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THE RADON-HAZARD POTENTIAL OF THE BEAVER
BASIN AREA, BEAVER COUNTY, UTAH
by
Charles E. Bishop

ABSTRACT
Indoor-radon levels in the Beaver basin of southwestern
Utah are the highest recorded to date in Utah. Measu.red
indoor-radon concentrations range from 17.5 to 495 pCI/L.
These levels are well above those considered a health risk by
the U.S. Environmental Protection Agency. Both geologic
(uranium content of soil, depth to ground water, soil permeability) and non-geologic (weather, home construction, lifestyle) factors affect indoor-radon levels. In this study,
geologic factors are quantified and used to produce a radonhazard-potential map ofthe Beaver basin area. The map helps
prioritize radon testing and evaluation of the need for radonresistant construction.
The Beaver basin is a topographic and structural depression filled with uraniferous sediments derived from volcanic
and intrusive rocks. Benches and alluvial-fan deposits along
the range front of the Tushar Mountains commonly contain
the highest uranium levels, although the west side near the
Mineral Mountains also contains high levels. Basin-fill deposits generally have moderate to high permeability. Ground
water depth is greater then 10 feet in most of the basin, but
shallow ground water occurs along most of the major streams.
High uranium concentrations, deep ground water, and
highly permeable soils combine to yield a high radon-h~zard
potential in much of the area. South and west of the CIty of
Beaver, areas of shallow ground water contribute to a moderate hazard potential. Soil-gas-radon and indoor-radon concentrations broadly correlate with hazard potential,
particularly in areas of high potential. The c?rrelation is
imperfect because of the affects of non-geologIc and other
factors.

INTRODUCTION
In response to a growing national concern over radon gas,
Congress amended the Toxic Substances Control Act in 1988
and enacted Title III of the Indoor Radon Abatement Act
(lRAA). The IRAA' s intent was to reduce public-health risks

by rendering indoor air almost as free of radon as out~oor air
(U.S. Environmental Protection Agency, 1989). SectIOn 306
ofthe IRAA authorizes the State Indoor Radon Grants (SIRG)
program, providing grants for states to develop and continue
radon assessment and mitigation programs. The knowledge
that sufficiently high levels of radon causes lung cancer, and
concerns with unknown associated health effects of radon,
encouraged these state programs. Identifying and studying
areas of Utah with a high potential for indoor radon is the Utah
Geological Survey's (UGS) principal activity under the SIRG
program.
The UGS identified the Beaver basin area for study based
on preliminary data that suggested a potential radon hazard.
A 1988 statewide indoor-radon survey conducted by the Utah
Division of Radiation Control (UDRC), Department of Environmental Quality, measured one high indoor-radon concentration in the city of Beaver (Sprinkel and Solomon, 1990).
Indoor-radon measurements in Beaver after the initial survey
found additional high levels, including the highest level yet
recorded in the state. Also, using regional geologic data,
Black (1993) delineated areas of high radon-hazard potential
in most of the Beaver basin. Black based his evaluation on
high uranium concentrations in the surrounding m~u~tains
and other favorable geological factors. Based on thIS mformation, I conducted a detailed investigation of geologic factors controlling radon levels in the Beaver basin. The
investigation designates areas where additional indoor-radon
testing and radon-resistant new construction should be considered.
The Beaver basin is a small fault-bounded basin in the
transition zone between the Colorado Plateau and the Basin
and Range physiographic provinces (figure 1) (Stoke.s, 1977).
The Beaver basin encompasses about 160 square mdes (414
km2) in eastern Beaver County, southwestern Utah. It is about
15 miles (24 km) long north to south, and 9 to 14 miles (14-23
km) wide. The basin is bounded on the east by the foothills
of the Tushar Mountains, on the west by the Mineral Mountains, on the north by the Gillies Hill area, and on the south
by the Greenville BenchIBlack Mountains (figure 2). The
Tushar Mountains rise to over 12,000 feet (3,658 m) on the
east side of the basin. The lowest point is in the southeast
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comer of the basin along the Beaver River at about 5,500 feet
(1,676 m). The study area includes the communities of Beaver, Greenville, Adamsville, and Manderfield. Most of the
area is sparsely populated with a total population of approximately 2,000 in 1990, and an expected population of over
2,200 by the year 2000 (Utah Office of Planning and Budget,
1991).
Annual precipitation can be over 40 inches (102 cm) in
the Tushar Mountains and up to 25 inches (63 cm) in the
Mineral Mountains. In the lower areas of the basin about 10
inches (25 cm) of precipitation per year is common. The
climate in the basin is semi-arid and annual precipitation
amounts can be highly variable; wetter years may receive
three times that of drier years (Division of Water Rights,
1995). The Beaver River originates in the Tushar Mountains
and is the largest stream in the basin. Other principal drainages from the Tushar Mountains are Wildcat, North, and
Indian Creeks. Perennial and intermittent streams produce
smaller volumes of water from the Mineral Mountains on the
western boundary of the basin. The basin is rural, and the
primary uses of water are for
irrigation and culinary purUranium-238
Solid
poses.

don concentrations can vary over several orders of magnitude
and are typically much higher. To effectively control indoor
radon, a knowledge of the relative importance of various
sources of radon and factors that influence indoor concentrations is necessary.

