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RADON-HAZARD POTENTIAL OF THE
LOWER WEBER RIVER AREA, TOOELE VALLEY, AND
SOUTHEASTERN CACHE VALLEY, CACHE, DAVIS,
TOOELE, AND WEBER COUNTIES, UTAH

Bill D. Black and Barry J. Solomon

ABSTRACT

Radon is a radioactive gas of geologic origin that is an
environmental concern because of its link to lung cancer. Radon
is derived from the decay of uranium, and can accumulate
indoors in sufficient quantities to pose a health hazard to building
occupants. Although the influence of non-geologic factors such
as construction type, lifestyle, and weather is difficult to meas-
ure, geologic factors that influence indoor-radon levels can be
quantified to assess the hazard potential.

Geologic factors that influence indoor-radon levels have
been studied for three areas in northern Utah to indicate where
indoor radon may be a hazard and radon-resistant techniques
should be considered in new construction. The three areas
include the lower Weber River area in Davis and Weber Coun-
ties, Tooele Valley in Tooele County, and southeastern Cache
Valley in Cache County. These areas all lie in the depositional
basin of Pleistocene Lake Bonneville, and display common
geologic characteristics which affect their potential for radon
hazards.

A primary factor affecting indoor-radon levels is the presence
of uranium-enriched geologic materials. Uranium-238 levels
are commonly highest in benches and piedmont slopes along the
range fronts of the three areas, although higher levels (up to 5.0
parts per million [ppm]) are more common in the lower Weber
River area. These benches and slopes are underlain by coarse-
grained Bonneville shoreline and Holocene alluvial-fan deposits.
Lowest uranium-238 concentrations (less than 2 ppm) are com-
mon in fine-grained lacustrine material underlying valleys.

Soil permeability and shallow ground water are factors which

affect soil-gas migration and radon-hazard potential. Highly
permeable soils and deep ground water facilitate radon migration
in soil gas. Coarse-grained deposits on valley margins in the
three study areas are typically highly permeable and well-
drained. Impermeable clay-rich soils on fine-grained lake de-
posits, and shallow ground-water levels in valleys restrict radon
migration.

A numerical rating system was used to assess and map the
relative radon-hazard potential in the three study areas. A high-
hazard potential was typically found along range fronts where
uranium concentrations are higher, ground water is deep, and
soils are permeable. Although soil-gas and indoor-radon con-
centrations broadly correlate to mapped hazard potential, the
correlation is imperfect because of atmospheric contamination
of soil-gas samples, the presence of locally anomalous concen-
trations of radon which are beyond the resolution of the sampling
grid or map scale, and the effects of non-geologic factors which
are not considered in this geologic assessment.

INTRODUCTION

In 1988, Congress enacted Title ITI, Indoor Radon Abatement
Act (IRAA), in response to the growing national concern over
the threat of radon gas. The IRAA, an amendment of the Toxic
Substances Control Act, is intended to reduce public-health risks
from radon gas by rendering air in buildings in the United States
free of radon (U.S. Environmental Protection Agency, 1989).
Section 306 of the IRAA, the State Indoor Radon Grants (SIRG)
Program, authorizes the Environmental Protection Agency



(EPA) to provide grants to support the development and imple-
mentation of state radon assessment and mitigation programs. A
principal activity of the Utah Geological Survey (UGS) under
the SIRG Program is to identify and study areas of high radon-
hazard potential in Utah.

The lower Weber River area, Tooele Valley, and southeast-
ern Cache Valley (figure 1) were identified by the UGS for
further study because preliminary data indicated a potential
radon hazard. A 1988 statewide survey conducted by the Utah
Division of Radiation Control (UDRC), Department of Environ-
mental Quality, measured locally high indoor-radon levels in the
lower Weber River area and southeastern Cache Valley (Sprinkel
and Solomon, 1990). In addition, Black (1993) shows there is a
high potential for radon hazards in these areas, as well as in
Tooele Valley. Based on this information, the UGS conducted
investigations of geologic factors controlling radon levels in
these areas. The investigations define the hazard potential in
more detail, and designate areas where the need for additional
indoor-radon testing is more urgent and radon-resistant tech-
niques for new construction should be considered.

