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OVERVIEW 

Sections 307 and 309 of the 1988 Indoor Radon Abatement Act (IRAA) duect EPA to 
identify areas of the United States that have the potential to produce elevated levels of radon 
EPA, the U.S. Geological Survey (USGS), and the Assocrat10n of American State Geologists 
(AASG) have worked closely over the past several years to produce a series of maps and 
documents whrch address these duect1ves. The EPA Map of Radon Zones rs a compila.tlOn of 
that work and fulfills the teqmrements of sect10ns. 307 and 309 of IRAA The Map of Radon 
.Zones identifies, on a county~by-county bas1s, areas of the U.S· that have the hrghest potential 
for elevated indoor radon "levels (greater than 4 pCr/L) 

The Map of Radon Zones rs. desrgned to assrst national, State and local governments 
and organizations to target theu radon program actrvrtres and resources. It IS also mtended to 
help buildmg code officrals determme areas that are the highest pnonty for adoptmg radon
resistant building practices The Map of Radon Zones should not be used to determine if 
md1v1dual homes m any given area need to be tested for radon EPA •·ecommends that all 
homes be tested fo•· •·adon, regardless of geog•·aphic location o•· the zone designation of 
the county in which they a•·e located. 

Thrs document provides background mformat10n concernmg the development of the 
Map of Radon Zones It explams the purposes of the map, the approach for developing the 
map (includmg the respective roles of EPA and USGS), the data sources used, the conclusions 
and confidence levels developed for the prediction of radon potential, and the review process 
that was conducted to finalize this effort 

BACKGROUND 

Radon (Rn~~~) 1s a colorless, odorless, rad10act1ve gas It comes from the natural 
decay of uramum that Is found m nearly all so1ls It typ1cally moves through the ground to 
the a1r above and mto homes and other butldmgs through cracks and openmgs m the 
foundatiOn Any home. school or workplace may have a radon problem. regardless of 
whether 1t ts new or old, well-sealed or drafty, or with or without a basement Nearly one out 
of every 15 homes m the U S IS estimated to have elevated annual average levels of mdoor 
radon 

Radon first gamed nat10naf attentiOn m early 1984, when extremely high levels of 
mdoor radon were found m areas of Pennsylvania, New Jersey, and New York, along the 
Readmg Prong-phys10graph1c provmce EPA estabhshed a Radon Program m 1985 to ass1st 
States and homeowners m reducmg then nsk of lung cancer from mdoor radon 

Smce 1985, EPA and USGS have been workmg together to contmually mcrease our 
understandmg of radon sources and the mtgrauon dynamics that cause elevated mdoor radon 
levels Early efforts resulted m the 1987 map entitled "Areas w1th Potentially H1gh Radon 
Levels" Thrs map was based on hmued geolog1c mformat1on only because few mdoor radon 
measurements were available at the t1me The development of EPA's Map of Radon Zones 
and Its techmcal foundation, USGS' Nauonal Geologic Radon Provmce Map, has been based 
on add1t10nal mformat10n from s1x years of the State/EPA Residential Radon Surveys, 
mdependent State res1dentral surveys, and contmued expansiOn of geolog1.c and geophysrcal 
information, particularly the data from the National Uranium Resource EvaluatiOn proJect 
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Purnose of the Map of Radon Zones 

EPA's Map of Radon Zones (Figure 1) assigns each of the 3141 counties in the 
United States to one of three zones: 

t 
I 

o Zone 1 counties 'have a predictea average indoor screening level > than 
4 p_Ci/L - , 

• 0 Zone 2 counties have a predicted average screening level ;::: 2 pCi/L and 
, 

4 , '• 
·.::;; 4 pCifl: .. ·· .. , 

0 Zone 3 count1es have a predicted' average screemng level < 2 pCi!L 

The Zone designations were determmed by assessmg five factors that are known to be 
important indicators of radon potential:. indoor radon measurements, geology, aenal 
radioactivity, soil paTameters, and foundation types. 

The predictions of average screening levels in each of the Zones IS an expressiOn of 
r.aQQ.n_potential in the lowest liveable area of a structure This map IS unable to estimate 
actual exposures to radon. EPA recommends methods for testing and fixmg ind1v1dual homes 
based on an estimate of actual exposur~ to radon For more mformat10n on testmg and f1xmg 
elevated radon levels in homes consult these EPA publications A Cmzen's Gwde to Radon. 
the Consumer's Guide to Radon Reducllon and the Home Buyer's and Seller's Gwde to 
Radon 

EPA believes that States, local governments and other orgamzat1ons can ach1eve 
optimal risk reductions by targetmg resources and program act1v1t1es to h1gh radon potential 
areas. Emphasizing targeted approaches (technical assistance, mformauon and outreach 
efforts, promotion of real estate mandates and polic1es and bUJldmg codes, etc ) m such areas 
addresses the greatest potential nsks first 

EPA also believes that the use of pass1ve radon control systems m the construction of 
new homec; m Zont> I count1e~ ann the acuvat1on of those systems 1f necessitated hy follow
up testing, IS a cost effective approach to ach1evmg s1gmficant radon nsk reduct1on 

The Map of Radon Zones and 1ts supportmg documentation establish no regulatory 
.. requJr~ments · Use of th1s map by State or loca'I radon programs and butldmg code offic1als 1s 
volu'ntary .:rhe mfo.rma~I~IJ prese'nted on the Map of Radon Zones and m the supportmg 
documentation IS not applicable to radon m water 

Development of the Map of Radon Zones 

The technical foundation for the Map of Radon Zones ts the USGS Geologtc Radon 
Provmce Map In order to examme the radon potenttal for the Umted States, the USGS 
began by tdentifymg approxtmately 360 separate geologtc provmces for the U S The 
provmces are shown on the USGS Geologtc Radon Provmce Map (Ftgure 2) Each of the 
geologtc provmces was evaluated by exammmg the avatlable data for that area mdoor radon 
measurements, geology, aenal radtoacttvtty, sot! parameters, and foundatton types As stated 
previously, these five factors are constdered to be of baste tmportance m assessmg radon 
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Figure 1 
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EPA Map of Radon Zones 
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Zone 3 
Zone destgnalton for Puerto Rtca ts under development 

The ru•r•'Sn ,.., /I •S map •s lo oss•sl tJal•onol Stole and local orgamzoltons to target lhetr resourcr~ and to tmplement radon-restslont butldmg codes 

Th·< "'"P •s "''' ·nt~noPd I" be used to determme d o home m a gtven zone should be tested for radon Homes wtlh ,elevated levels of radon have been 
m all llu~>~> :c•'"' A/I hom~s should b~ l&sled, regardless of geographtc localton. 

C.:onsu/1 fl>e EPA Mao of Radon .-ones dccum~>lll ([PA-402-P-93-071} before usmg lh•s map Th1s document conlams mformolton an radon. palenltal vartaltons wtlhm counltes 
EPA also recommends !hat lh•s mar "" s•JN>'"mented ••th cnv ovatlobte local dolo m order to further understand and predtcl the radon potential of a specJftc area 
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potential and some data are available for each of these factors in every geologic province. The 
province boundaries do not coincide with political borders (county and state) but define areas 
of general radon potential. The five factors were assigned numerical values based on an 
assessment of their respective contribution to. radon potential, and a confidence level was 
assigned to each contributing vanable. The approach used by USGS to estimate the radon 
potential for each provmce IS described m Part II of this document 

EPA subsequently developed the Map of Radon Zones by extrapolating from the 
province level to the county level so.that all counties m the U.S were assigned to one of 
three radon zones. EPA assigned each county to a given zone based on Its provmctal radon 
potentiaL For example, if a cpunty is located withm a geologic_provmce that has a predicted 
aver~ge screening level g~eater than 4 pCI/L, It was assigned to Zone 1. Likewise, count!es 
located in provmces with predicted average screening levels ;::: 2 pC1/L and ::;; 4 pCi/L, and 
less than 2 pCi/L, were assigned to Zones 2 and 3, respectively 

If the boundanes of a county fall in more than one geologic provmce, the county was 
assigned to a zone based on the predicted radon potential of the provmce in which most of 
the area lies. For example, 1f three different provmces cross through a given county, the 
county was assigned to the zone representmg the radon potential of the provmce contammg 
most of the county's land area (In this case, It IS not techmcally correct to say that the 
predicted average screenmg level applies to the entire county smce the county falls m 
mult1ple provmces w1th d1ffenng radon potentials) 

Figures 3 and 4 demonstrate an example of how EPA extrapolated the county zone 
designations for Nebraska from the USGS geologic provmce map for the State. As figure 3 
shows, USGS has identified 5 geologic provmces for Nebraska. Most of the counties are 
extrapolated "straight" from the1r correspondmg provmces, but there are counties "partitioned" 
by several provmces -- for example, Lmcoln County Although Lmcoln county falls in 
multiple provmces, 1t was assigned to Zone 3 because most of Its area falls m the provmce 
with the lowest radon potential 

It is impot·tant to note that EPA's extrapolation ft·om the pt·ovince level to the 
county level may mask significant "highs" and "lows" within specific counties. In other· 
words, within-county var·iations in r·adon potential ar·e not shown on the Map of Radon 
Zones. EPA r·ecommends that usea·s who may need to address specific within-county 
var·iations in r·adon potential (e.g., local gover-nment officials considet·ing the . 
implementation of ra<ton-a·esistant construction codes) consult USGS' Geologic Radon 
Pmvince Map and the State chapters pa·ovided with this map fot· m01·e detailed 
infoa·mation, as well as any locally available data. 

Map Validation 

The Map of Radon Zones IS mtended to represent a prehmmary assessment of radon 
potential for the entue Umted States The factors that are used m this effort --mdoor radon 
data, geology, aenal radJOactJvJty, solls, and foundation type -- are bas1c mdtcators for radon 
potential It IS Important to note, however, that the map's county zone destgnattons are not 
"statistically vahd" predictiOns due to the nature of the data avatlable for these 5 factors at the 
county level In order to vahdate the map m hght of this lack of statistical confidence, EPA 
conducted a number of analyses These analyses have helped EPA to Identify the best 
situations m wh1ch to apply the map, and Its limitations 
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One such analysis involved comparing county zone designations to indoor radon 
measurements from the State/EPA Residential Radon Surveys (SRRS). Screening averages 
for counties with at least 100 measurements were compared to the counties' predicted radon 
potential as indicated by the Map of Radon Zones EPA found that 72% of the county 
screenmg averages were correctly reflected by the apnropriate zone ciestgnations on the Map 
In all other cases, they only dtffered by 1 zone. 

Another accuracy analysts used the annual average data from the National Residential 
Radon Survey (NRRS). The NRRS mdicated that approximately 6 million homes m the 
United States have annual· averages greater than o( equal to 4 pCi/L. By cross checking the 
county location of the appmximately 5, 700 homes which participated in the survey; .their 
radon measurements, ahd the zone designations for these counties, EPA found that 
approximately 3.8 million homes of the 54 million homes with radon levels greater than or 
equal to 4 pCi/L will be found m counties destgnated as Zone 1. A random sampling of an 
equal number of counties would have only found approximately 1.8 million homes greater 
than 4 pCi/L In other words, thts analysts indtcated that the map approach is three times 
more efficient at tdenttfying htgh radon areas than random selection of zone designations 

Together, these analyses show that the approach EPA used to develop the Map of 
Radon Zones IS a reasonable one. In addttton, the Agency's confidence IS enhanced by resu.Its 
of the extensive State review process -- the map generally agrees with the States' knowledge 
of and experience in their own junsdtctiOns. However, the accuracy analyses htghlight two 
Important points: the fact that elevated levels will be found in Zones 2 and 3, and that there 
will be significant numbers of homes wtth lower indoor radon levels in all of the Zones For 
these reasons, users of the Map of Radon Zones need to supplement the Map with locally 
available data whenever poss1ble Although all known "hot spots", t.e., localized areas of 
consistently elevated levels, are d1scussed m the State-
specific chapters, accurately definmg the boundanes of the "hot spots" on thts scale of map 1s 
not possible at thts t1me Also, unknown "hot spots" do extst 

The Map of Radon Zones IS mtended to be a startmg pomt for charactenzmg radon 
potential because our knowledge of radon sources and transport IS always growmg Although 
th1s effort represents the best data available at th1s t1me, EPA will contmue to study these 
parameters and others such as house construction, ventilatiOn features and meteorology factors 
m order to better charactenze the presence of radon m U.S homes, especially m htgh nsk 
areas These efforts w11l eventually asstst EPA m ·refinmg·and revtsmg the conclusions of the 
Map of Radon Zones .And although th1s map ts most appropnately used as a targetmg tool 
by the aforementiOned aud1ences -- the Agency encourages all residents to test thei•· homes 
fo1· •·adon, •·ega•·dless of geog•·aphic location 01· the zone designation of the county in 
which they live. Similarly. the l\1ap of Radon Zones should not to be used in lieu of 
testing du.-ing •·eal estate t•·ansactions. 

Rev1ew Process 

The Map of Radon Zones has undergone extensive revtew wtthm EPA and outs1de the 
Agency The AssociatiOn of Amencan State Geologists (AASG) played an mtegral role m 
thts rev1ew process The AASG md1vtdual Statt:: geologists have reviewed thetr State-specific 
mformat10n, the USGS Geolog1c Radon Provmce Map, and other matenals for the1r geolog1c 
content and consistency 

I-7 



In addition to each State geologist providing technical comments, the State radon 
offices were asked to comment on·their respective States' radon potential evaluations In 
particular, the States were asked to evaluate the data used to assign their counties to spec1fic 
zones. EPA and USGS worked with the States to resolve any issues concerning county zone 
designations. In a few cases, States have requested changes in county zone designations The 
requests were based on additional data from the State on geology, indoor radon 
measurements, population, etc. Upon reviewing th~ ua.d submitted by the States, EPA did 
make some changes in 'zone designations. These changes, wh1ch do not strictly follow the 

·, methodology outlined in this document, ~re discussed in the respective State chapters 
. . . . EPA en~ourages .the States and counties to conduct further research and dfita collection 

efforts to· refi'ne. the Map o( Radoq Zones .. EPA would hke to be kept informed of any · , 
· changes the' S~ates, counties, qr 'oth'ers make to the maps. Updates and revisions wlll be 
nandled in a similar fashion to the way the map was developed. States should notify EPA of 
any proposed changes by forwarding the changes through the Regional EPA offices that are 
listed in Part II. De'pending on the amount of new information that is presented, EPA w1ll 
consider updating this map periodically. The State radon programs should imtiate proper 
notification of the appropriate State offic1als when the Map of Radon Zones 1s released and 
when revisions or updates are made by the State or EPA. 

·. 
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THE USGS/EPA RADON POTENTIAL ASSESSMENTS: AN INTRODUCTION 
by 

'BACKGRO:UND 

Linda C.S Gundersen and R Randall Schumann 
US. Geological Survey 

and 
Sharon W. Whzte 

US. Envtronmental Protection Agency . -

The Indoor Radon Abatement Act of 1988 (15 U.S.C 2661-2671) directed the U.S 
Environmental Protection Agency (EPA) to Identify areas of the Umted States that have the 
potential to produce harmful levels of indoor radon These characterizations were to be based 
on both geological data and on mdoor radon levels in homes and other structures. The EPA 
also was directed to develop model standards and techniques for new building construction 
that would provide adequate prevention or mitigatiOn of radon entry. As part of an 
Interagency Agreement between the EPA and the U.S. Geological Survey (USGS). the USGS 
has prepared radon potential estimates for the Umted States. This report is one of ten 
booklets that document this effort The purpose and mtended use of these reports IS to help 
1dent•fy areas where states can target the1r radon program resources, to provide guidance in 
selectmg the most appropriate bwldmg code options for areas, and to prov1de general 
mformatlon on radon and geology for each state for federal, state, and mumcipal officials 
dealmg with radon Issues These report!! are nor rnrended to be used as a substitute for 
rndoor radon testrng, and they cannot and should nor be used to estrmate or pred1ct the 
rndoor radon concentrauons of mdividual homes. bulldrng srtes, or housmg tracts. Elevated 
levels of mdoor radon• have been found rn eve1y State, and EPA recommends that all homes 
be tested for mdoor radon 

Booklets detailing the radon potential assessment for the U.S have been developed for 
each St:ite USGS geologtsts are the authors of the geologic radon potenttal booklets Each 
booklet consists of several components, the first bemg an overview to the mappmg proJect 
(Part 1), th1s mtrodu.ct10n to the USGS assessment (Part II), mcludmg a general d1scuss1on of 
radon {occurrence, transport, etc ), and deta1ls concernmg t.he types of data used The th1rd 
component 1s a summary chapter outlmmg the general geology and geolog1c radon potent1al 
of the EPA Reg10n (Part III) The fourth· component 1s an md1v1dual chapter for each state 
(Part IV) Each state chapter d1scusses the state's specific geographtc settmg, sotls, geologtc 
settmg, geologtc radon potenttal, mdoor radon data, and a summary outlmmg the radon 
potenttal rankmgs of geologtc areas m the state. A vanety of maps are presented m each 
chapter-geologtc, geographic, populatiOn, sot Is, aenal rad10acttv1ty, and mdoor radon data by 
county F mally, the booklets con tam EPA's map of radon zones for each state and an 
accompanymg descnpt10n (Part V) 

Because of constramts on the scales of maps presented m these reports and because the 
smallest umts used to present the mdoor radon data are counttes, some generalizations have 
been made m order to estimate the radon potential of each area Vanat1ons m geology, sot! 
charactensttcs, chmattc factors, homeowner ltfestyles, and other factors that mfluence radon 
concentratiOns can be qutte large Withm any particular geologic area, so these reports cannot 
be used to estimate or predict the mdoor radon concentratiOns of mdivid.ual homes or housmg 
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tracts. Within any area of a given geologic radon potential ranking, there are likely to be 
areas where' the radon potential is lower or higher than that assigned to the area as a whole, 
especially in larger are.as such as the large counties in some western states. 

