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ABSTRACT

i This thesis is a site-specific evaluation of abandoned

' uranium mines in the southern Black Hills of South Dakota.

The study, sponsored by the Rocky Mountain Forest and Range
Experiment Station .and the Black Hills National Forest, is an
attempt to determine the present conditions within the abandoned
mines of the Edgemont mining district.

The locations of 38 uranium mines covering greater than
? 490 acres (198 ha) were plotted on orthophotoquad maps and

| on 7% minute quadrangle maps. The volume of spoils within

? the study area is estimated to be greater than 390,000 cubic

: yards (298,165 m3).

Fifteen spoils samples from abandoned mine sites were
analyzed for radium-226. Results from the analysis indicate
isolated "hot spots'" do exist, therefore, a potential hazard
also exists from external radiation from uranium spoils,
especially over long term exposure. Possible hazards to the
occasional visitor would be minimal. :

Air samples from selected adits analyzed for radon-222
indicate levels above the occupational exposure rates.

Therefore, a potential hazardous condition does exist within
the adits of the study area.

Many physical hazards and adverse environmental impacts
were found in the study area. These include: open ventilation
shafts; unplugged drill holes; stream erosion; and structurally
i unstable adits. :

Based on the findings of this investigation, the following
recommendations are made: (1) close all adits to eliminate
possibilities of excessive radon gas exposure; (2) security
fencing to be placed around mined areas and posted to warn
against radiation and physical hazards; (3) reseed disturbed
areas with native plant growth; (4) monitor the returning
vegetation to measure its progress and (5) consult a health
physicist to determine exposure rates for the occasional
visitor.

iii
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INTRODUCTION

Radioactive element mining and milling is becoming an
issue in the Black Hills region. Strong feelings, both pro and
con, concerning nuclear chemistry and its place in society make
it an emotional as well as an economic issue.

A great deal of information is required before the U.S.
Forest Service can ﬁroperly redeem management responsibilities
on public lands. What exactly will be the effects to the Black
Hills region if large production radioactive ore mining and
milling is initiated? What will happen to the ground water, to

wildlife and the food chain, to the general population? What

conditions exist in prospective mining areas now? (Mathers, 1979).

To answer there questions, a cooperative project between
the Rocky Mountain Forest and Range Experiment Station, Rapid
City, South Dakota and the Black Hills National Forest, Custer,
South Dakota was started in June of 1979. This ;tudy is a part
of this cooperative effort.

The purpose of this study is two-fold: (1) to determine
the location, volume, and radiological status of all known
uranium spoils and sites of mining distunbance in the southern
Black Hills, and (2) to assess the present and future environmen-
tal impacts associated with these spoils.

The identification of these impacts is of great concern
to the U.S. Forest Service (USFS) as well as to the general
public. Much of the uranium mining in the Black Hills occurred
on USFS land. It is not known if these abandoned spoils and

1



mining operations are hazardous to wildlife, domestic animals
or the general public.

Uranium was discovered in 1951 in the southern Black Iills
by Jerry G. Brennan of Rapid City, South Dakota (Page and Redden,
1952). This discovery brought many prospectors and mining com-
panies into the area. Within the next thirteen years, nearly
one million tons (6.8 x 105 kg) of U308 were mined (Jackson,
1975). No mines are operating although Union Carbide Corporation
and Tennessee Valley Authority(TVA) may resume mining in the
near future.

Essentially no reclamation was done in the old mined
areas (Figures 1,2,3, & 4). Numerous open pits, underground
mines and aséociated dumps occur in the outcrop area of the
Inyan Kara Group within 25 kilometers of Edgemont; South Dakota.
Because no reclamation has been done on the mine sites, mine
spoils are exposed to the biosphere. The mine spoils are poten-
tially hazardous because they contain radioactive and toxic
trace elements which may create health hazards to wildlife,
domestic animals, or man.

There is no document which shows the location, size, and
radioactivity of the abandoned uranium mines, spoils, and adits
of the Edgemont mining district. The hazards to man, livestock,
and wildlife cannot be evaluated until these data are acquired
and evaluated. For this reason, a site-specific investigation

is needed before the present conditions and environmental impact

may accurately be assessed.
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Figure 1 - Hay and Fay Mine, Showing Unreclaimed Condition of
Open Pit Mines.

Figure 2 - Clarabelle Mine, Showing Unreclaimed Condition Typi-
cal of Most Uranium Mines Within the Study Area.




Figure 3 - Mine Spoils (Dumps and Possible Unused Ore Piles)

from the Hot Point Group.

Figure 4 - Mine Spoils from the Ridge Runner Mine Showing

Erosional Features and Lack of Vegetation.




The area encompassed by this study lies in Fall River and
Custer counties in South Dakota and is almost entirely USFS
property. Geographically, the study area lies south of the

Dewey-Minnekahta road, north of Edgemont and the Burlington

Northern Railroad, and west of Highway 18 (Figure 5).
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Chapter 1

METHODS
The first step in the accomplishment of the objectives
of this study was to locate and map the individual sltos of

disturbance within the study area. All known mines in the

Edgemont district were plotted from aerial photographs at a

~scale of 1: 12,000. The photographs were from four separate

flight lines flown over the study area by Horizons Inc.,

Rapid City, South Dakota in 1978. The only area not covered

by these flight lines was along Driftwood Canyon. Field
reconnaissance has shown this area to be void of major mining.
The resulting maps are presented in Figures 6 through 9.
Distinctions were made on the basis of pits, spoils and areas
with man-made disturbances. TFinally, access roads were plotted.
These roads, as evaluated from the photographs, were of unknown
condition. A closer study by the author's field investigations
has shown that these roads are mostly in poor condition.

The information from these maps was transferred to topo~-
graphic maps and orthophotoquads at a scale of 1:24,000 (Figures
10 through 17). A listing of mines with township-section-range
descriptions is located in Table 1. The volume of spoils and
the area of disturbance, as estimated from aerial photographs
and field measurements for each mine survey, are listed in
Table 2.

A field reconnaissance of selected mine sites within the

study area was then conducted by the author to evaluate the

existing conditions and impacts associated with the abandoned

7
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MINE NAME

Matias Peak

Too Late

Hold No. 15
Holdup Group
Hot Point Group
Greenacre

Hay & Fay
Clarabelle
Shamrock
Dagmar
Gertrude
Pictograph Mesa
King

Verde

Trail Faetion
Blue Chip

Ridge Runner
Road Hog

Coal Canyon Group
Get Me Rick
Virginia C
*Taylor

Valley View
Lion #1 & 4
Mary Jack
Freezeout

Lucky Strike
*Darrow

*Spencer Richardson
*Triangle

4 Section

NE1
NWi
ST
SE4
SW4
NW4
Swi
NE1SEZ
NEL
NEXSW4
SWiSEZ
NWZNW3
NE1SW1
SEZNW
SWisSwz
NWANW3
NW4NEZ
NWZ
NE4SEZL
SWiSwi
SWiSw
NWZNEZ
SE4SE%
NWiNEZ
NEiNE
SE+SWi
NEiNEZ

* Not on USFS property

Table 1 - Location of Mines in Study Area

Section

34

4
33
28
28
33
20
19
19
19
19
30
25
25
24
25
26
26
22
26
26
35
26
15
10
36
36

1
36
34

TWSP-Range

78-35L
85--3L
75-3%
75-3%
7S-3E
75-3E
7S-3E
75-3E
7S-3E
78-3E
78-3E
78-3E
7S-2E
7S-2E
7S-2E
7S-2E
75-2E
7S-2E
75-2E
78~2E
7S-2E
78~2E
78-2L
85-3E
8S-3E
65~1E
65S-1E
7S-1E
6S~1E
65~1E




0
‘}j‘ MINE NAME VOL. OF SPOILS(VdSS) AREA DISTURBED(acres)
‘ V Matias Peak ' 12,5561 ‘ 31.41
e . Mary Jack 440 10.0
= A Too Late . 227 1.4
K % Hold No. 15 ' 28,356 67.4
: : Hold up Group 407 12.9
L . Hot Point Group 2,722 28.7
i ; Greenacre 12,889 6.5
Hay & Fay 16,944 2.8
Clarabelle 5,324 5.7
Shamrock 2,407 8.6
Dagmar 10,370 11.4
Gertrude 4,737 27.3
Pictograph Mesa 400 2.8
King 10,615 11.4
Verde 3,611 17.2
Trail Faction 7,645 2.0
Blue Chip _ 52,996 74.6
Ridge Runner 22,407 27.3
Road Hog 2,059 11.4
Coal Canyon Group 27,944 8.6
Get Me Rick 2,196 30.1
Virginia C 131,133 34.4
Taylor 30,437 24.4
Valley View 1,800 11.4
TOTALS 390,620 yds3 490.6 acres
Table 2 -Mines in Study Area Located on USFS Property.




mines. A 35 mm camera was used along with field notes to
record adits, places of erosion, spoils, and other areas of
environmental interest.