INDOOR-RADON HAZARDS

Radon is a radioactive element of geologic origin. Because
it is a gas, radon easily moves from its source in soil and rock,
through the geologic environment, and. indoors through small
openings in building foundations (Tanner, 1980). Radon is
nearly inert and does not chemically react with most of the
materials through which it moves. Once indoors, radon is diffi-
cult to detect because it is odorless, tasteless, and colorless.

Three types, or isotopes, of radon form as daughter products
of radium from the radioactive decay of either uranium or
thorium. Radon-222, which forms by decay of uranium-238
(table 1), is generally the most significant contributor to indoor
radon because it is the most abundant radon isotope and its
relatively long half-life of 3.83 days allows it to travel the
greatest distance before it, in turn, decays. Radon-228 (com-
monly called thoron) forms by decay of thorium-232 and is about
as common as radon-222, but has a half-life of only 55.65
seconds. However, radon-228 may also be a significant con-
tributor to indoor-radon problems when present in sufficient
concentrations (Durrance, 1986). Radon-219 (commonly called
actinon) forms by decay of uranium-238 and does not contribute
significantly to indoor-radon problems because of its very short
half-life (3.96 seconds) and relative rarity in the environment.
The abundance of radon-222 stems from the abundance of its
parent element, uranium-238, which is 138 times more common
than uranium-235 (Nielson and others, 1990).

Unlike most geologic hazards which are natural, dynamic
earth processes that adversely affect both life and property, radon
is a hazard only to living things. Health officials believe that
breathing elevated levels of radon over time increases an indi-
vidual’s risk of lung cancer (Jacobi and Eisfeld, 1982; National
Council on Radiation Protection and Measurements, 1984a,
1984b; Samet, 1989). Inhalation of radon and radon-decay
progeny was recognized as a health problem in the 1950s and

Utah Geological Survey

early 1960s, when studies on workers in underground uranium
mines concluded that high radon concentrations in the mines
contributed to an increased lung-cancer rate among miners (Na-
tional Council on Radiation Protection and Measurements,
1984b). The EPA estimates that from 8,000 to 40,000 Ameri-
cans will die each year from lung cancer caused by long-term
radon inhalation (Schmidt and others, 1990).

Inhaled radon, itself, is not thought to be the primary source
of internal cancer-causing radiation because radon atoms are
inert and do not easily attach themselves to lung tissue. In
addition, most radon atoms are exhaled before they can decay
and emit dangerous alpha particles. The radioactive isotopes
formed from radon decay are of more concern because they are
not inert and can attach themselves to the first charged surface
they contact (typically dust or smoke in the air). People who
smoke place the occupants of a building at greater risk because
smoke increases the number of airborne particles to which radon
progeny attach. Once airborne particles are lodged in the lungs,
the attached radon progeny can directly bombard tissue with
energetic alpha particles from radioactive decay.

Radon is highly mobile and travels in both air and water.
Radon enters buildings through water supplies, small basement
cracks, or other foundation penetrations such as utility pipes
(figure 2). Waterborne radon can be a problem when radon gas
is released from water and enters household air, but drinking
household water containing radon is not considered a health risk.
Although radon concentrations in the atmosphere never reach
dangerous levels because air movement dilutes and dissipates the
gas, people can be subject to a radon hazard in buildings having
poor air circulation. Maximum airborne-radon concentrations
are often found in basements or low crawl spaces (Fleischer and
others, 1982) which are in contact with geologic materials sur-
rounding the building foundation and usually poorly ventilated.

Changes in building practices during the past 21 years have
contributed to the radon problem. Buildings constructed before
the 1973 oil embargo, including single-family homes, often did
not use energy-efficient measures and allowed indoor air to
escape through above-grade joints, uninsulated walls, and attics.
Since 1973, conservation of non-renewable energy resources
through energy-efficient practices has been a national goal. The
building industry has made structures energy efficient by pre-
venting the loss of indoor air, but they have not improved vent-
ilation systems to accommodate restricted air flow. Studies have
shown that energy-efficient buildings having inadequate venti-
lation systems generally have higher indoor-radon levels than
conventional buildings (Fleischer and others, 1982; Nero, 1982).