In each state chapter, references to additional reports related to radon are listed for the 
state, and the reader is urged to consult these repom. rur more detailed information In most 
.cases the best sources of information on radon for specific areas are state and. local 
departments of health, state dep~rtments responsible for nuclear safety or .environmental 
prot~ction, and U.S: EPA regional offices More detailed informatien on state or local 
geology 'may be obtai~ed from the state geological surveys Addresses and telephone 
numbers of state rado~ .contacts, geological surveys, and EPA regional offices are listed m 
Append.ix C at the ehd of this chapter. 

RADON GENERATION AND TRANSPORT IN SOILS 

Radon (ll:Rn) is produced froin the radioactive decay of radium (Z26Ra), which IS, in tum, 
a product of the decay of uranium (mU) (fig I) The half-life ~f mRn IS 3 825 days Other 
isotopes of radon occur naturally, but, with the exception of thoron C20Rn), wh1ch occurs m 
concentrations high enough to be of concern m a few locahzed areas, they are less 1mportant 
in terms of indoor radon risk because of the1r extremely short half-hves and less common 
occurrence. In general, the concentration and mobility of radon in soil are dependent on 
several factors, the most important of wh1ch are the soil's radium content and d1stribut10n, 
porosity, permeability to gas movement, and moisture content. These charactenstlcs are, in 
turn, determined by the soil's parent-matenal compos1t10n, climate, and the soil's age or 
maturity. If parent-material composition, chmate, vegetatiOn, age of the soil, and topography 
are known, the physical and chemical properties of a soli in a given area can be pred1cted 

As soils form, they develop distinct layers, or honzons, that are cumulatively called the 
soil profile. The A horizon is a surface or near-surface honzon contammg a relat1ve 
abundance of organic matter but dommated by mmeral matter Some sods contam an E 
horizon, directly below the A honzon, thdt 1s generally charactenzed by loss of clays, 1ron, or 
alummum, and has a charactenstically hghter color than the A honzon The B honzon 
underlies tlie A or E hor.izon Important charactenstics of 8 honzons mclude accumulation of 

. · clays, '1r~n oxides, calcmni carbonate·or other soluble salts, and organ1c matter complexes lh 
·dner environments, ·a··hori~on may ex1st 'wuhm or below the B honzon thai 1s dommated by 
calciUm carbonate, often called cahche or calcrete Th1s carbonate-cemented honzon IS 

designated the K horizon in modern soli class1ficat•on schemes The C honzon underhes the 
B (or K) and lS a zone of weathered parent matenal that does not exhtbtt charactensttcs of A 
or B honzons, that IS, tt 1s generally not a zone of leachmg or accumulation In sotls formed 
m place from the underlymg bedrock, the C honzon 1s a zone of unconsoltdated, weathered 
bedrock overlying the unweathered bedrock 

The shape and onentation of soil particles (sot! structure) control permeabiltty and affect 
water movement in the soil. Soils w1th blocky or granular structure have roughly equivalent 
permeabilities in the horizontal and vertical d1recttons, and a1r and water can mfiltrate the soil 
relatively easily. However, m soils with platy structure, honzontal permeability is much 
greater than vertical permeability, and a1r and mo1sture mfiltrat10n 1s generally slow Soils 
wjth prismatic or columnar structure have dominantly vert1cal permeab1hty Platy and 
prismatic structures form in soils w1th h1gh clay contents In soils wtth shnnk-swell clays, air 
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Figure 1. 1l1e uranium-238 decay series, showing the half-lives of elements and their modes of decay (after Wanty and 
Schoen. 1991 ). a denotes alpha decay, p denotes beta decay. 
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and 'moisture infiltration rates and depth of wetting may be limited when the cracks in the 
surface soil layers swell shut. Clay-rich B horizons, particularly those with massive or platy 
structure, can form a capping layer that impedes the escape of soil gas to the surface 
(Schumann and oth~rs: 1992). However, the shnnkage of clays can act to open or widen 
cracks upon drying, thus increasing the soil's permeability to gas flow dunng drier periods. 

·Radon transport in soils occurs by two processes (I) diffusion and (2) flow (Tanner, 
. 1964). Diffusion is the proceSs. whereby radon atoms move from areas of higher 
concentratic;>n to areas of lower concentration m response to a concentration gradient. Flow IS 

.. the pro'cess'by wh~ch soil air' moves through soil pores in response to differences in pressure 
· Within die soil .m: Qet~een the soil and the atmosppere, c~rrying the radon atoms along with It. 
Diff~sion is the dom1nant radon transport process in soils of low permeability, whereas flow 
tends to dominate in highly permeable soils (Sextro and others, 1987). In low-permeability 
soils, much of the ~adon may decay before it IS able to enter a building because its transport 
rate is reduced. Conversely, h1ghly permeable soils, even those that are relatively low in 
radium, such as those derived from some types of glacial deposits, have been associated with 
high indoor radon levels in Europe and m the northern Umted States (Akerblom and others, 
1984; Kunz and others, 1989; Sextro and others, 1987) In areas of karst topography formed 
in carbonate rock (limestone or dolomite) envuonments, solution cavities and fissures can 
int:rease soil permeability at depth by providing additional pathways for gas flow. 

Not all radium contained in soil grams and gram coatmgs will result in mobile radon 
when the radium decays. Depending on where the radium is distributed in the soil, many of 
the radon atoms may remain imbedded m the soil grain containing the parent radium atom, or 
become imbedded in adjacent soil grams The portion of radiUm that releases radon into the 
pores and fractures of rocks and soils IS called the emanatmg fraction When a radiUm atom 
decays to radon, the energy generated IS strong enough to send the radon atom a distance of 
about 40 nanometers (I nm = 1 o·q meters), or about 2x I 0.{> mches-th1s IS known as alpha 
recoil {Tanner, 198P) Moisture m the soli lessens the chance of a recollmg radon atom 
becoming imbedded in an adJacent gram Because water IS more dense than a1r, a radon atom 
will travt!l a shorter distance in c1 v.-ater-f.lled pore than m an air-filled pore, thus mcreasmg 
the likelihood that the radon atom will remam m the pore space Intermediate moisture levels 
enhance rqdon emanation b.ut do not sigmficantly affect permeab1hty However, h1gh 

:mOISture levels can Significantly decrease the gas permeab1hty of the soli and Impede radon 
movement through the' soli . 

Concentrations of radon m soils are generally many t1mes h1gher than those ms1de of 
bu1ldmgs, ranging fro·m tens of pC11L to more than I 00,000 pC1fL, but typ1cally m the range 
of hundreds to low thousands of pC11L Sotl-gas radon concentrations can vary m response to 
vanauons m climate and weather on hourly, dally, or seasonal t1me scales Schumann and 
others (1992) and Rose and others ( 1988) recorded order-of-magmtude vanat10ns m soil-gas 
radon concentrations between seasons in Colorado and Pennsylvania The most Important 
factors appear to be ( 1) soil moisture condtuons, whtch are controlled m large part by 
precipitation; (2) barometric pressure, and (3) temperature Washmgton and Rose (1990) 
suggest that temperature-controlled part1t10nmg of radon between water and gas m sotl pores 
also has a stgnificant mfluence on the amount of mobile radon m soil gas 

Homes m hilly hmestone reg10ns of the southern Appalachtans were found to have h1gher 
indoor radon concen!rations dunng the summer than in the wmter A suggested cause for this 
phenomenon invpl~es temperature/pressure-dnven flow of radon-laden atr from subsurface 
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solution ·cavitieS in the carbonate rock mto houses As warm air enters solution cav1t1es that 
are h1gher on the hlllslope than the homes, It cools and settles, pushmg radon-laden air from 
lower m the cave or cav1ty system mto.structures on the hillslope (Gammage and others, 
1993). In contrast, homes bmlt over cave_s havmg openings situated below the level of the 
home had higher mdoor radon levels in tt • ..:: wmter, l ....... cd by cooler 1.mts1de air entermg the 
cave, driving radon-laden air into ·cracks and solution cavities in the rock and soil, and 
ultimately, mto homes (~mmage and otl'ters, _1993). 

RADON ENTRY INT9 ~UILDINGS. · . 

A dnving force (red~ced -atmosj)heric pressure m the house' relat1ve to the soil, producing 
a pressure gradient) and entry pomts must exist for radon to enter a buildmg from the soil 
The negative pressure caused by furnace combustiOn, ventilatiOn devices, and the stack effect 
(the ns1ng and escape of warm air from the upper floors of the buildmg, causmg a . 
temperature and pressure gradient Withm the structure) dunng cold wmter months are 
common dnvmg forces Cracks and other penetratiOns through building foundations, sump 
holes, and slab-to-foundation wall JOmts are common entry pomts 

Radon levels m the basement are generally higher than those on the mam floor or upper 
floors of most structures. Homes With basements generally provide more entry points for 
radon, commonly have a more pronounced stack effect, and typically have lower air pressure 
relative to the surroundmg sod than nonbasement homes The term "nonbasement" applies to 
slab-on-grade or crawl space construction 

METHODS AND SOURCES OF DATA 

The assessments of radon potential m the booklets that follow th1s mtroduct10n were 
made usmg five mam types of data (1) geologic (lithologic), (2) aenal radiometnc, (3) soil 
charactensucs, mcludmg soil moisture, permeability, and dramage charactenstics, (4) mdoor 
radon data, and (5) buddmg architecture (spectfically, whether homes m each area are bmlt 
slab-on-grade or have a basement or crawl space) These five factors were evaluated and 
I.ntegrated to produce estimates of radon potential Field measurements of sod-gas radon or 
soil radiOaCtiVIty Were not used except where such data were available In eXISting, published 
reports of local field studies Where applicable. such freld studies are descnbed m the 
mdrvidual state chapters 

GEOLOGIC DAlA 

The types and distnbutiOn of lithologic umts and other geologic features m an 
assessment area are of pnmary Importance m determmmg radon potenttal Rock types that 
are most hkely to cause mdoor radon problems mclude carbonaceous black shales, glaucomte
bearmg sandstones, certam kmds of fluvial sandstones and fluvial sediments, phosphontes, 
chalk, karst-producmg carbonate rocks, certam kmds of glacial deposits, bauxite, uramum-nch 
granitic rocks, metamorphic rocks of granrtrc composition, sthca-nch volcamc rocks, many 
sheared or faulted rocks, some coals, and certam kmds of contact metamorphosed rocks 
Rock types least hkely to cause radon problems mclude manne quartz sands, non
carbonaceous shales and stltstones, certam kmds of clays, s1hca-poor metamorphic and 
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igneous rocks, and basalts. Exceptions exist within these general lithologic groups because of 
the occurrence of localized uranium deposits, commonly of the hydrothermal type in 
crystalline rocks or the "roll-front" type in sedimentary rocks. Uranium and radium are 
commonly sited in heavy minerals, iron-oxide coatings on rock and soil grains, and organic 
materials in soils and sediments. Less common are uranium associated with phosphate and 
carbonate complexes in rocks and soils, and.uranium minerals. 

~ Although many cases of elevated. indoor raqori levels can be traced to h1gh radium and 
(or) uranium' co11centration_s in p~rent rocks,.son:te. structural featur~s, .most.notabl>' faults and 
shear zoneS',. have -been identifiea ~ sites of locahzea uraniu!Jl concentratwns (Deffeyes and 

'• MacGregor,' 1980) and have been associated With some of the hJghest reported in,door tadon 
' levels (Gundersen, 1991). The two h1ghest known mdoor radon occurrences are associated 

with sheared fault zones in Boyertown, Pennsylvania (Gundersen and others, 1988a, Smith 
and others, 1987), and in Clinton, New Jersey (Henry and others, 1991, Muessig an'd Bell, 
1988). 

NURE AERIAL RADIO:tvfETRIC DATA 

Aerial radiometric data are used to quantify the radiOactivity of rocks and so1ls 
Equivalent uranium (eU) data prov1de an estimate of the surficial concentratiOns of radon 
parent materials (uranium, radium) m rocks and soils Equ1valent urantum IS calculated from 
the counts received by a gamma-ray detector from the 1 76 MeV (mega-electron volts) 
emission energy corresponding to bismuth-214 (21•Bi), With the assumption that uramum and 
Its decay products are in secular equihbnum Equivalent uranium IS expressed m umts of 
parts per million (ppm). Gamma radioactivity also may be expressed m terms of a radiUm 
acuvity; 3 ppm eU corresponds to approximately I p1cocune per gram (pCi/g) of radiUm-226 
Although radon is highly mobile m soil and 1ts concentration 1s affected by meteorological 
conditions (Kovach, 1945; Klusman and Jaacks, 1987, Schery and others, 1984; Schumann 
and others, 1992), statistical correlatiOns between average sotl-gas radon concentrations and 
average eU values for a wide vanety of soils have been documented (Gtmdcrsen and others, 
1988a, 1988b, Schumann and Owen, 1988) Aenal rad10metnc data can prov1de an esttmate 

.of radon sou~ce ?trength ~ver a reg1on, but the amount of radon that 1s able to enter a home 
from the 'soil IS dependent on several local factors, mcludmg soli sJructure, grain s1ze 
dlstnbutton~· moisture content, and permeabtllty, as well as type of house constructton and tts 
structural cond1t10n 

·· The aenal rad10metnc data used for these diaractenzations were collected as part of the 
Department of Energy NatiOnal Uramum Resource EvaluatiOn (NURE) program of the 1970s 
and early 1980s The purpose of the NURE program was to 1denufy and descnbe areas m the 
United States havmg potential uramum resources (US Department of Energy, 1976) The 
NURE aenal radiometnc data were collected by a1rcraft m wh1ch a gamma-ray spectrometer 
was mounted, flymg approximately 122 m ( 400 ft) above the ground surface The equtvalent 
uran1um maps presented in the state chapters were generated from reprocessed NURE data m 
which smoothing, filtering, recahbratmg, and matchmg of adJacent quadrangle data sets were 
performed to compensate for background, altttude, cahbrat10n, and other types of errors and 
mcons1stenc1es m the anginal data set (Duval and others, 1989) The data were then gndded 
and contoured to produce maps of eU w1th a p1xel s1ze correspondmg to approximately 2.5 x 
2.5 km (1.6 x 1.6 mi). 

·n-6 Repnnted from USGS Open-F1le Report 93-292 



FLICUT tiNE- SPI.CINC Of SUH AERIAL SUKV£YS 

§§ 2 [!l (1 JliL£) 

m 5 [){ {3 lllLES) 

~ 2 1: 5 u 
1.8ZJ 10 iii {6 WILtS) 

~ 5 1: 10 Ill -NO HT.A 

Figure 2. Nominal flightline spacings for NURE aerial ganuna-ray surveys covering the 
contiguous United States (from Duval and others, 1990). Rectangles represent 1 °x2° quadrangles. 



Figure 2 is an index map of NURE 1 o x 2° quadrangles showing the flight-line spacing 
for each quadrangle. In general, the more closely spaced the flightlines are, the more area 
was covered by the aerial gamma survey, and thus, more detail is available in the· data set. 
For an altitude of 400 ft above the grou'ld surface and with primary flightline spacing 
typically between 3 ~d 6 miles, less than 1 0 percent of the ground surface of the United 
States was actually measured by the auborne gamma-ray detectors (Duval and others, 1989), 
although some area.S had better coverage than others due t.o the differences m flight-hne 
spacing between ar.eas (fig. 2). Tpis suggests that· some localized uranmm anomalies may not 
have bee~ detected by ·the aerial surveys, but the good correl.ations of eU patterns 'with 
geologic outcrop patterns indicate that, at relatively small scales (approximately 1:1,000,000 
or smaller) the Natio~al eU map (Duval and others, 1989) gives reasonably good estimates of 
average surface uranium concentrations and thus can asstst in the prediction of radon potential 
of rocks and soils, especially when augmented with additional geologic and soil data. 

