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EXECUTIVE SUMMARY 
 
Radon is a radioactive gas formed by decay of small amounts of uranium and 
thorium naturally present in rock and soil.  Sometimes radon gas can move out 
from underlying soil and rock into houses and become concentrated in the 
indoor air, posing a significant lung cancer risk for the residents.  The U.S. 
Environmental Protection Agency (EPA, 2007) estimates indoor-radon 
exposure results in 21,000 lung cancer deaths annually in the United States. 
 
Between December 2006 and April 2007, the California Department of Public 
Health Radon Program (CDPH-Radon Program) conducted an indoor-radon 
survey of 443 homes in the Lake Tahoe area using short-term charcoal 
detectors.  Radon survey test results range from 0.2 picocuries per liter 
(pCi/L), the detection limit, to 86.1 pCi/L for a basement measurement.  The 
highest first-floor measurement obtained was 55.5 pCi/L.  The U.S. EPA 
recommended radon action level is 4.0 pCi/L. 
 
The Radon Potential Zone Map for the Lake Tahoe Area, California was 
developed by CGS utilizing:   
 

 The 1:100,000 scale Geologic Map of the Lake Tahoe Basin, California 
and Nevada, by Saucedo (2005) 
 

 2006-2007 California Department of Public Health Radon Program 
Lake Tahoe indoor-radon survey data 
 

 Background uranium data from National Uranium Resource Evaluation 
(NURE) project and other sources 
 

 Soil property information from Natural Resources Conservation Service 
(NRCS) and U.S. Forest Service (USFS) reports 
 

Applicable data and information contained in the 1994 Nevada Bureau of 
Mines and Geology publication titled Radon in Nevada (Bulletin 108) and in 
U.S. Geological Survey Open-file Report 85-389 on uranium in recent valley-
fill sediments were reviewed and also considered in radon potential map 
development.  The indoor-radon and uranium data were linked to Lake Tahoe 
area geologic units using a geographic information system (GIS).  The 
geologic units were then ranked for radon potential based on the 
characteristics of their associated data.   
 
Five radon potential categories defined by the percentage of homes with 
indoor radon likely to equal or exceed 4.0 pCi/L were used:  very high (Ó 50 
percent), high (Ó 20 to 49.9 percent), moderate (Ó 5 to 19.9 percent), low (< 5 
percent), and unknown (for geologic units with few or no data).  Geologic unit 
occurrences with the same radon potentials were grouped to define the radon 
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potential zones on the Lake Tahoe radon map.  A final map development step 
involved statistical comparison of indoor-radon data for the resulting radon 
potential zones to confirm that each zone represents a distinct radon potential.  
The highest radon potential areas found during the mapping process are 
located in the South Lake Tahoe area, the Truckee area, and in an area 
immediately north of Emerald Bay.  Very high and high radon potential areas 
account for 28.9 percent of the Lake Tahoe radon potential map area.  
Moderate and low potential areas account for 40 percent and 23.5 percent 
respectively.  Unknown radon potential areas account for 7.6 percent. 
 
The Radon Potential Zone Map for the Lake Tahoe Area, California is 
informational, not regulatory.  It is intended as a guide to prioritize areas for 
public education about radon, and for targeting additional indoor-radon testing 
activities.  The map cannot be used to determine the indoor-air radon level of 
a particular building.  All radon zones will contain some homes testing above 4 
pCi/L and some homes testing below 4 pCi/L.  The only way to identify specific 
buildings with indoor-radon levels exceeding 4 pCi/L is through testing.  
 
Based on indoor-radon survey results, the radon potential zone map for Lake 
Tahoe developed by California Geological Survey (CGS) in this study, and 
2000 census data, an estimated 23,400* people in the Lake Tahoe area live in 
residences likely to equal or exceed 4.0 pCi/L.  An estimated 6,100 people live 
in houses that will likely test at 10 pCi/L or more, and about 900 are estimated 
to live in houses that will likely test at 20 pCi/L or higher .  On a county basis, 
within the Lake Tahoe radon map area, the number of people residing in 
homes with radon of 4 pCi/L or above in short-term tests is estimated at:  
19,100 in El Dorado County; 2,700 in Nevada County; and 1,600 in Placer 
County.  
 
Because a relatively high percentage of available indoor-radon measurements 
for the Lake Tahoe area exceed 4 pCi/L, and almost 69 percent of the Lake 
Tahoe radon potential map consists of moderate to very high radon potential 
areas, indoor-radon testing should be encouraged throughout the Lake Tahoe 
area.  Individuals planning new home construction in the Lake Tahoe area 
may wish to consider incorporating radon-resistant features into their building 
plans, particularly if the building site is located in a higher-radon potential area.  
If necessary, radon mitigation after construction is still possible but it will be 
more costly.  Information on radon remediation and radon resistant 
construction is available on the CDPHRP website at: 
http://www.cdph.ca.gov/healthinfo/environhealth/Pages/Radon.aspx 
 
_______________ 
*All radon zone population estimates are derived from 2000 census data 
 

http://www.cdph.ca.gov/healthinfo/environhealth/Pages/Radon.aspx
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INTRODUCTION 
 
Purpose 
 
This report describes radon potentials for geologic formations in the Lake 
Tahoe area and suggests several geologic models for elevated radon potential 
areas.  Additionally, this report documents the procedures and data used by 
the California Department of Conservation, California Geological Survey 
(CGS), to produce the 2009 radon Potential Zone Map of the Lake Tahoe 
Area, California.  CGS produced the map for the California Department of 
Public Health Radon Program (CDPH-Radon Program) through an inter-
agency agreement.  Only minimal background information on radon and radon 
health issues is included, and detailed radon testing and remediation practices 
are not discussed.  The following websites contain information about radon 
and health issues, testing and remediation:  
 

http://www.cdph.ca.gov/healthinfo/environhealth/Pages/Radon.aspx 
and http://www.epa.gov/iaq/radon/pubs. 