Radon concentration is measured in picocuries per liter
(pCi/L) of air; one pCi (3.7 x 102 Becquerels [Bq]) represents a
decay of about 2 radon atoms per minute. The U.S. Environ-
mental Protection Agency (1992) recommends that action be
taken to reduce indoor levels when they exceed 4 pCi/L (148
Becquerels per cubic meter [Bq/m?]). Radon has been found in
buildings throughout the United States in sufficient concentra-
tions to pose a significant health hazard to occupants, but most
buildings have concentrations less than 3 pCi/L (111 Bg/m?)
(Nero, 1986). Estimates of the contribution of radon in water to
airborne radon range from 1 to 2.5 pCi/L (37-92.5 Bq/m?) in air
for every 10,000 pCi/L (3.7 x 10° Bg/m?) in water.












usually display the phrase "Meets EPA Requirements.” If pre-
ferred, a trained contractor can be hired to do the testing. Check
that the contractor is listed in EPA’s Radon Measurement Profi-
ciency (RMP) program. RMP program participants are required
to show their ability to make accurate tests and follow quality
assurance and EPA test guidelines. The UDRC maintains lists
of EPA-approved test kits and RMP-qualified companies and
individuals.

Hazard Reduction

A number of methods can be used to reduce elevated radon
levels in a home. These methods fall into two categories: (1)
preventing radon from entering the house, and (2) removing
radon (or decay products) after entry. The specific method
chosen depends upon the initial radon concentration, and house
design and construction.

Some actions may be taken immediately, and can be done
quickly at minimal expense (U.S. Environmental Protection
Agency, 1988). Discouraging smoking inside a home reduces
the risk of developing lung cancer not only from smoking but
also from radon exposure. Spending less time in areas of higher
radon concentration, such as a basement and other low areas of
a home that are in contact with the soil and have inadequate
ventilation, will also reduce the risk. Opening windows and
turning on fans improves ventilation but is not always possible
during cold winter months.

Although immediate actions are effective, they are not long-
term solutions. The selection of permanent radon-reduction
methods requires identification of radon-entry routes and driving
forces, and diagnostic testing to aid in the selection of the most
effective method. Methods of permanent radon reduction in-
clude: (1) increasing ventilation by using ventilators, (2) sealing
soil-gas entry routes to restrict entry of radon into a house, (3)
ventilating soil to withdraw radon, (4) altering pressure differen-
tials between the house and soil to restrict flow of soil gas into a
house, and (5) cleaning air to remove radon-decay products
(which are solid particles) (U.S. Environmental Protection
Agency, 1993b). Once appropriate radon-reduction methods are
chosen and implemented, diagnostic tests should be conducted
to ensure that radon levels have been sufficiently reduced.

An effective method of hazard reduction is preventing radon
from entering a structure. Restricting radon entry may be diffi-
cult in existing buildings, but is advisable for new construction
(particularly in areas that have a high-hazard potential). New
structures may incorporate methods to restrict radon entry
(Clarkin and Brennan, 1991) by minimizing: (1) soil-gas entry
pathways, and (2) indoor-outdoor pressure differences, since
these differences are the driving force for soil gas to enter a home.
Features can also be incorporated during construction that facili-
tate radon removal after home completion.

If there is a significant contribution of waterborne radon to
indoor air, this radon may either be removed from the water
before it reaches the indoor air or removed from the air after it
has left the water (U.S. Environmental Protection Agency,
1987). In many cases, good ventilation of bathrooms, laundry
facilities, and the kitchen during periods of water use may be
adequate, although impractical during cold weather. Water may

Utah Geological Survey

also be stored before use for several days to allow the radon to
decay, but a large storage tank is needed if water use is high,
Devices which use granular activated charcoal to remove radon
from water are presently the least costly for a single home using
its own well and, to date, are the most extensively tested and used
radon-reduction technique for water.

Professional assistance is usually needed to reduce elevated
indoor-radon levels. Without the proper equipment and techni-
cal knowledge, radon levels might actually be increased or other
hazards created during an attempt at radon reduction by inexpe-
rienced individuals. If a radon contractor is used, choose one
listed in EPA’s Radon Contractor Proficiency (RCP) program.
RCP contractors are trained, must pass a comprehensive exam,
and must agree to follow radon-reduction standards. The UDRC
maintains a list of RCP contractors.

SAMPLING METHODS

Two types of radiometric surveys were conducted for this
study: (1) gamma-ray spectrometry, and (2) radon emanometry.
Gamma-ray spectrometry measures the concentration of selected
radioactive elements, including uranium and thorium, in soils.
Radon emanometry measures soil-gas-radon concentrations
from decay of these radioactive elements. Radiometric data
collected for this survey reflect the areal distribution of measured
parameters at sampled horizons, and do not reflect vertical
inhomogeneities, temporal variations due to meteorologic ef-
fects, or radioactive decay imbalances.