Sources
Radon is a colorless, odorless, tasteless, water-soluble
radioactive element that is difficult to detect. An almost
chemically inert gas, and the only gas in the decay series of
uranium or thorium, radon easily moves into air. Indoor
radon originates by the decay of uranium and thorium in soil
and rock beneath a structure. Three naturally occurring isotopes of radon form as intermediate decay products of either
uranium or thorium.
The term radon generally refers to radon-222 and its decay
products. Radon-222 forms as part of the natural radioactive
decay of uranium-238 by alpha- and beta-particle emission
(figure 3). Alpha particles are small, heavy, energetic sub238
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atomic particles consisting of two protons and two neutrons.
Alpha decay is the emission of an alpha particle, which has a
relatively large mass and energy release, from the nucleus of
a parent atom. Alpha particles are more dangerous to human
health than other types of radiation. Radon itself decays and
produces a series of short-lived radioactive products, called
radon progeny or daughters. This series continues until stable
products form. Radon-222 is the most abundant radon isotope and usually the most significant contributor to indoor
radon. Radon's half-life of 3.83 days allows a substantial
travel distance before decay, but it remains near its source.
The abundance of radon-222 is due to the abundance of its
natural uranium parent element; uranium-238 is 138 times
more common than uranium-235, the next most common
isotope (Nielson and others, 1990). Naturally occurring uranium is 99.28 percent uranium-238 and only 0.17 percent
uranium-235. Because of this, the analysis for total uranium
yields a value closely approximating that of uranium-238.
Radon-220 forms by the decay of thorium-232. Radon220 is almost as common as radon-222, but has a half-life of
only 55.65 seconds. Thorium-enriched rock and soil can
affect indoor-radon levels, and contribute significantly in
areas with high thorium-232 concentrations (Stranden, 1984).
Since only a few studies address indoor-radon hazards from
thorium, the contribution of thorium-enriched geologic materials to indoor-radon levels is unknown. However, in sufficient concentrations, radon-220 can be a significant con-'
tributor to indoor radon (Durrance, 1986). Radon-219, with
a half-life of 3.96 seconds, forms from the decay of uranium235. Radon-219 does not contribute significantly to indoor
radon because of its short half-life and rarity. Radon-220 and
radon-219 are commonly called thoron and actinon, respectively.
Radon concentrations in outside air never reach dangerous
levels because air movement dissipates the gas. However, in
buildings in contact with the ground we typically find high
radon concentrations in places without significant air movement such as basements or low crawl spaces (Fleischer and
others, 1982). Indoor radon originates from soil gas that
enters through cracks or openings in foundations; around
poorly sealed tloors and slab-to-foundation wall joints; and
through tloor drains, sumps, and cracks in tloors (figure 4).
Ground water and building materials may also contain radon,
and contribute radon to indoor air. The possible public health
effect of radon in drinking water has not received much
attention, but could be important (Cothern, 1987). Of the
three primary contributors to indoor radon (soil gas, ground
water, and building materials), soil gas is the most important
source.
Factors that intluence the accumulation of radon in a
building complicate the prediction of indoor-radon levels.
Buildings constructed before the 1973 oil embargo commonly did not use energy-efficient construction methods,
allowing indoor air to escape through above-grade joints,
uninsulated walls, and attics. Since 1973, energy-efficient
construction practices conserving non-renewable energy resources have contributed to building energy efficiency by
preventing the loss of indoor air. Relatively little exchange

MAJOR
RADON
ENTRY
ROUTES

A.
B.
C.

D.

E.
F.

G.
H.
I.
J.

Cracks in concrete slabs
Floor-waH joints and openings
Pores and cracks in foundations, concrete
block, concrete waHs, and mortar joints
Floor drains, and drains to open sumps
Loose-fitting pipe penetrations
Exposed soil, as in a sump or crawlspace
Cracks in floors over a crawlspace
Water supplies (from private weH)
Building materials, such as some rocks
Around and through heat ducts from furnace

Figure 4. Various pathways for radon to enter a home. Most entry
routes are in the basement because this part of the house has the
greatest surface area in contact with the surrounding soil (modified
from u.s. Environmental Protection Agency, 1992).

between outside and indoor air causes an accumulation and
concentration of indoor-air pollutants, such as radon. Studies
have shown that energy-efficient buildings with inadequate
ventilation systems generally have higher indoor-radon levels
than conventional buildings (Fleischer and others, 1982;
Nero, 1986).
The U.S . Environmental Protection Agency (EPA) (1992)
recommends action when indoor-radon levels exceed 4 pCi/L
(148 Becquerels per cubic meter [Bq/m3]). The EPA based
its recommended action level on early radon studies of uranium miners, making some adjustments for background radon
and incorporating recent information_ Radon concentrations
in some buildings in the United States can pose a significant
health hazard to occupants, but most buildings have concentrations less than 3 pCi/L (111 Bq/m3) (Nero, 1986). The
national average for indoor radon is 1.6 pCi/L (59 Bq/m3),
and Utah has an average of about 2.7 pCi/L (100 Bq/m3)
(Sprinkel and Solomon, 1990).
Radon is highly soluble in ground water and does not
interact strongly with soil or rock once the gas is dissolved in
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the water. The uranium and thorium content of the rock and
soil control the initial abundances and constantly provide
additional radon to ground water. The dominant groundwater transporting mechanism of radon is ground-water flow,
but ground-water flow is still slow compared with radon
decay rates (Wanty and Schoen, 1991). The increased velocity of ground water towards a pumping well increases the
di3tance radon travels. Radon content of water diminishes
rapidly with turbulent flow, but because most ground-water
flow is not turbulent, radon content remains constant in
ground water.
Ground water used in homes can release radon when the
occupants are taking a shower, doing laundry, or washing
dishes. Nationally, radon concentrations in drinking water
range from less than 10 pCiIL (370 Bq/m3) in some surface
waters to a reported high of 2,000,000 pCiIL (74 million
Bq/m3) in well water (Aieta and others, 1987). Estimates of
the contribution of radon in water to airborne radon range
from 1 to 2.5 pCiIL (37-92.5 Bq/m3) in air for every 10,000
pCiIL (3.7 x 105 Bq/m3) in water (Wanty and Schoen, 1991).
Private ground-water systems usually have higher concentrations of radon in water than public systems. Small private
distribution systems, with low capacity wells, allow minimal
time for decay and less aeration of the water. The EPA has
proposed a 300 pCiIL (11,100 Bq/m3) action level for radon
in drinking water.
Radon is generally in very low concentrations in surface
water because of losses from radioactive decay and atmospheric exposure. Thus, radon concentrations in surface water
are generally several orders of magnitude lower than those in
ground water. Major sources of radon in surface water are:
1. weathering of source rocks,
2. in situ decay of dissolved parent, and
3. ground-water discharge into the surface water.
Building materials containing high concentrations of uranium or radon parent materials can be used either in a building
or its foundation and be a source of indoor radon.

Health Effects
Unlike most geologic hazards that adversely affect both
life and property, radon is a hazard only to living things. The
increased risk of lung cancer to some individuals breathing
elevated levels of radon over time is well documented. Studies in the 1950s and early 1960s of uranium miners exposed
to high levels of radon over long periods of time indicated an
increased risk of radon-related lung cancer. These types of
studies led to the classification of radon as a known human
carcinogen (National Council on Radiation Protection and
Measurements, 1984b). The EPA estimated that radon is the
second leading cause of lung cancer (Jacobi and Eisfeld,
1982; National Council on Radiation Protection and Measurements, 1984a, 1984b; Samet, 1989). They estimate that
long-term radon inhalation causes 8,000 to 40,000 deaths
from lung cancer in the U. S. each year (Schmidt and others,
1990).

Because radon gas is almost inert, it does not easily attach
to lung tissue and thus is not thought to be the primary source
of internal cancer-causing radiation. Additionally, inhaled
radon is exhaled before radon can decay and emit dangerous
alpha particles in the lungs. Radioactive progenies from
radon decay that are not inert and attach to dust or smoke in
the air are of more concern. Once inhaled, the particles with
radon progeny move into the upper respiratory system and
find their way to the bronchial tissue where direct bombardment by energetic alpha particles from radioactive decay
causes damage to sensitive lung tissue. If an alpha particle
strikes a living cell, it can alter the way the cell proliferates.
Anything that increases the number of airborne particles to
which radon progeny can become attached and inhaled into
the lungs increases the risk. Like breathing radon, the ingestion of radon dissolved in water may contribute to development of some types of cancer. It's uncertain whether radon
in water poses a direct health threat, but there is concern over
high levels of radon in ground water contributing to radon in
indoor air. Household use of this water releases radon gas
into the air where it can be inhaled.

