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2000 ft2   x   6" thick   x   28320 cm3/ft3  x  2 g/cm3
or  56,600 kg  (62 tons)
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Reasons for study of subslab fill gravel:

•  Investigate variability of uranium and thorium in subslab fill material

•  Measure variation in radon emissions from fill materials

•  Determine emanation rate and possible contribution to indoor radon levels

REMINDER : Subslab gravel is desirable (necessary?) for pressure field extension

Indoor Environments TM 2026 - Radon and Vapor Intrusion Symposium



Descriptions of stone aggregate samples

Mahoney-1 through Mahoney-8

- Collected from under slabs in the Albany, NY region

Costa-1 through Costa-10

- Collected from under slabs and gravel pits in central MA
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All gravel
was washed
and air dried
prior to
measurements
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New England IEA 29th Annual Spring Soil Gas Conference

Naturally occurring radioactive decay series

Parent of series  Parent half-life

Thorium-232    14 billion 
years   99.9% of all Thorium

Uranium-238      4.5 billion 
years  99% of all Uranium

Uranium-235      0.7 billion 
years  0.7% of all Uranium

Neptunium-237     2 million 
years  extinct 



Th-232
decay
series
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U-238
decay
series
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Gravel encapsulated for >30 days prior to gamma-ray measurements



CRM inside
airtight chamber.

1-hr intervals
for 7-8 days

700-900 g of 
each gravel

Radon results
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For all 8 Mahoney gravels, the emanation of radon from the gravel 
ranged from 8% to 27% of the Ra-226 concentration (average=17%)

For all 10 Costa gravels, the emanation of radon from the gravel 
ranged from 7% to 36% of the Ra-226 concentration (average=20%)

Indoor Environments TM 2026 - Radon and Vapor Intrusion Symposium



From Slide #5:    56,600 kg of subslab fill
From Slide #23: 0.4 pCi/g radon and 20% emanation

56,600,000 * 0.4 * 0.2  =  4.5 million pCi of radon emitted from fill



Example: 

 Rn-222 at 4pCi/L in a 2000 ft2 basement ~  1.8 million pCi in air

USGS states: Most houses draw <1% of their indoor air from the soil; 
 the remainder comes from outdoor air

 Houses with low indoor air pressures
   poorly sealed foundations 
   other entry points for soil air

 may draw up to 20% of their indoor air from the soil. 

subslab                            outdoor air
(1% x 453 m3 air x ? pCi/L)  +   (99% x 453 m3 x 0.4 pCi/L)  = 1.8 million pCi

            (4,530 L  x  ?pCi/L)   +   179,000 pCi   =  1.8 million pCi         Solve for ?

Therefore, soil gas of 360 pCi/L would be sufficient to produce 4 pCi/L in air
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If soil gas  of 360 pCi/L is sufficient to produce 4 pCi/L in air, and

gravel of   2000 ft2  x  6”  x  25% porosity  =  7,000 L of void space

Then amount of radon under slab (in gravel) would be 2.5 million pCi

Porosity Ranges for Sediments
Material Porosity (%)

well-sorted sand or gravel 25-50
sand and gravel, mixed 20-35
glacial till 10-20
silt 35-50
clay 33-60

(Based on Meinzer (1923a); Davis (1969); Cohen (1965); and MacCary and Lambert (1962) as quoted by C.W. Fetter 2)

Indoor Environments TM 2026 - Radon and Vapor Intrusion Symposium



 Conclusions

•  Radium-226 content of gravels varied from 0.2 to 1.0 pCi / gram

•  Radon-222 emission from gravels varied from 20 to 90 pCi/kg 

•  Little correlation between Ra-226 content and Rn-222 emanation.

•  Amount (emission) of radon from 60 tons of gravel varies from 1-8 million pCi.

•  “fines” were removed, so actual Rn-222 concentrations are likely greater

Unfortunately…….

Color of gravel does not indicate the radium content or radon emanation rate.

So,  choose your source of gravel carefully.

Acknowledgements:  Authors thank George Costa and Bob Mahoney
                    for providing the gravel samples.
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