile or pond.

O
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( TABLE A-2

,

RESULTS OF AIR PATHWAY CALCULATIONS
E

Airborne Annual
Radon Radium Deposition

Concentration Concentration FlugLocation (pCi/1) (pCi/l) (pCi/m yr)

C-1 0.55 7.2 x 10-6 2300C-2a 1.03 1.0 x 10-5 3200C-3 0.33 1.8 x 10-6 570C-4 0.53 3.8 x 10-6 1200C-5 0.57 2.5 x 10-6 790

E-1 0.21 1.4 x 10-6 440E-2 0.28 1.6 x 10-5 5000E-3 0.16 2.4 x 10-6 760E-4 0.11 1.6 x 10-6 500 !

E-5 0.12 7
8.7 x 10 7 270E-6 0.05 6.8 x 10 220 i

-

E-7 0.23 3.2 x 10-6 1000 i

E-8 0.28 3.2 x 10-6 1000

E-9 0.25 2.4 x 10-6 760
E-10 0.08 1.2 x 10-6 380
E-11 0.28

I
--

--

aLocation for maximum individual dose

!

!

|
|

'
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I
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TABLE A-3

ANNUAL DOSE BY INHALATION OF SELECTED NUCLIDESa

Nuclide and Whole Body Lung Bone
b DCFc DCFDVolume Weighted DCF

Concentration rem Dose rem Dose rem Dose
(pCi/g)d pCi mrem /yr pCi mrem /yr pCi mrem /yr

210 b (670) 1.0 0.4 370 137 32 11.8P

Ra (145) 190 15.2 1000 80 260 20.8226

230Th (66) 68 2.5 440 16.0 2300 83.6

2380 (6.1) 0.52 0.002 400 1.3 9 0.03

U (6.1) 0.60 0.002 440 1.5 9.8 0.03234

Total 18 236 116

Totale 21 176 308

Dose to nearest resident in Cottonwood Community. Dose to
bronchial epithelium from inhalation of radon and radon daugh-
ters is listed in Table 3-9.

bDose conversion factor for solubility class W. (6)

cDose conversion factor for solubility class Y. (6)

dBased upon TVA data on nuclide concentrations in ponds and
piles.

226Ra, 210Pb and 230Th ateAnnual dose assuming equilibrium of
145 pCi/g and 238U and 234U at 6.1 pCi/g. ,

o
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(v) TABLE A-4

GROUND WATER PATHWAY TO WELL,

Parameter Value
!

K Equilibrium sorption 500 (dimensionless)
coefficient

A Leach rate 10-5 yr-1n

Average 226Ra concentration 680 pCi/g a
in tailings

Maximum possible 226Ra 1360 pCi/l
concentration in water

!

V Vertical ground water 0.35 m/yr1
velocity to aquifer,

Distance from pond 7 to 10 m
aquifer4

>

V2 Horizontal ground water 6.8 m/yr(% velocity

k' ') Aquifer distance to well 270 m

2D Diepercion coefficient 5 m /yr

Calculated 226Ra concentra- 0.5 pCi/1
tion in well water

Calculated potential dose 12 mrem /yr (bone)
rate from 226Ra 1.2 mrem /yr (body)

226abased on average of Ra concentration in sands and slimes
in Pond 7.

ks),

|
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TABLE A-5

ANNUAL POPULATION DOSE COMMITMENTSa <

FROM SITE EFFLUENTS

Dose (man-rem /yr)
Bronchial

Pathway Whole Body Lung Bone Epithelium
<

Inhalation 8.6 104 52 321

2.5 --Food 0.2 --

1Water 0.1 ----

External Gamma 12 12 12 --

aPopulation of Edgemont = 2,000 people j

O,

<

O
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APPENDIX B

REMEDIAL ACTION CRITERIA

B.1 Guidelines for Decontamination of Facilities
and Equipment Prior to Release for Unrestricted
Use or Termination of License for Byproduct,

,

Source, or Special Nuclear Material l

l

l

B.2 Surgeon General's Guidelines '

'

l
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G<B.1 GUIDELINES FOR DECONTAMINATION OF FACILITIES AND EQUIPMENT
PRIOR TO RELEASE FOR UNRESTRICTED USE OR TERMINATION OF
LICENSES FOR BYPRODUCT, SOURCE, OR SPECIAL NUCLEAR MATERIAL *

<

4The instructions in this guide in conjunction with Table I specify
the radioactivity and radiation exposure rate limits which should
be used in accomplishing the decontamination and survey of surfaces
or premises and equipment prior to abandonment or release for un-
restricted use. The limits in Table I do not apply to premises,
equipment, or scrap containing induced radioactivity for which s
the radiological considerations pertinent to their use may be dif- )
ferent. The release of such facilities or items from regulatory
control will be considered on a case-by-case basis.