  
Background Information on Radon and Health 
 
Radon gas is a naturally occurring odorless and colorless radioactive gas.  It 
forms from the radioactive decay of small amounts of uranium and thorium 
naturally present in rocks and soils.  The average uranium content for the 
earthôs continental crust is about 2.5-2.8 parts per million (ppm).  Typical 
concentrations of uranium and thorium for many rocks and soils are a few 
ppm.  Certain rock types, such as organic-rich shales, some granitic rocks, 
and silica-rich volcanic rocks may have uranium and thorium present at levels 
of tens to hundreds of ppm.  While all buildings have some potential for 
elevated indoor-radon levels, buildings located on rocks and associated soils 
containing higher concentrations of uranium often have an increased 
likelihood of elevated indoor radon levels.  Breathing air with elevated radon 
gas abundance increases oneôs risk of developing lung cancer.  Not everyone 
exposed to radon will develop lung cancer.  However, the U.S. Environmental 
Protection Agency (U.S. EPA, 2007) estimates 21,000 people die in the United 
States annually from lung cancer attributed to radon exposure.   
 
Radon in indoor-air is measured in units of picocuries per liter (pCi/L).  The 
average radon concentration for indoor air in American homes is about 1.3 
pCi/L (U.S. EPA, 2007).  The average radon concentration in outdoor air is 
about 0.4 pCi/L.  The U.S. EPA recommends that individuals avoid long-term 
exposures to radon concentrations Ó 4.0 pCi/L (4.0 pCi/L is the U.S. EPA 
recommended indoor-radon action level).  Based on long-term radon test 
statistics, the U.S. EPA estimates about 1 out of 15 (6.7 percent) homes in the 
United States has radon levels Ó 4.0 pCi/L  
 

http://www.cdph.ca.gov/healthinfo/environhealth/Pages/Radon.aspx
http://www.epa.gov/iaq/radon/pubs
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Although radon levels are used as a guide for acceptable exposure and for 
remedial action, it is inhalation of two radon radioactive decay products that 
primarily lead to lung cancer:  polonium-218 and polonium-214.  These 
daughter elements have very short half-lives, and when they enter the lungs 
they attach to lung tissue or trapped dust particles and quickly undergo 
radioactive decay.  In contrast, longer-lived radon-222 is mostly exhaled 
before it undergoes radioactive decay.  Alpha particles emitted during decay of 
radon-222, polonium-218 and polonium-214 are thought to cause cancer by 
damaging the DNA (deoxyribonucleic acid) in lung tissue cells, resulting in 
abnormal or tumorous cell growth (Brookins, 1990). 
 
Radon gas readily moves through rock and soil along micro-fractures and 
through interconnected pore-spaces between mineral grains.  Radon 
movement away from its site of origin is typically limited to a few feet to tens of 
feet because of the relatively short half-lives of radon isotopes (3.8 days for 
radon-222, 55.6 seconds for radon-220 and 3.96 seconds for radon-219), but 
movement may be hundreds of feet in some cases.  Additional conditions, 
such as soil moisture content, also affect how far radon can move in the 
subsurface.  Because radon-222 (a radioactive-decay product of uranium-238, 
see Table 1) has the longest half-life of the several radon isotopes, it is usually 
the predominant radon isotope in indoor air rather than shorter lived radon-220 
(a radioactive-decay product of thorium-232) or radon-219.   
 
Radon gas moves from the soil into buildings in various ways.  It can move 
through cracks in slab foundations or basement walls, pores and cracks in 
concrete blocks, through-going floor-to-wall joints, and openings around pipes.  
Radon enters buildings from the soil when air pressure inside the buildings is 
lower than air pressure in the soil.  When exhaust fans are used, inside air is 
heated, or wind is blowing across a building, the buildingôs internal air pressure 
is lowered.  Because radon enters buildings from the adjacent soil, radon 
levels are typically highest in basements and ground floor rooms.  Radon can 
also enter a building in water from private wells.  All ground water contains 
some dissolved radon gas.  The travel time of water from an aquifer to a home 
in a private well is usually too short for much radon decay so radon is available 
to be released in the house during water usage, for example through use of a 
bathroom shower.  However, normal water usage typically adds only about 1 
pCi/L of radon to indoor air per 10,000 pCi/L of radon in water (Grammer and 
Burkhart, 2004). 
 
The most common indoor-radon testing methods utilize either charcoal or 
alpha-track type detectors.  These detectors are exposed to the air in a 
building according to the manufacturerôs instructions and then sent to a 
laboratory for analysis.  Charcoal detectors are usually exposed for a few days 
under closed building conditions (i.e., a short-term test), while alpha-track 
detectors are typically exposed for periods of weeks, months or as long as a  
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Nuclide 
(Isotope) 

 

Principal mode of 
radioactive decay 

 