The shallow (20-30 em) depth of investigation of gamma-ray spectrometers, etther 
ground-based or ai'rborne (Duval and others, 1971, Durrance, 1986), suggests that gamma-ray 
data may sometimes underestimate the radon-source strength in .soils m which some of the 
radionuclides in the near-surface soil layers have been transported downward through the soil 
profile. In such cases the concentration of radioactive mmerals in the A horizon would be 
lower than in the B horizon, where such mmerals are typically concentrated The 
concentration of radionuclides in the C horizon and below may be relatively unaffected by 
surface solution processes. Under these conditions the surface gamma-ray signal may mdicate 
a lower radon source concentration than actually exists m the deeper soil layers, which are 
most likely to affect radon levels m structures with basements The redtstributiOn of 
radionuclides in soil profiles is dep-endent on a combinatiOn of climatic, geologic, and 
geochemical factors. There is reason to beheve that correlations of eU w1th actual soil 
radtum and uranium concentratiOns at a depth relevant to radon entry mto structures may be 
regtonally variable (Duval, 1989. Schumann and Gundersen, 1991) G1ven suffic1ent 
understandmg of the factors ctted above. these reg10nal dtfferences may be predtctable 

SOIL SURVEY DATA 

· Soil su~eys prepared by the U S Sot! Conservatton Servtce (SCS) provtde data on sml 
'characteristics, including soil-cover thtckness. gram-stze dtstnbutton, permeabthty, shrmk
swell potenttal, vegetattve cover, generaltzed groundwater charactensttcs, and land use The 
reports are ava'ilabl!! m county formats and State summanes The county reports typtcally 
contam both generahzed and detatled maps of sotls m the area 

Because of time and map-scale constramts, tt was tmpracttcal to examme county sot! 
reports for each county m the Untted States. so more generahzed summanes at appropnate 
scales were used where available For State or regtonal-scale radon charactenzat10ns, sot! 
maps were compared to geologtc maps of the area. and the sot! descnptions, shnnk-swell 
potential, drainage characteristics, depth to seasonal htgh water table, permeability, and other 
relevant characteristics of each soil group noted Techntcal sOil terms used m soil surveys are 
generally complex; however, a good summary of soil engmeering terms and the national 
distribution of technical soil types 1s the "Smls" sheet of the Nat10nal Atlas (U.S Department 
of Agriculture, 1987). 
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Soil permeability is commonly expressed in SCS soil surveys in terms of the speed, m 
inches per hour (in/hr), at which water soaks into the soil, as measured in a soil percolation 
test.. Although in/hr are not truly umts of permeability, these units are in widespread use and 
are referred to as "permeability" in SCS soil survevs. The permeab1hties listed in the SCS 
surveys are for water, but they generally correlate well with gas permeability. Because data 
on gas permeability of soils is extremely limited, data on permeability to water. is used as a 
substitute except in cases in which excessive soil moisture is known 'to exist. Water m soil 
pores mhibits gas transport, so the amount of radon available to a home is effectively reduced 
by a high. water table. Areas likely to have high water tables include nver valleys, coastal . 
areas; and some areas overlain by deposits of glacial origin {for example, loess). 

Soil permeabilities greater than 6 0 in/hr may be considered h1gh, and permeabilities less 
than 0.6 in/hr may be considered low m terms of soil-gas transport. Soils with low 
permeability may generally be considered to have a lower radon potential than more 
permeable soils with similar radJUm concentratiOns Many well-developed soils contain a 
clay-nch B honzon that may Impede vertical soil gas transport. Radon generated below this 
honzon cannot readily escape to the surface, so tt would mstead tend to move laterally, 
especially -under the mfluence of a negative pressure exerted by a building. 

Shnnk-swell potential IS an md1cator of the abundance of smectitic (swellmg) clays m a 
soil Soils with a high shnnk-swell potential may cause buildmg foundations to crack: 
creating pathways for radon entry into the structure. During dry penods, desiccation cracks in 
shrmk-swell soils provide additiOnal pathways for soil-gas transport and effectively mcrease 
the gas permeability of the soil Soil permeability data and soil profile data thus provide 
Important mformat10n for regional radon assessments 

INDOOR RADON DATA 

Two maJor sources of mdoor radon data were used The first and largest source of data IS 
from the State/EPA Residential Radon Survey (Ronca-Battista and others, 1988, DzJUban and 
others, 1990) Forty-two states completed EPA-sponsored mdoor radon surveys between 1986 
and J 992 (fig 3) The State/EPA Residential Radon Surveys were designed to be 
comprehensrve and statistically srgnificant at the state level, and were subjected to high levels 
of quality assurance and control The surveys collected screenmg mdoor radon measurements, 
defined as 2-7 day measurements usmg charcoal camster radon detectors placed m the lowest 
livable area of the home The target population for the surveys mcluded owner-occup1ed 
smgle family, detached housmg units (White and others, 1989), although attached structures 
such as duplexes, townhouses, or condommtUms were mcluded m some of the surveys 1f they 
met the other cntena and had contact with the ground surface Participants were seiected 
randomly from telephone-directory hstmgs In total, approximately 60,000 homes were tested 
m the State/EPA surveys 

The second source of mdoor radon data comes· from residential surveys that have been 
conducted m a specific state or regton of the country (e.g mdependent state surveys or utlhty 
company surveys). Several states, mcludmg Delaware, Flonda, Illmms, New Hampshire, New 
Jersey, New York, Oregon, and Utah, have conducted their own surveys of mdoor radon The 
quality and design of a state or other mdependent survey are discussed and referenced where 
the data are used 
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Figure 3. Percent of homes tested in the State/EPA Residential Radon Survey with screening indoor radon levels exceeding 4 pCi/L. 



Data for only those counties with five or more measurements are shown in the indoor 
radon maps in the state chapters, although data for all counties with a nonzero number of 
measurements are listed in the indoor radon data tables in each state chapter. In total, indoor 
radon data from more than 100,000 homes nationwide were used in the compilation of these 
assessments. Radon data from State or regional indoor radon surveys, public health 
organizations, or other sources are discussed in addition to the pnmary data sources where 
they are available. Nearly all of the data used m these evaluations represent short-term (2-7 
day) screening measurements from the lowest livable space of the homes Specifi~ details 
conceriung 1he· nature and use of indoor radon data sets ·other than the State/EPA Residential 
Radon Survey are dis~ssed _in the ind!vidual State chapters. 

RADON INDEX AND CONFIDENCE INDEX 

Many of the geologic methods used to evaluate an area for radon potential reqmre 
subjective opmwns based on the professiOnal judgment and experience of the mdividual 
geologist The evaluatiOns are nevertheless based on established scientific principles that are 
umversally applicable to any geographtc area or geologic settmg This section descnbes the 
methods and conceptual framework used by the US Geologtcal Survey to evaluate areas for 
radon potential based on the five factors dtscussed m the previous sectiOns The scheme ts 
divided into two basic parts, a Radon Index (RI), used to rank the general radon potential of 
the area, and the Confidence Index (CI), used to express the level of confidence m the 
prediction based on the quantity and quality of the data used to make the determination This 
scheme works best If the areas to be evaluated are delmeated by geologically-based 
boundanes (geologtc provmces) rather than poiittcal ones (state/county boundanes) m which 
the geology may vary across the area 

Radon Jmlex. Table 1 presents the Radon Index (RI) matnx. The five factors-mdoor 
radon data, geology, aenal radiOacttvtty, soil parameters, and house foundatton type-were 
quantitatively ranked (usmg a pomt value of I, 2, or 3) for their respective contnbutton to 
radon potential m a gtven area At Je~t some data for :he 5 factors are consistently ava:lable 
for every geologic provmce Because each of these mam factors encompass a w1de vanety of 
complex anrl vanable cornponen_ts, the geol~gists performmg the evaluatiOn rehed heavily on 
theJT professional jUdgment and expenence m assigrung pomt values to each category and m 
determmmg the overall radon potential rimkmg Background mformation on these factors ts 
dtscussed m more detail m the precedmg sections of thts mtroductwn 

Indoor radon was evaluated usmg unwetghted anthmettc means of the mdoor radon data 
for each geologtc area to be assessed Other expressiOns of mdoor radon levels m an area 
also could have been used, such as wetghted averages or annual averages, but these types of 
data were not consistently available for the enure Umted States at the ttme of this wntmg, or 
the schemes were not constdered sufficient to provide a means of consistent companson 
across all areas For this report, charcoal-camster screenmg measurement data from the 
State/EPA Residential Radon Surveys and other carefully selected sources were used, as 
descnbed in the precedmg sectiOn To mamtam consistency, other mdoor radon data sets 
(vendor, state, or other data) were not considered m sconng the mdoor radon factor of the 
Radon Index if they were not randomly sampled or could not be statistically combmed with 
the pnmary Iqdoor radon data sets However, these additional radon data sets can provide a 
means to further refine correlatiOns between geologic factors and radon potential, so they are 
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TABLE 1. RADON INDEX MATRIX. "ppm eU'1 indicates parts per million of equivalent 
uranium, as inqicated by NURE aerial radiometric data. See text discussion for details. 

INCREASING RADON POTENTIAL ...... 
J!"'" 

POINT VALUE 
FACTOR ·I 2 3 

·JNDOORRADON (average) <2pCiJL 2-4pCi/L >4pCi/L 

AERIAL RJ\DiOACTIVUY < 1.5 ppmeU 1.5 - 2.5 ppm eU >2.5 ppmeU 

GEOLOGy* negative variable positive 

SOIL PERMEABILITY low moderate high 

ARCm.TECIURE TYPE mostly slab mixed mostly basement 

*GEOLOGIC FIELD EVIDENCE (GFE) POINTS: GFE points are assigned in addition to points 
for the "Geology" factor for specific, relevant geologic field studies. See text for details. 

Geologic evidence supporting: HIGH radon 
MODERA1E 
ww 

No relevant geologic field studies 

+2 points 
+1 point 
-2 points 
0 points 

SCORING: 
Radon potential cate~ory Pointran~e 

Probable average screening 
indoor radon for area 

ww 
MODERATFJV ARIABLE 
HIGH 

3-8 points 
9-11 points 

12-17 points 

POSSffiLE RANGE OF POINTS= 3 to 17 

TABLE 2 •. CONFIDENCE INDEX MATRIX 

<2pCi/L 
2-4pCi/L 
>4pCi/L 

.. INCREASING CONFIDENCE ...... -. 
. 

FACTOR 1 

INDOOR RADON DATA sparse/no data 

AERIAL RADIOACITVITY . questionable/no data 

GEOLOGIC DATA _questionable 

SOIL PERMEABILITY questionable/no data 

SCORING: LOW CONFIDENCE 
MODERATE CONFIDENCE 
HIGH CONFIDENCE 

POINT VALUE 
2 

fair coverage/quality 

glacial cover 

variable 

variable 

4-6 po~nts 
7-9 pomts 

10 - 12 points 

POSSffiLE RANGE OF POINTS = 4 to 12 

. 

-
3 

good coverage/quality 

no glacial cover 

_proven g_eol. model 

reliable, abundant 
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mcluded as supplementary information and are d1scussed m the md1v1dual State chapters If 

the average screening mdoor radon level for an area was less than 2 pCi/L, the mdoor radon 

factor was assigned 1 pomt, if it was between 2 and 4 pCIIL, it was scored 2 pomts, and if 

the ·average screenmg indoor radon level for an area was greater than 4 pCi!L, the mdoor 

radon factor was assigned 3 Rl pomts. 

Aenal radiOactivity data used in this report are from the equivalent urantum map of the 

conterminous United States compiled from NURE aenal gamma-ray surveys (Duval and 
others, 1989) These data tndJcate the gamma radiOactiVIty from approxtmately the upper 30 

em of rock and SOli, expressed "m UnitS of ppm equtvalent uranium" An approximate average 

value ·of eU was determined v1sually for each area: and pomt values assigne~ based on 

whether the overall eU for the area falls below 1 5 ppm (1 point), between 1.5 and 2.5 ppm 
(2 pomts), or greater than 2.5 ppm (3 pomts). 

The geology factor 1s complex and actually mcorporates many geologic charactenstics In 

the matnx, "posttlve" and "negative" refer to the presence or absence and dtstnbut1on of rock 

types known to have high uramum contents and to generate elevated radon m sotls or mdoors 

Examples of "posittve" rock types mclude granites, black shales, phosphatic rocks, and other 

rock types descnbed m the precedmg "geolog1c data" sectton Examples of "negative" .rock 
types mclude marine quartz sands and some clays The term "vanable" mdicates that the 

geology wtthm the reg10n IS vanable or that the rock types m the area are known or suspected 

to generate elevated radon m some areas but not m others due to compositional differences, 

chmattc effects, locahzeddtstnbuttOn of uramum, or other factors Geolog1c mformatton 
mdtcates not only how much uramum IS present m the rocks and soils but also gtves clues for 

predtctmg general radon emanatiOn and mobthty charactenstiCS through add1t10nal factors 
such as structure (notably the presence of faults or shears) and geochemtcal charactensttcs 

(for example, a phosphate-ncb sandstone wtll hkely contam more uramum than a sandstone 
contammg httle or no phosphate because the phosphate forms chemical complexes wtth 

uramum) "Negative", "vanable". and "pos1t1ve" geology were assigned I, 2. and 3 pomts, 

r~spectJvely 

In cases where additiOnal remfor<;mg or contradictory ,geologic evidence Is available, 
Geologtc Field Evidence (GFE) pomts were added to or subtracted from an area's score 

(Table I) Relevant geologic field studies are Important to enhancmg our understandmg of 
how geologic processes affect radon distnbuttOn In some cases, geologic models and 

supportmg field data remforced an already strong (htgh or low) score, m others, they provided 
Important contradictory data GFE pomts were apphed for geologically-sound evidence that 

supports the prediction (but which may contradict one or more factors) on the basts of known 

geologic field studtes m the area or In areas wtth geologic and climatic settmgs Similar 

enough that they could be apphed with full confidence For example, areas of the Dakotas, 

Mmnesota, and Iowa that are covered with W1sconsm-age glacial depostts exhtbit a low aenal 

rad10metnc signature and score only one RI pomt m that category However, data from 

geologic field studtes m North Dakota and Mmnesota (Schumann and others, 1991) suggest 

that eU ts a poor predtctor of geologic radon potential in this area because rad10nucltdes have 
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been leache~ from the upper soil layers but are present and possibly even concentrated in 
deeper soil horizons, generating significant soil-gas radon. This positive supporti~g field 
evidence adds two GFE points to the score, which helps to counteract the invalid conclusion 
suggested by the radiometric data. No GFE points are awarded If there are no documented 

field studies for the area. 
"Soil permea~ility" ref~rs t~ several soil charactenstlcs that influence radon concentration 

and .mobility, including soil type, grain size, structure, soil moisture, .dramage, slope, and 
·. permea~ilit}r.' In the ·~~trix, ,;low". ref~rs to penneabiltttes less than about 0.6 in/hr;· "htgh" 

· · cbrresponds to· greater than about 6.0 in/hr, m U.S. Soil Conservation Service (SCS) standard 
soil percolation tests: The SCS data are for water permeability, which generally correlates 
well with the gas permeability of the soil except when the soil moisture content is· very high. 
Areas with consistently high water tables were thus considered to have low gas permeability. 
"Low, "moderate", and "high" permeability were ass1gned 1, 2, and 3 points, respectively 

Architecture type refers to whether homes in the area have mostly basements (3 points), 
mostly slab-on-grade construction (1 pomt), or a mixture of the two. Spht-level and crawl 
space homes fall into the "mixed" category (2 pomts). Architecture mformat10n is necessary 
\0 properly interpret the indoor radon data and produce geolog1c radon potential categones 
that are consistent' with screening indoor radon data 

The overall RI for an area is calculated by adding the ind1v1dual RI scores for the 5 
factors, plus or minus GFE points, if any The total RI for an area falls m one of three 
categories-low, moderate or variable, or htgh. The point ranges for the three categones were 
determined by examining the possible combmat10ns of points for the 5 factors and settmg 
rules such that a majonty (3 of 5 factors) would determme the final score for the low and 
h1gh categories, with allowances for posstble devtatton from an tdeal score by the other two 
factors The moderate/variable category ltes between these two ranges A total dev1at10n of 3 
pomts from the "ideal" score was constdered reasonable to allow for natural vanabtltty of 

, facto~s-if.two of the five factors are allowed to vary from the "tdeal" for a category, they 
. can differ by a minimum of 2 (1 pomt dtfferent eaeh) and a max1mum of 4 pomts (2 pomts 
d1ffe~en~ e~ch) .. ·.·~ith "i-deal"' scores ~( 5, I 0, and 15 pomts descnbmg low, moderate, and 
htgh geologic radon potenttal, respecttvely, an 1deal low score of 5 pomts plus 3 pomts for 
possible vanabihty aliows a max1mum of 8 pomts m the low category Stmtlarly, an tdeal 
htgh score of 15 points minus 3 pomts gtves a mtmmum of 12 pomts for the htgh category 
Note, however, that if both other factors d1ffer by two pomts from the "1deal", md1catmg 
constderable variability in the system, the total pomt score would he m the adJacent (1 e., 
moderate/variable) category 

Confidence Index. Except for architecture type, the same factors were used to est;1bhsh a 
Confidence Index (CI) for the radon potential pred1ct10n for each area (Table 2) Architecture 
type was not included in the confidence mdex because house constructiOn data are readily and 
reliably available through surveys taken by agenctes and mdustry groups mcludmg the 
National Association of Home Builders, U.S. Department of Housmg and Urban 
Development, and the Federal Housmg Admimstrat10n; thus 1t was not constdered necessary 
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to question the quahty or validity. of these data. The other factors were scored on the bas1s of 
the quality and quantity of the data used to complete the RI matrix 