1. The licensee shall make a reasonable effort to eliminate
residual contamination.

(

2. Radioactivity on equipment or surfaces shall not be covered
by paint, plating, or other covering material unless contam-
ination levels, as determined by a survey and documented,
are below the limits specified in Table I prior to applying
the covering. A reasonable effort must be made to minimize
the contamination prior to use of any covering.

3. The radioactivity on the interior surfaces of pipes, drain
lines, or ductwork shall be determined by making measurements
at all traps, and other appropriate access points, provided
that contamination at these locations is likely to be repre-
sentative of contamination on the interior of the pipes,
drain lines, or ductwork. Surfaces of premises, equipment,
or scrap which are likely to be contaminated but are of such
size, construction, or location as to ma,ke the surface inac-
cessible for purposes of measurement shall be presumed to be
contaminated in excess of the limits.

4. Upon request, the Commission may authorize a licensee to re-
linquish possession or control of premises, equipment, or

scrap having surfaces contaminated with materials in excess
of the limits specified. This may include, but would not be
limited to, special circumstances such as razing of buildings,
transfer of premises to another organiza, tion continuing work
with radioactive materials, or conversion of facilities to a
long-term storage or standby status. Such requests must:

a. Provide detailed, specific information describing the

|

*From U.S. Nuclear Regulatory Commission, Division of Fuel Cycle
and Material Safety, Washington, D.C. 20555, Nov 1976.
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;\ premises, equipment or scrap, radioactive contaminants,
and the nature, extent,-and degree of residual surface
contamination.

. b. Provide a detailed health and safety analysis which'
;

reflects that the residual amounts of materials on sur- '

face areas, together with other considerations such as
prospective use of the premises, equipment or scrap, are

, unlikely to result in an unreasonable risk to the health
| and safety of_the public.

,

|

5. Prior to release of premises for unrestricted use, the licen- ,

,

see shall make a comprehensive radiation survey which estab-3'

; lishes that contamination is within the limits specified in'

Table I. A copy of the survey report shall be filed with the
Division of Fuel Cycle and Material Safety, USNRC, Washington,

.D.C. 20555, and also the Director of the Regiona~l Office of
the Office of Inspection and Enforcement, USNRC, having'jur-- !

<

i isdiction. The report should be filed at least 30 days prior '

i to the planned date of abandonment. The survey report shall: ,
!

. a. Identify the premises.

b. Show that reasonable effort has been made to eliminate
7-"N residual contamination.

Describe the scope of the survey ~and general proceduresw- c.

followed.

d. State the findings of the survey in units specified in
the instruction.

Following review of the report, the NRC will consider visiting the
facilities to confirm the survey.

I

!

I
l

\
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TABLE I

ACCEPTABLE SURFACE CONTAMINATION LEVELS

bef#
NUCLIDES* AVERAGE MAXIMUM REMOVABLE

,

2 2 2
U-nat, U-235, U-238, 5,000 dpm a/100 cm 15,000 dpm a/100 cm 1,000 dpm a/100 cm
and associated decay
products

2
Transuranics, Ra-226, 100 dpm/100 cm 300 dpm/100 cm 20 dpm/100 cm
Ra-228, Th-230, Th-228,
Pa-231, Ac-227, 1-125

l-129
2 2 2

Th-nat, Th-232, Sr-90, 1,000 dpm/100 cm 3,000 dpm/100 cm 200 dpm/100 cm
Ra-223, Ra-224, U-232,

w l-126, 1-131, 1-133
i

2 2 2
Beta gamma emitters 5,000 dpm By/100 cm 15,000 dpm By/100 cm 1,000 dpm By/100 cm
(nuclides with decay
modes other than
alpha emission or
spontaneous fission)
except SR-90 and others
noted above -

aVhere surface contamination by both alpha- and beta gamma-emitting nuclides exists, the limits established
for alpha- and beta gama-emitting nuclides should apply independently.

b '

As used in this table, dpm (disintegrations per minute) means the rate of emission by radioactive material
as determined by correcting the counts per minute observed by an appropriate detector for background,
efficiency, and geometric factors associated with the instrumentation.