Table 3 shows a listing of uranium prospects not examined.
Many of these were never mined and exist only as scattered
uranium prospects or occurrences. Most are outside the study
area and were not inspected.

The second step in the accomplishment of the objectives of
this study was to evaluate the radiation hazard potential within
the study area. There are a variety of risks from radiation
hazards that accompany all phases of the uranium industry. These

risks may be classified on the basis of how they have been caused

(Morrison, 1980). They are as follows: (1) radiation effects

by the inhalation of radon and its daughters; (2) radiation
effects through the external exposure to gamma rays: (3) radia-
tion effects by ingestion of heavy metals.

To evaluate the first of these risks, long-term radon pro-
geny measurements of eight adits within the study area were made
using Track EtchP type F detectors..-ThelTrack Etch detectors
were donated by Terradex Corporation, 460 North Wiget Lane,
Walnut Creek, Californiz, 94598,

In addition to the Track Etch detectors placed in the
adits, one Track Etch cup was placed on the surface of a spoils
pile (Figure 18) and one was placed in a control area (the
author's home). The cups were left in place fof a period of
greater than 30 days. They were sealed in an aluminum pouch

provided by Terradex Corporation until placement in the adits.
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N MINE NAME Sec. Sec. TWSP-Range
I Jim Rab Claim S% Sec 23 6S-31
W‘ 1 Unnamed SwWi Sec 21 55-1E
i Unnamed NE#} Sec 19 6S-2T,
Lol Unnamed S% Sec 23 6S~1E
ﬂ j Unnamed NE} Sec 26  6S-1E
Sl Elk Mountain NEZ Sec 9 6S-1E
L Wolf Canyon Sec 17
n or 18 85-6F
B Unnamed : 3 Sec 7 8S-3E
i Red Canyon SEX Sec 29 7S-3E
L Lucky Strike NW3 Sec 25  7S-2E
. Trail Wind NEZ Sec 26 7S-2E
el Walkan Wi - Sec 25 7S-2E
iREy Western Edge NE% Sec 25 78-2E
e Little Windy SW3 Sec 30 78-3E
g Lucky Toss SW% Sec 30 78-3E
il o Ophelia NWE . Sec 30 78~3E
L Blue Note NE% Sec 24 7S~2E
£ | Yellow Cat NEZ Sec 30 7S-2E
A Carnotite Cave SEZ Sec 19 7S-3E
s Lazyman SE} Sec 20 7S8-3E
; Hipockets Wi Sec 21 7S5-3%
I Eagle Lyrie SW% Sec 4 8S-3E
” Little Windy SwWi Sec 4 85-3E ‘
W Acme ' Wi Sec 3 8S-3E . i
l Cycad #1 NE} Sec 34 73-3E
| Schoonmaker SE% Sec 34 75~3E
Lakota Lodes S% Sec 34 7S--3E
Amy NEZ Sec 12 9S-3E
Starlight NW3 Sec 25 8S~3E
Cheyenne Canyon SEZ Sec 11 98-3E
Pabst #3 NW3 Sec 1 8S5-3E i
Lo Ra SE% Sec 2 98-3E i
Damsite Group Swi Sec 31 8S-4E i
‘ Washboard NW% Sec 31 8S-4E
v Accidental NEX Sec 30 8S-4E
i Gould Mine NE% Sec 11 85~3%
&”j : Table 3-Uranium Prospects Not Examined
1| .
i (from Elevatorski, 1977) i
|
‘ R
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Figure 18 - Track Etch Detector Placed on Spoils Pile.




The cups were placéd in adits_seleéted on the basis of
accessability to the general public.

To evaluate radiation effects through external exposure
to gamma rays a radiometric survey which measured gamma
exposure rates of the mines located on USFS property was
completed in the summer of 1981‘by the author. In this
survey,.a 100 ft. grid pattern.waé marked off by pacing. At
each.intersection,:readings were taken allowing them to
become stabilized by waiting one minute. The actual counter
reading in counts per minute or mR/hr was then recorded on
maps (Appendix'A).' Also inclﬁded'on.these maps are the
relative size and distribution of the spoils within the
individual mine site. | |

Thé counter réadings.were used to find locations with
the "hottest" spoilé. These locations were then sampled.
Due to time and money limitations, only fifteen samples were
analyzed. Samples were chosen on the basis of accessability
to the general public. |

The fifteen samples were then analyzed for radium-226
using a sensitive gamma spectrometric procedure based on the
measurement of bismuth-214 after sealing the sample in a
metal can to prevent the loss of the radon-222, daughter of
radium-226 (Perkins, 1981).

Radiation levels in ground.Water, surface water and
vegetation, as recorded by TVA, were used to evaluate

radiation effects by ingestion of heavy metals.

25




Finally, recommendations were made, based on the

results to be discussed in the next chapter.
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J Chapter 2

i RADIOACTIVITY

- When evaluating the radiometric qualities of an area, ; ?
| il the first question to arise is: "What constitutes a safe

level of exposuré?”. In order to address this question, an
examination of uranium and its daughter products is necessary. { I
‘@jﬁ‘ : Figure 19 lists the radioactive isotopes of the uranium-238 ?g

decay series. - I

The uranium-238 decay series can be divided into four

N parts. They are as follows: (1) the long-lived isotopes, i i

. 9 . . . . . .
| “38U, which are considered to be in equalibrium in nature;

222

(2) 226R5. (3) Rn and its short-lived daughters; (4) the

long-lived radon daughters, 210Pb, ZloBi, and 210Po (EPA, 1976).

These isotopes occur as coating on sand grains or as fillings

or cement in interstitial spaces where it has accumulated by
water deposition. ;
There are three types of ionizing radiation from the [ il

decay of uranium-238: (1) alpha particles, which are basically

the nucleus of a helium atom; (2) beta particles, which are r‘

electrons, and positrons; (3) gamma radiation, which is a form
of electromagnetic radiation of shorter wavelengths and there- ;
i fore more penetrating (Morrison, 1980). The majority of the

” : physiological hazards are due to the emission of gamma radia-

1
’ f tion and alpha radiation.
| 27
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U = URANIUM
Th= THORIUM
Pa = PROTACTINIUM

oo : :
Ra= RADIUM
| Rn= RADON
Po= POLONIUM
Pb= LEAD

Bi = BISMUTH

@ = ALPHA PARTICLE
| oy B =BETA PARTICLE
7y = GAMMA RAYS
‘ ‘ i‘

y
) Ly
v 2|4Pb @

Figure 19 - Principal Branch of Uranium-238
! : : Decay Series (DOE, 1979)

ol :

1 o
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The uranium mining within the study area was done above-
ground and in under-ground adits. The principal di[Terence
between under-ground and surface mining in terms ol radiation
hazard is in the types of radiafion exposure. For above-
ground, the major radiation exposure is from gamma rays.
Underground, alpha radiation from ingestion and inhalation

of short half-life radon daughters is the major source of
radiation exposure.

Radium isotopes are present within all soils in varying
states of equilibrium with its parents. Radium-226 decays by
the emission of an alpha particle to radon-222, an inert gas
with a half-life of 3.8 days. The atmospheric concentration
of radon-222 depends upon: (1) the degree of air circulation;
(2) the concentration of radon-226 in the soil, and; (3).the
degree of equilibrium between radon and its daughter products.
Because the daughter products are electrically charged, they
tend to attach themselves to the dust particles within the
atmosphere. Therefore, the primary source of contamination is
through inhalation (EPA, 1978).

Sincé more than one radionuclide is involved, a total energy
unit has been developed (Yamamoto, 1980). This unit, the work-
ing level (WL) is also designed to be a safe occupational level
of exposure.

Ledbetter (1980) defines one WL as any mixture of short
half-life radon daughters in a liter of air which will ultimate-

ly produce 1.3 x 10° million electronvolts (MeV) of alpha energy.
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The WL was defined on the basis of the short-term alpha ehergy
from 100 pCi/L of radon in equilibrium with its daughters.
Disequilibrium is quite important to the relation between
pCi/L of radon with an age of twenty minutes would be in

about 30 per cent equilibrium. This would result in about

.75 WL,

The problem of equilibrium arises because the radiation
measured does not comé primarily from the uranium but from its
daughter elements. When uranium is‘disturbed or separated
from its radioactive daughter elements, it immediately starts
to decay and reform the elements until all of them in the decay
series have accdmulated in their original propoftions. That
is, each element is present in an amount so that it decays to
the element below it in the series at the same rate as it is
produced from the elemenf above it. When this happens, an
equilibrium is established. 1In equilibrium, no further change
takes place in the quantity of any of the daughter elements
until the sample is disturbed or subjected to a chemical change.