Factors Affecting Indoor-Radon Levels
Four principal factors contribute to elevated indoor-radon
levels (Tanner, 1986):
1. elevated uranium levels in the soil or rock on which
a structure lies,
2. soil and ground-water conditions that do not restrict
the movement of radon,
3. porous building materials or foundation openings
near or below the ground surface, and
4. lower atmospheric pressure inside a building than
outside.
Factors (1) and (2) are geologic factors influencing indoor-radon levels by controlling the local concentration and
transport of radon. Combining these factors with factors (3)
and (4) in an enclosed structure can result in elevated indoorradon levels. Factors (3) and (4) are non-geologic factors that
are difficult to measure; the importance of their effects is
variable and fluctuates with the weather, types of construction, and occupant lifestyle. Although geologic factors may
suggest similar radon-hazard potentials in adjacent structures,
indoor-radon levels can vary from one structure to the next
because of these non-geologic factors.
The effectiveness of supplying radon for transport to the
atmosphere depends not only on the concentration of parent
atoms present, but also on the fraction of radon atoms that
escape from the grain into the pore space. This transfer of
radon from a grain is called emanation, and the fraction of
radon atoms that escape from a grain is known as the emanating power of the grain. Factors affecting emanating power
include structure of the material, grain size, pore size, porosity, and moisture content. Materials with smaller grains generally have a higher emanating power; grain size and eman-
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ating power are inversely related (Tanner, 1980). Radon
atoms produced in grains larger than one micron (4 x 10-5
inches) are unlikely to escape into pores unless they are on or
near the grain's surface. When pore spaces are dry, some
escaping radon atoms may pass through and become embedded in adjacent grains. Moisture occupying the space between grains traps a higher percentage of radon atoms within
the pore space. High uranium content in soils may not always
cause high radon releases. The uranium may be in a rigid or
tight-structured mineral in the soil such as zircon, monazite,
apatite, sphene, and others where bonding is so strong that
emanation of radon from the uranium is very small (Durrance,
1986).
A combination of diffusion and convection causes the
movement of radon gas through soils (Tanner, 1980). Diffusion, the least important, is the movement of radon atoms by
natural chemical gradients through the pore space in soils,
which may be occupied by air, water, or both. Because of
molecular spacing in air, the coefficient of diffusion of gases
in air is larger than in water. However, even in air, radon can
travel by diffusion only a few feet before decay. Convection
or pressure-driven flow is a more significant mechanism of
transport. Convection is due to a pressure differential of
separate air masses at different temperatures or barometric
.pressures. During cold seasons, heating causes a net inward
pressure through walls and floors. Pressure differences causing convection can be within the soil, between the soil and
atmosphere, or between the soil and air in a structure. Flow
driven by convection can move radon over tens of feet
(Baretto, 1975). Convection dominates in larger pores and
travel distances can be high, whereas diffusion dominates in
intergranular channels, capillaries, and smaller pores and
travel distances are small (Tanner, 1980). Only a small
fraction of soil gas containing radon needs to be drawn from
soils to account for the observed amounts of radon found in
most buildings.
Factors such as shallow ground water and soil permeability affect the ability of radon to migrate to the surface.
Although water provides an effective means for dissolved
radon migration, ground water inhibits upward soil-gas migration by reducing diffusion and blocking upward gas flow
(Tanner, 1980). Seasonally changing ground-water levels
can cause temporal effects on radon concentrations. The size
and configuration of pore spaces and the permeability controls transport of radon through soils. In highly permeable
soil, radon is easily released from a grain and the soils provide
excellent pathways for radon migration, whereas impermeable soils (which often contain clay) inhibit the flow of soil
gas (Tanner, 1980; McLemore and others, 1991). Studies
have shown a correlation between permeable soils and elevated radon levels (Tanner, 1980; Schery and Siegel, 1986;
Otton and Duval, 1990).

Measurement of Indoor-Radon Levels
The concentrations of soil-gas radon in pores and the
permeability of the soil for transport (geologic factors) affect
indoor-radon levels. But non-geologic factors also influence
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indoor-radon levels. As a result, indoor-radon levels fluctuate and measurements in each building are necessary to decide
if a problem exists. Radon-testing devices are either active
(external power required) or passive (external power not
required). Tests by professionals use both passive and active
devices to measure indoor radon, but devices typically used
by homeowners are passive.
Indoor-radon concentrations can vary by more than an
order of magnitude annually. These variations are due to
changes in soil-moisture content and precipitation; fluctuations in temperature, wind, barometric pressure, and other
atmospheric conditions; ventilation of buildings; and occupant lifestyles. These factors directly or indirectly affect
indoor-radon levels by modifying radon migration and influencing the need for indoor heating, cooling, and ventilation,
thereby modifying the relative proportions of indoor air and
outdoor air. Because of these effects, indoor-radon levels
fluctuate daily, weekly, monthly, and seasonally.
Radon-testing devices measure indoor-radon levels during specific intervals of time. Short-term measurements,
usually conducted for less than three months, provide quick
and accurate results for the testing period, but do not reflect
fluctuations in indoor-radon levels during longer intervals.
Long-term measurements, usually conducted for three or
more months, reflect long-term variations and provide a more
realistic picture of radon exposure during a lifetime.
Standard methods for measuring radon should meet EPAestablished protocols to assure accuracy and consistency of
indoor-test data. The protocols balance the need for quick
results with the need for measurements that reflect long-term
indoor-radon levels (U.S. Environmental Protection Agency,
1993a). To accurately detect yearly average indoor-radon
levels, the EPA recommends long-term monitoring. Conducting short-term screening measurements that follow EPA
protocol (closed-house conditions) in the lowest living area
can help determine the need for long-term monitoring (U.S.
Environmental Protection Agency, 1992).
The EPA protocols emphasize follow-up testing in homes
with screening measurements of 4 pCi/L (148 Bq/m3) or
more; a higher screening level indicates a greater urgency for
retesting. If long-term follow-up tests measure 4 pCiIL (148
Bq/m3) or more, EPA recommends reducing indoor-radon
levels. If a short-term follow-up test measures 4 pCi/L (148
Bq/m3) or more, EPA recommends radon-reduction measures
if the average ofthe first and second short-term tests is 4 pCiIL
(148 Bq/m3) or more. If a short-term screening measurement
is less than 4 pCi/L (148 Bq/m3), EPA recommends no
additional testing.
Low-cost "do it yourself' kits for measuring radon levels
indoors are available through the mail, hardware stores, and
other retail outlets. Charcoal canisters and alpha-track detectors are used most commonly for short-term and long-term
measurements, respectively. To ensure accuracy, a test kit
should have passed the EPA's testing program and display
the phrase "Meets EPA Requirements." To do the testing, a
trained contractor listed in EPA's Radon Measurement Proficiency (RMP) program can be hired. RMP program participants have shown their ability to make accurate tests, follow
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trometer to measure concentrations of selected gamma-emitting elements in the soil. Concentrations of total gamma,
potassium-40 (K), equivalent uranium-218 (eU), and equivalent thorium-232 (eTh) were measured. The detector assembly in the Exploranium GR-256 contains a 3 x 3 inch (7.5 x
7.5 cm) sodium-iodide crystal and an integral bi-alkali
photomultiplier tube. The instrument used peak energy levels
of 1.46 million electron volts (MeV) for K (which has only
one emission line), 1.76 MeV for eU (corresponding to bismuth-214), and 2.62 Me V for eTh (corresponding to thallium208). The spectrometer was calibrated at the factory using
calibration pads. The detector was held at a height of about
2 feet (0.6 m) to correct for the influence of local topography
and non-homogeneous materials.
I used a RDA-200 portable alpha-sensitive scintillometer
manufactured by EDA instruments to measure concentrations
of radon in soil gas. Soil gas was pumped into a scintillator
cell that is then placed in the scintillometer to measure radon
concentration. A phosphor coating inside of the scintillator
cells is sensitive to alpha particles in the 5.5 MeV range, the
range emitted by the decay of radon. To determine the efficiency of the phosphor coating material, Geotech, Inc. calibrated the cells in an alpha-track chamber. The factory calibrated the scintillometer, and I used a standard scintillator cell
of a known count rate to check sensitivity of the instrument.
The soil-gas sampling tool consists of a 0.5-inch 0.3-cm)
diameter hollow steel probe 26 inches (66 cm) long, perforated in the lower 6 inches 05 cm). To make a hole of the
same diameter as the sampling tool I forced a solid steel rod
into the ground. After removing the steel rod, the probe was