Indoor radon data were evaluated based on the distribution and number of data pomts and 
on whether the data were collected by random sampling (State/EPA Residential Radon Survey 

or other state survey data) or volunteered vendor data (hkely to be nonrandom and biased 
toward population centers and/or high mdoor radon levels). The categones hsted m the CI 

matrix for indoor radon data ("sparse or no data", "fair coverage or quahty", and "good 

coverage/quahty") indicate the samplmg ~ens1ty and statistical robustness of an mdoor radon 
data set. Data from the State/EPA Residential Radon Survey and statistically vahd state 
surveys were ·typically assigned 3 Confidence Index points unless the data were poorly 

distnbuted or absent m the area evaluated. 
Aenal radwactJvJty data are available for all but a few areas of the contmental Umted 

States and for part of Alaska An evaluation of the qualtty of the radiOactivity data was based 
on whether there appeared to be a good correlation between the radioactivity and the actual 

amount of uramum or radiUm available to generate mobile radon m the rocks and sods of the 
area evaluated In general, the greatest problems with correlatiOns among eU, geology, and 

soil-gas or mdoor radon levels were associated with glacial deposits (see the discussion m a 
previOus sectiOn) and typically were assigned a 2-pomt Confidence Index score Correlations 

among eU, geology, and radon were generally sound in unglaciated areas and were usually 
assigned 3 CI pomts Agam, however, radwactJvJty data m some unglaciated areas may have 
been ass1gned fewer than 3 pomts, and m glaciated areas may be ass1gned only one pomt, if 
the data were considered questionable or If coverage was poor 

To assign Confidence Index scores for the geologic data factor. rock types and geologic 
settmgs for wh1ch a physical-chemJcal, process-based understandmg of radon generation and 
mobility exists were regarded as havmg "proven geologic models" (3 pomts), a h1gh 
confidence could be held for predictiOns m such areas Rocks for which the processes are 

less well known or for whtch data are contradictory were regarded as "vanable" (2 pomts), 
and th?se about wh1ch little IS known or for wh1ch no apparent correlations have been found 
were deemed "questionable" (I po10t) 

The soli permeability factor was also scored based on quality and amount of data The 
three categones for sod permeabrl1~ 10 the Conftdence Index are s1mllar 10 concept, and 
scored Similarly, to those for the geologtc data factor Sod permeability can be roughly 
estimated from gram s1ze and dramage class tf data from standard, accepted sod percolation 
tests are unavailable, however, the rehabd1~ of the data would be lower than 1f percolation 

test f1gures or other measured permeability data are available, because an estimate of th1s type 
does not encompass all the factors that affect sod permeability and thus may be maccurate m 

some mstances Most published sod permeabihty data are for water, although th1s Is 
generally closely related to the a1r permeability of the sod, there are some mstances when 1t 

may provide an mcorrect estimate Examples of areas m wh1ch water permeabdtty data may 
not accurately reflect a1r permeability mclude areas with consistently h1gh levels of sod 

moisture, or· clay-nch soils, wh1ch would have a low water permeability but may have a 
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sign~ficantly higher air permea~ility when diy due to shrinkage cracks in the soil. These 
additional factors were applied to the soil permeability factor when assigning the RI score, but 
may have less certainty in some cases and thus would be assigned a lower CI sc~re. 

'The Radon Index and Confidence Index give a general indication of the relative 
contributions of the interrelated geologic factors influencing radon generation and transport in 
rocks and soils, and thus, of the potential for elevated indoor radon levels to occur in a 
·particular area. However, because these reports are somewhat generalized to cover relatively 

· large areas of States, it. is highly recommended that more detailed studies be performed m 
· ·. lO'cal ·are.~ of intei~st, ·using the methods and general information in these booklets 'as a g'uide 
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APPENDIX A 
GEOLOGIC TIME SCALE 

Subdivisions (and their symbols) -----
Period, Sys:em. L Epoch or Series Subperiod. Subsystem 

Quaternary 
2 l Holocene 

'(Q) Pleistocene 
Neogene 2 Pliocene Suoperood or 

. Te-rttary _ Subsysten lN) Miocene 

Paleogene 2 Oligocene 
m Subperood or Eocene 

Subsystem !Pal 
Paleocene 

I Late I Cretaceous Upper 

!Kl Early I Lower 

Late Ut~per 
Jurassic Mtddle Middle (J) 

Early Lower 
.Late Upper 

Triassic Middle Middle 
(1i) 

Early Lower 

Permian Late Upper 
!PI Early Lower 

Late Upper 
Pennsylvantan 

Carboniferous !PI 
Middle Middle 
Early SyS1ems Lowet 

!Cl Mississtpputn Late Upper 

CMl Early Lower 

Late Uooer 
Devonian 

Middle Middle 
Paleozoic

2 (0) 

!Pzl 
Early Lower 
Late Upper 

Silurian Mtddle Mtddle 
!Sl 

Early Lower 
Late Upper 

Ordovician Mtddle Mtddle 
-!Ql 

Ear!Y_ Lower 

Late Upper 
Cambnan Mtddle I Middle 

t<:l 
Early I Lower ..... 

,..C1etcro< CZ1 None defined 

,.ro::::~!~ m None defined 
forty None defined 

"'""'•"CIOtC IX1 
L.oiO None defined AfVIel" fWI 

MtO,te None defined Archei" M 

.,J:~(Ul None defined 

pr .. Atcl'l .. ., le>AI • 

Age esttmates 
of boundane<s 

in mega-annum 
!MaJ 1 

I 
0.010 

I 
1 

1.6 {1.6-1.91 

t 
5 (4.9-5.3) 

24 123-26! 
38 (34-38) 

55 (54-56) 

I 
66 {63-66) 

I 96 195-97) 

I 138 (135-141) 

I 
205 1200-2151 

-240 -

290 1290-3051 

-330 

360 (360-365) 

.410 (.405-415) 

435 (435-440) 
. 

509 (495-510) 

-570 3 

900 
1600 
2500 
3000 
3400 
38007 

,Ranon ren.ct uncenaonttes of isotopoc and b~tographoc age assognments. Age boundanes not cloHiy bracketed by extSttng 
data shown by .. Decay constants an<liSOtopoc rauos employed are cited 111 Steoger l11d Jlger (1577). O.sognattOn m.y. used for an 
Interval of ttrne. 

2 Modlf,.rs (lower, middle, upper or early, moddll, late) when used wM lhlse Items are informal dMSions of the larger unit; the 
first liner of Ull modtf .. r iJ lowercase. 

~Rocks older than 570 Ma also called Prec:arnbrlan ~. a ttme term WithOut specific rank. 
4 lnformal ttrne term wllhoul apecrf.c rank. 
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Jn~ts of measme 

APPENDIX B 
GLOSSARY OF TERMS 

pCi/L (picocuries per liter)- a unit of measure of radioactivity used to describe radon 
concentrations in a volume of air. One picocurie (10·12 curies) is equal to about 2.2 disintegrations 
of radon atoms per minute. A liter is about 1.06 quarts. The average conce_ntratio~ of radon in 
U.S. homes measured to date is between 1 and 2 pCi/L. · · 

Bq!m3 (Becquerels per cubic meter) ... a metric unit of radioactivity used to describe radon 
concentrations in a volume of air. One becquerel is equal to one radioactive disintegration per 
second. One pCi/L is equal to 37 Bq!m3. 

ppm (parts per million)- a unit of measure of concentration by weight of an element in a 
substance, in this case, soil or rock. One ppm of uranium contained in a ton of rock corresponds 
to about 0.03 ounces of uranium. The average concentration of uranium in soils in the United 
States is between 1 and 2 ppm. 

in/hr (inches per hour)- a unit of measure used by soil scientists and engineers to describe the 
permeability of a soil to water flowing through it It is measured by digging a hole 1 foot (12 
inches) square and one foot deep, tilling it with water, and measuring the time it takes for the water 
to drain from the hole. The drop in height of the water level in the hole, measured in inches, is 
then divided by the time (in hours) to determine the permeability. Soils range in permeability from 
less than 0.06 in/hr to greater than 20 in/hr, but most soils in the United States have permeabilities 
between these two extremes. 

Geologic terms and tenns related to the study of radon 

aerial radiometric, aeroradiometric survey A survey of radioactivity, usually gamma rays, 
taken by an aircraft carrying a gamma-ray spectrometer pointed at the ground surface. 

alluvial fan A low, widespread mass of loose rock and soil material, shaped like an open fan 
and deposited by a stream at the point where it flows from a narrow mountain.valley out onto a 
plain or broader valley. May also form at the junction with larger streams or when the gradient of 
the stream abruptly decreases .. 

alluvium, alluvial General terms referring to unconsolidated detrital material deposited by a 
stream or other body of running water. 

alpha-track detector A passive radon measurement device consisting of a plastic film that is 
sensitive to alpha particles. The film is etched with acid in a laboratory after it is exposed. The 
etching reveals scratches, or "tracks", left by the alpha particles resulting from radon decay , which 
can then be counted to calculate the radon concentration. Useful for long-term (1-12 months) 
radon tests. 

amphibolite A mafic metamorphic rock consisting mainly of pyroxenes and(or) amphibole and 
plagioclase. • 
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argillite, argillaceous Terms referring to a rock derived from clay or shale, or any sedimentary 
rock containing an appreciable amount of clay-size material, i.e., argillaceous sandstone. 

arid Term describing a climate characterized by dryness, or an evaporation rate that exceeds the 
amount of precipitation. 

basalt A general tenn for a dark-colored mafic igneous rocks that may be of extrusive origin, 
such as volcanic· basalt flows, or intrusive origin, such as basalt dikes. 

. . batholith A mass of piutonic igneous rock that h~ more than 40 .square miles of sinface 
' expQsure and 'no known bottom: · · . .. . . . 

carbonate A sedimentary rock consisting of the carbonate (C03) compounds of calcium, 
magnesium, or iron, e.g. limestone and dolomite. 

carbonaceous Said of a rock or sediment that is rich in carbon, is coaly, or contains organic 
matter. 

charcoal canister A passive radon measurement device consisting of a small container of 
granulated activated charcoal that is designed to adsorb radon. Useful for short duration (2-7 days) 
measurements on)y. May be referred to as a "screening" test . 

chert A hard, extremely dense sedimentary rock consisting dominantly of interlocking crystals of 
quartz. Crystals are not visible to the naked eye, giving the rock a milky, dull luster. It may be 
white or gray but is commonly colored red, black, yellow, blue, pink, brown, or green. 

clastic pertaining to a rock or sediment composed of fragments that are derived from preexisting 
rocks or minerals. The most common clastic sedimentary rocks are sandstone and shale. 

clay A rock containing clay mineral fragments or material of any composition having a diameter 
less than 1/256 mm. 

clay mineral On~ of a complex and loosely defined group of fine-ly crystalline minerals made up 
of water, silicate and aluminum (and a wide variety of other elements). They are formed chiefly by 
alteration or weathering of primary silicate minerals. Cenain clay minerals are noted for their small 
'Size an~ ability. to absorb substantial amounts of water, causing them to swell. The change in size 
that occurs .'as thes~ clays change between dry and wet is referred to as their "shrink-swell" 
potential. · 

·concretion A hard, compact mass of mineral matter, normally subspherical but commonly 
irregular in shape; formed by precipitation from a water solution about a nucleus or center, such as 
a leaf, shell, bone, or fossil, within a sedimentary or fractured rock. 

conglomerate A coarse-grained, clastic sedimentary rock composed of rock and mineral 
fragments larger than 2 mm, set in a finer-grained matrix of clastic material. 

cuesta A hill or ridge with a gentle slope on one side and a steep slope on the other. The 
formation of a cuesta is controlled by the different weathering properties and the structural dip of 
the rocks fonning the hill or ridge. 

daughter product A nuclide formed by the disintegration of a radioactive precursor or "parent" 
atom. 
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delta, deltaic Referring to a low, flat, alluvial tract of land having a triangular or fan shape, 
located at or near the mouth of a river. It results from the accumulation of sediment deposited by a 
river at the point at which the river loses its ability to transport the sediment, commonly where a 
river meets a larger body of water such as a lake or ocean. 

dike A tabular igneous intrusion of rock, younger than the surrounding rock, that commonly cuts 
across the bedding or foliation of the rock it intrudes . 

. diorite A plutonic igneous rock that is medium in color and contains visible dark minerals that 
make up less.than ~0% of ~e rock. It also contains abundant sodium plagioclase and minor · 
qu~ .. 

dolomite A carbonate sedimentary rock of which more than 50% consists of the mineral dolomite 
(CaMg(C03)z), and is commonly white, gray, brown, yellow, or pinkish in color. 

drainage The manner in which the waters of an area pass, flow off of, or flow into the soil. 
Also refers to the water features of an area, such as lakes and rivers, that drain it. 

eolian Pertaining to sediments deposited by the wind. 

esker A long, narrow, steep-sided ridge composed of irregular beds of sand and gravel deposited 
by streams beneath a glacier and left behind when the ice melted. 

evapotranspiration Loss of water from a land area by evaporation from the soil and 
transpiration from plants. 

extrusive Said of igneous rocks that have been erupted onto the surface of the Earth. 

fault A fracture or zon~ of fractures in rock or sediment along which there has been movement. 

fluvial, fluvial deposit Pertaining to sediment that has been deposited by a river or stream. 

foliation A linear feature in a reck defined by both mineralogic and structural characteristics. It 
may be f<?rrned during deformation or metamorphism. 

formation A mappable body of rock having similar characteristics. 

glacial deposit Any sediment transported ~nd deposited by a glacier or processes associated 
with glaciers, such as glaciofluvial sediments deposited by streams flowing from melting glaciers. 

gneiss A rock formed by metamorphism in which bands and lenses of minerals of similar 
composition alternate with bands and lenses of different composition, giving the rock a striped or 
"foliated" appearance. 

granite Broadly applied, any coarsely crystalline, quartz- and feldspar-bearing igneous plutonic 
rock. Technically, granites have between 10 and 50% quartz, and alkali feldspar comprises at least 
65% of the total feldspar. 

gravel An unconsolidated, natural accumulation of rock fragments consisting predominantly of 
panicles greater than 2 mm in size. 

heavy minerals Mineral grains in sediment or sedimentary rock having higher than average 
specific gravity. May form layers and lenses because of wind or water sorting by weight and size 
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and may be referred to as a "placer deposit." Some heavy minerals are magnetite, garnet, zircon, 
monazite, and xenotime. 

igneous Said of a rock or niineral that solidified from molten or partly molten rock material. It is 
one of the three main classes into which rocks are divided, the others being sedimentary and 
metamoxphic. 

intermontane A term that refe~ to an area between two mountains or mo~tain ranges. 

. i~trusion* intrusive ··The ~rocesses of .emplacement or inj~tion of molten reck into pre-existing 
rQC~• Also refC?rs to the rock form¢ by intrusive processes, such as an "intrusive igneous rock ... . ' . . , 

kame A low mound,. knob, hummock, or short irregular ridge formed by a glacial stream at the 
margin of a melting glacier; composed of bedded sand and gravel. 

karst terrain A type of topography that is formed on limestone, gypsum and other rocks by 
dissolution of the rock by water, forming sinkholes and caves. 

lignite A brownish-black coal that is intermediate in coalification between peat and 
subbituminous coal. 

limestone A carbonate sedimentary rock consisting of more than 50% calcium carbonate, 
primarily in the form of the mineral calcite (CaC03). 

lithology The description of rocks in hand specimen and in outcrop on the basis of color, 
composition, and grain size. 

loam A permeable soil composed of a mixture of relatively equal parts clay, silt, and sand, and 
usually containing some organic matter. 

loess A fme-grained eolian deposit composed of silt-sized particles generally thought to have 
been deposited from windblown dust of Pleistocene age. 

mafic Term describing an igneous rock containing more than 50% dark-colored minerals. 