Measurements of average contaminant should not be averaged over more than I square meter. For objects ofc

less surface area, the average should be derived for each such object.

O O O
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The maximum contamination level applies to an area of not more than 100 cm .

"The amount of removable radioactive material per 100 cm of surface area should be determined by wiping
that area with dry filter or soft absorbent paper, applying moderate pressure, and assessing the amount of
radioactive material on the wipe with an appropriate instrument of known efficiency. When removable con-
tamination on objects of less surface area is determined, the pertinent levels should be reduced proportion-
a '. '; 7 ead the entire surface should be wiped.

1

The average and maximum radiation levels associated with surface contamination resulting from beta gamma
emitters should not exceed 0.2 mrad /hr at I cm and 1.0 mrad /hr at I cm, respectively, measured through
not more than 7 milligrams per square centimeter of total absorber.

tn
|

U1

*

- --
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The remedial action criteria used for the Phase II assessment

of the cleanup of mill tailings are presented in the following
documents:

B.2 SURGEON GENERAL'S GUIDELINES <

DEPARTMENT OF HEALTH, EDUCATION AND WELFARE,
PUBLIC HEALTH SERVICE,
Washington, D. C., July 1970.

DR. R. L. CLEERE,
Executive Director, Colorado State Department of Health, 4210
E. lith Avenue, Denver, Colorado

,

DEAR DR. CLEERE: I am pleased to respond to your letter
of January 29 in which you asked Dr. M. W. Carter, Director of
our Southwestern Radiological Health Laboratory, for Public Health
Service and/or U. S. Atomic Energy Commission assistance in pro-
viding exposure guidelines applicable to homes with high concen-
trations of radon progeny.

The enclosed graded recommendations for action have been de-
veloped within the framework of existing Federal Radiatica Council
guidance for occupational exposure to airborne concentrations of
radon and its daughters (progeny). Also, graded action levels
applicable to external gamma radiation are included.

You will note in the accompanying Explanatory Notes that these
recommendations apply specifically to dwellings constructed with or
on uranium mill tailings. Further qualifications in the Explanatory
Notes should be consulted before these recommendations are applied.

The specific information which your Department is developing i

on the variability of radon daughter concentrations in dwellings
and on optimum control measures will be essential towards making
those decisions necessary in applying the recommendations.

These recommendations have been directed to the Atomic Energy
Commission for comment. Because of the urgency attached to your
receiving the recommendations as soon as possible, they have been
forwarded to you in advance of receiving AEC views and comments.
We will advise you of the AEC response when received.

Sincerely yours,

PAUL J. PETERSON,
Acting Surgeon General

Enclosure:

B-6
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RECOMMENDATIONS OF ACTION FOR RADIATION EXPOSURE LEVELS IN DWELLINGS
CONSTRUCTED ON OR WITH URANIUM MILL TAILINGS

External gamma radiation:

Level: Recommendations

Greater than 0.1 mR/hr . Remedial action indicated.. .

From 0.05 to 0.1 mR/hr . Remedial action may be suggested.. .

Less than 0.05 mR/hr. No action indicated.. .

Radon daughter concentration:

Level: Recommendations

Greater than 0.05 WL . Remedial action indicated.. . .

From 0.01 to 0.05 WL Remedial action may be suggested.. . . .

Less than 0.01 %L No action indicated.. . . .

EXPLANATORY NOTES

1. These recommendations are written specifically for dwellings
constructed on or with uranium mill tailings. This situation may
involve continuous exposure of members of the public to radon daugh-
ter product activities and whole-body gamma irradiation levels in
excess of the background radiation levels found within dwellings'N

) in the area not constructed with or on uranium mill tailings.
j'

2. Although the initial concern was the presence of radon
daughter product activities within these dwellings, preliminary
surveys have indicated that in some instances, the gamma radiation
levels were of prime importance. Thus, recommendations are made
concerning both types of radiation. The recommendations applicable
to a particular dwelling will be determined by whichever type of
radiation has the high level.

3. Three levels for action are recommended for both external
gamma and radon daughter product exposures. This graded system
of actions is proposed to allow latitude in the middle ranges for
the judgment of the on-site investigators.