Half-life 

Uranium-238 
 

Alpha 4.5X109 years 

Thorium-234 
 

Beta 24.1 days 

Protactinium-234 
 

Beta 1.2 minutes 

Uranium-234 
 

Alpha 2.5X105 years 

Thorium-230 
 

Alpha 7.5X104 years 

Radium-226 
 

Alpha 1,602 years 

Radon-222 
 

Alpha 3.8 days 

Polonium-218 
 

Alpha 3.1 minutes 

Lead-214 
 

Beta 26.8 minutes 

Astatine-218 
 

Alpha 1.5 seconds 

Bismuth-214 
 

Alpha 19.9 minutes 

Polonium-214 
 

Alpha 1.6-10-4 seconds 

Thallium-210 
 

Beta 1.3 minutes 

Lead-210 
 

Beta 22.6 years 

Bismuth-210 
 

Beta 5.0 days 

Polonium-210 
 

Alpha 138.4 days 

Thallium-206 
  

Beta 4.2 minutes 

Lead-206 
 

Stable Stable 

 
Table 1.  The Uranium-238 Radioactive Decay Series (Generalized-doesnôt 

show branching or some short-lived isotopes.  Modified from Appleton, 
2005, p. 229)  
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year under normal (open) building conditions (i.e., a long-term test).  These 
tests are simple and inexpensive and homeowners can do this testing 
themselves.  Test results are reported in pCi/L.  Long-term tests (alpha-track 
detector measurements) have an advantage because they ñaverage outò 
short-term fluctuations in radon levels that relate to factors such as weather 
changes.  Consequently, long-term measurements should be more 
representative of annual average indoor-radon levels.  However, short-term 
measurements are more commonly used because of the shorter time required.  
More often than not, if a short-term indoor radon test is several pCi/L above 4 
pCi/L, follow-up short-term tests or long-term tests will also be above 4 pCi/L 
(e.g. Appendix B). 
 
Radon Potential Maps 
 
Radon potential maps indicate areas where the likelihood of a house 
exceeding 4 pCi/L (the U.S. EPA recommended radon action level) is 
relatively higher or lower.  They may also be used with population data to 
estimate the number of individuals exposed to excessive radon levels within 
the area of map coverage.  Radon potential maps and related population 
estimates can help government agencies and private organizations identify 
priority areas for future radon testing and public education efforts.   
 
Use and Limitations of Radon Potential Maps 
 
Radon potential maps developed by CGS for the CDPH-Radon Program 
identify areas where geologic conditions are more likely to contribute to 
excessive indoor radon levels.  They are advisory, not regulatory, intended to 
assist federal, state and local government agencies, and private organizations 
in targeting their radon program activities and resources.  These maps are not 
intended for determining which buildings have excessive indoor radon levels.  
In addition to geology, local variability in soil permeability and climatic 
conditions, and factors such as building design, construction, condition, and 
usage may influence indoor radon levels.  Radon levels for a specific building 
can only be determined accurately by indoor radon testing of that building, 
regardless of what radon zone it is located within.  All radon zone categories 
will likely have some buildings with indoor radon levels Ó 4.0 pCi/L.  
 
Development of the Lake Tahoe Area Radon Potential Map 
 
The Lake Tahoe area radon potential zones were developed utilizing the 
following data: 

 CDPH-Radon Program 2006-2007 Lake Tahoe indoor-radon survey 
test data for 443 residences 

 NURE Project Airborne Survey data for equivalent uranium (eU) 

 NURE Project stream sediment and soil sample uranium data 
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 Other (non-NURE) whole rock uranium data 

 Lake Tahoe area soil unit data and maps from the Natural Resources 
Conservation Service (NRCS) and U.S. Forest Service (USFS) 

 The California Geological Survey 1:100,000 scale Geologic Map of the 
Lake Tahoe Basin, California and Nevada (Saucedo, 2005) 

 
Additional information considered during development of the Lake Tahoe area 
radon zone map includes: 
 

 Indoor-radon data for Lake Tahoe zip code areas in the CDPH-Radon 
Program Radon Zip Code Database http://www.cdph.ca.gov/HealthInfo/ 

environhealth/Documents/Radon/CaliforniaRadonDatabase.pdf . 

 Indoor-radon and soil gas radon measurements and geology 
information for the Lake Tahoe area contained in Nevada Bureau of 
Mines and Geology Bulletin 10, Radon in Nevada (Rigby and others, 
1994). 

 Uranium data in Holocene valley-fill sediments in the Lake Tahoe-
Carson range area contained in U.S. Geological Survey Open-file 
report 85-389 (Otton and others, 1985). 

 
The Lake Tahoe radon potential map development steps are as follows: 
 
1) Utilizing a geographic information system (GIS), 2006-2007 CDPH-Radon 

Program indoor-radon survey data (test measurements) for the Lake Tahoe 
area were grouped by geologic unit and soil unit. 

 
2) Geologic units with associated indoor-radon data were preliminarily 

assigned to one of 5 radon potential categories based on the percentage of 
radon data at or exceeding 4 pCi/L, the number and magnitude of radon 
data per unit exceeding 10 pCi/l, and the total number of data. 

 
3) Using a GIS, NURE project airborne equivalent uranium (eU) data and soil 

and sediment uranium (U) data for the Lake Tahoe area, and other uranium 
data were grouped by geologic unit. 

 
4) Using NURE data, geologic units were rated as more likely or less likely to 

be related to problem radon homes based on the percentage of eU data 
and/or the percentage of soil, sediment or rock U data exceeding 5 ppm 
uranium (i.e., twice 2.5 ppm, the average crustal uranium abundance). 

 
5) 2006-2007 CDPH-Radon Program indoor-radon survey data were grouped 

by NRCS and USFS soil units. 
 
6) Permeability, shrink-swell character, frost-action character, depth to 

bedrock, the presence of duripan and fragipan (low permeability) horizons, 
and depth to water saturation information were reviewed for soil groups with 

http://www.cdph.ca.gov/HealthInfo/%20environhealth/Documents/Radon/CaliforniaRadonDatabase.pdf
http://www.cdph.ca.gov/HealthInfo/%20environhealth/Documents/Radon/CaliforniaRadonDatabase.pdf
http://www.cdph.ca.gov/HealthInfo/%20environhealth/Documents/Radon/CaliforniaRadonDatabase.pdf
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Indoor-radon data to see if these features are associated with higher or 
lower indoor radon concentrations. 

 
7) Using the information from steps 2, 4 and 6, final radon potentials were 

assigned to all geologic units in the California portion of the Lake Tahoe 
map area based on percentages of short-term indoor radon tests likely to 
exceed 4.0 pCi/L as follows: 

 

 Very High--50 percent or more Ó 4.0 pCi/L indoor-measurements 

 High--20 to 49.9 percent Ó 4.0 pCi/L indoor-measurements 

 Moderate--5 to 19.9 percent Ó 4.0 pCi/L indoor-measurements 

 Low--0 to 4.9 percent Ó 4.0 pCi/L indoor-measurements 

 Unknown--areas with insufficient data for estimating the percent of Ó 4.0 
pCi/L indoor measurements  

 
8) Geologic unit areas with similar radon potentials were grouped to form 

radon potential zones. 
 