At the time of mine development, a uranium miner could
work in an atmosphere containing one WL. This safe level has
now been reduced by a factor of three (Yamamoto, 1980).

The radiation doses allowed for the general public have
been 1/10th the occupational limits. This fraction is based
on a philosophy that the general public represents a larger

group at risk and that they are not being paid for taking the




risk (Ledbetter, 1980).

For the purpose of this study the limit for "safe
exposure levels'" was set at 0.33 WL for alpha radiation.

This corresponds to the recommended occupational exposure
levels. For an occasional visitor to the study area, a
maximum level of 2.0 WL was set by the author. These
levels represent the authors opinion and should be used
only as a relative guide.

It should be noted that as of March 1975, the Environ-
mental Protection Agency has adopted the policy of assuming
a linear relationship between population exposures to ion-
izing radiation and its biological effects. There is, there-
fore, some potential ill health attributable to any exposure
to ionizing radiation and the magnitude of the potential i1l
health is directly proportional to the magnitude of the dose
received (Yamamoto, 1980). Thus, there is some potential
hazard in all radiation.

In the Federal Register's "Proposed Cleanup Standards for
Inactive Uranium Processing Sites" (1980) a maximum limit of
25 mrem/yr for all releases, excluding radon and its daughters
is recommended. This corresponds to only 5 pCi/gm of radium
and is the maximum amount allowed without special treatment
(CFR, 1980%). The long-used exposure dose limits of 2 mR/hr
and 100 mR/wk are still the basic monitoring limits in the

Texas Regulation (Ledbetter, 1980).




32

SAMPLE / FEDERAL STANDARDS STUDY AREA

-
AIR .003 WL .003 WL
SOILS 5.0 pCi/g : 5.0 pCi/g
WATER 5.0 g/l 5.0/u,g/l
+ OPEN LAND 20 _« R above backround *45 counts/min.
gamma exposure or 0.02 mR above back~ or .048 mR
limit round

Table 4 - General Public Radiation Standards

Values were taken from Federal Standards (40 CFR-192) for inactive mill tail~
ings.

* Backround in the study area as measured by the author is 25 cpm or
0.028 mR :
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The Federal Register's proposed standards are quite low
when compared to the Texas Regulation which are quite high.

For the purpose of thig study, an intermediate value of

100 pCi/g was chosen as.an acceptable "safe limit" for gamma
radiation. This value is lower than the Texas regulations for

occupational safety, however, it is ten times higher than the

maximum amount recommended by the Federal Register.
GAMMA RADIATION

Gamma radiation is measurable in spoils. The levels are

usually a few tenth mR/hr. Samples for analysis of gamma
radiation in the study area were ebtained from spoils on the
basis of their radioactivity as determined from field survey

which measured gamma exposure rates.

There are three sources of gamma radiation that influence
the reading obtained by the detectors used in this study:
(1) cosmic radiation which originates from outer space and
gives low-level high energy radiation; (2) radicactive nuclidés

which occur naturally in the atmosphere,

bismuth-214,

namely radon-222 and
and (3) the natural radioactive nuclides present

in the surficial layers of rock.

All persons are subject to low-level radiation exposure

from natural sources occurring in the environment. The amount

and type of this radiation varies from place to place and time

to time (Henry, 1969). As a matter of fact, the southern Black

Hills in a virgin condition 100 years ago, undoubtedly had

higher than average background radiation due to the uranium

deposits in the area (Redden, personal comm., 1982). Since
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the actual level of radiation varies, the actual background at
any location can only be determined from direct measurements.
Within the study area the background count is approximately
25 counts per minute, as measured with a simplé Geiger-Mueller
survey instrument, or .028 mR/hr as measured with a scintillo-
meter-type survey instrument.

RADIOLOGICAL MAPPING

The basic part of a Geiger-Mueller survey instrument is a
metal tube filled with an inert gas. A voltage from batteries
is applied between a metal wire running the length of the tube
and the tube wall. Then the counter is placed near a source
of radiocactivity, some of the radiations strike the tube filled
with gas, creating a pulse of electric current which is then
recorded. Alpha particles are stopped by the tube wall. Beta
particles have a greater penetrating power, and some can enter
the tube wall but most do not. Gamma rays penetrate the tube
with much greater numbers, producing electrical pulses.

The scintillometer-type survey instrument, like the Geiger-
Mueller type, records principally gamma rays. The radiation
produces tiny flecks of light called scintillations in a potassium
iodide crystal. The scintillation counter is of greater sensi-
tivity due to the. fact that the crystal reacts to a much larger
proportion of gamma rays than does the ‘Geiger tube. This means
that the scintillometer can accurately detect a much smaller
change in the amount of radioactivity.

Mass effect is probably the most important factor to con-.
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gsider when using these types of survey meters. The principal
effect relates directly to the fact that 'a counter measures

the total amount of radiation from a source. The total amount
of radiation will vary with the size of the source as with the
proportion and type of radioactive substances within the source.
The source is defined as the material from which the radiation
is emitting. This could be the walls of the adits, the spoils,
or the ore body itself. The closer the source, the higher the
readings. Efforts to compensate for mass effects were taken.

All measurements were taken at approximately three feet (1 m)

from the source. If the reading was greater than .06 mR/hr

with the first meter or 200 counts per minute with the second

meter, a second reading was taken. These readings are approxi-

mately four times background in the abandoned mine sites. This

reading was taken as close to the source as possible the second

time.

The scintillometer/Geiger counter readings obtained were
then plotted on maps (Appendix A) and used to get a general
profile of‘the radioactive conditions at each site. A summary
of results of the radiometric survey are included in Table 5.
Both survey instruments were calibrated.before and after each

use using a standard calibration disk.

SPOIL SAMPLING FOR Ra-226

226Ra

The results from the spoil sampling analysis for
are seen in Appendix A. The average spoil sample contained
382.1 pCi/g radium-226. The lowest concentration (2.660 pCi/g)

was obtained from the Hot Point Group and the highest (1643.0 pCi/g)
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was obtined from the Virginia C Group. A summary of this

data is given in Table 6.

ATR SAMPLING

The potential hazards within the study area, in terms of

WL's which measure alpha radiation, can be measured within the

confined adits. Potential hazards from this source are pri-

marily from the inhalation of the short-term daughters of

radon. Radon-222 is the radioactive isotope from the uranium-

238 decay chain having a relatively long half-1life of 3.8 days.

A high probability exists that a person inhaling this gas

directly would exhale the gas before the emission of an alpha

particle. The main hazard comes from the short term daughters:

218Pa; 214Pb; 214Bi 214

; and Po, which have a much shorter half-

life and emit alpha particles within the lungs (EPA, 1978).

The amount of alpha particles emitted may be measured
with Track Etch type F detectors donated by the Terradex
Corporation.

Track Etch devices consist of thin sheets of alpha-sensi-

tive material that are passively exposed to the atmosphere

within the adit. Alpha parcicles from radon and radon daughters

produce damage tracks in the sensitive material. These tracks
were made visible by an etching technique, and then counted

(Perkins, 1981).

The results expressed in pCi/L are shown in Table 7.

The radon exposure rate was obtained from Terradex Corporation.

The working levels were calculated from these exposure rates




PAGE MINE NAME 226p,

A-2 Matiés Peak Group 90.44 pCi/gm
A-4 Mary Jack Group 72.15 pCi/gm
A-7 Lion #1 and 4 123.8 pCi/gm
A-13 Hot Point Group 2.66 pCi/gm
A-15 | Greenacre < 182.9 pCi/gm
A-17 Hay and Fay ¢ 264.8 pCi/gm
A-20 Shamrock 144.8 pCi/gm
A-21 Gertrude 1075.0 pCi/gm
A-26 King 97.57 pCi/gm
A-27 King 126.5 pCi/gm
A-29 Verde 614.8 pCi/gm
A-37 Ridge Runner 357.8 pCi/gm
A-40 Get Me Rick 313.5 pCi/gm
A-42 Virginia C 1643.0 pCi/gm
A-44 | Coal Canyon 619.9 pCi/gm

Table 6 - Results of  Spoils

Radium-226.

Sampling for

38




it
I
"
[T
ol
P
Il
r i
i
; \“
S
BRI
]
Lo
SR
S
|
1“
i

MINE

RADON

39

WORKING LEVEL

MATIAS PEAK
HOT POINT GP

GREENACRE
GREENACRE

BLUE CHIP
DARROW

DARROW
CONTROL

- 4682
242227
295440

26826

55.97

17847
101.42
6.25

04 WL
218 WL

266 WL
24 WL
05 WL
16 WL
09 WL

0.06 WL

Table 7 - Track Etch Results

Radon exposure rates in pCi/liter

WL's at 90% equilibrium
1 pCi_= 10-12¢i

1 Ci= 1 curie = 3.7 x 1010 radiocactive disintegrations/sec.
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. using the assumption that the degree of equilibrium between

radon and its daughters is about 90 percent. One sealed cup

containing 100 pCi/L of radon with an age of 10 days would

be in about 90 percent ecquilibrium.