. mari.~~. "fe~ ~~~bing ~m~nts deposited in the ocean, or. precipitated from ocean waters . 

metamorphic Any rociC derived from pre-existing rocks by mineralogical, chemical, or structural 
changes in response to changes in temperature, pressure, stress, and the chemical environment. 
Phyllite, schist, amphibolite, and gneiss are metamorphic rocks. 

moraine A mound, ridge, or other distinct accumulation of unsorted, unbedded glacial material, 
predominantly till, deposited by the action of glacial ice. 

outcrop That part of a geologic formation or structure that appears at the surface of the Earth, as 
in "rock outcrop". 

percolation test A term used in engineering for a test to determine the water permeability of a 
soil. A hole is dug and filled with water and the rate of water level decline is measured. 

permeability The capacity of a rock, sediment, or soil to transmit liquid or gas. 

phosphate, phosphatic, phosphorite Any rock or sediment containing a significant am<;mnt 
of phosphate minerals, Le., minerals containing P04. 
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physiographic province A region in which all parts are similar in geologic structure and 
climate, which has had a uniform geomorphic history, and whose topography or landforms differ 
significantly from adjacent regions. 

placer deposit See heavy minerals 

residual Formed by weathering of a material in place. 

residuum Deposit of residual material. 
. . -

rhyolite An extrusive igneous rock of volcanic origin, compositionally equivalent to granite. 

sandstone A clastic sedimentary rock composed of sand-sized rock and mineral material that is 
more or less fmnly cemented. Sand particles range from 1/16 to 2 mm in size. 

schist A strongly foliated crystalline rock, formed by metamorphism, that can be readily split into 
thin flakes or slabs. Contains mica; minerals are typically aligned. 

screening level Result of an indoor radon test taken with a charcoal canister or similar device, 
for a short period of time, usually less than seven days. May indicate the potential for an indoor 
radon problem but does not indicate annual exposure to radon. 

sediment Deposits of rock and mineral particles or fragments originating from material that is 
transported by air, water or ice, or that accumulate by natural chemical precipitation or secretion of 
organisms. 

semiarid Refers to a climate that has slightly more precipitation than an arid climate. 

shale A fine-grained sedimentary rock formed from solidification (lithification) of clay or mud. 

shear zone Refers to a roughly linear zone of rock that has been faulted by ductile or non-ductile 
processes in which the rock is sheared and both sides are displaced relative to one another. 

shrink-swell clay See clay mineral. 

siltstone A fme-grained clastic sedimentary rock composed of silt-sized rock ~d mineral 
material a~d more or less firmly cemented. Silt particles range from 1/16 to 1/256 mm in size. 

sinkhole A roughly circular depression in a karst area measuring meters to tens of meters in 
diameter. It is funnel shaped and is formed by collapse of the surface material into an underlying 
void created by the dissolution of carbonate rock. 

slope An inclined part of the earth's surface. 

solution cavity A hole, channel or cave-like cavity formed by dissolution of rock. 

stratigraphy The study of rock strata; also refers to the succession of rocks of a particular area. 

surficial materials Unconsolidated glacial, wind-, or waterborne deposits occurring on the 
earth's surface. 

tablelands General term for a broad, elevated region with a nearly level surface of considerable 
extent. 
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terrace gravel Gravel-sized material that caps ridges and terraces, left behind by a stream as it 
cuts down to a lower leveL 

terrain A tract or region of the Earth's surface considered as a physical feature or an ecological 
environment 

till Unsorted, genernuy unconsplidated and unbedded rock and mineral material deposited directly 
adjacent to and underneath a glaGier, without reworking by meltwater. Size of grains varies greatly 
from clay to boulders. . 

· . ~rarii~ero~~ Con~g uraniu~. usually more than i ppm. . . ~ . . . 
vendor data Used in this report to refer to indoor radon data collected and measured by 
commercial vendors of radon measurement devices and/or services. 

volcanic Pertaining to the activities, structures, and extrusive rock types of a volcano. 

water table The surface forming·the boundary between the zone of saturation and the zone of 
aeration; ,the 'top surface of a body of unconfined groundwater in rock or soil. 

weathering The destructive process by which earth and rock materials, on exposure to 
atmospheric elements, are changed in color, texture, composition, firmness, or form with little or 
i10 transport of the material. 
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EPA Regjopal Offices 

EPA Region 1 
JFK Federal Building 
Boston, MA 02203 
(617) 565-4502 

EPARegion2 
(2AIR:RAD) 
26 Federal Plaza 
New York, NY 10278 
(212) 264-4110 

Region 3 (3AH14) 
841 Chestnut Street 
Philadelphia, PA 19107 
(215) 597-8326 

EPARegion4 
345 Courtland Street, N.E. 
Atlanta, GA 30365 
(404) 347-3907 

EPA Region 5 (5AR26) 
77 West Jackson Blvd. 
Chicago, IL 60604-3507 
(312) 886-6175 

EPA Region 6 (6T-AS) 
1445 Ross Avenue 
Dallas. TX 75202-2733 
(214) 655-7224 

EPA Regton 7 
726 Mmnesota Avenue 
Kansas Ctty, KS 66101 
(913) 551-7604 

)3P A Reg10n 8 
(8HWM-RP) 

999 18th Street 
One Denver Place, Sutte 1300 
Denver. CO 80202-2413 
{303) 293-1713 

EPA RegiOn 9 (A-3) 
75 Hawthorne Street 
San Francisco, CA 94105 
(415) 744-1048 

EPA Regton 10 
1200 Stxth Avenue 
Seattle, W A 98101 
(202) 442-7660 

APPENDIX C 
EPA REGIONAL OFFICES 

State EPA Regjop 

Alabama ..•..••.•..•••.•.••••••...•.•.••..••..••. 4 
Alaska ..•••.....••....•••..•....•..........•.•. tO 
Arizona ......•......•..••..••••.............. , .•. 9 
Arkansas ......•.....•..............•....... , .... 6 
C.alifornia .••......•.•.••.• : ...............•.•.•. 9 
Colorado .... -.~ •..•.•..•...........•.......... :.8 
Connecticut .••..•...•.••.•.•....•.•.•..•..•.... 1 
Delaware •..... .' •.•.........••••••.•.........•... 3 
Distnct of Columbia .•.•..••.••.•.•.•. :: .••••• 3 
Florida ...•..•...•......•....••....•......••.•..•• 4 
Georgia ....•••.•••••.•.•••.•.••..•......••..••••. 4 
Hawaii ..•..•....•..••.•••.••..••.....•...•..•.•.. 9 
Idaho ..............................•........•.•• 10 
Ilhnots .......•........•.......•......•....•..•.. 5 
Indiana ........•.......•.......•..•..•.••...••... 5 
Iowa ........•...•...•.....................•••..... 7 
Kansas ....••....•...•....•.......•......••....••• 7 
Kentucky ....••.•••..••................•......... 4 
Loutsiana ....•..•..•..•....•.................... 6 
Maine .........•...••.....•.••..............•..... 1 
Maryland ...................... , .........•....... 3 
Massachusetts ..........•.••....•.........•.... 1 
M1ch1gan ....••..•...•••.•..•••..•..•...•.••..•• 5 
Minnesota ...........•.......................... 5 
MISSISSlppl .................................... 4 
Mtssoun ........................................ 7 
Montana ...............................•........ 8 
Nebraska ........................................ ? 
Nevada .................................•.••...... 9 
New Hampshire .............•.................. I 
New Jersey ...................................... 2 
New Mexico ................................... 6 
NewYork ...................................... 2 
North Carolina ............................ .4 
North Dak:ota ................................... 8 
Ohto ........................................... 5 
Oklahoma ..................................... 6 
Oregon.... . ............•................. 10 
Pennsylvania .................................. 3 
Rhode Island . . . . . . .......................... 1 
South Carolina .............................. 4 
South Dakota ................................. 8 
Tennessee ....................................... 4 
Texas ............................................ 6 
Utah .............................................. 8 
Vermont ...................................... 1 
Vugtma ........................................ 3 
Washmgton .................................. lO 
West Vugtma .................................. 3 
Wtsconstn ..................................... 5 
Wyoming ................................... & 
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STATE RADON CONTACTS 
May, 1993 

Alabama James McNees 
Division ofRadiat='Jn Control 
Alabama Deparunent of Public Health 
State Office Building 
Montgomery, AL 36130 

• (205) 242-5315 
1-.800-582-1866 in state ,., ,. .. ... . .. 
Charles Tedford 

' Deparirnent of Health and Social 
Services 

P.O. Box 110613 
Juneau, AK. 99811-0613 
(907) 465-3019 
1-800-478-4845 in state 

Arizona John Stewart 
Arizona Radiation Regulatory Agency 
4814 South 40th Sl 
Phoenix, AZ 85040 
(602) 255-4845 

ArJ.:ansas Lee Gershner 
Division of Radiation Control 
Department of Health 
4815 Markham Street. Slot 30 
Little Rock, AR 72205-3867 
(501) 661-2301 

S:alifomia J. David Quinton 
Department of Health Services 

: 71.4 P Street •. Room 600 
. Sacramento: CA 94234-7320 

• '(916) 324-2208 
1-800-745-7236 in stale 

Colorndo Linda Martin 
Department of Health 
4210 East 11th Avenue 
Denver, CO 80220 
{303) 692-3057 
1-800-846-3986 in stale 

Connecticut Alan J. Siniscalchi 
Radon - -ogram 
Connecticut Deparunent of Health 

Services 
150 Washington Street 
Hartford, cr 06106-4474 
(203).56Q.-3122 

DelaWare Marai G. Rejai 
- -Qffice ofRadi=:ltion Control 

Division of Public Health 
P.O.Box637 
Dover, DE 19903 
(302) 736-3028 
1-800-554-4636 In State 

~ Robert Davis 
of Columbia DC Department of Consumer and 

Regulatory Affairs 
614 H Street NW 
Room 1014 
Washington, DC 20001 
(202) 727-71068 

E1m:Wa N. Michael Gilley 
Office of Radiation Control 
Department of Health and 

Rehabilitative Services 
1317 Winewood Boulevard 
Tallahassee, FL 32399-0700 
(904) 488-1525 
1-800-543-8279 in stale 

Georgia Richard Schreiber 
Georgta Department of Human 

Resources . 
878 Peachtree Sl,,Room 100 ' 
Atlanti GA 30309 
(404) 894-6644 
1-800-745-0037 in state 

~ Russell Takata 
Environmental Health Services 

Division 
591 Ala Moana Boulevard 
Honolulu. m 96813-2498 
(808) 586-4700 
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PatMcGavam Louisiana Matt Schlenker 
Office of Environmental Health Louisiana Deparunent of 
450 West State Street Environmental Quality 
Boise, ID 83720 P.O. Box 82135 
(208) 334-6584 Baton Rouge, LA 70884-2135 
1-800-445-8647 in state (504) 925-7042 

1-800-256-2494 in state 

~ Richard Allen ~ Bob Stilwell 
Illinois Department of Nuclear Safety Division of Health Engineering 
1301 Outer P3rk Drive· Deparunent of Human Services 

p' Springfield, 1L 62704 State House, Station 10 
(217) 524-5614 Augusta, ME 04333 
1-800-325-1245 in state (207) 289-5676 

1-800-232-0842 in state 

!llilim!a Lornnd Magyar Maryland Leon J. Rachuba 
Radiological Health Section Radiological Health Program 
Indiana State Deparunent of Health Maiyland Department of the 
1330 West Michigan Street Environment 
P.O. Box 1964 2500 Broening Highway 
Indianapolis, IN 46206 Baltimore, MD 21224 
(317) 633-8563 (410) 631-3301 
1-800-272-9723 In State 1-800-872-3666 In State 

~ Donald A. Flater Mas~hu~ns William J. Bell 
Bureau of Radiological Health Radiation Control Program 
Iowa Deparunent of Public Health Deparunent of Public Health 
Lucas State Office Building 23 Service Center 
Des Moines, IA 50319-0075 Northampton, MA 01060 
(515) 281-3478 (413) 586-7525 
1-800-383-5992 In State 1-800-445-1255 in state 

Harold Spiker Mi~bi2an Sue Hendershott 
RadJation Control Program Division of Radiological Health . 
Kansas Department of Health and Bureau of Environmental and 

Environment Occupational Health 
109 SW 9th Street 3423 North Logan Street 
6th Floor Mills Buildmg P.O. Box 30195 

. Topeka, KS 66612 Lansing, MI 48909 
(913) 296-1561 (517) 335-8194 

Kentucky Jeana Phelps Minn~Qla Laura Oatmann 
Radiation Control Branch Indoor Air Quality Unit 
Department of Health Servtces 925 Delaware Street. SE 
Cabinet for Human Resources P.O. Box 59040 
275 East Main Street Minneapolis, MN 55459-0040 
Frankfort, KY 40601 (612) 627-5480 
(502) 564-3700 1-800-798-9050 in state 
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Missi~i~Di Silas Anderson N~lerse:f Tonalee Carlson Key 
Division of Radiological Health Division of Environmental Quality 
Department of Health DepmunentofEnvirorunental 
3150 Lawson Street Protection 
P.O. Box 1700 CN415 
Jackson, MS 39215·1700 Trenton, NJ 08625-0145 
(601) 354-6657 (609) 987-6369 

· 1:800-626-7739 in state 1-800-648.0394 in state 

MiSSQJJD . Keqneth V. Miller ·M~Mexico William M Floyd 
.. Bureau of Radiological Health Radiation Licensing and Registration . 

. Missouri ~partment of Health Section 
1730 :gast Elm · New Mexico EnvirOnmental 
P.O. Box 570 Improvement Division 
Jefferson City, MO 65102 1190 SL Francis Drive ---· 
(314) 751-6083 Santa Fe, NM 87503 
1·800-669-7236 In State (505) 827-4300 

Montana Adrian C. Howe N~York William J. Condon 
Occupational Health Bureau Bureau of Environmental Radiation 
Montana Department of Health and Protection 

Environmental Sciences New York State Health Department 
Cogswell Building A113 Two University Place 
Helena, MT 59620 Albany, NY 12202 
(406) 444-3671 (518) 458-6495 

1-800-458-1158 in state 

Neb~ Joseph Milone NQ!lh Carolina Dr. Felix Fong 
Division of Radiological Health Radiation Protection Division 
Nebraska Department of Health Department of Environmental Health 
301 Centennial Mall, South and Natural Resources 
P.O. Box 95007 701 Barbour Drive 
Lincoln, NE 68509 Raleigh, NC 27603-2008 
(402) 471-2168 (919) 571-4141 
1-800-334-9491 In State 1-800-662-7301 (recorded info x4196) 

~ Stan Marshall ~Qrth ~akota Arlen Jacobson 
Department of Human Resources North Dakota Department of Health 
505 East King S~et 1200 Missouri Avenue, Room 304 
.Room 203 . P.O. Box 5520 
Qu'son Chy, NV 89710 Bismarck. ND 58502-5520 
(702) 687-5394 (701) 221-5188 

~Hampshire ·David Chase QbiQ Marcie Matthews 
Bureau ofRadiolog1cal Health Radiological Health Program 
Division of Public Health Serv1ces Department of Health 
Health and Welfare Building 1224 Kinnear Road - Smte 120 
Six Hazen Drive Columbus, OH 43212 
Concord, NH 03301 (614) 644-2727 
(603) 271-4674 1-800-523-4439 in state 
1-800-852-3345 x4674 
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Qklahoma Gene Smith SQulb Da.k.Qta MikePochop 
. Radiation Protection Division Division of Environment Regulation 

Oklahoma State Department of Department of Water and Naturnl 
Health ResoUICeS 

P.O. Box 53551 Joe Foss Building, Room 217 
Oklahoma City, OK 73152 523 E. Capitol 
(405) 271-5221 Pierre, SD 57501-3181 

(605) 773-3351 

QmgQn George Toombs I~nnessee Susie Shimek 
Department of Human Resources Division of Air Pollution Control 
Health Division Bureau of the Environment 
1400 SW 5th Avenue Department of Environment and 
Portland, OR 97201 Conservation 
(503) 731-4014 Customs House, 701 Broadway 

Nashville, 1N 37219-5403 
(615) 532-0733 
1-800-232-1139 in state 

~nns:Lh:ania Michael Pyles ~ Gary Smith 
Pennsylvania Department of Bureau of Radiation Control 

Environmental Resources Texas Department of Health 
Bureau of Radiation Protection 1100 West 49th Street 
P.O. Box 2063 Austin, TX 78756-3189 
Harrisburg, PA 17120 (512) 834-6688 
(717) 783-3594 
1-800-23-RADON In State 

Pu~IlQ Ri&;Q David Saldana llm!! John Hultquist 
Radiologtcal Health Division Bureau of Radiation Control 
G.P.O. Call Box 70184 Utah State Department of Health 
Rio Piedras, Puerto Rico 00936 288 North, 1460 West 
(809) 767-3563 P.O. Box 16690 

Salt Lake City, UT 84116-0690 
(801) 536-4250 

~Island Edmund Arcand Y~ImQI!l Paul Clemons 
Division of Occupanonal Health and Occupational and Radiological Health 

Radiation Division 
Department of Health Vermont Department of Health 
205 Cannon Buildmg 10 Baldwin Street 
Davis Street Montpelier, VT 05602 · 
Provtdence, RI 02908 (802) 828-2886 
(401) 277-2438 1-800-640-0601 in state 

SQ!.Uh CarQlina v u:2in I slangs Contact the U.S. Environmental 
Bureau ofR.adJological Health Protecnon Agency' Region n 
Department of Health and in New York 

Environmental Control (212) 264-4110 
2600 Bull Street 
Columbia. SC 29201 
(803) 734-4631 
1-800-768-0362 
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Yirginia Shelly Ottenbrite 
Bureau of Radiological Health 
Department of Health 
109 Governor Street 
Richmond, VA 23219 
(804) 786-5932 
1-800-468-0138 in state . . 