9) The indoor-radon data for each radon zone were compared statistically with 

other zones to confirm that each zone represents a statistically distinct 
indoor-radon data population. 

 
10) The final radon zones were compared with 2000 census block data to 

estimate radon impacts on the Lake Tahoe area population.  These 
estimates are included in the report accompanying the Lake Tahoe Area 
Radon Potential Map. 

 
The data and information utilized and the results for each of these steps are 
provided and discussed in more detail in the following portions of this report. 
 
Portions of radon potential zones underlain by faults and shear zones often 
have increased potential for elevated indoor-radon because such features 
provide pathways for radon flow.  However, faults and shear zones are not 
identified on the 1:100,000 scale Lake Tahoe Radon Potential Zone map 
because the minimum fault or shear zone width that can be depicted on a map 
at this scale is about 150-200 feet whereas fractures of an inch width or less 
can be significant pathways for radon movement to a buildingôs foundation.  
Soil and alluvium may obscure faults and shear zones or prevent their precise 
location on geologic maps, except where detailed site-specific investigations 
have been conducted.  Consequently, at 1:100,000-scale mapping, it is better 
to base priority for indoor testing on zone designation rather than attempt to 
target fault and shear zone locations.  Where situations require a local detailed 
investigation of indoor radon and fault or shear zone relationships, accurate 
fault or shear zone maps of 1:24,000 or a more detailed scale should be used 
or developed to guide testing. 
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Alpine and Amador Counties 
 
The Geologic Map of the Lake Tahoe Basin, California and Nevada by 
Saucedo (2005) utilized in this project contains portions of Alpine and Amador 
counties in addition to portions of El Dorado, Nevada and Placer counties.  
The final Lake Tahoe radon potential map assigns radon potentials for these 
portions of Alpine and Calaveras counties based on geologic relationships 
observed in El Dorado, Nevada, and Placer counties, and on NURE project 
data, some of which is from samples collected in Alpine and Amador counties.  
Because the 2006-2007 CDPH Lake Tahoe indoor-radon survey did not cover 
Alpine and Amador counties, estimates for radon population impacts were not 
developed for these counties nor were recommendations made for future 
radon studies.  A CDPH radon survey is currently underway for Amador, 
Calaveras and Tuolumne counties.  A radon potential map with information on 
Amador County will be developed in the future utilizing data from this current 
survey. 
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THE LAKE TAHOE AREA SHORT-TERM INDOOR-RADON SURVEY 
 
Overview 
 
The CDPH-Radon Program conducted a survey of indoor-radon in Lake 
Tahoe area homes between December 2006 and April 2007.  The CDPH-
Radon Program solicited participation via direct mailing to 7,313 homeowners 
in the Lake Tahoe area (3,032 in El Dorado County, 2,568 in Nevada County, 
and 1,713 in Placer County).  Four-hundred and forty-three (6.1 percent) of 
solicited homeowners participated in the survey.  The survey participants 
received a free charcoal detector with instructions for placement and 
exposure, which they subsequently mailed to the Radon Program contract lab 
for measurement.  Test results were provided directly to the survey 
participants by the contract lab within several weeks of detector receipt.  The 
primary survey goal was to obtain sufficient indoor-radon data for homes 
located on specific geologic units to evaluate the radon potentials of these 
units.  The percentage of homes exceeding the 4.0 pCi/L U.S. EPA 
recommended radon action level was used to evaluate geologic unit radon 
potential and the results are presented below in the section titled Preliminary 
Geologic Unit Radon Potentials (page 17). 
 
Figure 1 shows the geographic distribution of the CDPH radon survey homes 
in the Lake Tahoe area.  One hundred and seventy-seven homes tested Ó 4.0 
pCi/L and their geographic distribution is shown in Figure 2.  The survey data 
radon concentrations range from 0.2 pCi/L-- the detection limit, to 86.1 pCi/L-- 
a basement measurement.  The highest first-floor measurement recorded was 
55.5 pCi/L.  Table 2a summarizes survey results by Zip Code zone and 
City/Region.  For comparison, Table 2b summarizes CDPH On-line Zip Code 
radon database test data for Lake Tahoe area Zip Code zones accumulated 
by CDPH since 1989.  The CDPH on-line database includes the 2006-2007 
Lake Tahoe radon survey data in Table 2a.  Table 2b data cannot be used for 
evaluating the radon potential of particular geologic units because much of its 
data are only known to have come from homes within a particular Zip Code 
area.  More precise location information is need for geologic unit radon 
potential evaluation.  Another complication with the Table 2b data is that it 
likely includes multiple radon measurements for some homes (e.g., follow-up 
measurements or simultaneous measurements in multiple rooms) that cannot 
be identified as such.  In spite of these limitations, Table 2b data are still useful 
for identifying which Lake Tahoe Zip Codes may contain radon problem areas, 
and for suggesting general indoor-radon trends in the Lake Tahoe area.  Both 
the 2006-2007 survey and the Zip Code radon data sets show close 
agreement on overall percentage of homes in the Lake Tahoe area Ó4 pCi/L 
(i.e., 40.4 percent for the 2006-2007 survey versus 41.3 percent for the online 
Zip Code data).  Not surprisingly, there is general agreement on percentages 
of Ó 4 pCi/L homes between the two databases for Zip Codes with more than 
25 tests, and often little or no agreement between Zip Codes with fewer tests.  
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The overall 40.4 percent and 41.3 percent results for Ó4 pCi/L homes in 
California Lake Tahoe communities are similar to the 38 percent of Ó4 pCi/L 
homes observed for Lake Tahoe communities in Nevada during 1989-1992 
testing by Rigby and others (1994, p. 22).   
 