INGESTION OF RADIONUCLIDES

wﬂ;' 1 The last of the fadiologic hazards to be evaluated,

':g‘ | proposed by Morrison, 1980, is from ingestion of radioactive

}g% ii materials. To evaluate possible hazards from the ingestion of
7 radioactive materials, radioactive levels from ground water
?,i and vegetation in the study area were needed. A search of
1 the literature provided two tables from Tennessee Valley |

Authority (TVA) showing radioactive levels from ground water M

and vegetation within the study area. These are presented in

Tables 8 and 9.

Uranium is present in minor amounts in all ground waters

tested within the study area. The four wells listed are located i

 ¥ in the vicinity of the Darrow Pits. Actual amounts of natural

uranium-238 in the study area “vary. from 0.08 ug/L to 0.87 ug/L. fi

TVA reports these values are well below the maximum permissible

concentrations of uranium.

There are 133.2 pCi/L of dissolved radium-226 in the

Burdock well B-2. This is the highest value reported by TVA

T | and is not considered to be hazardous. The values represented

by these wells are high, when compared to EPA maximum permissible i

concentrations as they are located in or very close to ore bodies. |

»” | 'éé : Vegetation samples analyzed by TVA show only slight amounts

Lo | -f? of natural uranium and radium-226. These values are somewhat
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ble concentrations.
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maximum permissl
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Chapter 3
NON-RADIOLOGIC HAZARDS

Following the initial discovery of uranium, prices rose
sharply due to a great demand for nuclear power plants.
The phase-out of the federal uranium procurement program in
the early 1960's caused the prices to fall as sharply as they
had risen. The decrease in the price of uranium was accompanied
by the closure of many of the uranium mines all over the United
States including those of the study area. Laws and regulations
concerning reclamation of these mines were non-existant. The
depressed prices put the origina1 companies in a financial bind
resulting in abandohment without concern for reclamétion. The
impacts observed by the author in fiéld investigatibns are pre-
sented in the following sections.

FIELD INVESTIGATION OF IMPACTS

Uranium mining usually involves considerable disturbances
of surface lands and associated biota. This is especially the
case for open pit mines in which ore bodies are located less
than 70 to 80 feet (21 to 24 m) below the surface, as they
are in the study afea (Figure 20). Large quantities of over-
burden and topsoil were removed during the mining process.

Disturbed surface areas of up to 200 acres (81 ha) are located

.~ throughout the study area. Topsoil and overburden were not

separated in the early mining operation and are now, in many

44
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Figure 20 - Showing Present Condition of a Surface Mine in

the Blue Chip Group.
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cases, covered with spoils. The physical characteristics of
each minerwithin the study area are listed in Table 9.

Unplugged drill holes are common in the area and are

often obscure (Figure 21). They are up to 200 feet (61 m)

deep and 6 to 8 inches (15 to 20 cm) in diameter. These holes
represent a physical hazard to livestock, wildlife, and man.

The drill pads that accompany these holes are, for the most

part, unreclaimed and may be seen on aerial photographs.

Throughout the study area, numerous dozer scrapes, roads,

and trenches are common. Natural vegetation has failed to

reclaim these disturbances. Lack of vegetation has resulted

in erosion which has left many of the roads impassable (Figure

22). Lack of vegetation is also a factor in the erosion of

spoils (Figure 23).

Many of the sites appear to have been "dozer mined'".

These sites have numerous bulldozer slashes which range from

6 to 40 feet (1.8 to 12 m) in width and up to 150 feet (46 m)

in length. Most are only 4 to 10 feet (1.2 to 3 m) in depth.

Fourteen of these slashes were counted in the Valley View site.

Radiometric survey showed only slight elevation of external

radiation above backround. It is the opinion of the author
that these '"dozer mined" areas were only prospect trenches

which were abandoned because no significant ore bodies were

discovered.

Many of the mine sites are covered with the frash of
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Matias Peak

Mary Jack

Iion No. 1 & 4

Crandall Group
Too Late

Hold No. 15
Holdup Group
Hot Point Group
Greenacre

Hay & Fay
Clarabelle
Shamrock

Dagmar

Gertrude
Pictograph Mesa
King

Verde

Trail Faction

Blue Chip

Ridge Runner
Valley View

Taylor

Virginia C

Get Me Rick

Road Hog v

Coal Canyon Group
Lucky Strike
Freezeout

Darrow

Triangle ,
Spencer-Richardson
Wicker-Baldwin

Table 10 ~Physical Characteristics of Mines Within the Study
Area. Column (2)-Track-Etch-Alpha Sensitive Device Used to
Measure Radon-222 Provided by Terradex Corporation.



Figure 21 - Unplugged Drill Hole.

Figure 22 - Hold #15, Showing Poor Road Conditions.
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Figure 23 - Lion #1 and 4, Showing Spoils Erosion,
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'w_ﬁ mining operatiops. Numerous jtems including blasting caps,

ik wire, refrigerators, oil barrels, and a rusted-out bulldozer
were left as these mines were abandoned. No mine site inves-
tigated in the study area was void of this trash.r

The general public has developed an attitude of apathy

cluding those on USFS property have been used as garbage dumps.

{ toward these already disturbed lands. Many of the pits in-

The wind has blown trash from these dumps to undisturbed lands.

; | The mining roads have also been littered by trash from recrea-

tional users,
There are many physical hazards in the study area as a

result of the unreclaimed condition of the mine sites. The

:} ’ rims of many of the pits are extremely unstable as evidenced
‘
1

by slumping. These rims are unmarked and many remain unseen

H; _ as they are approached. At night one cannot see some of the

pits until less than 25 feet (7.6 m) away from them. The |

Trail Faction and the Lion No. 1 and 4 could easily be driven

”ﬁ : into at night as a result of their obscure nature. il
! ' v
Adits also represent a physical hazard (Figures 24 and 25). &h

:i’ : | Some of the adits aré in fair condition, but most are quite

’? y dangeroﬁs. Cave-ins are common as evidenced by debris on the
i g ' floor of the adits (Figure 26). Structural supports in many i
,  i adits have been left standing but serve no purpose since the

| ] cave-ins. These adits are used and explored by the general f

i o public for recreation. Evidence of camping near the entrances




11y Dangerous

Figure 24 - Potentially Dangerous Adit (Clarabelle Mine)

Figure 25 - Hot Point Group Showing Potentia

Adit.




Figure 26 - Debris on Adit Floor Caused By a Cave-In.

Figure 27 - Pictograph Mesa Claim, Showing Evidence of Camping

Near Adit Entrance.
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near the entrances of these adits was seen in many locations
(Figure 27). The footprints of small children were also
recognized on the floor of several adits. Local ranchers in
the area are using some of these adits for cattle shelters.

The adits not only represent a physical hazards but also
a radiological hazards.

Ventilation shafts have been left unmarked and are now
covered by vegetation. Two shafts were found within the sfudy
area by the author (Figuré 28). They are both about two feet
(.6 m) wide and up to 60 feet (18 m) deep. Both are obscure
and quite dangerous to man as well as domestic animals and

wildlife.
SURFACE AND GROUND WATER

Surface runoff patterns, surfaée and ground water quality,
and flow patterns may be adversely affected by open pit and
under-ground mines (Goodier, 1978). No measures were taken in
the study area to prevent degradation of water quality during
the early mining operations.

Surface water runoff from the mine sites has increased
due to the lack of vegetative cover. This resulted in the
erosion of spoils, roads, and of the mines. Sediment loads

in all areas of disturbance have increased, changing the

microclimate at each location, however, dispersion of radio-

nuclides, appears to be only local, visually estimated by the
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Figure 28 - Unmarked Ventilation Shaft in Study Area.




author at less than 100 m.

Most of the mines in the study area are above water table,
As a result, the mines act as a sink to collect runoff and are
naturally "silting in'". Much of the runoff goes to stagnant
ponds down-drainage from the mines or in the open pits. These
stagnant ponds are used occasionally by livestock and wildlife
as a source of water. This may possibly result in the inges-
tion of harmful trace elements. These stagnant ponds have
also increased the preseﬁce of biting flies and mosquitoes as
observed by the author.

Ground water quality has probably been little affected
by the mine sites. <Very little if any contamination is seen
as a result of the early mining activities in the study area
as most of the contaminantion appears to be natural.