then inserted into the hole to a depth of roughly 26 inches (65
cm). After inserting the probe, the ground around the hole
was compacted to restrict atmospheric air from entering the
probe. The probe perforations are generally below the root
zone for most grasses, within the lower B and upper C soil
horizons, and close to sampling depths which provided consistent and reproducible data to other researchers (Reimer and
Bowles, 1979; Hesselbom, 1985; Reimer and Gundersen,
1989). To purge the probe of ambient air and pump soil gas
into the scintillator cells through the probe I used a hand-held
evacuation pump. Figure 5 shows the apparatus used to
obtain and measure soil-gas samples. I collected soil-gas
samples from about 60 percent of the spectrometer measurement stations, but the spacing between soil-gas sample sites
is irregular because of difficulties in sampling. Dense clayey
or gravelly soils restricted the insertion of the probe and dry
sandy soils collapsed before inserting the probe.

DATA AND DISCUSSION
General Geology
The geology of the sharply defined topographic and structural Beaver basin reflects Miocene to Pleistocene faulting,
uplifting, and volcanism (figure 6). Up to 6,000 feet (2,000
m) of lake and open-basin sediments accumulated in the basin
during this time (Machette, 1985). Volcanic rocks of the
Tushar Mountains to the east and the plutonic rocks of the
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Figure 5. Portable instrumentation and equipment used in the
soil-gas extraction technique. Soil-gas probe (to right) is inserted
into the ground and is modified from Ross Root Feeder Model 102,
manufactured by Ross Daniel, Inc.
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Figure 6 (continued)
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Mineral Mountains to the west confined and provided much
of the material that filled the basin. At the north end of the
basin are low hills of rhyolite domes and flows in the Gillies
Hill area (Evans and Steven, 1982). Volcanic rocks of the
Black Mountains (out of the study area) form the south end
of the basin. Exposed sediments within the Beaver basin
consist of unconsolidated and semi -consolidated closed-basin
deposits covered by a locally thin mantle of younger alluvium.
A perennial lake occupied the Beaver basin almost continuously from latest Miocene (6.5 Ma) until early Pleistocene
(1.6 Ma) time. The lake, informally called Lake Beaver by
Machette (1985), existed until about 750,000 years ago. By
500,000 years ago a pediment surface developed across most
of the basin. Since then, the basin has undergone periodic
downcutting and minor sedimentation related largely to climatic changes (Machette, 1985). Moderately oxidized, calcareous, fine-grained, and slightly indurated deposits that
crop out in the northern part of the basin are the oldest and
most poorly exposed deposits. Other surficial deposits include widespread middle Pleistocene to Holocene gravelcapped pediments and terraces and latest Pleistocene to
Holocene coarse-grained (sand and gravel) alluvial-fan deposits and stream alluvium.
In late Oligocene to early Miocene (32-21 Ma) time, a
composite volcanic center in the Tushar Mountains blanketed
the region with volcanics consisting of intermediate-composition calc-alkaline rocks and a later bimodal assemblage of
mafic and high-silica alkali-rhyolitic rocks (Lanigan and Anderson, 1987). A multi-phase pluton consisting of granitic
rocks, diorite stocks, and several types of mafic dikes formed
the Mineral Mountains in Eocene time (Sibbett and Nielson,
1980). Faulting has placed Paleozoic and Mesozoic sedimentary rocks against the younger intrusive rocks in the southern
Mineral Mountains (Price and Bartley, 1990). These rocks
could be the intrusive equivalents of volcanics in the Tushar
Mountains (Aleinikoff and others, 1986). In late Miocene (9
Ma) time, volcanic activity began and continued episodically
into the Pleistocene, erupting rhyolite domes and flows in the
Gillies Hill area. Miocene volcanics forming the Black
Mountains are viscous lava flows, volcanic domes, and minor
pyroclastics generally younger than the volcanics in the
Tushar Mountains. Faults localized these Late Miocene volcanic rocks in the area between the volcanics to the east and
the intrusive rocks to the west (Steven and others, 1981; Evans
and Steven, 1982).
Late Pliocene to Pleistocene deformation of the Beaver
basin is represented by two structural systems (figure 6). The
first system consists of the Maple Flats horst and the Last
Chance Bench antiform. The Maple Flats horst consists of
older exposed sediments bounded by north-trending faults in
the north-central parts of the basin. The possible coeval Last
Chance Bench antiform is a broad south-plunging antiform in
the central part of the basin that deformed younger sediments.
Closely spaced north-northeast-trending normal faults traverse the antiform and are probably related to its formation .
The other structural system is represented by faulting along
the east side of the basin, which could be the boundary
between the Basin and Range and the Colorado Plateau

(Machette, 1985). Additional Pleistocene and younger faulting is found throughout the basin.
Progressive concentration during separation of the magma
responsible for the igneous rocks that surround the Beaver
basin accounts for the abundance of uranium and thorium in
the rocks. During separation within a magma, uranium and
thorium become concentrated in the late-stage silica-rich
liquid phases. Principal uranium-bearing rocks in the surrounding mountains are typical of these later liquid phases
and consist of the Mount Belknap Volcanics, rhyolite of
Gillies Hill, and granite, quartz monzonite, and diorite from
the Mineral Mountains pluton. Uranium deposits are widespread in the surrounding areas and are typically associated
with Miocene or younger rhyolites (Steven and Morris, 1984).
A verage concentrations of uranium and thorium in granitic
rocks (plutonic rock) range from 15 to 120 ppm, and from 30
to 170 ppm, respectively. The volcanic rocks usually contain
1.5 to 2 times as much uranium as the plutonic rocks of
equivalent composition (Durrance, 1986). Flowing streams
transported uranium and thorium, mobilized by leaching and
weathering, from the volcanic and plutonic rocks in the surrounding mountains onto alluvial fans and floodplains in the
Beaver basin.