Wasbim:ton Kate Coleman 
· Dep,artm~nt ofH~th 

• • , Offite' of Radiation Protection 
. Airdustrial Building 5, tE-13 

Olymp,ia, Vi A 98504 . 
(206) 753-4518 
1-800-323-9727 In State 

:West Virejnia Beattie L. DeBord 
Industrial Hygiene Division 
West Virginia Department of Health 
15111th Avenue 
South Charleston, WV 25303 
(304) 558-3526 
1-800-922-1255 In State 

Wisconsin Conrad Weiffenbach 
Radiation Protection Section 
Division of Health 

Wyoming 

Department of Health and Social 
Services 

P.O. Box309 
Madison, WI 53701-0309 
(608) 267-4796 
1-800-798-9050 in state 

Janet Hough 
Wyomi."lg Dep:lllJr.er.t of Health a.'ld 

Social Services 
Hathway Building, 4th Floor 
Cheyenne, WY 82002-0710 

.. .{307) 77J-6015 
. 1-800-458-"5847 in state ·. . 
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STATE GEOLOGICAL SURVEYS 
May,1993 

Alabama Ernest A. Mancini ElmWa Walter Schmidt 
Geological Survey of Alabama Florida Geological Survey 
P.O. Box 0 903 W. Tennessee St 
420 HaCkberry Lane Tallahassee, Fl. 32304-7700 
Tuscaloosa. AL 35486-9780 (904) 488-4191 
(205) 349-2852 

~ Thomas E. Smith Georgia William H. McLemore · 
Alaska Division of Geological & Georgia Geologic Survey 

Geophysical Surveys . Rm. 400 
794 University Ave., Suite 200 19 Martin Luther King )r. Dr. SW 
Fairbanks, AK 99709-3645 Atlanta. GA 30334 
(907) 479-7147 (404) 656-3214 

Arimna Larry D. Fellows .H.am Manabu Tagomori 
Arizona Geological Survey Dept. of Land and Natural Resources 
845 North Park Ave .• Suite 100 Division of Water & Land Mgt 
Tucson, AZ 85719 P.O. Box 373 
(602) 882-4795 Honolulu, Ill 96809 

(808) 548-7539 

Arkansas Norman F. Williams .ldab2 Earl H. Bennett 
Arkansas Geological Commission Idaho Geological Survey 
V ardelle Parham Geology Center University of Idaho 
3815 West Roosevelt Rd. Morrill Hall, Rm. 332 
Little Rock, AR 72204 Moscow, ID 83843 
(501) 324-9165 (208) 885-7991 

!:a!ifQmia James F. Davis !l!.inQis. Morris W. Leighton 
California Divis1on of Mines & lllinois State Geological Survey 

Geology Natural Resources Building 
801 K Street, MS 12-30 615 East Peabody Dr. 
Sacramento, CA 95814-3531 Champaign, ll.. 61820 
(916) 445-1923 (217) 333-4747 

CQloradQ Pat Rogers (Acnng) Im1iaDa Norman C. Hester 
Colorado Geological Survey Indiana Geological Survey 
1313 Shetrnan St.. Rm 715 611 North Walnut Grove 
Denver, CO 80203 Bloomington. IN 47405 
(303) 866-2611 (812) 855-9350 

{;Qnn~tl~JJt Richard C. Hyde JQffil Donald L. Koch 
Connecticut Geological & Natural Iowa Department of Natural Resources 

History Survey Geological Survey Bureau 
165 Capitol Ave., Rm. 553 109 Trowbridge Hall 
Hartford, CT 06106 Iowa City, lA 52242-1319 
(203) 566-3540 (319) 335-1575 

Delaware Robert R. Jordan Kamas Lee C. Gerhard 
Delaware Geological Survey Kansas Geological Survey 
University of Delaware 1930 Constant Ave .• West Campus 
101 Penny Hall University of Kansas 
Newark, DE 19716-7501 Lawrence, KS 66047 
(302) 831-2833 (913) 864-3965 
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Kentuc}\I Donald c. Haney Mi:;i:;iQuri James H. Williams 
. Kenmcky Geological Survey Missouri Division of Geology & 

University of Kentucky Land Survey 
228 Mining & Mineral Resources 111 Fairgrounds Road 

Building P.O. Box250 
Lexington, KY 40506-0107 Rolla, MO 65401 
(606) 257 .. 5500 (314) 368-2100 

. . 
Louisiana . William E. Marsalis. · M<mtana Edward T. Ruppel 

. ~ L;Ot$iaJ\a Geol«?gical Survey Montana Bureau of Mines & Geology 
-. • P.O. Box 2827. · . . Montana College of Mineral Science . University Station · and Technology, Main Hall . . 

· Baton Rouge, LA 70821-2827 · Butte, MT 59701 
(504) 388-5320 (406) 496-4180 

Ma.iM Waltei A Anderson Nebraska Perry B. Wigley 
Maine Geological Survey Nebraska Conservation & Survey 
Department of Conservation Division 
State House, Station 22 113 Nebraska Hall 
Augusta, ME 04333 University of Nebraska 
(21J7) 289-2801 Lincoln, NE -68588-0517 

(402) 472-2410 

Mnry1and Emery T. Cleaves ~ Jonathan G. Price 
Maryland Geological Survey Nevada Bureau of Mines & Geology 
2300 St. Paul Stteet Stop 178 
Baltimore, MD 21218-5210 University of Nevada-Reno 
(410) 554-5500 Reno, NV 89557-0088 

(702) 784-6691 

Mass...'lkb:u~tts Joseph A. Sinnott N~w Haml!Shire Eugene L. Baudette 
Massachusetts Office of Dept. of Environmental Services 

Environmental Affairs 117 James Hall 
100 Cambridge St.. Room 2000 University of New Hampshire 
Boston, MA 02202 Durham, NH 0382.4-3589 
(617) 727-9800 (603) 862-3160 

Michi~an R. Thomas Segall N~w I~~~:t Haig F. Kasabach 
Michigan Geological·Survey DivisiOn New Jersey Geological Smvey . . 
Box.30256 P.O. Box427 
Lansing. MI 48909 Trenton. NJ 08625 
(517) 334-6923 (609) 292-1185 

Minnesota Priscilla C. Grew N~w Me;sj~Q Charles E. Chapin 
Minnesota Geological Survey New Mexico Bureau of Mines & 
2642 University Ave. Mineral Resources 
St. Paul. MN 55114-1057 Campus Station 
(612) 627-4780 Socorro, NM 87801 

(505) 835-5421J 

Mississi1111i S. Cragin Knox NtwYQJt Robert H. Fakundiny 
Mississippi Office of Geology New York Stale Geological Survey 
P.O. Box 20307 3136 Cultural Educatton Center 
Jackson, MS 39289-1307 Empire State Plaza 
(601) 961-5500 Albany, NY 12230 

(518) 474-5816 
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NOrth Cm:Qlina Charles R Gardner SQUID Carolina Alan-Jon W. Zupan (Acting) 
North Carolina Geological Survey South Carolina Geological Survey 
P.O. Box 27687 5 Geology Road 
Raleigh, NC 27611-7687 Columbia. SC 29210-9998 
(919) 733-3833 (803) 737-9440 

North Dakota John P. Bluemle SQul!!DakQta C.M. Christensen (Acting) 
North Dakota Geological Survey South Dakota Geological Survey 
600 East Blvd. Science Center 

_ Bismarck, ND 58505-0840 University of South Dakota 
(701) 224-4W9 Vennillion, SD 57069-2390 

(695} 677-5227 

QhlQ Thomas M Berg Tennessee Edward T. Luther 
Ohio Dept of Natural Resources Tennessee Division of Geology 
Division of Geological Survey 13th Floor, L & C Tower 
4383 Fountain Square Drive 401 Church Street 
Columbus. OH 43224-1362 Nashville, 1N 37243-0445 
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EPA REGION 10 GEOLOGIC RADON POTENTIAL SUMMARY 
by 

James K. Otton, Kendall A. Dickinson, Douglass E. Owen, and Sandra L. Szarzi 
U.S. GeologicJl Survey 

EPA Region 10 includes the states of Alaska, Idaho, Oregon, and Washington. For each 
state, geologic radon potential areas were delineated and ranked on the basis. of geologic, soils, 
housing construction, and other factors. Areas in which the. average screening indoor radon level 
of all homes within the -area is estimated to be greater than 4 pCii.L were ranked high. Areas in 
which the average screening indoor radon level of all homes within the area is estimated to be 
between 2 and 4 pCi/L were ranked moderate/variable, and areas in which the average screening 
indoor radon level of all homes within the area is estimated to be less than 2 pCi/L were ranked 
low. Information on the data used and on the radon potential ranking scheme is given in the 
introduction to this volume. More detailed information on the geology and radon potential of each 
state in Region 10 is given in the individual state chapters. The individual chapters describing the 
geology and radon potential of the states in EPA Region 10, though much more detailed than this 
summary, still are generalized assessments and there is no substitute for having a home tested. 
Within any radon potential area homes with indoor radon levels both above and below the 
predicted average likely will be found. 

The geology and radon potential of the Pacific Northwest (fig. 1) and Alaska (fig. 2) is 
diverse; thus the two areas will be considered separately. The Pacific Northwest includes eight 
distinct major radon geologic provinces: the Coastal Range-Klamath Mountains, the Puget 
Lowland-Willamette River Valley, the Cascade Range, the Columbia Plateau-High Lava Plains
Blue Mountains, the northern Rocky Mountains, the Snake River plain, the middle Rocky 
Mountains, and the northern Basin and Range-Owyhee Plateau (fig. 1). Maps showing indoor 
radon averages for counties in the Pacific Northwest and boroughs in Alaska are shown in figures 
3a and 3b. Averages range from less than 1.0 pCi/L to 14.9 pCi/L. Details of the indoor radon 
studies are described in the individual state chapters. 

PACIFIC NORTHWEST 

Coastal Raqge-Klamath Mountains 
The Coastal Range Province (1, fig. 1} extends from the Olympic Peninsula of Washington 

south to the coastal parts of the Klamath Moun~s in southwestern Oregon. In Washington, the 
Coast Ranges are underlain principally by Cretaceous and Tertiary continental and marine 
sedimentary rocks and pre-Miocene volcanic rocks. In Oregon, the northern part of the Coastal 
Ranges is underlain principally by marine sedimentary rocks and mafic volcanic rocks of Tertiary 
age. The southern part of the Coast Range is underlain by Tertiary estuarine and marine 
sedimentary rocks, much of them feldspathic and micaceous. The Klamath Mountains (2, fig. 1) 
are dominated by Triassic to Jurassic metamorphic, volcanic, and sedimentary rocks, with some 
Cretaceous intrusive rocks. These metamorphic and volcanic rocks are largely of mafic 
composition. Large masses of ultramafic rocks occur throughout the Klamath area. Sand dunes 
and marine terraces are common along the coastal areas of this province. 

The radon potential of the Coastal Range Province is low overall. Most of the area has 
high rainfall and, as a consequence, high soil moisture. Uranium in the soils is typically low, 
although soils of the Oregon part of the Coast Ranges tend to be higher in uranium than do soils of 
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Figure 1- Radon geologic provinces of the Pacific Northwest (generalized from state 
chapters included in this repon). 1- Coast Ranges; 2- Klamath Mountains; 3- Puget 
Lowland; 4- Willamene River Valley; 5- Cascade Range; 6- Northern Rocky 
Mountains; 7- Columbia Plateau; 8- Blue Mountains; 9- High Lava Plains; 10-
Basin and Range; 11- Owyhee Plateau; 12- Snake River Plain; and 13- Middle 
Rocky Mountains. · 



the Washington part A few communities along the river valleys near the coast of Oregon may 
have locally elevated indoor radon where highly permeable, excessively well-drained soils occur 
on river alluvium with a modestly elevated uranium content The northeastern comer ·of the 
Olympic Peninsula has lower rainfall and lower so~ --- · ure than does the rest of the Coastal 
Range Province. Here, highly permeable, excessively well-drained soils may cause locally 
elevated indoor radon levels. 

~get Lowland:-Willamette River Valley 
The Puget Lowland (3, fig. 1) is underlain almost entirely by glacial deposits and Holocen~ 

alluvium. Most of the glacial.and alluvial material of the Puget Lowland is d~riv¢ from the 
Cascades to the east, and from the mountains of the Olympic peninsula to the west River alluvium 
and river terraces underlie most of the Willamette River valley (4, fig. 1). However, many of the 
hills that rise above the plains of the Lowland are underlain by Tertiary basalts and marine 
sediments. 

The Puget Lowland overall has very low radon potential because of low uranium content of 
soils and because high rainfall produces high soil moisture, which slows radon movement 
Houses in most townships in the Bonneville Power Administration study from Tacoma northward 
average less than 1 pCi/L radon. Structures built on locally very steep or well-drained soils, 
especially on the east side of the lowland area, may be among the few likely to have elevated 
indoor radon levels. The geologic radon potential is moderate only in the southern part of the 
Puget Lowland, south of Tacoma, where excessively drained soils and somewhat elevated uranium 
in soils occur. 

The Willamette River Valley has moderate radon potential overall. Much of the area has 
somewhat elevated uranium in soils, and many areas have excessively drained soils and soils with 
high emanating power. Studies by the Oregon Department of Health and the Bonneville Power 
Administration indicate that houses in many counties and townships in the valley average between 
2 and 4 pCi/L radon. 

Cascade Range 
The Cascade Range (5, fig. 1) can be divided into two geologic terranes: a northern terrane 

composed principally of Mesozoic metamorphic rocks intruded by Mesozoic and Tertiary granitic 
rocks, and a southern terrane composed of Tertiary and Holocene volcanic rocks. The Holocene 
volcanic centers are responsible for locally thick volcanic-ash deposits east of the Cascade 
Mountains. Within the southern terrane, the western Cascades are dominated by Tertiary andesite 
flows, basalt flows, and pyroclastic rocks, whereas the eastern Cascades have many recently active 
volcanoes and are underlain by late Tertiary to Quaternary basaltic and andesitic volcanic rocks. 

Overall, the sparsely populated Cascade Range Province has low radon potential because of 
the low uranium and high moisture contents of the soils. Areas that are exceptions to this include 
the Columbia River Gorge, where highly permeable, excessively well drained soils underlie many 
of the communities, and thus the radon potential is moderate. Much of the alluvium in the Gorge is 
also derived from the upper Columbia River valley, where the uranium content of the geologic 
materials is higher than the rocks within the Cascade Mountain Province itself. Studies by the 
Oregon Department of Health and the Bonneville Power Administration show that indoor radon 
levels in homes in population centers along the Columbia River average 2 to 4 pCi/L. 
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Columbia Plateau, High Lava Plains, and Blue Mountains 
The Columbia Plateau (7, fig. 1) is underlain principally by Miocene basaltic and andesitic 

volcanic rocks, tuffaceous sedimentary rocks and tuff. An extensive veneer of Pleistocene 
glaciofluvial outwash, eolian, and lacustrine de_.Josits covers these volcanic rocks. The High Lava 
Plains (9, fig. 1) are underlain by Miocene basaltic and volcanic rocks like those of the Columbia 
Plateau without the veneer of younger sedimentary rocks. The Blue Mountains (8, fig. 1) have 

·• similar basaltic and andesitic rocks and also include significant outcrop areas of Triassic and 
Jurassjc sedimentary and volcanic rocks, we~y metamorphosed in many areas, and younger 
intrusi~e rocks •.. ·· ... · · ·· · .. ..: . ~ : 
· ·:. The' CQlumbia Plateau, with its areas of extctnsive Pleistocene glacio-fluvial outwash, 

eolian, and lacustrine deposits, contains locally highly permeable soils, soils with high emanating 
coefficients, and elevated soil uranium levels. This area has generally moderate radon potential. 
Although the Blue Mountains have relatively low uranium in soils, average indoor radon levels are 
in the 2-4 pCiiL range, pr9bably because most population centers occur in alluviated valleys with 
highly permeable soils. This area has moderate radon potential. In contrast, the High Lava Plains, 
with much lower uranium in soils and only local areas of highly permeable soils, have low overall 
radon potential. 

Northern Rocky Mountains 
., The Northern Rocky Mountains (6, fig. 1) comprise the mountainous terrane of the 
northeast and north-central parts of Washington and northern and central Idaho. This area is 
underlain by Precambrian and Paleozoic sedimentary rocks, and by Mesozoic metamorphic rocks; 
all are intruded by Mesozoic and Tertiary granitic rocks. The largest intrusive mass, the Idaho 
Batholith, is a complex of granitic rock units that range from diorite to granite. Highly 
uraniferous, Late Cretaceous to early Tertiary granites crop out throughout the Northern Rocky 
Mountains. An extensive, though dissected, veneer of Tertiary volcanic rocks crops out over 
much of the central Idaho portion of the Northern Rocky Mountains. 

The Northern Rocky Mountains Province has high radon potential. Excessively well 
drained glaciofluvial outwash or coarse gravels in alluvial fans underlie many of the valleys 
throughout the area. The granitic material in much of the outwash contains moderate to locally 

. . ..high concentr~tions of ura.J)ium. Areas where uranium occurrences are found, such as in the 
granitic ind.~etamocphic terranes in the mountains north of Spokane, may have structures with 
extreme levels· of mdoor radon. Buildings in most of the alluvial valleys in Washington and Idaho 
north, northwest, and east of Spokane may be expected to have average indoor radon screening 
measurements above 4 ·pCi/L. 

Snake River Plain 
The Snake River Plain (12. fig. 1) forms an arcuate depression in southern Idaho that is 

underlain principally by basaltic volcanic rocks of generally low eU (1 ppm or less). However, 
alluvium from neighboring mountains and silicic tuffaceous sedimentary rocks covers much of the 
upper Snake River Valley near Wyoming and the western end of the Snake River Plain near Boise 
and south of Mountain Home. These materials have eU values that range from 1.5-5.0 ppm. 
Those areas underlain by basalt have low to locally moderate radon potential. However, those 
areas where basalt is overlain by silicic tuffaceous sedimentary rocks and alluvium along the Snake 
River Valley have high overall radon potential. Most populous areas are in the latter category. 
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Middle Rocky Mountains 
The Middle Rocky Mountains Province (13, fig. 1) forms a strip along the border between 

Wyoming and Idaho and comprises two areas. The northern area is the Yellowstone "Plateau, a 
high-standing plateau area undrrlain mostl_ ~y rhyolit - ... .,ntaining mr 'erate amounts of uranium. 
To the south are complexly faulted and folded mountain ranges of Paleozoic and Mesozoic 
sedimentary rocks, including uranium-bearing phosphatic rocks. 