Concentrations of selected gamma-emitting elements in soil
were measured using an Exploranium GR-256 portable gamma-
ray spectrometer. The GPS-21 detector assembly contains a 3 x
3 inch (7.5 x 7.5 cm) sodium-iodide crystal and an integral
bi-alkali. photomultiplier tube. Values for total gamma, potas-
sium-40 (K), equivalent uranium-238 (eU), and equivalent tho-
rium-232 (eTh) were collected. The spectrometer used peak
energy levels of 1.46 million electron volts (MeV) for potassium
(which has only one emission line), 1.76 MeV for eU (corre-
sponding to bismuth-214), and 2.62 MeV for eTh (corresponding
to thallium-208). Calibration of the spectrometer was done at
the factory using calibration pads. Sampling stations were
spaced roughly 0.5 miles (0.8 km) apart, depending on access,
not including measurements collected in the town of Millville,
Cache Valley. There, station spacing was about 0.1 mile (0.2
km) to determine the effect of denser spacing on hazard interpre-
tation. Measurements were generally taken on vacant lots or
undeveloped, non-irrigated land to minimize cultural influence,
and sample the native soil. However, access was limited in
heavily developed areas and measurements were taken in less-
developed areas surrounding schools and parks. Measurement
on roadbeds was avoided to reduce the possibility of masking
due to foreign materials. The detector was held at a height of
about 2 feet (0.6 m) to correct for the influence of local topogra-
phy and non-homogeneous materials.

Concentrations of radon in soil gas were measured using an
RDA-200 portable alpha-sensitive scintillometer manufactured
by EDA instruments. Soil gas is pumped into scintillator cells
which are placed into the scintillometer for measurement of
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under confined conditions is found central Tooele Valley. Early
studies (Thomas, 1946; Gates, 1965) divided the artesian aquifer
in Tooele Valley into districts based on hydrologic factors.
However, the district boundaries are not barriers to ground-water
movement and the aquifer in Tooele Valley is a single unit
(Razem and Steiger, 1981). As in the lower Weber River area,
water in the artesian aquifer generally does not affect radon
migration because it is deeper than 30 feet (9 m), Ground water
is unconfined near the mountains and above confined aquifers in
the northern part of the valley (Razem and Steiger, 1981).
Water-table aquifers near the mountains are several hundred feet
deep and merge with artesian aquifers toward the center of the
valley. A shallow water-table aquifer is present in the northern
part of the valley, mainly recharged by upward leakage from
underlying artesian aquifers (Razem and Steiger, 1981). Black
(1995) shows ground water is commonly less than 10 feet (3 m)
deep near the shoreline of Great Salt Lake, and more than 30 feet
(9 m) deep in the southern half of the valley (figure 18).

Soil Permeability

Soil permeability in Tooele Valley is generally low to mod-
erate (U.S. Soil Conservation Service, unpublished data), and
lower overall than in the lower Weber River area. Highly
permeable soils are not extensive and are found in only two areas
in southeastern Tooele Valley (figure 19): (1) east of Tooele,
associated with coarse tailings and slag from the inactive Inter-
national Smelter, and (2) southwest of Tooele, underlain by
lacustrine gravel. Moderate-permeability soils are common on
benches and piedmont slopes along the Oquirrh and Stansbury
Mountains (figure 19), and are generally associated with allu-
vial-fan deposits or lacustrine shoreline sand and gravel. Low-
permeability soils are common in central and northern Tooele
Valley (figure 19), and are generally associated with lacustrine
lake-bottom silt and clay.

Hazard Potential

The radon-hazard potential of Tooele Valley is generally
moderate, but is highest along the valley margins and decreases
northward to Great Salt Lake (plate 1B). The hazard potential is
locally high near the base of the Stansbury Mountains and the
Oquirrh Mountains in well-drained, uranium-enriched Holocene
alluvial-fan deposits. The hazard potential is commonly low in
the northern portion of the valley underlain by poorly drained,
fine-grained Pleistocene to Holocene lacustrine deposits. The
hazard potential is moderate elsewhere in the valley where
well-drained, unconsolidated valley fill having low to moderate
uranium concentrations are found.