TVA studies of surface waters draining the study area, and
USGS data show that early mining has probably only slightly
affected surface water quality, mostly in the amount of total
dissolved solids. No increases or decreases in the amounts of

contaminating elements above or below the mine sites are shown.

AIR QUALITY

The quality of air within the study area has only slightly
been affected by the unreclaimed condition of the mines. Roads

have caused an increase in fugitive dust resulting in depressed

plant conditions along the roadways. Particulate matter from




the spoils and pits increases as the velocity ol the wind
increases. The winds in the study area average approximatoely

9 miles per hour.
BIOLOGICAL IMPACTS

Alterations of the natural habitats for vaious native
species of plants, aquatic life, and animals are inevitable
in uranium mining areas. 1In these areas, toxic elements such
as selenium may accumulate in plants which may be used as

toxic element indicators (Roéenfeld and Beath, 1964).

Selenium indicators such as asters (Aster adscendens Lindl.)

and vetch (Astragalus racemousus Purch.) were identified by

the author within the study area possibly indicating the mi-
gration of toxic elements.

The potential for vegetative climax on mine sites is not
equivalent to the adjacent land. At best, 25 percent of the
disturbed lands have vegetation returning to normal after 25

years. Most of the returning vegetation is in the form of

noxious weeds and sages. The vegetation in the disturbed areas

is not equivalent to adjacent land in terms of kinds or humbers

of species of plants.

Géme and animal,populations are noticably less in the

study area than in the Jewel Cave quadrangles to the north or
the Hot Springs quadrangle to the east. This is possibly a

result of man-made disturbances and roads as a result of
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past mining activity,giving hunters acess to the area, but
probably is only due to the lack of moisture and food supporting
wildlife and vegetation in the area.

Microclimates in the study area have been changed by
sedimentation and chemical leaching from runoff, however,
more habitats have been created by the mining activity than
have been destroyed. Rocks, brush piles, and depressions,
in which water may be stored, have all created habitats that
are utilized by many species of'rodents-and small game. The
increase in small game has resulted in an increase in populations

of birds of prey.
LAND USE

Past mining activity in the study area has caused an
increase in the recreational land use in the area. The number
of roads on USFS property from mining activity has brought
many people into the area. The increase in the number of
people using the area also increases the exposure to potential

«

hazards.
There are no water or recreational facilities within the
study area to accommodate the increased recreational use.

The use of rangeland and cropland has not significantly

been reduced because of mining in the study area.




Chapter 4
-‘CONCLUSIONS

The purpose of this study has been two—foid (1) to
:determine the location, volume, and radiological status of
all known uranium spoils and_sites‘of mining disturbance in
+the southern Black Hills, and (2) to assess the present and
Ffuture impacts associated with these spoils.

The location of 38 uranium mines covering greater than

. 480 acres (198'ha) were plotted on'orthophotoquad maps and

7% minute gquadrangle maps. The volume bf spoils within the

study area is eStimated'by the author to be greater than

380,000 cubic yards (298,165 m3).

V Attempts have besen made to détermine the radiological
status within the study area. There have been no ‘known reported
illnesses in the Edgemont drea, such as cancer, és a result
of mining activities. However, ddring the early 1950's, the
connection between respiratory illness and radoh gas may not
have been realized. Therefore, if any illness resulted, it
propably wouid not have been reported. .

Possible dangers from radioactivity within the study area
would be those classified by Morrison (1980). Thése dangers
include: (1) rédiation effects by inhalation of radon-222
and its short half-life daughters; (2) external exposure to
fzamma rays, and (3) radiation effects by injestion of radio-
nuclides.

The first of these dangers was evaluated using Track Eﬁch
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devices which measure the alpha radiation given off by the
short half~life daughters of radon-222 gas. Results shown

in Table 7 indicate that all the mines‘are above the .33 WL
limit of occupational exposure, however, most people visiting
the mine would not stay for an extended period of time.
Therefore, an exposure limit of 1.0 WL was used by the author
as approximate limit for occasional visitors. The Matias
Peak, Blﬁe Chip, and Darrow adits were the only adits below
this limit.

The Hot Point Group and the Greenacre adits have notice-
ably higher WL's. This may possibly be due to a lack of
circulation within the adits or possibly as a result of a
higher concentration of radium-226 thch would create an
inequilibrium in the radon gas present. These values are
probably isolated occurrences within the adits of the study
area.

The author concludes from these results that there are
possible hazards from the inhalation and ingestion of radon-222
and its short half-life daughters within the adits of the
study area.r

An evaluation of the second risk proposed by Morrison (1980)
includes a radiometric survey which measures external exposure
of gamma rays andiSpoils sampling for radium-226.

Results from the radiometric survey (Table 5) indicate
that most of the spoils within the survey area are radioactive,
however, large standard deviations indicate that the highest

readings are from isolated locations within the disturbed areas.




Results from spoils sampling for radium-226 also seem
to indicate a wide range of variability of radiocactivity.
Only four of the 15 spoils sampled were within the limit set
by the author of 100 pCi/g, hoWever, it must be noted that
these samples were taken from isoloted locations within the

mines.

It is concluded that dangers from external exposure to

gamma rays within the study area are minimal to the occasional
visitor. However, it should be noted that the potential hazard
is directly proportional to the amount of time spent within
the mine sites. Therefore, a potential hazard exists from
external exposure to gamma rays from uranium spoils especially
with long term exposﬁre.

Uranium is present in trace or minor amounts in all ground
water. The solubility of many uranium compounds in water
is high enough to suggest that several ppm could occur in
solution. Radioactivity levels in ground water within the study
area are listed in Table 8. Actual amounts of natural uranium-
238 in the study area vary from 0.08 «g/L to 0.87 wg/L (TVA, 1979).
The maximum permissible concentration of uranium is well above
the maximum value reported by TVA. Therefore, possible hazards
from ingestion of the ground waters within the study area
are considered to be minimal.

Uranium is also found in small amounts in vegetation
within the study area and is not considered to be hazardous.

It should be noted, however, that selenium indicator plants
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i were found in several sites and may possibly indicate migration
it of toxic elements by diffusion (Rosenfeld and Beath, 1964). ‘
| Many adverse environmental impacts and physical hazards
1 were also found within the study area. These include: (1)
%1 disturbed areas of up to 200 acres (81 ha); (2) unplugged
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1’ I drill holes; (3) numerous dozer scrapes, roads, and trenches;
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RECOMMENDATIONS BASED ON CONCLUSIONS

It ié the author's opinion that it is time to renew
America's faith in the mining industry by correcting the
mistakes of the past. A major problem seems to be one of
avoidance whereby neither the United States government
or the mining industry wants to accept the responsibility for
corrective actioﬁ. If these mistakes are not corrected,
radical groups will have fuel to .fight pro-mining legislation
and the net loss of income as a result will be far greater
than the cost of corrective action.

The U.S. Forest Service should not solely be responsible
for corrective action. The U.S5. Department of Energy and the
NRC should work with congress for the. appropriation of reclama-
tion and clean-up funds. |

There are three major functioﬁs of reclamation of the
mines in the study area: (1) to stabilize erosion; (2) to im-
prove esthetic appearance; (3) to eliminate possible hazards
in the area. The problem lies in to what extent "complete"
land reclamation should be accomplished. Minimum recommenda-
tions for the area studies include:

(1) close all adits

(2) place security fencing around all open pits

(3) post all potentially hazardous areas

(4) reseed disturbed areas with native plant species

(5) consult health physicist to set exposure limits
for occasional visitors
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The closure of all the adits would eliminate the

possibility of excessive radon gas exposure. The physical

hazard caused by adits with dangerous conditions would also

be eliminated. Closure could either be permanent by the

use of explosives, or temporary by security fencing.
Table 10 lists the species and rates of seeding

recommended by TVA (1979). The species listed are adapted to

climatic and soil conditions existing in the study area.

These species may be used by grazing animals for food.

Drill seeding is to be used where possible. If slopes

are too steep for drill equipment, other acceptable methods

such as hydroseeding oT aerial seeding could be used. Some

areas may have to be seeded by hand (TVA, 1979). DPonderosa

pine may also be planted in many of the disturﬁed areas.

A vegetation monitoring program to measure progress of re-

seeding should be implemented. Pictures could be taken and

the upgrading of vegetation could be done every two years.

These recommendations will substantially reduce poten-
tial hazards, reduce erosion, increase stability of slopes,

and improve the esthetic appearance of the mine sites in the

study area.

To facilitate the growing number of recreational vehicles
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in the area, a recreational picnic ground could be built. It

has also been suggested that many of the individual mine roads

be permanently closed to allow the land to revert back to its

original condition.