In summary, both the 2006-2007 indoor-radon survey data and the Zip Code 
radon data suggest significant high radon potential areas occur in the southern 
Lake Tahoe region and in the northern Lake Tahoe region.  These data 
suggest moderate to high radon potential areas occur in the central Lake 
Tahoe region.   
 
Radon Survey Data--Exposure Duration and Data Quality 
 
Most Lake Tahoe radon survey participants exposed their radon test kits for 
two days as instructed, but some exposed them for 3 days.  Differences 
between two-day and three-day test results should be negligible. 
 
Appendix A lists results for 39 duplicate (concurrent) tests made during the 
survey.  For the four homes with indoor-radon levels at 1 pCi/L or less, test 
pair differences ranged from 0.3 to 0.5 pCi/L.  For 14 homes with indoor-radon 
levels ranging from 1.1 pCi/L to 4 pCi/L, test pair differences were 0.1 to 1.7 
pCi/L.  For the 21 test pairs in homes with indoor-radon levels ranging from 4 
pCi/L to 33.5 pCi/L, test pair differences ranged from 0.3 pCi/L to 5.3 pCi/L.  
Concurrent tests having one test above and one test below 4.0 pCi/L only 
occurred twice, in homes with indoor-radon levels close to 4 pCi/L (pair 
averages in these homes were 4.1 and 4.3 pCi/L).   
 
Appendix B shows the analytical results of 10 field blank radon detectors (not 
exposed to radon) and eight spiked radon detectors (exposed to a known 
quantity of radon) submitted for analysis during the Lake Tahoe area radon 
survey.  The blank samples measured below 0.5 pCi/L for 8 of 10 samples.  
One blank measured 0.7 pCi/L and one blank could not be analyzed.  
Appendix C shows that results for seven of eight spiked samples differed by 
+/- 1.0 pCi/L or less from the mean chamber radon concentration of 6.0 pCi/L.  
One spiked sample measured 1.1 pCi/L below the minimum chamber radon 
concentration.  All detectors exposed to air averaging 6.0 pCi/L radon 
measured above 4.0 pCi/L, the U.S. EPA recommended action level.  
 
In summary, duplicate, blank and spiked sample test results support the 
validity of the CDPH-Radon Program Lake Tahoe radon survey test data. 
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FIGURE 1.  CDPH 2006-2007 Lake Tahoe Radon Survey Test Locations 
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Figure 2.  CDPH 2006-2007 Lake Tahoe Radon Survey Test Locations 

with 4.0 pCi/L or Greater Sites (Shown as Yellow Circles) 
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Zip 
Code 
 

County-City/Region Number of 
Measurements 

Measurements 
Ó 4.0 pCi/L 

Percent  
Ó 4.0 
pCi/L 

Placer County 

96140* Carnelian Bay 3 0 0 

96141* Homewood 1 0 0 

96142* Tahoma 3 0 0 

96143* Kings Beach -- -- -- 

96145* Tahoe City -- -- -- 

96146 Olympic Valley -- -- -- 

96148* Tahoe Vista 3 1 33.3 

 Placer County-Lake 
Tahoe Area Totals 

10 1 10.0 

El Dorado County 

96150 South Lake Tahoe 212 119 56.1 

96151* South Lake Tahoe 4 1 25.0 

96152* South Lake Tahoe 3 0 0 

96153* South Lake Tahoe -- -- -- 

96154* South Lake Tahoe -- --  

96155* South Lake Tahoe 3 1 33.3 

96156* South Lake Tahoe 4 3 75.0 

96157* South Lake Tahoe -- -- -- 

96158* South Lake Tahoe 16 8 50.0 

 El Dorado County-
Lake Tahoe Area 
Totals 

242 132 54.5 

Nevada County 

96160* Truckee 28 9 32.1 

96161 Truckee 143 34 23.8 

96162* Truckee 20 3 15 

 Nevada County-Lake 
Tahoe Area Totals 

191 46 24.1 

Totals for Study Area 

All Tests for El Dorado, Placer 
and Nevada Counties within 
the Tahoe Radon Study Area 
from the winter 2006-2007 
CDPH-Radon Program Lake 
Tahoe Area Radon Survey 

443 179 40.4 

 
Table 2a.  CDPH Indoor-Radon Short-Term Test Results for the Winter 

2006- 2007 Lake Tahoe Area Radon Survey by Zip Code Zone 
*P.O. Box Only Zip Code. 
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Zip 
Code 
 

County-City/Region Number of 
Measurements 

Measurements 
Ó 4.0 pCi/L 

Percent  
Ó 4.0 
pCi/L 

Placer County 

96140* Carnelian Bay 29 8 27.6 

96141* Homewood 9 1 11.1 

96142* Tahoma 10 1 10.0 

96143* Kings Beach 46 7 15.2 

96145* Tahoe City 98 26 26.5 

96146 Olympic Valley 25 4 16.0 

96148* Tahoe Vista 23 4 17.4 

 Placer County-Lake 
Tahoe Area totals 

240 51 21.3 

El Dorado County 

96150 South Lake Tahoe 474 263 55.5 

96151* South Lake Tahoe 74 42 56.8 

96152* South Lake Tahoe 9 3 33.3 

96154* South Lake Tahoe 6 6 100.0 

96155* South Lake Tahoe 22 5 22.7 

96156* South Lake Tahoe 28 20 71.4 

96157* South Lake Tahoe 9 8 88.9 

96158* South Lake Tahoe 68 36 52.9 

 El Dorado County-Lake 
Tahoe Area totals 

690 383 55.5 

Nevada County 

96160* Truckee 66 19 28.8 

96161 Truckee 266 73 27.4 

96162* Truckee 49 16 32.7 

 Nevada County-Lake 
Tahoe Area totals 

381 108 28.3 

Totals for Study Area 

All Tests for El Dorado, Placer 
and Nevada Counties within the 
Lake Tahoe Radon Study Area 
compiled by the CDPH-Radon 
Program as of 07/01/2008 