The high average uranium content of the volcanic rocks of the Yellowstone area and the 
. coarse alluvium in the valleys of the southern mountain areas suggest that this province has high 
geologtc radon potential. . . 

Basin and Range Province, Owyhee Plateau 
The very sparsely populated northern part of the Basin and Range Provi!tce ( 10, fig. 1) lies 

along the southern and southeastern edge of Region 10. It is composed of tectonically extended 
areas where linear mountain ranges alternate with valleys and less extended plateau areas. It is 
underlain mainly by basaltic to andesitic volcanic rocks, silicic ash-flow tuffs, including some 
welded tuffs, and sediments derived from these units. Several playa basins occupy the centers of 
the valleys. The Owyhee Plateau of southwestern Idaho (11, fig. 1) consists of Tertiary and 
Quaternary basalt, andesite, and rhyolite, and sediments derived from these units. A few caldera 
complexes, some of them with associated uranium mineralization, occur within the Owyhee 
Plateau. Some mountain ranges in the eastern part of this province are underlain mainly by 
Paleozoic and Mesozoic sedimentary rocks. Based on the high aeroradiometric signature of most 
of the exposed rock units and the presence of many highly permeable soil units, the radon potential 
of this area is generally high . 

ALASKA 

Alaska can be divided from north to south into eight geologic radon provinces: the Arctic 
Coastal Plain, the Arctic Foothills, the Arctic Mountains, Central Alaska, the Northern Plateaus (a 
subprovince of Central Alaska), the Alaska-Aleutian Ranges, the Coastal Trough, and the Border 
Ranges Provinces (fig. 2). 

Arctic Coastal Plain 
The Arctic Coastal Plain Province (North Slope, 1, fig. 2) consists primarily of Quaternary 

sediment, most of of which is composed of alluvium, glacial debris, and eolian sand and silt. A 
belt of Tertiary sedimentary rocks along the eastern third of the area separates the coastal plains 
from the foothills to the south. 

This area has low radon potential. No significant uranium occurrences are known in tlus 
area, and the number of gamma-ray anomalies is low when compared with other parts of Alaska. 
The coastal plain is unglaciated and contains tundra soils and permafrost These soils probably 
have low gas transmissivity because of water or ice saturation. 

Arctic Foothills 
The Arctic Foothills Province (2, fig. 2) is largely composed of marine and nonmarine 

Cretaceous sandstone and shale. The Cretaceous beds are folded into west-trending anticlines and 
synclines. Part of the area was covered by glaciers. 
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Figure 2- Physiographic provinces of Alaska (from the state chapter included in this 
repon). 1- Arctic Coastal Plain; 2- Arctic Foothills; 3- Arctic Mountains; 4- Central 
Province, 4a- Seward Peninsula. 4b- Bering Shelf, 4c- Ahklun Mountains, 4d
Westem Alaska, 4e- Northern Plateaus; 5- Alaska-Aleutian Province; 6- Coastal 
Trough; 7- Pacific Border Ranges; and 8- Coast Mountains. 



This area has low radon potential overall. The Cretaceous sandstone and shale that makes 
up the foothills could produce relatively large amounts of radon but no evidence that they do is on 
hand. The area contains no known uranium occurrences or deposits, and the part of the area where 
airborne gamma-ray measurements were made shows a low number of anomalies. The tundra 
soils have permafrost and apparent low gas transmissiyity. 

Arctic Mountains 
The Arctic Mountains Province (3, fig. 2) is composed largely of upper Precambrian and 

Paleozoic marine s~imentary rocks. They are cut by ·west-trending thrust faults with upthrown 
sides·to the 'south. · 

This area has moderate radon potential. The Precambrian and Paleozoic marine 
sedimentary rocks that make up the Arctic Mountains probably are not producers of high levels of 
radon as there is little or no phosphate rock or black shale in these sequences. There are no known 
significant uranium occurrences in this area. However, stream sediments in this province contain 
moderately high levels of uraniferous resistate minerals. The area has been glaciated, but much of 
the terrane is bare rock without surficial glacial material. The soils are classified as rock land, 
which includes glacial ice. 

Central Province (exclusive of the Northern Plateaus subprovince) 
The Central Province, an area of plains, pla~aus, and rounded mountains, is geologically 

complex. The Central Province is divided into five subprovinces: Western Alaska, Seward 
Peninsula, Aklun Mountains, the Bering Shelf (4a-d, fig. 2) and the Northern Plateaus (5, fig. 2). 
The Northern Plateaus are considered separately below. 

Western Alaska is underlain mostly by Cretaceous marine sedimentary rocks and lower 
Paleozoic sedimentary and metamorphic rocks. A large area of Cretaceous and Tertiary volcanic 
rock is present in the western part of this subprovince. The Seward Peninsula consists mostly of 
Precambrian and Paleozoic metamorphic rocks, with lesser amounts of Precambrian and Paleozoic 
sedimentary rocks, Quaternary sediments, and Tertiary and Quaternary mafic volcanic rocks. The 
Aklun Mountains are composed mostly of marine sedimentary rocks and small intrusive masses of 
Jurassic and Tertiary age. The Bering Shelf is covered almost entirely by Quaternary surficial 
sediments, with minor areas of Tertiary volcanic rocks. 

Overall the Central Ptovince has moderate radon potential as many radon-producing rocks 
occur there. There are, for instance, several areas of uraniferous granites together with felsic 
intrusive arid volcanic rocks. In addition, the area contains a few uranium deposits of potentially 
commercial size at Death Valley on the Seward Peninsula and in the Healy Creek coal basin. The 
area also contains a significant number of gamma-ray anomalies. Nearly all of the area f~s within 
a belt of uraniferous stream sediments. The schist that produces high indoor radon near Fairbanks 
is in this area. Little of the province has been glaciated. The soils are mostly of the Tundra type 
with variable permafrost. Significant areas of rockland and subarctic brown forest soils occur. 
The latter soils may have high gas transmissivity. 

Northern Plateaus 
The Northern Plateaus subprovince (5, fig. 2) is covered by flat-lying Tertiary basin-fill 

(nonmarine clastic rocks), Quaternary surficial deposits, Precambrian through Cretaceous mostly 
marine sedimentary rocks, Paleozoic anq Precambrian metamorphic rocks, and Mesozoic intrusive 
and volcanic rocks. The metamorphic rocks include metamorphosed granites and amphibolite. 
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The mesozoic intrusives are msotly gabbro and diabase. The Tintina and Denali fault zones cross · 
this subprovince. 

The Northern Plateaus subprovince has a moderate radon potential overall. A moderate 
nwnber of aeroradiometric; anomalies occurs in the ..:ubprovince. Although indoor radon data are 
sparse, indoor radon in parts of the Fairbanks and Fairbanks Northstar Boroughs is high. Felsic 
intrusives are scattered in two belts, one intruding Paleozoic and Precambrian metamorphic rocks 

. in the southeast one-third ofthe.subprovince and one intruding Lower Paleozoic and (or) 
Prec~brian sedimentazy rocks along the northwest margin of the subprovince. The area contains 

. . one kn<;>wn .significimt ~aniurii and .thorium deposit at Mount Prindle. Uranium is high. in stream 
s¢imen~ in the sou~-central part and along the northwest border of the subprovince. 

Alaska-Aleutian Ranges and Coastal Mountains 
The Alaska-Aleutian Ranges and Coastal Mountains Province {6, fig. 2) includes the 

Aleutian Peninsula, a northeast-trending mountain belt in south-central Alaska that includes Mt. 
McKinley, a southeast-trending mountain belt that extends from the Mt McKinley area 
southeastward to Canada, and the Coast Mountains in the southeast. On the Aleutian Peninsula 
from Unimak Pass westward, the bedrock consists mostly of Quaternary and Tertiary volcanic 
rocks and Tertiary sedirnentary.rocks. Tertiary and Quaternary volcanic rocks are also common 

, northeast of the Pass, but other rocks, including Jurassic and Cretaceous sedimentary rocks and 
iurassic intrusive rocks of intermediate and felsic composition, are also common in this area. In 
addition, large masses of Tertiary mafic volcanic rocks and Jurassic or Cretaceous intermediate 
intrusives are found in the area west of Cook Inlet and southwest of Mount McKinley. A varied 
assortment of Phanerozoic rocks are present in the Talkeetna Mountains and southeastward to the 
Canadian border. These include Paleozoic mafic volcanic rocks together with their sedimentary 
and metamorphic derivatives; Mesozoic mafic volcanic flows and tuffs, together with various units 
of shale, conglomerate, graywacke, and slate; and Tertiary and Quaternary intermediate volcanic 
rocks, Tertiary felsic intrusives, and Quaternary glacial deposits including eolian sand and silt 
The Coastal Mountains are composed mostly of ultramafic, intermediate, and silicic volcanic 
intrusive rocks of varying ages, and Paleozoic through Mesozoic sedimentary rocks. 1hese rocks 
are highly deformed and variably metamorphosed. 

· This ~a has moderate radon potential overall.- although the uncertainty is high. The 
' Aleutian-AlasK.a Range cc;mtains felsic intrusives and other rocks that are likely to be uranium-rich, 
'although no significant uranium occurrences are known in this area. However, the area has a 
moderate to substantial number of anomalously uranium-rich stream sediment samples. Most of 
the area is or was covered by glaciers and glacial outwash may be highly permeable in many areas. 
Soils are mostly classified as rockland or tundra. 

Coastal Trough 
The Coastal Trough Province (7, fig. 2) includes a series of Cenozoic depositional basins 

containing thick sequences of Tertiary continental clastic and volcanic rocks that generally overlie 
Cretaceous or older sedimentary rocks penetrated by Tertiary intrusive rocks. Mesozoic · 
sedimentary rocks and Pleistocene, mostly glacial, deposits, occur in some areas. 

The radon potential of this area is moderate overall, but locally high indoor radon levels 
could occur near uranium occurrences. The Coastal Trough Province contains Tertiary continental 
clastic rocks similar to units that produce uranium in the western conterminous United States. The 
overall uranium content of these rocks is not high, but small uranium occmrences'are found in the 
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Susitna Lowlands and in the Admiralty trough in southeastern Alaska. Soils are mostly brown and 
gray-brown podzolic forest soils, which could have high gas transmissivity. Heavy rainfall and 
saturated soils in southeast Alaska likely retards soil gas migration. 

Pacific Border Ranges 
The Border Ranges Province (8, fig. 2) is generally south and west of the Coastal Trough 

Province. Jurassic and Cretaceo~s sedimentary and metamorphic rocks with interbedded mafic 
volcanic rocks and some gabbro make up most of the Border Ranges rocks. A fairly large area of 
early Tertiary sedimentary, volcanogenic sedimentary rocks, and volcanic-rocks i~ found in the 
Prince William Sound area . · . 

The Border Ranges Province generally has low radon potential, although some uranium
bearing rocks and uranium occurrences are likely to be present The uranium deposit at Bokan 
Mountain is associated with a uranium-rich peralkaline granite. The uranium content of stream 
sediments in the Border Ranges is intermediate for Alaska, although data are absent from many 
areas. Podzolic brown and gray-brown forest soils are common in the Border Ranges, and they 
could have high gas permeability. However, in this part of Alaska annual rainfall is about 14 feet, 
and water saturation likely retards gas flow in soils on all but the steepest slopes. 
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Figure 3A. Screening indoor radon data from the State/EPA Residential Radon Survey and the 
Oregon Radon Project, for counties with 5 or more measurements in tJ:te conterminous part of 
EPA Region 10. Histograms in map legends show the number of counties in each category. The 
number of samples in each county may not be sufficient to statistically characterize the radon 
levels of the counties, but they do suggest general trends. Unequal category intervals were 
chosen to provide reference to decision and action levels. 
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Figure 3B. Screening indoor radon data from the State/EPA Residential Radon Survey of 
Alaska, for counties with 5 or more measurements. Data are from 2-7 day charcoal canister tests. 
Histograms in map legends show the number of counties in each category. The number of 
samples in each county may not be sufficient to statistically characterize the radon levels of the 
cqunties, but t}ley do suggest general trends. Unequal category intervals were chosen to provide 
reference to decision and action levels~ 



PRELIMINARY GEOLOGIC RADON POTENTIAL ASSESSMENT OF IDAHO. 
by 

Douglass E. Owen 
U.S. Geological Survey 

IN1RODUCITON 
.. 

Idaho is located in the Pacific Northwest (fig. lA) and politically is divided into a number 
of counties (fig. lB). Idaho is a rural state and farming, grazing, forestry, and mining are major 
economic activities. Figure lC shows the population distribution within the state. 
. This Is a generalize.d assessment of geologic radon potential of rocks, soils, and surficial 

deposits of Idaho. The scale of this assessment is such that it is inappropriate for use in identifying 
the radon potential of small areas such as neighborhoods, individual building sites, or housing 
tracts. Any localized assessment of radon potential must be supplemented with additional data and 
information from the locality. Within any area of a given radon potential ranking, there are likely 
to be areas with higher or lower radon levels than characterized for the area as a whole. Indoor 
radon levels, both high and low, can be quite localized, and there is no substitute for testing 
individual homes. Elevated levels of indoor radon have been found in every State, and EPA 
recommends that all homes be tested. For more information on radon, the reader is urged to 
consult the local or State radon program or EPA regional office. More detailed information on state 
or local geology may be obtained from the State geological survey. Addresses and phone numbers 
for these agencies are listed in chapter 1 of this booklet 

GEOGRAPHIC SETTING 

Idaho is divided into 4 physiographic provinces (fig. 2). The largest province, the 
Northern Rocky Mountain Province, covers about half of the state and includes most of northern 
and central Idaho. This province is characterized by high mountains and deep intermontane 
valleys. The next largest province is the Columbia Intermontane Province, an area of plains and 
plateaus. This province contains six sub-provinces, or sections, which are shown and described 
on figure 2. Southeastern Idaho contains a triangle-shaped desert area 100-130 miles on a side, 
which is part of the Basin and Range Province. This province is characterized by block-faulted 

· mouniains. separated by gravel-floored basins. The Middle Rocky Mountain Province forms a 
10-35 rnile:wide strip along the Wyoming border and is characterized by 2landfonn types. The 
first type is the Yellowstone Plateau, which is of volcanic origin, and the second is the complexly 
faulted and folded mountain ranges found in the southeastern corner. 

Soil moisture conditions affect both radon emanation and transport (see introduction to this 
volume). Because of this, a brief summary of Idaho's precipitation patterns is presented below. 
The Columbia Intermontane Province is largely arid, receiving less than 10 inches of rain per year 
(fig. 3). The Northern Rocky Mountain Province receives from 20 to more than 60 inches of 
precipitation annually (fig. 3). The Middle Rocky Mountain Province and the Basin and Range 
Province generally receive between 10 and 30 inches of precipitation per year (fig. 3). Areas with 
greater than 30 inches of precipitation per year probably experience some capping effects and also 
blockage of gas transport through soil pores during periods when soil moisture levels are high. 

"IV -1 Reprinted from USGS Open-File Report 93-292-J 
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Fig. 2. 

Physiographic Provinces 
Northern Rocky Mountain Province--extends over most of northern and central Idaho 

1 and 1s charactenzed by high, mature mountains and deep .ntermontane valleys 

Middle Rocky Mounta1n Province·· typified by two landforms, (1) the heavily forested 
2 Yellowstone Plateau of volcan1c ongin, !lnd (2) the complexly folded and faulted 

ranges on the extreme southeastern comer 

I 
116 

Basm and Range Province··charactenzed by sub-parallel, block-faulted mountains 
separated by open valleys 

, Columbia Intermontane Provmce-·characterized by nearly honzontal sheets of 

Owyhee Uplands Sechon-·a h1gh plateau (5000 feet) of 
older lavas. and lower elevatton deserts and some h1gher 
mountams (8000 feet) 

Seven Devds Sect1on--an elevated mounta1nous mass 
cut by the deep canyons of the Snake and Salmon Rtvers 

Tri-State Uplands Section-a gently undulating 
plateau of 3000 to 5000 feet elevation, 
underlain by Columbia River Basalt Group flows 

4 
F Palouse Hills Secbon--rolhng, asymmetncal 

hdls that commonly nse 20 to 80 feet 

(modified from Unlv. of Idaho, 1983) 
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GEOLOGIC SE1TING 

The geology of Idaho is dominated by intrusive and extrusive igneous rocks (fig. 4). The 
largest intrusive body, the Idaho batholith (fig. 5), forms a major part of the Northern Rocky 
Mountain Province. The Idaho batholith is a complex of granitic rock units ranging from diorite to 
granite (Mackin and Schmidt, 1957). North of the batholith in the panhandle of the state 
Precambrian metamorphic rocks domii;late (fig. 4). The Columbia Intermontane Province is 
dominated by extrusive rocks (igneous rocks that have cooled at or near the surface); it is floored 
by a series of nearly horizontal basalt flows. The Yellowstone Plateau (Middle Rocky Mountain 
Province) also contains a large number of volcanic rocks. A number of the valleys in the Northern 
Rocky Mountain Province contain glacial lake deposits (fine ·grained) that accumulated behind ice 
dams and (or) glacial flood deposits (coarse grained) that were laid down when ice dams were 
breached. 