A significant impact of the mining activities in the study
area is the detrimental effect to the image of uranium mining

in general. Environmental groups, such as the Black Hills

Alliance, point to the present conditions of the uranium mines

left behind by past mining practices, and fear that the Black

Hills will become a "national sacrifice area" if mining is

continued. These fears may never change unless the mistakes

of the past are corrected.

These recommendations have been put forth as a minimum

solution to the problems created by mistakes of the past.

America suffers due to a deteriorating image of mining.

] '; Responsibilities must be accepted for the condition of these
abandoned mines before this image can be improved. To do

i | nothing would be the greatest mistake of all.
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% adium in Soil MATTAS PEAK v
| Sample No. Mine 1 3
I : ' »
| Date Collected ‘
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] : . s
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| Time Change correction factor ...........c.ee.o.. 0 hr.{16) 1
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Elapsed Time addition factor ................. 31 davs(18)
| Seal Date ..ottt e e et 6 (1) ‘
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I
| y Background Count/Minute %0k égg’...}!?p? ...... 150.3 (23)
}] "
| | OUTPUT
i %' , Net Count/MinuUte ... ... . ''urinrnnnnnnnl e 20,732.
R Net Disintegrations (Net Count x D/C per min.)_ 53,697,
SR
| &
1 Uncorrected zcha Concentration (D/min/gm.)... 90.40
1 . :
! Ingrowth Time (T) ittt et e 38.17 days |
Ll , \‘
| 1-e (AT (Car 4 3.823) L., 9995 H
5 996 . 2N
qie Corrected “““Ra Concentration ................ 90.44 pCi/gm. :
i ' |
i o
|
i |
| |
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7} ; A-4

 22%Radium_in Soil MARY JACK

Sample No. Mine 2 w

Date Collected

INPUT
- (Computer Location)---STO

' 116
Total Count/Minute 226Ra 23_81 163,077 /10 min.=16,307.7 (10)

Background Counf/Minute distilled Hzo 2066 /10 min.=206.6(11) ‘R
Disintegrations/Count factor........v'veveunn. 2.64 (12) '@
Sample Weight o...oouuvuun.... e 590  gm.(13) !
COUNT THIME e vvte et ate ettt e eeaens, 15 hrs.(14) i
Seal Time ........... B e 18 hrs.(15) j
Time Change correction factor ................ 0 hr.(16) ﬁ
Count Date ..... ... .ttt .16 (17)

Elapsed Time addition factor ................. 31  days(13)

SCal Date it i e e e, 6 (19)

Total Count/Minute “UK Sem-.. 55292 L 6,529.2  (22) ;
Background Count/Minute 40x £27.. 1278 127.8_ (23) .
OUTPUT ﬂ
Net Count/Mihute ............................. 16,118 . ﬁ
Net Disintegrations (Net Count x D/C per min. ) 42,554

Uncorrected 226Ra Concentration (D/min/gm.)... 72.13

|

|

1

Ingrowth Time (T) . vvvunnnse e 40.88 days fw
mi 1

1-e (AAT') (AT 4 3.523)

-
22

Corrected ““ORa Concentration ................ 72.15 __pCi/jgm.’
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| 1 226padium in Soil” Lion #1 & 4 '%
| :i Sample No. Mine 3 ;‘
1 Date Collected |
INPUT
(Computer Location)--~STO
’ ) Total Count/Minute <2206Ra ﬁé};f 288,989 /10 min.=28,898.9 (10)
Background Count/Minute distilled HZO 2561 /10 min.=g§§LL(1l) i
Disintegrations/Count factor...... . i 2.59 (12) i
| il Sample Weight .........cciviuuiinnn. e >600 gm, (13)
é v‘ Count Time ....... e e e e ettt e e 22 hrs.(14)
E Seal Time ....... e 18 hrs.(15)
; L% Time Change correction factor .........c.ccu... 0 hr.(16)
JWY! | ' COUNE DALE vttt ittt e it et et et 13 {17)
HhRS | Elapsed Time addition factor' ................. 31 days(18)
d M Seal Date vt ittt it i e e it e e e 6 (19)
‘H | - | Total Count/Minute Ok $77.... 116,964 11,696.4  (22)
l : :
1 | Background Count/Minute 40k ég;.%?gg.. ........ 150.3 (23)
e | OUTPUT |
| | Net Count/Minute S 28,665 ' V
: H;H; _ Net Disintegfations (Net Count x D/C per min.)__74,244 1”
N Uncorrected 7 "Ra Concentration (D/min/gm.)... 123.7 W
| M‘ Ingrowth Time (T) vt e, e 38.17 days |
;:4 1-e (FOT')(CAT + 3.823) .ooviiiiii .9995 “
‘§ ﬂ% Corrected “?%Ra Conecentration ................ £123.8 pCi/gm.
i
b
kil
if
{1
| [
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A-13
22Cpadium in Soil HOT POINT
Sample No. Mine 9
Date Collected -

INPUT

- (Computer Location)---STO

' 16
Total Count/Minute 226Ra 55?81 8171 /10 min.= 817.1 (10)

Background Count/Minute distilled H20 2561 /10 min.=256.1(11)

Disintegrations/Count factor......... e e e 2.59 (12)
Sample Welght ..ttt it e it e s 525 gm.(13)
Count_Time ................................... - 22 hrs.(14) -
Seal Taime ittt it it e e e e e e e 18 hrs.(15)
Time Change correction factor ................ 0 hr.(16)
Count Date ............. T 13 (17)
Elapsed Time addition factor ............0..... 31 davs(18)
Seal Date ...ttt i i e e e e e 6 (19)
: | 7

Total Count/Minute 4OK 527'*'?’7§§ .......... P22 00 (22)
Background Count/Minute 40k £17.. 1503 ... 150.3 (23)
OUTPUT

Net Count/Minute ........vviirinnennnnn.. e 528 Q

Net Disintegrations (Net Count x D/C per min.)_ 13094

. 226 ,
Uncorrected Ra Concentration (D/min/gm.)... 5 ARO

Ingrowth Time (T) : ........................... ~.38.17 days
l-e (‘AAT')(—AT + 3.823) i e . 0995
Corrected 22512 Concentration ........ e 2.660 pCi/gm.’
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A-15

226padsum in Soil GREENACRE

Sample No.__Mine 10
Date Collected

1 - (Computer Location)---STO
y ;; Total Count/Minute é2GRa 1;? /10 min.=49 583.8 (10)
: Background Count/Minute distilled Hy0 _2561 /10 min.=256,1(11)
é“ Disintegrations/Count factor......c.ceeieveeann 9. 59 (12) s
| f Sample Welght .v.viinnn i inneannennansss >e00 __ em.(13)
Count‘Time ...... e e 15 hrs.(14)
1}? - Seal TiMe . vvviivenennnnnennn e, 18 hrs.(15)
| Time Change correction factor ................ 0 hr.(16) |
rfb ; 01030 B v B . o J 13 (17) :
'1‘} Elapsed Time addition factor ...........c..cc... 31 davs(18)
M ' 7 | Seal Date e iet ittt e e é (19)
g Total Count/Minute 2Ok é;;..l??;?ﬂ?... ........ 17 .9294.1 (22)
E Background Count/Minute 4OK égg..}pp?. ........ 150.3 (23)
| |
: oUTPUT
1)%; Net COUNt/MINUEE v nneneeeeeeeeeeee s 42,356 g
H‘l' | : Net Disintegrations (Net Count x D/C per min.)__109,705 |
?; Uncorrected 226Ru Concentration (D/min/gm.)... 182.8
| g Ingrowth Time (T) : ........................... 37.88 days
| , e (ABT')(LAT 4 3.623) ..oiviirniiiann.. L9994

) . L )
Corrccted 226na Concentration .........eveenn. £182.9 pCi/gm.
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A-17

226Radium in Soil HAY & FAY

Sumple No._ Mine 12
Date Collected

INPUT

(Computer lLocation)---STO

6 |
Total Count/Minute 220Ra z{lér*ﬁls 010 /10 min.=g1501.1 (10)

Background Count/Minute distilled Ho0 2561 /10 min.=255, 1(11)

Disintegrations/Count factor............ e 2 59 (12)
Sample Weight St it 5600  gm.(13)
COUNE THME ot vttt e e et et et e e e e 15 hrs.(lé)
B A i 11 S 18 hrs.(13)
Time Change correction factor ..........u..... 0 hr.(16)
Count Date ............. R Y P 13 (17)
Elapsed Time addition factor ................. 31 davs(18)
SeaLl DAl it e e e e e e e e e, 6 (19)
Total Count/Minute 20k gg; ..... 246,085 . ... .. 24 .608.5 (22)
Background Count/Minute 40K é;g..;§p§ ......... 150.3 (23)
ouTPUT