1,311 541 41.3 

 
Table 2b.  Short-Term Test Results for Lake Tahoe Area Zip Code Zones 

from the CDPH On-line Radon Zip Code Database for 
California (Results as of July 1, 2008; includes winter 2006-2007 
CDPH survey results) 
*P.O. Box Only Zip Code.  Note:  Zip Code 96153, listed in the On-line 2008 
CDPH Test Results, is not a valid Zip Code Area and must be a typo.  Exclusion 
of the 4 tests attributed to 96153 does not significantly impact the overall results. 
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Follow-up Radon Testing Results 
 
Follow-up tests for 13 locations with the number of days between tests ranging 
from 17 to 79 are shown in Appendix D.  In 11 instances the follow-up test 
confirmed the original test result of > 4.0 pCi/L, or < 4.0 pCi/L.  Follow-up 
testing results suggest that homes with a short-term test of 6 pCi/L or above 
are very likely to have indoor-radon levels above 4 pCi/L in the spring and 
likely during a similar temperature period in the fall.  Short-term tests made 
during the summer may be slightly lower. 
 
Indoor-Radon Testing in South Lake Tahoe Schools 
 
Not part of the CDPH-Radon Program radon survey or CGS radon mapping 
project, the Lake Tahoe Unified School District (LTUSD) conducted 463 48-
hour indoor radon tests in all district buildings, including schools, between 
November 28 and December 5, 2007 (LTUSD, 2008).  Three of the nine 
facilities tested, two schools and a warehouse facility, had 48 to 56 percent of 
their rooms Ó 4 pCi/L, two facilities had 8 to 16 percent of their rooms Ó 4 
pCi/L, and four facilities had 0 to 2.6 percent of their rooms Ó 4 pCi/L.  Overall, 
15.6 percent of school district rooms had test results Ó 4 pCi/L for this initial 
testing period.  For comparison, combined CDPH-Radon Program home radon 
tests for South Lake Tahoe zip code zones (Table 1a) have 54.5 percent of 
tests Ó 4 pCi/L.   
 
Analysis of school test data by district personnel found that most rooms with   
Ó 4 pCi/L measurements had various issues with their HVAC systems (George 
Faggella, oral communication).  The initial testing results showed that 
buildings with modernized HVAC systems consistently had rooms with lower 
radon levels than those buildings with older HVAC systems.  However, 
subsequent adjustment and proper operation of the older HVAC systems 
reduced radon levels in rooms in buildings with these older HVAC systems.  
Follow-up radon tests by the district were made on 430 rooms between 
February 13 and April 10, 2008, after inspections and adjustments of HVAC 
systems.  Eight of these tests (1.9 percent) were Ó 4 pCi/L, with the highest 
measuring 6.6 pCi/L (Tahoe Daily Tribune, 2008).  Subsequent work by district 
staff was successful in reducing these eight rooms to 4 pCi/L or less (George 
Faggella, oral communication, 2009) 
 
  



16 CALIFORNIA GEOLOGICAL SURVEY SR 211 

 
 

  



2009     RADON POTENTIAL IN THE LAKE TAHOE AREA, CALIFORNIA 17 

 
 

LAKE TAHOE AREA GEOLOGIC UNIT RADON POTENTIALS 
 
Indoor Radon Data and Geologic Unit Information 
 
Indoor-radon data from the CDPH Radon Program 2006-2007 survey of Lake 
Tahoe Area homes are tabulated by geologic unit in Appendix E for the 24 
geologic units with indoor-data.  The 1:100,000-scale Geologic Map of the 
Lake Tahoe Basin, California and Nevada (Saucedo, 2005) was used to 
determine which geologic unit is present at each radon test location. 
 
Preliminary Geologic Unit Radon Potentials 
 
Tables 3a and 3b list 18 geologic units likely to have very high, high, 
moderate, or low radon potential.  Radon potentials are assigned to these 
units based on indoor-radon data and radon potential definitions listed in Step 
7 on page 6.  The radon potential of 12 units listed in Tables 3a and 3b are 
provisional, less certain because they have fewer than 25 indoor-radon 
measurements.  Provisional status is indicated in the following manor:   
ñHigh?ò, ñModerate?ò, or ñLow?ò.  Other data (airborne radiometric data, 
uranium data from soil and sediment samples, and soil data) were reviewed to 
see if they supported either high or moderate designations for the provisional 
units in Tables 3a and 3b, and to identify additional geologic units that may 
have elevated radon potential but lack indoor-radon measurements.  Following 
sections of this report discuss these data and their ramifications.  Final 
geologic unit radon potentials are discussed on page 35 and listed in 
Appendix J-1. 
 
The following radon potential classification categories for geologic units are 
based on indoor-radon survey results and geologic units as defined and 
located on the Geologic Map of the Lake Tahoe Basin-California and Nevada 
(Saucedo, 2005).  The bullets identify common unit types in each category. 
 