4. The external gamma and radon daughter product levels pro-
posed constitute exposures which are in addition to the natural
background levels found within dwellings in the area not constructed
on or with uranium mill tailings. In the Grand Junction, Colorado,
area these levels are approximately 0.01 mR/hr (approximately 90
mrem /yr) and 0.004 Working Levels (WL) (approximately 0.2 CWLM/yr)
respectively (1).

5. The expected health effects of concern will be different
for the two types of radiation; i.e., leukemia for whole-body gamma
radiation exposure and lung cancer for exposure to inhaled radon' 9 daughter products. This expectation is based, in part, on findings
derived from population studies such as the Japanese atomic bomb

B-7
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survivors and uranium miners. These specific health effects are
considered to be mutually exclusive. The basis for this assumption
is that the expected radiation contribution to whole-body exposure
from inhaled radon and daughter products would be considerably
less than the direct exposure from external gamma radiation at
the levels encountered in the dwellings. Conversely, the external
gamma radiation contribution to the lung dose is considered to com-
prise a negligible additional risk of lung cancer.

6. (a) A Working Level (WL) is the term used to describe
radon daughter product activities in air. This term is defined
as any combination of short-lived radon daughter products in 1 liter
of air that will result in the ultimate emission of 1.3 x 105 MeV
of potential alpha energy (2). The numerical value of the WL is
derived from the alpha energy released by the total decay through
Ra C'

of the short-lived radon daughter products,222 n,per literRa A Ra B and
at radioactive equilibrium with 100 pCi of RRa C,

of air (3) .

6. (b) A Working Level Month (WLM) is the term used to ex-
press the occupational exposure incurred in one working month of
170 hours by a uranium miner laboring in an atmosphere containing
radon daughter products; i.e., one working month in a mine atmo-
spere containing 1 WL of radon daughter products equals 1 WLM.

6. (c) Cumulative Working Level Months (CWLM) is the term
used to express the total accumulated occupational exposure to radon
daughter pro' ducts in air; i.e., an air concentration of radon daugh-
ter products of 1 WL would, in one working month, equal 1 WLM, and
in 1 year or 12 months would equal 12 CWLM.

6. (d) Since occupational exposureb are based upon 170 hours
per month and continuous exposure involves approximately 170 hours
per week, then an occupational exposure to an air concentration
of 1 WL is equivalent to continuous exposure to 0.025 WL.

7. These recommendations are based on the assumption of a
linear, non-threshold dose-ef fect relationship. The lack of defini-
tive information precludes allowances for possible differences
in radio-sensitivity due to age, sex, or other biological character-
istics.

8. No action is indicated when the external gamma exposure
rate is less than 0.05 mR/hr and the radon daughter product activity
is less than 0.01 WL since under conditions of continuous exposure
these levels would result in maximum annual exposures of approxi-
mately 400 mrem and 0.5 CWLM, respectively. The maximum annual
value of 400 mrem is less than the dose limits recommended for an
individual body exposure to external gamma irradiation.

The ICRP (5) recommends that the annual dose limit for members
of the public shall be 1/10 of the corresponding annual occupational
maximum permissible dose. The maximum annual value of 0. 5 CWLM
of radon daughter product exposure is approximately 1/10 of the
4 CWLM annual occupational exposure limit recommended by the FRC
(6) for implementation on 1 January 1971, and less than 1/20 of the

B-8
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f''N annual occupational exposure limit of 12 CWLM recommended for uranium

(v) miners in the present FRC regulations (4).

9. Remedial action may be suggested in the case of external
gamma exposure rates of 0.05-0.10 mR/hr or radon daughter product
activities of 0.01-0.05 WL since under conditions of continuous ex-
posure these levels would result in maximum annual exposures of
approximately 400-900 mrem and 0.5-2.5 CWLM. The upper limit of
these ranges exceeds the strictly applied recommendations of the
FRC and ICRP for exposures of an individual member of the public.
However, this extension seems justified in situations in which un-
foreseen exposures have occured, since as stated by ICRP (5) "in
general it will be appropriate to institute countermeasures only
when their social cost and risk will be less than those resulting
from the exposure." It is further stated by the ICRP (5) that very
low levels of risk are implied in the dose limits for members of
the public.and that it is likely to be of minor consequence to their
health if the dose limits are marginally or even substantially ex-
ceeded.