Net Count/Minute ...t ee e, 61,306

Ket Disintegrations (Net Count x D/C per min.)_ 158,784

Uncorrected ”rGRa Concentrdtion (D/min/gm.)... 264.6

Ingrowth Time (T) v 37.88 days
1oe (AT Lar v 3i8a3)y Lo 9995

Corrected 220ma Concentration ................ { 264.8 pCi/fem.
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226Radium in Soil

SHAMROCK
Sample No. Mine 15

Date Collected

INPUT
(Computer Location)---STO

116 . ,
Total Count/Minute 226Ra 22_81333L652 /10 min.= 33,65.2 (10)

Background Count/Minute distilled Ho0 _2117 /10 min.=2311,7(11)

Disintegrations/Count factor 2.62 (12)

Smnplé Weight gm. (13)

Count Time .. hrs, (14)

hrs. (13)

hr.(1l6)

(173

davs(18)

OUTPUT

Net Count/Minute

Net Disintegrations (Net Count x D/C per min.) 86884 ,

- .
. 226 . .
Uncorrected ““ Ra Concentration (D/min/gm. ). .. 144.8

41.96 dayvs

9998

. 9956
Correctedg «<9

Ra Concentration . 144.8 nCi/gm.
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226Radium in Soil"

GERTRUDE
Sample No. Mine 17

Date qulected

INPUT
(Computer Location)---STO

o ———

, 116 .
Total Count/Mlnute‘ZZGRa f£_81mg,461,2QL/10 min.= _246,126.110)

Background Count/Minute distilled HoO 2117 /10 min.=211,7(11)

Disintegrations/Count factor..........e.eu..... 2.62 (12)
CSample Weight ... 2600 gm.(13)
Count Time ............... B e h et e e 17 hrs.(14)
Seal Time ...ttt 18 hrs.(15) .
Time Change correction factor ................ 0 hr.(16)
Count Date ...ttt e 17 (17)
Elapsed Time addition factor' ................. 31 davs(18)
Seal Date ...t .6 (19)
Total Count/Minute <Ok 7;1...???97? .......... 98507. 8 (22)
Background Count/Minute 40x ég;...%%%% ........ 124.1 (23)
QuUTPUT
Net Count/Minute ..........'uiiiunennnnnnn... _246152

Net Disintegrations (Net Count x B/C per min.)_644919

ey o

..4&‘.:() - . - » .
Uncorrected Ra Concentration (D/mdnfgm.). .. 1075

Ingrowth Time (T) ... 41.96 days

nCi/gm.
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] s.[
§lz !
| 226Radium_in Soil’ |
| KING
| | Sample No. Mine 20
|
: : Date Collected
| ! INPUT '
’ (Computer Location)---STO
1 _
| : 116 o i
! t Total Count/Minute 226Ra é{fSI 095 372 /10 min.=22,537.2 (10)
j yi Background Count/Minute distilled Hy0 2117 /10 min.=_211.711) . WW
’ r ) Disintegrations/Céunt factor . veiveeasons e 2.62 (12)
| z! Sample WEight «uvvvnerinnnnrneeeesnnnanenens > 600 gm.(13)
t 'fl‘ ' CoUNnt TimMe v vv vt er it e nrernanssnanssanssonse 17 hrs.(14)
|
i i SEAT TAME & v s vveveeneasseeacnasensnnasesassn 17 .5 hrs. (15)
‘ ?Ji ' : Time Change correction factor ..........veevon 0 hr.(16) w
I
| COUNT DALE vt vt ieeern e e s ensnsascsnns 17 (17)
1 [,1 i : il
4V Elapsed Time addition factor ................. 37 days(18) w E
T SEAL DATE v v em et tnennenenoaneesesnsannsssans _ 6 (19) - iﬁ
tt % i 4
i Total Count/iinute Ok $17....92098 ... .. ..... 9209.8 ___ (22) |
i< | Iy
N o Ll
| g Background Count/Minute 40g égé....%%%% ...... . 124.1 (23) y
| | ' 1!,}‘ il
- OUTPUT o ‘ﬁ
i Net Count/MiNUEE ..vuenriereenveneenneennans 22,339 i
.{ ‘ Net Disintegrations (Net Count x D/C per min.)._ 58,527, W
| V 22 |
{ Uncorrected ““GRa Concentration (D/min/gm.)... 97.54 m
Ingrowth Time G\ 41.96 aays ‘ h
g Joe (FAOT')(LAT 4 3.823) «uivivneinnienenenns .9998 $
- o
[ i)
.l Corrected 22064 ConcentratiOon ..o ceeeen oo . 97.57 nCi/gm. M
i" ii . H
‘ H




s i i
i g
g i} 226Radium in Soil” Elﬁg
5 ‘4ﬂ% Sample No. Mine 20.5 ;
5 R Date Coilecctled
| ? INPUT ' i
o (Computer Location)---STO f
g lgj; Total Count/Minute 22§Ra f{};? 289 507 /10 min.=ggo50.7 (10) :
| | - | | n
| | Background Count/Minute distilled H,0 _2066 /10 min.=206.6(11)
} ’“ ' Disintegrations/Count Tactor........ . ... ..... o g4 (12) ( ?
i ' Sample Weight vttt it inenrenncnnnens R Y1010 gm. (13) H
”} ‘ CoUunt TimME ..t i it ittt entcenoenuasoaasnonenss 15 hrs. (14)
e SEAL TAME v ettt it et e e iaannatanaae e, 18 hrs.(15) "
f Time Change correction factor ....... i 0 hr,(16) %
f “ Count Date ............. et erecerseasaaaacaas 16 (17) %
B | Elapsed Time addition Iactor' ................. , 31 davs(l8) %
| SEal Date ..ttt i e e e e e ' 6 _(19) %
1 Total Count/dinute “Ox $17..120,616 .. 12061.6__ (22) g
i Background Count/Minute 40k égz‘..ﬁlg?g....... 127.8 (23) h%
g : | QUTPUT
E Net COUnt/MIUEE wunvvrrnneeereneennnneennns ;“~28-747 ;
iu Net Disintegrations (Net Count x D/C per min.)__75,894 '
| Uncorreccted 226Ra Concentration (D/min/gm.)... 126.5 *;
; | Ingrowth Time (T) ... it iiinen.. e e 40.92 days T?
5”y§ loe (AAT') (AT + 3.8B23) ooviiiieeann . 9997 g
d % Corrccted 22000 ConCEntIation ... en e, __126.5 _pCi/gm. :{
E
J[
i
;
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226Radium in Soil

VERDE
Sample No. Mine 23

Date Collected

INPUT
- (Computer Location)---STO

, e 16
Total Count(Mlnute 220Ra §£}811L408,599 /10 min.=140,859.9(10)

Background Count/Minute distilled HoO _ 2117 /10 min.=2711.7(11)

2.62 (12)
L(13)

Count.Time . .(14)

Seal Time : .(15)

Time Change correction facter .{16)

Count Date .. (17)

Elapsed Time addition factor days{(18)

Seal Date

7 .
Total Count/HMinute 40, <7 568045

3

()
Background Count/Minute 40K égg 1241

OUTPUT

Net Count/Minute - 140761,

Net Disintegr tions (Net Count x.D/C per min.) 368795,

a
. 26 . . ~ s
Uncorrected Ra Concentration (N/min/gm.)... 6l14.7

Ingrowth Time (T) . 41.96 days

1-e (AAT)(_ar 4 3.g23) . 9998

Corrected 220Ra Concentration 614.8 pCi/gm.
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A-37

226padium in Soil RIDGE RUNNER

Sample No. Mine 33

Date Collected

INPUT _
(Computer Location)---8TO
16 A
Total Count/Minute 226Ra §5}01817,153 /10 min.=81,715.3 (10)
: oL

Background Count/Minute distilled HqpO 2561 /10 min.=256.1(11)

Disintegrations/Count factor............oo.... 2.59 (12)
Sample Weight ...ttt 592 gm. (133
CoOUNt TIME tvvviniiniiaereeeeaseceaenanannnass 14 hrs.(14)
SERL TiME vt v et et etnennneonsnnsannnssssacasns 17.5 hrs.(15)
Time Change correction factor ................ 0 hr.(16)
Count Date ............. e e U 13 (17)
Flapsed Time addition factor SN 31 davs(1l8)
SEAL DAL v it et it et tn s e e e 6 (19)
4 .
Total Count/Hinute UK 72....%9?949? .......... 29,240.2 (22)
Backeround Count/Minute 40k €17, 15035 .. ..., 150.3 (23)
OUTPUT
Net Count/MInULE . .o.ueuvevvevrnoeneonanees e 81,733

Net Disintegrations (Net Count x .D/C per min.)_ 211,690

-

26 o .
Uncorrected 2 Ra Cencentration (D/min/gm.)... 357.6

Ingrowth Time (T) ... 37.84 days
lee (ABT')(LAT 4 B.823) ottt .9995
Corrected 226Ra Concentration ................ . 357.8 ___pCi/gm.
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LRl
|
A-40 ‘[
; i
; 226Radium in Soil- GET ME RICK
i I
5 ) ; Sample No. _ Mine 927