Mapping Methods
To map radon-hazard potential in the Beaver basin, I used
a method that recognized geologic factors influencing indoorradon levels. Methods of hazard-potential mapping developed in previous studies used many methods. Solomon and
others (1991) developed a land-type hazard-classification
scheme for specific geologic settings and assigned hazard
potentials that reflected radon emanation and migration in
mapped geologic units. Solomon (1992) mapped hazard
potential irrespective of geologic contacts, and recognized
that geologic factors are not necessarily uniform within each
geologic unit. The classification scheme of Solomon (1992)
is applicable to a wide range of settings, and Black and
Solomon (1996) used this approach. The method of Black
and Solomon (1996), used in this study, uses three factors to
evaluate radon-hazard potential:
1. uranium concentration,
2. soil permeability, and
3. depth to ground water.
Uranium concentrations were sampled at field sites spaced
roughly 1 mile (1.6 km) apart, depending on access, except
around the towns of Beaver, Manderfield, Greenville, and
Adamsville (figure 7) where station spacing was about 0.5
mile (0.8 km). I sampled during September 1994, the same
time of year as earlier radon surveys throughout Utah. When
possible, measurements were taken in vacant lots or undeveloped, non-irrigated lands to minimize cultural influence and
measure the characteristics of native soil. I avoided measurements on roadbeds to reduce the possibility of masking because of foreign materials. The sample grid is unevenly
spaced because of limited access in heavily developed, farm-
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ing, and some undeveloped areas. The study-area boundary,
independent of mapped geologic units, reflects the sample site
locations and an assumed 0.5 mile (0.8 m) radius of influence.
The study area encompasses about 126 square miles (414
km2). Sample-site locations and soil-texture information are
in the appendix. In some local areas, poor access prohibited
collection of field radiometric data, urban areas lacked soil
data, and ground-water information was sparse. Areas lacking data were small, so factors were averaged from surrounding areas to complete coverage.
To each of these geologic factors listed above I assigned
a numerical rating from 1 to 3, with higher ratings corresponding to conditions contributing more to elevated indoor-radon
concentrations (table 1). Ratings were summed and assigned
to one ofthree hazard-potential categories (table 2). The three
radon-hazard-potential categories are:
1. low (L): areas where no geologic factors contribute
to indoor-radon hazards;
2. moderate (M): areas where some geologic factors
contribute to indoor-radon hazards; and
3. high (H): areas where all geologic factors contribute
to indoor-radon hazards.

radon-hazard potentials do not accurately predict indoor-radon levels in specific homes (Fleischer and others, 1982).
Areas with low hazard potential have expected indoor-radon
concentrations less than 2 pCiIL (74 Bq/m3) (table 2). Areas
with high hazard potential have expected concentrations
greater than 4 pCi/L (148 Bq/m3).
Other geologic factors not considered because of the scale
of the investigation are fluctuations of ground-water levels,
active faults, expansive soil, and geothermal processes.
These may also contribute to locally high indoor-radon levels.
Fluctuation of ground-water levels could potentially contribute to upward radon transport, but applied research on this
mechanism is only beginning (LeGrand, 1987; Gregg and
Holmes, 1990). Water levels in the Beaver basin generally
have a seasonal peak in March through July and annually
fluctuate as much as 36 feet (11 m) (Mower, 1978). Elevated
indoor-radon levels because of increased permeability along
active faults are also possible (Tanner, 1980; Sprinkel and
Solomon, 1990). At the base of the Tushar Mountains along
the active Beaver fault zone and along the extensively faulted
Last Change Bench, localized areas of high radon concentration may occur.
Repeated shrinking or swelling of expansive soil because
of changes in moisture content can damage building foundations, and enhance radon entry into the structure. Expansive
soil may also develop cracks when dry, providing additional
pathways for soil-gas transport (Peake and Schumann, 1991).
Clay-rich sediments, like some of the silty clays in the Beaver
basin area, are commonly associated with expansive soils and
may contribute to local high radon concentrations.
Anomalous radon concentrations are associated with
many active geothermal areas (Nielsen, 1978; Blackett and
others, 1990). Geothermal fluids contain larger amounts of
dissolved minerals, including radioactive species, and geothermal systems offer an effective transportation mechanism.
In the Beaver basin, no known geothermal resource exists
although the potential appears moderate (Mundorff, 1970).
The Cove Fort-Sulphurdale and Roosevelt Known Geothermal Resource Areas (KGRA) are to the north and west,
respectively. The Radium Warm Springs discharges along
the Beaver River a few miles west of the Beaver basin, east
of Minersville (Mundorff, 1970).

Uranium Concentration
Summed ratings describe in qualitative terms the relative
potential for an indoor-radon hazard. Insufficient evidence
exists to decide the relative contribution of each geologic
factor to the radon hazard (Black and Solomon, 1996). Therefore, all geologic factors are weighted equally.
The radon-hazard-potential map considers only the effects
of geologic factors. Significant non-geologic factors influencing indoor-radon concentrations such as weather, home
construction, and occupant lifestyle are not considered.
Mapped hazard potentials should roughly correlate with indoor-radon concentrations, but geologic interpretations of