Soil-Gas Radon

Soil-gas radon measured at 112 sample sites in Tooele Valley
ranges in concentration from 25 to 844 pCi/L (9.25 x 102-3.12 x
104 Bg/m3); mean concentration is 220 pCi/L (8.14 x 103 Bg/m?)
and the standard deviation is 148 (table 2b). Distribution of
soil-gas data is lognormal (figure 20) and has a positive skewness
of 5.7 x 106. Median concentration is 176 pCi/L (6.51 x 103
Bg/m3) (table 2b).
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Soil-gas radon and hazard potential more closely correspond
in Tooele Valley than in the lower Weber River area. Highest
soil-gas levels in Tooele Valley are primarily in areas underlain
by a thin veneer of Lake Bonneville sediment deposited on
pre-lake alluvial fans (Solomon, 1993). Areas underlain by
lacustrine deposits that have both high soil-gas levels and mod-
erate to high hazard potential include those east of Mills Junction,
where the highest soil-gas level of 844.4 pCv/L (3.12 x 104
Bg/m3) was measured, east of Tooele, and south of Grantsville
near the northern boundary of Tooele Army Depot (figure 21).
Soil-gas levels are also high in smaller areas underlain by pre-
Lake Bonneville alluvial-fan deposits along the northwestern
side of South Mountain, eolian deposits north of Grantsville, and
stream alluvium near the mouth of Middle Canyon east of Tooele
(figure 21). These local areas of high soil-gas levels have a low
to moderate hazard potential. Lowest soil-gas levels are com-
mon in areas underlain by clay-rich lake deposits, such as north-
ern Tooele Valley, and on piedmont slopes of both the Oquirrh
and Stansbury Mountains underlain by coarser lacustrine and
alluvial-fan deposits (figure 21). The hazard potential in north-
ern Tooele Valley is low.

Linear regression of uranium-radon data pairs in Tooele
Valley (figure 22) shows they are related by the formula:

Rn =94.7 + 58.2eU

Atthe 99 percent confidence level for 112 samples, the Spearman
correlation coefficient of 0.339 exceeds the threshold value of
0.221, indicating that the regression correlation is statistically
significant. The confidence level for the correlation is higher in
Tooele Valley (99 percent) than in the lower Weber River area
(90 percent). This suggests a more consistent relationship be-
tween eU and soil-gas radon in Tooele Valley, particularly for
data pairs having higher eU concentrations, and implies that the
effects of atmospheric contamination of soil-gas samples is less
pronounced in Tooele Valley. This is consistent with the occur-
rence of higher eU concentrations in deposits that have generally
finer grain size in Tooele Valley than in the lower Weber River
area, and the potential for greater atmospheric contamination in
coarse-grained deposits. Average soil-gas concentrations deter-
mined by the formula for Tooele Valley are slightly lower than
the lower Weber River area for low eU concentration, but are
increasingly higher for eU concentrations greater than about 3.5
ppm. The relation between eU and radon is comparable to those
derived from other studies in Utah (Solomon, 1995, 1996; Solo-
mon and others, 1991, 1994),

Indoor Radon

Mean concentration of 70 indoor-radon samples measured in
Tooele Valley is 2.2 pCi/L (81 Bg/m3); 18.6 percent are greater
than or equal to 4 pCi/L. (148 Bg/m3) (table 7). Measurements
are chiefly in areas of moderate-hazard potential (table 5). Most
of the 13 elevated indoor-radon levels (greater than or equal to
4 pCi/L [148 Bq/m3]), including the highest measured value of
8.0 pCi/L (296 Bg/m?3), were in aroughly 1 square mile (2.6 km?)
area in Tooele west of the mouth of Settlement Canyon (plate
1B). This area has a moderate-hazard potential due to the com-
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ported by Lake Bonneville long-
shore currents from these bedrock
sources elsewhere.

Ground-Water Depth

Ground water in southeastern

Cache Valley, like that of the other
two study areas, is in unconsoli-

dated sediments that grade west-
- ward from coarse-grained deltaic,
alluvial-fan, and slope-wash de-

posits to fine-grained lake deposits
(Bjorklund and McGreevy, 1971;

Kariya and others, 1994). Ground
water occurs under both confined

and unconfined conditions.
Ground water typically greater

than 50 feet (15 m) deep in the
center of Cache Valley is confined,
but confining layers are thin and
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Figure 22. Scatter plot and linear regression of uranium (eU) and soil-gas-radon (Rn) data pairs in

Tooele Valley.

nium concentrations generally decrease away from the range
front (figure 27).