10. Remedial action is indicated at gamma exposures greater
than 0.1 mR/hr or at radon daughter product activities greater than
0.05 WL. Under conditions of continuous exposure, these levels would
result in minimum annual exposures of 900 mrem and 2.5 CWLM. All
values above these would indicate the necessity for remedial action,
since at these levels the maximum annual exposures recommended by
the FPC and ICRp for an individual member of the public is exceeded.73

i )
( ,,/ 11. With respect to the external gamma irradiation, from the

estimates published by ICRP (7), it can be interpolated that the
annual risk of leukemia under conditions of continuous exposure to
500 mrem per year is an increased incidence of about 10 cases per
year per million persons exposed. The natural annual incidence of
leukemia for all ages is given by ICRP (8) as 10-100 cases per mil-
lion persons. With respect to radon daughter product exposures,
it has been estimated by Archer and Lundin (9) that an exposure of
120 CWLM to a group of white adult males in the United States appears
to approximately double the normal lung cancer incidence which for
this population is about 2-3 cases per year per 10,000 persons.
At an annual exposure of 2.5 CWLM, 48 years would be required to
reach 120 CWLM.

12. It is considered that implementation of these recommend-
ations for the various exposure ranges would make it highly unlikely
that any serious health effects would result from exposure to radon
daughter products or external gamma irradiation in this particular
situation.

13. It is suggested that remedial action be taken only after
an adequate number of measurements taken under a diversity of tem-
poral and climatic conditions have clearly established that the av-
erage exposure is in excess of 0.1 mR/hr or 0.05 WL exist and in

-~s instituting corrective measures. However, it is considered that
[\s J

the additional health risks from continued exposure over this time
period are of lesser consequence than the economic and social dis-
comfitures of precipitous action.

B-9
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Approved.

!

/s/ PAUL J. PETERSON,
for Jesse L. Steinfeld, M.D.,.

J

Surgeon General, Public Health Service

July 27, 1970
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RADON FLUX REDUCTION CALCULATIONS

The simplified formula used in calculating the attenuation
,

in radon flux produced by the proposed cover system is: '

J(x) = Jp exp (-T[ A/ (De/V) x) |

or,
n

J (x) = Jp exp ( ,I'/A/(De/V)i xg)
1=1

where,
l

i = particular cover material of a multicomponent cover (n
is the number of components)

222Rn = 2.1 x 10-6A = decay constant for

De/V = effective diffusion coefficient (cm fg) ]2

1

x = depth of cover (cm)

J (x) = resulting radon flux after attenuation through a 2thickness x of material with a given De/V (pCi/cm _g)
,

Jp = radon f ux at the surface of the planar tailings source
(pCi/cm -s)

The effective diffusion coefficient (De/V) for the clay cover
2was estimated to be 6.6 x 10-4 cm /s (the geometric average of

the diffusion coefficient for montmorillonite clay with 30%

(6.5 x 10-5 cm /s)2and the diffusion coefficient formoisture
(7. 0 x 10-3 cm /s) and the De/V for the soil wasvarved clays

estimated to be 1.2 x 10-2 2cm /s. Using the preceding formula,
the radon attenuation factor for the 1.5 ft of compacted bentonitic
clay is 0.076 and for the 4.5 ft of overburden and topsoil, as-
suming 10% moisture is 0.163. Overall, the effective radon flux
attenuation factor is estimated to be 0.0124 (0.076 x 0.163) or
an attenuation of about a factor of 80. The over material is
also a source of radon from the natural uraniua content of the
soil. A 4.5 ft soil cover would exhale about 75% of the back-
ground exhalation value for an infinite soil thickness or about
2.1 pCi/m2-s. The tailings exhalation must be reduced to a value
equal to the difference between twice the average background
radon exhalation rate and the erhalation rate from the cover or

2approximately 3.5 pCi/m -s. Source fluxes must then be less
2than 280 pCi/m -s.

The proposed tailings cover is expected to accomplish the
required redon flux reduction, except for portions of ponds 2,
3, and 7. In Alternatives I and II, contaminated materials from
the site cleanup and at least 5 ft of sand tailings would first

C-2
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be placed over these high flux areas. This additional naterialwould attenuate the flux from the high flux areas by a factor ofabout 10. Then the specified cover materials would reduce the
radon surface flux to less than 5.6 pCi/m -s (twice the back-2
ground flux).

(
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