Quantities of indoor radon depend primarily upon the
concentration of uranium in the soil. Radiometric reconnaissance of the Beaver basin in the 1970s found abnormally high
surface radioactivity, compared to adjacent basins (Miller and
others, 1980; Miller and McHugh, 1981; McHugh and Miller,
1982). In the present study, Quaternary basin fill eU concentrations measured at 176 sample sites ranged from 3.1 to 13.5
ppm (figure 8), had a mean of 7.5 ppm, a standard deviation
of 2.1 ppm, a slight positive skewness of 0.32 to the right, and
a coefficient of variation of 27 (table 3). Median concentration is 7.35 ppm, very close to the mean. The distribution of
uranium concentrations is approximately normal (figure 9),
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justifying analyzing the data with parametric statistical techniques.
Meussig (1988) showed a correlation between areas with
mean eU concentrations greater than 2.4 ppm and indoor-radon levels exceeding 4 pCiIL (148 Bq/m3). Soils with naturally high eU concentrations, greater than 2 ppm, are most
likely to correlate with high indoor-radon levels. Indoor-radon levels less than 4 pCiIL (148 Bq/m3) are typically associated with eU concentrations less than 2 ppm, whereas
elevated indoor-radon levels are consistently associated with
eU concentrations of 3 ppm or greater (Meussig, 1988; Duval
and others, 1989; Peake and Schumann, 1991).
Highest uranium concentrations coincide with modem
and ancestral terrace, fan, piedmont-slope, and floodplain
alluvium deposited by streams from the Tushar Mountains
(figure 10). These reflect a high content of relatively radioactive rhyolite from the Mount Belknap Volcanics. The
Mount Belknap Volcanics have a mean concentration of
about 13 ppm uranium (Steven and others, 1981) and they
alone probably supplied several billion pounds of uranium to

the nearby Beaver basin (Steven and others, 1981). Locally
high uranium concentrations in the alluvial fans from the
Tushar Mountains may result from preferential leaching of
uranium from the volcanics. The concentration and mobility
of uranium leached from the rock and sediment surrounding
or within the Beaver basin is influenced by several factors:
1. uranium content of the source material;
2. proximity of water to the uranium source;
3. degree of isolation of water containing leached
uranium from fresher water; and
4. other factors such as climatic effects, the pH and
oxidation state of the water, and the presence of
sorptive material such as organic matter and clays
(Durrance, 1986).
Lowest uranium concentrations are in the southern
benches above the modem floodplain of the Beaver River.
These areas consist of sediment derived from the volcanics of
the Black Mountains (south of the study area).

Radon-hazard potential of Beaver basin area
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Figure 10. Contour map of uranium concentrations in the Beaver basin area. Contour interval is 1 ppm.

Soil
When assessing an area for radon-hazard potential, the soil
must be considered because radon gas must migrate through
it. Permeability is the capacity of soil to transmit a gas or
fluid. Impermeable soils block the flow of soil gas, whereas
highly permeable soils provide excellent pathways for soilgas migration (McLemore and others, 1991) and allow rapid
transport of radon gas under very small pressure differentials.
Thus, radon can accumulate from a larger area in highly
permeable soils. Conversely, relatively impermeable soils do
not allow the migration of significant amounts of soil gas.

Radon's short half-life limits transport by diffusion of radon
in impermeable soils.
The U.S. Soil Conservation Service (SCS), now the Natural Resources Conservation Service, mapped soils in the
Beaver basin area. The SCS divided soils into permeability
classes based on soil structure and porosity, and the ability to
transmit water or air (Stott and Olsen, 1976). They express
soil permeability in terms of hydraulic conductivity, in inches
per hour, with which water moves through the soil. Permeability classes range from less than 0.06 incheslhour (4.2 x
10-5 cm/sec) to greater than 6.0 incheslhour (4.2 x 10-3
cm/sec). Based on the lowest permeability class in the upper

18

Utah Geological Survey

60 inches (24 cm) of soil, the SCS permeability classes were
assigned to one of three categories:
1. low (L), less than 0.6 inches/hour (4.2 x 10-4
crn/sec);
2. moderate (M), from 0.6 to 6.0 incheslhour (4.2 x 10-4
to 4.2 X 10-3 crn/sec); and
3. high (H), greater than 6.0 incheslhour (4.2 x 10-3
crn/sec).

Soil permeability in the area varies from low to high.
Permeability is highest in coarse-grained sandy and gravely
alluvial-fan deposits, stream alluvium, and pediment deposits
along the range front of the Tushar Mountains (figure 11) and
in the floodplain of Indian Creek (figure 12). Moderate
permeability soils are the most common in the study area in
fan, terrace, and fanglomerate-facies alluvium. Soils with
low permeability are fine-grained silt and clay deposits on
floodplains and some terraces in low-lying areas (figure 11).
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Figure 11. Soil permeability in the Beaver basin area. Soil survey maps and permeabilitiesfrom Stott and Olsen (1976) were used to determine
soil permeability: L - low, hydraulic conductivity <0.6 incheslhour (4.2 x 1{)"4 cmlsec); M - moderate, hydraulic conductivity 0.6 to 6.0
incheslhour (4.2 x 10-4 to 1.4 x 10-3 cmlsec; and H -high, hydraulic conductivity >6.0 incheslhour (1.4 x 10-3 cmlsec). Soil permeability values
extrapolated in the area lacking data (shown by dashed line).
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Figure 12. Cut on Last Chance Bench near Manderfield showing
upper part ofsoil profile consisting of stratifiedfine sandy loam beds
with cobbly and gravelly zones.

Ground Water
Ground water can inhibit soil-gas transport and reduce the
amount of radon available to enter a home. Although radon
easily dissolves in water, soil pore water reduces diffusion
and obstructs convective flow of soil gases. Pore water
effectively inhibits radon migration whereas a low moisture
content will not hinder convection or diffusion of radon in the
soil (Tanner, 1980). Shallow ground water, less than 10 feet
(3 m) deep (within the construction zone of basements), can
reduce radon levels even in uranium-rich soils. Conversely,
a low moisture content in soils improves radon migration into
buildings, thus contributing to indoor radon. Ground water
deeper than 30 feet (9 m) has little effect on indoor-radon
levels (Black and Solomon, 1996).
In the Beaver basin shallow unconfined ground water is
in coarse unconsolidated and semi-consolidated basin-fill
deposits. Small areas of confined ground water are found in
the Greenville area, southwest of Beaver, and in the North
Creek drainage. Two perched water tables are also found in
the basin (Mower, 1978). Depth to water ranges from the land
surface along the Beaver River and North Creek to greater
than 60 feet (18 m) in the northern parts of the basin (figure
13). Unconfined ground water is commonly less than 10 feet
(3 m) deep in the Beaver River floodplain, low-lying areas
around Manderfield, and the south-central part of the study
area in drainages from the Tushar Mountains where phreatophytes and springs are common. Areas of shallow ground
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water are usually used for agriculture purposes (figure 14).
Unconfined ground water less than 30 feet (9 m) deep is
primarily in river floodplains .
Although shallow ground water impedes the movement of
radon from soils into buildings, ground water from wells may
be a source of indoor radon. Ground-water-radon concentration was the focus of studies by Miller and others (1980) and
McHugh and Miller (1982). These studies used radon in
ground water to indicate uranium sources in the Beaver basin
and found anomalously high concentrations. McHugh and
Miller (1982) conducted a radon survey of springs and water
wells in the Beaver basin during 1981 and noted that groundwater geochemistry, bedrock geology and mineralogy, and
uranium concentration control the levels of radon in well
water. Water samples for their survey were collected from
domestic wells and springs, with some uncertainty in the
stratigraphic interval producing the water. Sampling of existing wells limited the samples to the depth from which water
is drawn. The concentration of radon in the water ranged from
a low of 10 pCi/L to a high of 8,300 pCi/L (figure 15). The
radon data suggest a lognormal distribution. The highest
radon value of 8,300 pCi/L was on the eastern flank of the
Mineral Mountains, perhaps due to vein-type uranium occurrences in the area. High radon values in well water near
Manderfield and the town of Beaver exceed the proposed
EPA safety levels of 300 pCi/L of dissolved radon in water.
No studies have been performed to evaluate their contribution
to indoor radon in the area.