1 Date Collected B
| : INPUT :
! : (Computer Location)~--ST0 |
o 3 Total Count/Minute 2206y §i~81 713,017 /10 min.= 71 301.7(10)
| ; . . s

I
Background Count/Minute distilled Hy0 25671 /10 min.=p56 1(11) ‘,

|
|
f Disintegrations/Count factor...... R T (12) |
i Sample Weight ............. . .....ccoooonn .. 588 gem. (13) j
| Count Time ................. e e Cen 15 .hrs.(14) é
! Seal Time ..... R 17.5_hrs.(15) »
g Time Change correction factor ....... e _ 0 hr.(1G) 1
; | Count Date ............. e e e, 13 (17) }
g; | Elapsed Time addition factor ................. 31 davs{18) |
| Seal Date ......... e 6 (19) f;
f i
‘ A l
I %7 Total Count/iinute “%g g77. 280,478 28,047.8 _ (22)
i 1
) Background Count/Minute 40x ég;.%??? .......... _150.3  (23) |
. |
OUTPUT ' M
Net Count/Minute ..................... .. .. 71,144

22 ‘ . . il

Uncorrected GRa Concentration (D/min/gm.)... 313.4 N
|

I

|
’ | _ Net Disintegrations (Net Count x D/C per min.)_184,262

i

g

Ingrowth Time (7) e e e 37.88 days i

. i

1-e (AT AT + 3823y L. 9995 n
il

Sy h‘ ;

1 _ ; Corrected <““9na Concentration ........... ... . 313.5 pCi/jem. J $
] : ‘
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A-42 F

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

Corrected 220Rgy Concentration 1643. pCi /gm.

|
1-e (AAT) (At 4 3.823) o .99095 l’

| I

!

|

§ é : ' . Z’GRadium in Soil
N o ¥IRGINIA C
o : | Samplc No. Mipe 25 |
? ] ‘ : | Date Collected 3
1Pyt -
§ : (Computer Location)---STO XE
; Total Count/Minute 22§Ra 22?233 123‘435_/10 min.=g372 348,.5(10) l
§ IBackground Count/Minute distilled H,0 _2557 /10 min.=256,1(11) _‘
i Disintegrations/Count factor.................. 2.59 (12) Aﬁ}
i Sample Weight .......... e e f 588 gm.(13) Nﬁ
f | Count Time ...... .:...........7 ............... . 15hrs. (14) kf
| | | Seal TIME . .uvovvs et .. 18hrs. (15) %
{ | Time Change correction factor .......... e O hr.(16)
| : - Count Date .......... e . 13 (17) |
?3 | Elapsed Time addition factor ............ e : 31 days(18)
| ; | Seal Date ... e, 6 (19) ﬂ
| ‘ -
! : Total Count/Minute Ok ¢77. 1442115 ..__144,211.5 (22) M
5! ' . ﬂ
Background Count/Minute 40x £27. 1803 . 150.3 (22) |
é
3 OUTPUT A | ‘m
' Net Count/Miute ...................... e 372720, I
i | Net Disintegrationé (Net Count x D/C per min.) 0965346, ﬂ
% | Uncorrected 226Ra Concentr#tion {D/min/gm.)... 1641. %
! ] Ingrowth Time (T) ..... oo 37.88 days %
;
|
|
1




(einuiw Jed SJUNod U1)  dyN OI¥L3NOIOVX

. \l }nhf
343002 oot 0 ~
" wog “ ~
. 0008/0528___ Nmoom\oo \

NOILYD01 FIdWVS @ os”
T ~ /
NOILYDOT alds  x _ _— : v
TIVM Lid —— . S - _— y
- el .
savoy —— . — ~
$110dS - —~ 7™ |
& - \ N
. d9 NOANVD W02 _ —_ x_ : N\
. . . . oS T &2 : _
e ——— m— — e g '\.k .. _

ﬁ
.,




A-44

Siadium in Soil |
COAL CANYON

Sample No. Mine 30

i

|

. | ‘

o | 22
| : '

3

Date Collected

|
I é
Lo (Computer Location)---STO

. 116 : .
Total Count/Minute gzéﬁa 22-811‘408‘759 /10 min.=140,.875.9(10)

Background Count/Minute distilled Ho0 2066 /10 miq.=206,6(11)

XY e Y .
Corrected 220Ra Concentration C et €19.9 pCi. /em.

|
f Disintegrations/Count factor.....vv e e vennen. 92 .64 (12)  {%
j Sample WEight \yuvererren e e eeenannnnns, >600 __ gm.(13) Ei
; v | Count Time ...... e et e 16 hrs.(14) hﬁ
| Seal Time ........... e e 18 hrs.(15) &5
f Time Change correction factor .............0... -0 hr.(186) “1
, Count Date ........... e [P P 16 (17) %
Elapsed Time addition factor .............o.... 31 days(18) 1%
BEEL DATE v ve e e vteeee et et et e, 6 (19) {i
|
. Total Count/iinute Ok 77, 555,803 55,580.3 _ (22) f
i
r . _
Background Count/Minute 40k éé?..???? ......... 127.8  (23) ‘ {
. . B
: | Net CoUnt/MARULE .. vvornsssssnns. e, ... 140,851 *]
% Net Disintegrgtioné (Net Count x D/C per min.) 371,848 5
| Uncorrected ZZGRa Concentrdtion (D/min/gm. ). .. 619.7 i
Ingrowth Time (T) ..., 40.92 days %
! 1me (AATYY AT 4 3.823) L. . 9997




VITA Rowland L. Hall
810 W. Blwvd. N.
Rapid City, SD 57701
(605) 343-5583

Personal Backgrouﬁd

Born: Chadron, Nebraska, November 15, 1952
Marital Status: Married, no children

Education

B.A. - (Earth Science & Biology) - Chadron State College
Chadron, Nebraska, 1980.

M.S. (Geology) - South Dakota School of Mines and
Technology, Rapid City, South Dakota, 1982.

Honors

Beta Beta Beta - Biology Honorary Fraternity
Sigma Gamma Epsilon - Earth Science Honorary Fraternity

Work Experience

1982 Teaching Assistant, 1982 Remote Sensing Short
Course for Minerals and Mineral Fuels. South
Dakota School of Mines and Technology, Rapid City,
SD. Assisted in the organization of seminar.

1980-81 Research Assistant, USFS, Rocky Mountain Range
and Forest Experiment Station, SDSM&T, Rapid City,
SD. Evaluated and identified mine sites. Recom-
mended corrective measures concerning hazards of
sites.

1975-80 Contractor, self-employed, Chadron, NE. . Construc-
ted residential housing and many major construction
projects. Supervised four full-time employees.
Responsible for all aspects of business. Financed
education at Chadron State College.

Salesman, Lampert Building Center, Chadron, NE.
Responsible for sales, record keeping, drafting
and developing materials lists.

1972-75 Medic, U. S. Army.
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Current Bureau of Land Management
Mineral and Land Records System
Active Mining Claims
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| Types of Claims

Lode Claims - Deposits subject to lode claims
include classic veins or lodes having well-
defined boundaries. They also include other
rock in-place bearing valuable minerals and
may be broad zones of mineralized rock.

Placer Claims - Placer claims are defined as

"...including all forms of deposit, excepting
veins of quartz, or other rock in-place.” In

other words every deposit, not located with a

lode claim, should be appropriated by a placer

location.

Legend

Active Mining Claims (Jan. 2022 - Jan. 2025)
Il | ode Claim
B Placer Claim
Current New Active Mining Claims September 2025

| Lode Claim
I Placer Claim
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B T \iles
Prior Mining Claims Through January 2025: 13,104
Lode Claims: 12,523 Placer Claims: 580 Tunnel Site 1
September 2025 Current Total Mining Claims: 12,177
Lode Claims: 11,953 Placer Claims: 584

New September 2025 Lode and Placer Claim Areas in
GIS Acres: 3,101.67 Acres ( 4.85 Square Miles) s 'I' h D k 'I'
: South Dakota

/

| NORTH
| DAKOTA

| Strategic Mapping Provided by: South Dakota Study Area
3 BLM Mining Claims
MINNES/ t"‘:‘ Mato Ohitika Analytics LLC Bk Hi?shasgjfr? —_—
. MATO ORITIA ©20-5.All Rights Reserved, October 1, 2025
MAPBOOK
T &ﬁaﬁ Water Alttance BLM Mining Claims
. — Lode Claims / Placer Claim
e Updated Claims
IQ www.bhcleanwateralliance.org Q4 2025
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