Two uvraniferous bedrock units are present in the Bear River
Range, and may be potential sources for uranium in derived
sediment. One unit, variously mapped as the Madison Lime-
stone (Mapel, 1956), Brazer Limestone (Mullens and Izett,
1964), and Little Flat Formation (Evans and others, 1991),
contains a basal zone of phosphatic black shale from 4 to 10 feet
(1-3 m) thick. The shale crops out near canyon heads,. and
samples from it yielded from 20 to 50 ppm eU (Mapel, 1956).
The other unit, the Tertiary Salt Lake Formation, crops out in the
foothills of the Bear River Range. This unit contains tuffaceous
rock which may also have high uranium concentrations, but no
sample analyses are documented. However, high uranium con-
centrations are often found in similar rocks elsewhere in Utah,
such as the Tertiary Norwood Tuff in the Ogden Valley of
northern Utah (Solomon, 1995) and the Tertiary Mount Belknap
Volcanics near the Sevier Valley of central Utah (Solomon,
1996). Elevated uranium levels in silicic tuffs are consistent with
concentration of the element in late-stage differentiation of igne-
ous melts (Nielson and others, 1990).

Lowest uranium concentrations (less than 2 ppm) are com-
mon in areas near Logan underlain by fine-grained, undivided
Bonneville-lake-cycle deposits, and in the floodplains of the
Logan and Little Logan Rivers, which are underlain by latest
Pleistocene to Holocene stream alluvium (figure 27). Uranium
concentrations are also low in scattered smaller areas underlain
by Lake Bonneville shoreline and deltaic deposits, and Holocene
alluvial-fan deposits. Similar uranium concentrations were
measured in Cambrian and Ordovician sedimentary bedrock
along the Bear River Range front. This suggests that uranium-
deficient sediment is locally derived, or includes sediment trans-

5.0 discontinuous. Upward leakage
from confined aquifers in the val-
ley center recharges shallower un-
confined aquifers. Ground water
in unconfined aquifers is typically
less than 50 feet (15 m) deep in the
center of the valley, and less than 10 feet (3 m) deep in the
northwestern part of the study area (figure 28).

Ground water is also unconfined near the margins of Cache
Valley where confining beds are discontinuous or absent. Al-
though several hundred feet of overlying unconsolidated basin
fill near Logan is unsaturated, the water-bearing materials are at
least 1,000 feet (300 m) thick. Ground water is typically greater
than 30 feet (9 m) deep in the eastern and southwestern portions
of the study area (figure 28). Perched ground water is found
locally where infiltration is inhibited by less-permeable clay
layers.

Soil Permeability

Soil permeability in southeastern Cache Valley is, like that
of Tooele Valley, generally low to moderate (Erickson and
Mortensen, 1974) (figure 29). Highly permeable soils are found
locally in alluvial, deltaic, and lacustrine deposits. Soils having
moderate permeability are common in alluvial, deltaic, and
lacustrine deposits consisting primarily of sand and gravel, and
are widespread in the eastern half and west-central portions of
the study area. Soils having low permeability are associated with
fine-grained lacustrine silt and clay. These soils are common in
low-lying areas in the northwestern and southwestern portions
of the study area, and near the town of Millville at the distal ends
of the Providence and Millville deltas.

Hazard Potential

The radon-hazard potential of southeastern Cache Valley is
generally low to moderate and includes isolated areas of high-
hazard potential (plate 1C). The hazard potential is strongly
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moderate but locally high, and decreases toward the north-central
part of the valley near Great Salt Lake. The hazard potential of
southeastern Cache Valley is also generally moderate along the
Bear River Range front, decreasing westward toward the valley
interior. This pattern of radon-hazard-potential distribution is
expected in similar structural basins in western Utah.
Radon-hazard-potential maps based on geologic factors ac-
curately represent the regional distribution of average indoor-ra-
don levels, although locally anomalous indoor levels exist
because of the local influence of unmeasured factors or the
influence of measured factors beyond the map-scale resolution.
Soil-gas measurements provide useful information, but are un-
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reliable for the assessment of hazard potential because of possi-
ble inaccuracies introduced by sampling techniques and vari-
ations caused by weather.
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