Hazard Potential
The radon-hazard potential is generally high throughout
much of the basin (figure 16). Moderately permeable, unsaturated, uraniferous deposits derived from volcanic rocks characteristically underlie these areas. Locally, uranium
concentrations in the basin are sufficiently high to give a high
hazard potential even in areas where ground water is shallow
or soil permeabilities are low. Areas of moderate hazard
potential are found just south of Beaver, westward along the
Beaver River to Adamsville, and along the floodplain of
Indian Creek. Low permeability soil and/or shallow ground
water and uraniferous Quaternary floodplain alluvium and
pediment deposits underlie these areas. No areas of low
hazard potential are found in the Beaver basin.

Soil Gas
I measured soil-gas-radon concentrations for correlation
with uranium concentrations and radon-hazard potential. Radon's short half-life restricts its migration, so its occurrence
is unlikely at great distances from sources. Soil-gas-radon
concentrations at 104 sample sites in the area range from 50
to 3,556 pCi/L (1850-13 .2 x 1()4 Bq/m3), with a mean concentration of 514 pCi/L (1.9 x 1()4 Bq/m3) and a standard deviation of 564 pCi/L (figure 17; table 3). The probability
distribution of soil-gas-radon data is approximately lognormal (figure 18), with a positive skewness of 2.6 and a coeffi-
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Figure 13. Depth to shallow ground water in the Beaver basin area (modifiedfrom Sandberg, 1966; Mower, 1978; and unpublished data).
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Figure 14. Agricultural land in shallow ground-water area, looking northwest toward Manderfield, Beaver basin area.
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Figure 15. Histogram of radon-gas concentrations in water in the Beaver basin area.
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Figure 16. Radon-hazard-potential map for the Beaver basin area. Hazard potential categories are H - high - areas with geologic factors
generally conducive to elevated indoor-radon levels; and M - moderate - areas with one or two factors conducive to elevated indoor-radon
levels, but limited by one or two unfavorable geologic conditions.
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cient of variation of 109. The median concentration is
316 pCiIL (11.7 x 103 Bq/m3). The mean and median
4
soil-gas-radon concentrations are generally higher than
other measured levels in the state.
Historically, comparisons of average eU and soilgas-radon concentrations in other studies show a good
correlation despite radon being highly mobile in soil
(Gundersen and others, 1988). The ideal correlation at
the same sample site between soil-gas-radon and uranium concentration should be linear because radon is a
naturally occurring product in the uranium decay series.
In reality, however, the relationship between uranium
0
0
o_
and soil-gas radon varies due to measurements at differx
ent horizons in the ground, removal of radionucleides
2
~
from a system, atmospheric contamination of soil-gas
(3
.e,
samples by air leaking between the probe and adjacent
c:
a:::
soil, and the effect of grain size on radon emanation. The
influence of changing weather during sampling further
Icomplicates the correlation of these factors. Because
radon-hazard potential is partly based on uranium con~
tent, these factors also affect the comparison between
.... Line 2
soil-gas-radon concentrations and radon-hazard potential. Soil-gas-radon concentrations are therefore difficult to accurately characterize, and correlations with
uranium concentration or hazard potential are typically
-- .. ,
,.'.:'t.·
·
imperfect.
.
-:.
.:~
~
o
A scatter plot of eU and soil-gas-radon concentration
from samples measured at the same site gives a rough
3
6
o
9
12
15
idea of the relationship between these variables in the
eU (ppm) x 1,000
Beaver basin (figure 19). The data-point scatter indicates a poor relationship. The plot shows only a broad
Figure 19. Scatter plot and linear regression of equivalent uranium (eU)
correlation between the two variables, with higher values
and soil-gas-radon (Rn) data pairs in the Beaver basin area. Regression
of uranium corresponding to higher soil-gas radon. Uraline 1 shows that when the line is notforced to 0, concentrations are related
nium concentrations of data pairs vary from 3 to 13 ppm
by the formula Rn =154 eU - 647.4, with a correlation coefficient =0.561.
with values spread evenly throughout the range. Most
Regression line 2 shows that when the line is forced to 0, reflecting the
soil-gas-radon concentrations cluster in a range between
absence of the decay-product Rn when none of the parent U is present,
200 and 800 pCi/L (7,400-22,200 Bq/m3) with more
concentrations are related by the formula Rn = 75 eU, with a correlation
values in the lower part of the range. Ideally, radon
coefficient = 0.718.
concentrations should increase within a narrow band
with each corresponding increase in uranium concentranegative predictions to zero. Although average soil-gas-ration.
don concentrations determined by this formula at intermediNevertheless, to help predict soil-gas radon if uranium
ate uranium levels compare favorably with those derived from
concentration is known, I quantified the relationship between
other studies in Utah, the lack of correlation with increases in
soil-gas radon and uranium. The simplest type of relationship
soil-gas-radon concentrations at high uranium levels results
is linear, where I assume that the dependence of one variable
in a poorer correlation than in most other areas (Solomon and
(soil-gas radon) on another (uranium) is described by a
others, 1991, 1993; Solomon, 1995, 1996). If the linear
straight line. Linear regression of soil-gas radon and uranium
regression is forced to zero, indicating an absence of radon
data pairs is shown in figure 19 (line 1) and is related by the
when no uranium is present, the data pairs are related by the
formula:
formula:

.

.

...

.
..

. .
/

7

. .
. . .~
.
... .... .... ..
~.. - .- ..
.·.··A
..

~

Rn = 75eU
Rn = 154e U -647.4

where Rn is the soil-gas-radon concentration in pCiIL, and eU
is the uranium concentration in ppm. The correlation coefficient of this line is 0.56, indicating a somewhat poor linear
relationship. Also, the regression line continues into negative
values for soil-gas radon. This is clearly unrealistic because
radon values are never negative, and it is appropriate to set

Although theoretically more realistic, this correlation is also
poor (correlation coefficient of 0.718). This regression analysis underestimates the values of soil-gas radon at lower levels
of uranium and overestimates the values of soil-gas radon at
extreme levels of uranium where the scatter is large.
As part of the evaluation of the Beaver basin soil-gas data,
I applied a semiquantitative interpretative method of analysis
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Figure 20. Exclusion isoline map of soil-gas-radon concentrations in the Beaver basin area. Contour interval is 200 pCilL (7.4 x J(j3 Bq/m3).

developed by Durrance (1978). This method uses exclusion
isolines to lessen the effects of factors that reduce the soilgas-radon concentration of a sample. The method assumes
that whereas many factors can reduce soil-gas levels, only the
influx of radon will produce high levels; thus higher concentrations are geologically more meaningful. Instead of constructing contour lines of equal value, exclusion isolines
enclose higher values and ignore erratic low values.