Very high and high radon potential units: 

 Granodiorite (certain granodiorite units);  

 Lake terrace deposits 

 Glacial till and glacial outwash sedimentary deposits (with significant amounts 
of alluvial materials derived from granodiorite);  

 Latite volcanic flows    

 
Moderate radon potential units:  

 Glacial-till, outwash and lake terrace sediment deposits (probably containing 
significant alluvial material from granodiorite);  

 Latite volcanic flows and certain basalt-andesite units  

 
Low radon potential units: 

 Alluvium consisting of altered and unaltered andesite and little or no latite 

 Artificial fill-variable in geologic unit content, most likely locally derived 
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Geologic Unit  
 

Incidence Rate (R) of 
CDPH Ó 4 pCi/L, Indoor 
Measurements in percent  

Radon 
Potential 
Designation 

Kbmg-Bryan Meadow granodiorite  R = 70.0% 
N = 30 

N  4.0 pCi/L = 21 
Maximum = 86.1pCi/L 

Very High 
 

R Ó 50% 

Qlt and Qlt?-Lacustrine terrace 
deposits (Pleistocene) 

R = 64.8% 
N = 91 

N  4.0 pCi/L = 59 
Maximum = 55.5 pCi/L 

Very High 
 

R Ó 50% 

Qog-Older glacial depositsðpre-
Tahoe deposits-Till (Pleistocene) 

R = 58.3% 
N = 24 

N  4.0 pCi/L = 14 
Maximum = 14.3 pCi/L 

Very High 
 

R Ó 50% 

Qogo-Older glacial depositsðpre 
Tahoe deposits-Outwash deposits 
(Pleistocene) 

R = 52.9%? 
N=17 

N  4.0 pCi/L = 9 
Maximum = 36.9 pCi/L 

Very High? 
 

Apparent R 
Ó 50% 

QPvd4-Dry Lake volcanic flows of 
Birkeland (1961); Wise and 
Sylvester (2004) Pliocene and (or) 
Pleistocene)ðyoungest flow 

R = 52.9% 
N = 17 

N  4.0 pCi/L = 9 
Maximum = 33.5 pCi/L 

Very High? 
 

Apparent R 
Ó 50% 

Qfp and Qfp?--Flood-plain deposits 
(Holocene) 

R = 50.0%? 
N = 6 

N  4.0 pCi/L = 3 
Maximum = 11.6 

Very High? 
 

Apparent R 
Ó 50% 

Qta-Tahoe glacial deposits-Till 
(Pleistocene) 

R = 44.8% 
N = 58 

N  4.0 pCi/L = 26 
Maximum = 20.6 pCi/L  

High 
 

20% Ó R < 50% 

Qvbm-Bald Mountain olivine latite of 
Birkeland (1961) (Pleistocene) 

R = 38.5%? 
N = 13 

N  4.0 pCi/L = 5 
Maximum = 10.2 

High? 
 

20% Ó R < 50% 

Pvah-Alder Hill basalt of Birkeland 
(1961) (Pliocene) 

R = 25.5%  
N = 47 

N  4.0 pCi/L = 12 
Maximum = 38.8 pCi/L 

High 
 

20% Ó R < 50% 

Keg-Granodiorite of East Peak 
(Cretaceous) 

 R = 59% in the Zephyr 
Cove, NV area,  
which is underlain by Keg 
(see Rigby and thers,1997, 
pp. 22-23)  

Very High or 
High? 

 
20% Ó R < 50% 

 

Table 3a.  Very High and High Radon Potential Geologic Units in the Lake 
Tahoe Radon Area Based on 2006-2007 CDPH Short-term 
Indoor Radon Data  N=the number of CDPH indoor-radon data available 

from houses located on the geologic unit indicated in the first column of the table. 
?=Increased uncertainty because N < 24 
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Geologic Unit 
(Age)  
 

Incidence Rate (R) of 
CDPH Ó 4 pCi/L, Indoor 
Measurements in percent  

Radon 
Potential 
Designation 

Qti-Tioga glacial deposits-Till 
(Pleistocene) 

R = 18.2 
N = 33 

N  4.0 pCi/L = 6 
Maximum = 12.8 pCi/L 

Moderate 
 

5 % Ó R < 20% 

Mva-Undivided andesitic and dacitic 
lahars, flows, breccias and 
volcaniclastic sediments  
(Miocene) 

R = 17.6? 
N = 17 

N  4.0 pCi/L = 3 
Maximum = 4.6 pCi/L 

Moderate? 
 

Apparent 
5% Ó R<20% 

QPvd2-Dry Lake volcanic flows of 
Birkeland (1961)ðsecond oldest 
flow; Wise and Sylvester (2004) 
(Pliocene and /or Pleistocene) 

R = 16.7? 
N = 12 

N  4.0 pCi/L = 2 
Maximum = 12.3 pCi/L 

Moderate? 
Apparent 
5% Ó R<20% 

Qvh-Hirschdale olivine latite of 
Birkeland (1961)  
(Pleistocene) 

R = 12.5? 
N = 16 

N  4.0 pCi/L = 2 
Maximum = 7.4 pCi/L 

Moderate? 
 

Apparent 
5% Ó R<20% 

Ql-Lake deposits  
(Holocene) 

R = 14.3?? 
N = 7 

N  4.0 pCi/L = 1 
Maximum = 5.3 pCi/L 

Moderate? 
 

Apparent 
5% Ó R<20% 

Qpc-Prosser Creek alluvium of 
Birkeland (1961) 
(Pleistocene) 

R = 16.7? 
N = 6 

N  4.0 pCi/L = 1 
Maximum = 6.0 pCi/L 

Moderate? 
 

Apparent 
5% Ó R<20% 

Qjf-Juniper Flat alluvium of 
Birkeland (1961)  
(Pleistocene) 

R = 4.8? 
N = 21 

N  4.0 pCi/L = 1 
Maximum = 4.0 pCi/L 

Low? 
 

Apparent 
0 % Ó R< 5% 

af-Artificial fill 
(late Holocene) 

R = 0 
N = 12 

N  4.0 pCi/L = 0 
Maximum = 1.9 pCi/L 

Low? 
 

Apparent 
0 % Ó R< 5% 

 
Table 3b.  Moderate and Low Radon Potential Geologic Units in the Lake 

Tahoe Area Based on 2006-2007 CDPH Short-term Indoor 
Radon Data N=the number of CDPH indoor-radon data available from houses 

located on the geologic unit indicated in the first column of the table.   
?=Increased uncertainty because N < 24 
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Several possible geologic models for very high, high, and moderate radon 
potential areas are discussed in Appendix K. 
 