Soil-gas-radon exclusion isoline patterns correspond
moderately well to the eU concentration contours despite the
lack of correlation between data pairs. They both indicate a
significant contribution from the North Creek drainage. The
highest soil-gas-radon levels and eU concentrations are in the
eastern part of the study area, near the towns of Beaver and
Manderfield (figure 20). The correlation between soil-gas
radon and the hazard potential is poor, except that they both
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indicate a high radon content for most of the basin. The
pattern of the soil-gas-radon exclusion isolines suggests that'
soil-gas radon is more strongly influenced by the uranium
concentration than by the other geologic factors. Lowest
soil-gas-radon levels and eU concentrations are in the northwestern part of the study area along the Mineral Mountains,
but the radon-hazard potential remains high.

Indoor Radon
The mean concentration of seven indoor-radon samples
from the city of Beaver is 119.9 pCiIL (4,436 Bq/m3), with
all samples greater than 4 pCiIL (148 Bq/m3). All samples
came from areas of high hazard potential (figure 16). Two of
these measurements, including the highest value of 343 pCiIL
(1,269 Bq/m3), are over 300 pCiIL (11,100 Bq/m3). The
indoor-radon levels range from 20.75 to 343 pCiIL (7671,269 Bq/m3), with a median of 50 pCiIL (1,850 Bq/m3), all
in areas of high hazard potential. Because data are limited,
they could not be used to determine a meaningful statistical
distribution.

Radon as an Exploration Tool
Radon has been used as a tracer of geologic processes for
identification of geologic structures, and exploration for uranium and geothermal energy. Studies focusing on radon
distribution in ground water have been applied to the investigation of geologic structures in areas near the Beaver basin.
Nielson (1978) reported radon measurements at the Roosevelt
Hot Spring KGRA on the west side of the Mineral Mountains,
and showed anomalously high radon concentrations associated with faults and geothermal fluids in the area. Radon
anomalies help identify faults, which act as conduits for
geothermal fluids. Enhanced permeability in the fault zone
provides a pathway for circulating fluids carrying radon in
solution. The mean soil-gas-radon concentration for the
Roosevelt Hot Spring survey was 11,027 pCi (408 Bq); the
median was 8,513 pCi (315 Bq). Anomalies were found in
areas that intersected mapped faults and areas with successful
geothermal production wells. The study concluded that radon
surveys, coupled with a structural analysis, can be useful as a
site-specific tool in siting exploration holes in KGRAs. In the
1980s, radon was examined throughout the Beaver basin for
uranium exploration.

Cautions When Using This Report
Radon-hazard categories on the radon-hazard-potential
map of the Beaver basin are relative and only comparable to
areas that have been mapped using similar classification
criteria. Because of the complex relationship between geologic and non-geologic factors controlling indoor-radon levels, this report should not be used to predict specific
indoor-radon levels. Small localized areas of higher or lower
radon potential may be found within the hazard areas depicted
on the maps. Radon-hazard categories are relative, and all

map boundaries between hazard categories are approximate
and gradational.

SUMMARY
Radon is a natural radioactive gas that can accumulate
indoors in sufficient concentrations to pose a health hazard.
The indoor-radon hazard depends on both geologic and nongeologic factors. We can estimate the effects of geologic
factors whereas the effects of non-geologic factors such as
construction type, weather, and individual lifestyles, are difficult to quantify and characterize. Geologic factors affecting
radon levels include uranium concentration, depth to shallow
ground water, and soil permeability. The radioactive decay
of uranium produces radon, and high uranium concentrations
can lead to elevated indoor-radon levels. Once radon is
present in soil gas, shallow ground water and soil permeability
affect radon's ability to migrate to the surface and into structures.
Radon-hazard-potential maps are useful to organize and
prioritize testing in existing buildings and to indicate where
radon-resistant construction should be considered in new
buildings. Indoor-radon levels are easily and inexpensively
measured, and various methods to reduce indoor-radon levels
are available. Radon-hazard-potential maps are based on
geologic factors, and do not consider the effect of non-geologic factors. Measuring indoor-radon levels in existing
buildings is the only way to determine the combined effect of
geologic and non-geologic factors.
Rocks in the Tushar and Mineral Mountains surrounding
the Beaver basin are chiefly Tertiary volcanic rocks with high
uranium content. Sediments in the Beaver basin record a
history of nearly continuous middle Miocene to early Pleistocene closed-basin deposition and middle Pleistocene to
Holocene open-basin deposition. Subsequent downcutting
has left a mainly erosional sequence of late Quaternary terrace
and piedmont-slope alluvium. Soils in the Beaver basin have
high uranium content. Ground water is shallow along modem
floodplains and relativity deep elsewhere. Coarse-grained
pediment and alluvial-fan deposits across the basin have high
to moderate permeability. Low permeabilities are associated
with modem floodplain alluvium.
A numerical rating system was used to quantify the relative radon hazard. To each geological factor I assigned a
numerical rating and then summed ratings to assess the relative radon hazard. The ratings were used to create a radonhazard-potential map, which shows that most of the basin has
a high radon-hazard potential. In areas of high radon-hazard
potential, all geologic factors contribute to elevated radon
levels. In areas of moderate and low potential, low uranium
concentration, shallow ground water, and/or low permeability
soils contribute to lower the radon levels. Geologic factors
not considered, such as geothermal activity, fluctuations of
the ground-water table, expansive soils, and active faults may
produce locally high indoor-radon levels.
High uranium concentrations throughout the Beaver basin
lead to a moderate or high radon-hazard potential everywhere.
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Uranium concentrations dominate the radon-hazard potential,
although locally low-permeability soils and shallow groundwater depth reduce the hazard to moderate. Radon-hazard
potential is high on slopes along the Tushar Mountains, on the
basin margins, and on bench, piedmont, and alluvial slopes.
The hazard potential is moderate in the interior of the basin
along the Beaver River and near Manderfield.
The radon-hazard-potential map generally indicates average indoor radon levels based on geologic factors. Local
anomalous indoor radon levels may exist either because of the
local influence of factors not measured or the influence of
measured factors beyond the map-scale resolution. Soil-gasradon measurements provide useful information, but are unreliable to assess indoor-radon-hazard potential because of

inaccuracies introduced by sampling techniques and variations caused by weather.
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K =potassium-40
eU = equivalent uranium-238
eTh = equivalent thorium-232
eU/eTh = ratio of eU and eTh
222Rn = radon-222 (soil-gas radon)
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