Comparison of California-Lake Tahoe and Nevada-Lake Tahoe Indoor-
radon and Geology Associations 
 
Rigby and others (1994, pp. 22-23) contains indoor-radon test results for 
homes in several Nevada communities along the eastern shore of Lake 
Tahoe.  These measurements were made between 1989 and 1992.  The 
Nevada testing found that 59 percent of tests in Zephyr Cove, 44 percent of 
tests in Glenbrook, and 18 percent of tests in Incline Village exceeded 4.0 
pCi/L.  Single measurements made in Crystal Bay and Stateline did not 
exceed 4.0 pCi/L.  Overall, about 38 percent of all indoor radon measurements 
made in Nevada Lake Tahoe communities exceeded 4.0 pCi/L.  This 
percentage is similar to the 40.4 percent of Ó 4.0 indoor measurements 
obtained in the 2006-2007 CDPH survey of California homes in the Lake 
Tahoe area.   
 
Rigby and others (1994) report that the Nevada Lake Tahoe communities 
tested are located on, or very close to, granitic or related rocks of the Sierra 
Nevada batholith.  Zephyr Cove is underlain by granodiorite bedrock (Keg-
granodiorite of East Peak), alluvium derived from weathering of granitic rocks 
(Keg), and organic-rich marsh deposits.  Stateline is underlain mostly by 
young alluvium derived from nearby outcrops of granodiorite (shown as Keg-
Granodiorite of East Peak and Kbmg-Bryan Meadow granodiorite in Saucedo, 
2005) with part of Stateline underlain by artificial fill of unknown origin.  
Glenbrook is underlain by alluvium derived either from granodiorite and related 
igneous rocks, volcanic rocks (latite and trachyte), and older metamorphic 
volcanic rocks and monzogranite.  Incline Village is underlain by alluvial and 
fluvial deposits derived from nearby granodiorite and andesitic volcanic rocks.  
Crystal Bay is underlain by granodiorite (Kgr-undivided granite and 
granodiorite).  Faults within or near these Lake Tahoe communities may 
contribute to localized high radon concentrations. 
 
The geologic unit-radon associations identified by Rigby and others (1994) for 
Nevada Lake Tahoe communities are similar to those observed by CGS in the 
California portion of the Lake Tahoe area.  The Indoor Radon Potential Hazard 
map produced by Rigby and others shows the Nevada portion of the Lake 
Tahoe area as having high radon potential (defined as > 25% of houses 
exceeding 4 pCi/L).  For California, very high and high radon zone areas in 
South Lake Tahoe are underlain by granitic rocks (Kbmg) and fluvial and 
glacial alluvium derived from granitic rocks.  In the Truckee area, very high 
and high radon zone areas appear related to certain volcanic rocks (latites and 
possibly trachytes?) and glacial deposits with alluvium presumably derived 
from these volcanic rock types. 
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NURE PROJECT AND OTHER URANIUM DATA 
 
Background 
 
Between 1975 and 1983, the United States government funded the National 
Uranium Resource Evaluation (NURE) project.  The goal of NURE was to 
identify new domestic sources (ore deposits) of uranium for energy and 
national defense.  NURE uranium exploration activities included airborne 
gamma-ray spectral surveys that estimated the uranium content of soils and 
rocks at points along a grid of flight-lines, and (in some parts of California) the 
collection and laboratory analysis of soil and stream sediment samples for 
uranium content.  Locations with unusually high uranium abundance were 
considered targets for additional work to determine whether or not 
economically recoverable uranium deposits were present. 
  
Airborne Radiometric Data 
 
NURE airborne radiometric data used in this study were compiled from the 
original digital data files by Duval (2000).  The Lake Tahoe radon study area is 
covered by parts of three NURE airborne radiometric surveys:  the Chico 1X2 
degree quadrangle survey; the Sacramento 1X2 degree quadrangle survey; 
and the Walker Lake 1X2 degree quadrangle survey.  A total of 267.7 miles of 
flight-line data are available for the Lake Tahoe study area from these surveys.  
The flight-line grid pattern, shown in Figure 3, consists of east-west flight lines 
2-4 miles apart, and north-south flight lines generally about 12 miles apart.  A 
specially equipped helicopter flew a few hundred feet above ground surface at 
about 90 miles per hour along these flight lines and recorded approximately 
11,800 gamma-ray spectral measurements.  The average distance between 
data measurements is about 120 feet.   
 
One of the gamma-ray energies measured during the NURE airborne 
radiometric survey is generated during the decay of bismuth-214.  Bismuth-
214 is a radioactive daughter product of uranium-238 which forms and decays 
quickly after radon-222 decay.  The NURE program used bismuth-214 
gamma-ray data to calculate estimates of the soil-rock uranium content, in 
parts-per-million (ppm), at each of the 11,800 flight line measurement 
locations.  Under the NURE flight survey conditions, each airborne uranium 
measurement represents the average uranium content within the upper 18 
inches of surficial material (rock or soil) over an area of approximately 48,000 
square feet (approximately 1.1 acres; see High-Life Helicopters, 1980a and 
1980b) .  Because the uranium values are calculated from bismuth-214 
gamma-ray data, they are referred to as equivalent uranium (eU) data to 
distinguish them from uranium data determined by direct chemical methods 
(i.e., typical laboratory determinations for rock and soil samples by delayed 
neutron activation, fluorescence or other laboratory method).   
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Soil moisture, atmospheric inversion and other conditions can impact airborne 
eU data measurements (Grasty, 1997).  Consequently, eU data are treated as 
qualitative to semi-quantitative indicators of areas with increased uranium in 
rock or soil in the Lake Tahoe radon potential study. 
 

 
 

FIGURE 3.  NURE Project Flight Lines and Equivalent Uranium 
Anomalies 