SOILS 

Idaho has 10 major soil types (fig. 6), but more than 600 soils have been mapped in Idaho 
(Caldwell, 1970) making generalizations about soil permeabilities difficult Some soils found in 
Major Soil Type #4 (fig. 6) are clayey (Barker and others, 1983) and somewhat poorly drained 
(possible low permeability), but develop deep cracks on drying (secondary porosity--increased gas 
permeability). Almost all (44 of 54) of the soils and soil series described in the Idaho Soils Atlas 
are listed as either well-drained or excessively-drained (Barker and others, 1983, p. 132). The 
slope of the land influences drainage (i.e., steep slopes increase drainage) and enters into the 
determination of a soil's drainage class along with the soil's permeability. Taking slope into 
consideration, it is not unreasonable to assume that these well-drained and excessively drained 
soils have at least moderate permeabilities and allow diffusive transport of radon. Highly 
permeable soils allow convective transport of radon (Tanner, 1964; Sextro and others, 1987). Soil· 
permeabilities greater than 6 inches per hour (listed in soil surveys) are considered highly 
permeable. Duval and others (1989), in a study for the Bonneville Power Administration, 
examined the available soil surveys for Idaho. Figure 7 shows the counties for which detailed soil 
surveys were available and examined for permeability data, and figure 8 shows the areas larger 
than a .few square miles 'that were determined to have highly permeable soils. Tables in Duval and 
others (1989) list the soil associations and the specific intervals that were described in the soil 
reports as having permeabilities greater than 6 inches per hour. The following counties contained 
soil associations with intervals in the highly permeable range: Ada, Bannock, Benewah, Bingham, 
Blaine, Bonneville, Bonner, Boundary, Canyon, Camas, Cassia, Caribou, Gem, Idaho, Kootenai, 
Latah, Lincoln, Madison, Minidoka, Owyhee, Power, and Teton. Many of these highly .permeable 
soils have formed on windblown sand, alluvial fans, river terraces, or on floodplains. 
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Fig. 6. Solis Map 

MAJOR SOILS 

1. Very Iieht·colored, semiarid soils with salt des· 
ert shrub vegetation tGrey Desert) 

2. Light-colored. semiarid soils with saeebrush· 
~:I"aSS veeetauon ISierozemJ 

3. Slightly dBTk·colored, sem1arid soils, sagebrush· 
grass veeetat1on ~Brown! . 

4. Dark-colored, semiarid spils with saeebrush· 
grass vegetation tChestnutJ 

5. Very dark-colored, semiarid, saeebrush-grass 
and grassland soils •Chernozeml 

6. Very dark. subhumid erassland, sagebrush
grass, grassland-forest soils IPrame-Western 
Brown Forest, Grey Wooded! 

7. Dark· to bght-colored, subhumid forest soils 
!Western Brown Forest> 

8. Dark to light brown, subhumid to humid forbL 
soils !Brown Pod'zobcl 

9. Dark-colored, humid. cold alpme soils <Alpine 
Meadow, Alpme Turf, Alpine Bog! . 

10. Soils consisting of nearly fresh basaltic lava 



lNDOORRADONDATA 

Figure 9 graphically summarizes the indoor radon data acquired during 1989-9<) in the 
State/EPA Residential Radon Survey. Most of the counties (24) in Idaho had an insufficient 
number (less than five) of radon measurements to show on the maps (fig. 9). In six counties 
(Butte, Caribou, Custer~ Lemhi, Madison, and Teton); more than 40 percent of the homes tested 
had indoor radon concentrations greater than 4 pCi/L. Eight counties (Bear Lake, Caribou, Cassia, 
Custer, Kootenai, Lemhi, Madison, and Teton) had average (mean) indoor radon concentrations 
greater than 4 pCi/L. · · 
. Table 1 presentS a summary of the State/EPA indoor radon daia. Table !lists the 

folloWing: the number of measurements in each county; the mean, geometric mean, median, and 
standard deviation for each county; the maximum indoor radon concentration sampled in each 
county; the percentage of homes with indoor radon concentrations greater than 4 pCi/L for each 
county; and the percentage of homes with indoor radon concentrations greater than 20 pCi/L. In 
only 6 counties (Blaine, Cassia, Kootenai, Madison, Shoshone, and Teton) with 5 or more 
measurements, more than 1 percent of the homes tested had indoor radon concentrations greater 
than 20 pCi/L (Table 1 ). 

The Idaho Department of Health and Welfare conducted a study of indoor radon in the State 
(Idaho Department of Health and Welfare, 1988). Volunteers were solicited for this study-and 
therefore the degree of randomness of the sampling is not known. Also, many kinds of homes 
were tested including mobile homes, condominiums, apartments, and earth-covered homes. 
Considering the above information, the statistical representativeness of these data is uncertain, 
nevertheless their results show means greater than 4 pCi/L for Adams, Bear Lake, Blaine, Butte, 
Caribou, Cassia, Custer, Elmore, Franklin, Kootenai, Lemhi, Madison, Shoshone, and Teton 
counties. This data set was not used in the radon matrix. 

GEOLOOIC RADON POTENTIAL 

Areas in the vicinity of known uranium occurrences have a high radon potential for several 
reasons other than the unlikely occurrence that homes would be built over an ore body itself: (1) 
Noncommercial concentrations of uranium are often also present in an area that contains or~ grade 
deposits; (2) Even minor mineralization (primary or secondary) of uranium along faults and 
fractures is COf!liTlonly enough to produce a radon hazard in homes built above them; (3) Sediments 
shed and transported from rocks with elevated uranium are also likely to have elevated uranium 
levels. Figure 10 shows known uranium deposits in Idaho. The Phosphoria Formation, which 
contains beds of uranium-bearing phosphate rock, is exposed in southeastern Idaho (fig. 5) and 
contains up to 600 parts per million (ppm) uranium (Cook, 1957). Up to 530 ppm uranium has 
been found in uranium-bearing coal, carbonaceous shale, and limestone in the Caribou Mountains 
east of Idaho Falls in Bonneville County. Uranium-bearing lignites also occur in Payette, Twin 
Falls, and Cassia Counties (Cook, 1957). Placer deposits (Black Sand Districts--Fig. 10) lie 
within and around the borders of the Idaho batholith (fig. 5). Armstrong (1957) believes that the 
uranium-bearing black minerals are weathering from pegmatites withi~ the batholith, while 
Kiilsgaard and Hall (1986) believe that they are coming from granitic rocks in the batholith. Up to 
1,000 ppm uranium has been found in concentrates associated with gold extraction from these 
placers (Armstrong and Weis, 1957). 
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Bsmt. & 1st Floor Rn 
% >4pCi/L 

2 0 Oto 10 
7 &S3 11 to20 
5 ~ 21 to40 
4 rll4 41 to 60 

1 I · 61 to 80 
1 I 81 to 100 

24 ""'! --~~~ Missing Data 
or < 5 measurements 

Bsmt & 1st Floor Rn 
Average Concentration (pCi/L) 

3 0 0.0 to 1.9 
9 ISSSI 2.0 to 4.0 

6 ~ 4.1 to 10.0 
2 fl 10.1 to 14.9 

24 ,...! ---...,! Missing Data 
or < 5 measurements 

100 M1les 

Figure 9. Screening indoor radon data from the State/EPA Residential Radon Survey of 
Idaho, 1989-90, for counties with 5 or more measurements. Data are from 2-7 day charcoal 
canister tests. Histograms in map legends show the number of counties in each category. The 
number of samples in each county (See Table 1) may not be sufficient to statistically 
characterize the radon levels of the counties, but they do suggest general trends. Unequal 
category intervals were chosen to provide reference to decision and action levels. 



TABLE 1. Screening indoor radon data from the EP NState Residential Radon Survey of 
Idaho conducted during 1989-90. Data represent 2-7 day charcoal canister measurements 
from the lowest level of each home tested. · 

NO. OF GEOM. STD. 

COUNTY MEAS. MEAN MEAN MEDIAN DEV. MAXIMUM %>4pCi/I.; %>20pCi/L 
ADA 769 2.8 1.9 2.1 2.8 29.5 18 0 
ADAMS 4 1.2 0.9 ·1.1 0.9 2.3 0 0 
BANNOCK 16 3.0 1.8 2.1 2.8 10.4 19 0 
BEAR LAKE 10 4.6 3.6 3.4 3.0 8.8 40 0 
BENEWAH 3- 0.3 0.3 0.4 0.2 0.5 0 0 
BINGHAM 10 2.9 1.9 2.0 2.7 8.3 20 0 
BLAINE 6 8.4 5.5 7.6 7.4 21.4 67 17 
BOISE 1 4.5 4.5 4.5 0.0 4.5 100 0 
BONNER 17 3.1 1.0 0.8 5.3 16.7 18 0 
BONNEVILLE 21 2.6 1.3 1.6 3.6 13.3 10 0 
BOUNDARY 6 2.2 1.7 2.2 1.2 3.9 0 0 
BUTIE 7 3.9 1.9 3.6 3.6 10.9 43 0 
CAMAS 1 3.9 3.9 3.9 0.0 3.9 0 0 
CANYON 37 1.7 1.0 1.2 1.8 9.8 5 0 
CARIBOU 19 5.8 4.4 5.7 4.0 13.8 58 0 
CASSIA 15 10.1 2.9 5.9 16.1 59.3 60 13 
CLARK 2 5.9 5.9 5.9 0.6 6.3 100 0 
CLEARWA1ER 8 3.4 1.1 2.4 4.9 14.6 25 0 
CUS1ER 5 5.9 4.6 5.1 4.0 12.0 80 0 
ELMORE 4 0.9 0.6 0.9 0.7 1.7 0 0 
FRANKLIN 16 4.1 2.4 24 4.2 15.0 25 0 
FREMONT 1 2.6 2.6 2.6 0.0 2.6 0 0 
GEM 5 2.0 1.4 1.5 1.6 4.0 0 0 
GOODING 5 4.7 1.2 1.3 8.0 18.7 20 0 
IDAHO 18 1.6 0.5 0.6 2.2 6.8 17 0 
J.t:.rr.t:.KSON 2 3.0 2.1 3.0 2.9 5.0 50 0 

. JEROME 3 - -D.9 0.5 0.4 1.0 2.0 0 0 
KOOTENAI 29 7.0 2.5 2.6 10.0 49.0 41 3 
LATAH 55 2.1 0.8 0.9 3.5 18.1 13 0 
LEMHI 17 4.1 3.4 3.0 2.6 10.5 41 0 
LEWIS 2 13.5 11.2 13.5 10.7 21.1 100 50 
LINCOLN I 3.0 3.0 3.0 0.0 3.0 0 0 
MADISON 32 6.4 3.8 4.8 6.1 23.5 59 6 
MINIDOKA 9 1.6 1.2 1.5 1.0 3.9 0 0 
NEZPERCE 50 1.9 1.3 1.6 1.5 5.9 16 0 
OWYHEE 2 5.8 1.8 5.8 7.8 11.3 50 0 
PAYETTE 5 0.8 0.6 0.8 0.4 1.2 0 0 
POWER 2 0.6 0.2 0.6 0.8 1.1 0 0 
SHOSHONE 11 6.7 2.8 2.8 9.3 30.1 45 9 
TETON 6 14.9 4.6 8.1 20.0 54.3 83 17 
TWIN FALLS 30 1.7 1.1 1.5 1.3 5.0 7 0 
WASHINGTON 4 5.4 3.5 4.5 5.0 11.4 50 0 

.· 



<48 •• 0 Uranium or U & Th occurences . 
'\ • .,"'t" • . 0 0 

' ' ' P.flosphorjao Formation 
•. ' • .. 0 Black Sand District 

• • 0 

~ 
• ct 
b~ 

• 
~r-. ~ • 

.. '!J .• •• ' • 
• '"'' 

• 2"!J ~ 

,, 
• ~ .. 

\'' \ -• • .. 
112° 

116 
(modified from Breckenridge and others, 1980) 

Fig. 10. Uranil!m Deposits 



Figure 11 is a radiometric map of Idaho showing equivalent uranium ( eU) in surficial 
deposits. The average uranium content for the upper continental crust is 2.5 ppm (Cannichael, 
1989). In comparison, the Idaho batholith and the rocks to the west of the batholith have low 
radiometric signatures (less than 2 ppm eU). The panhandle has a mixture of low and higher 
uranium concentrations. The eastern part of the Northern Rocky Mountain Province, the Columbia 
Intermontane Province, the Basin and Range Province, and the Middle Rocky Mountain Province 
all have large proportions of their area~ indicating uranium concentrations higher than the upper 
continental crust average. 

Ogden and others (1987) concluded that areas of SuSpected higher radon levels include 
homes built on granite, gneiss, ·or valleys filled with erosional products of these rock types. Also 
suspect are homes built on phosphate-rich rocks and processed ore of the Phosphoria Formation in 
southeastern Idaho, as well as the geothermal areas of central Idaho. Their data also suggested that 
radon levels may be higher in homes located on or near faults. 

Figure 12 shows the soil-gas radon potential estimated by Duval and others (1989); they 
believe that most of the state has a moderate radon potential in soil gas (based strictly on 
radiometric data). Where the Columbia River Basalt Group extends into Idaho (fig. 4) they believe 
there is a low radon potential. Their high potential areas seem to compare well with the areas that 
have a 3.5 ppm or greater eU signature on the radiometric map (fig. 11). 

Comparing figure 9 and Table 1 to figures 2, 4, and 5, there appears to be a good . 
correlation between the geology and the indoor radon values. Counties within the Northern Rocky 
Mountain Province (fig. 2) and that surround the Idaho Batholith (fig. 5) have a fair percentage of 
homes above 4 pCi/L. The rocks are dominantly Precambrian metamorphic rocks and Mesozoic 
intrusives (igneous rocks) in the northern part of the province. On the east side of the batholith 
there is a mixture of Precambrian metamorphic rocks, Cenozoic volcanic rocks, and some 
Paleozoic, Mesozoic, and Cenozoic sedimentary rocks and Cenozoic sediments. These rocks 
contain many known uraniwn occurrences (fig. 10) and sediments derived from these rocks are 
likely to have elevated uranium. 

Apparently, some of the lacustrine and fluviatile sediments in section 4B of province 4 
(fig. 2) are producing indoor radon levels greater than 4 pCi/L (fig. 9) in 18 percent of the homes 
in Ada county and 5 percent of the homes in Canyon County. Cenozoic volcanic rocks (fig. 4), 
whi_ch are part of the Yellowstone Plateau in province 2 (fig. 2), appear to be causing a sigp.ificant 

· portion· of the homes to· have radon concentrations exceeding·4 pCi/L (fig. 9). Finally, the 
complexly faulted and folded section of'the.Middle Rocky Mountain Province (fig. 2) in southern 
Idaho and the Cenozoic volcanics and sediments in south-central Idaho (fig. 4) are also producing 
a number of homes with radon concentrations exceeding 4 pCi/L (fig. 9). 

SUMMARY 

Geologic radon potential areas (fig. 13) were delineated for ranking the radon potential in 
Idaho. These areas reflect the geology of the State (fig. 4) and generally combine some of the 
physiographic sections shown in figure 2. The 8 radon potential areas (fig. 13) were evaluated 
using the Radon Index (RI) and the Confidence Index (CI) discussed in the introduction to this 
volume. Table 2 shows the ranking of the 8 areas using these two matrices (Note: indoor Rn index 
number is based only on the State/EPA data). 
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Figure 1\. Aerial radiometric map of Idaho (after Duval and others, 1989). Contour lines at 1.5 
and 2.5 ppm equivalent uranium (eU). Pixels shaded from 0 to 6.0 ppm eU at 0.5 ppm eU 
increments; darker pixels have lower eU values; white indicates no data. ' 
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Fig. 13. Radon Potential Areas (See ~Table 2). 



Table 2 shows that 5 of the 8 areas rank as having a moderate radon potential, 2 rank high, 
and 1 ranks low. Area 5, the Yellowstone Plateau, and area 3, the Northern Rockies, both rank as 
having a high radon potential at a high confidence level. Area 3 contains numerous m;anium 
occurrences (fig. 10) and generally has elevated eU (fig. 11). Area 5 contains volcanic r-ocks with 
consistently high eU (fig. 11). 

Areas 1, 4, 6, .7, and 8 (fig. 13 and Table 2) have mo~erate radon potentials at a high 
confidence levels. These areas tend to have mixed geology and elevated eU. Area 2 contains the 
Columbia River Basalt Group which is very low in ~anium, and it has a ranking of low radon 
potential.at a high confidence level. 

This is a generalized assessment of Idaho's geologic radon potential and there is no 
substitute for having a home·tested. The conclusions about radon potential presented in this report 
cannot be applied to individual homes or building sites. Indoor radon levels, both high and low, 
can be quite localized, and within any radon potential area there will likely be areas with higher or 
lower radon potential that assigned to the area as a whole. Any local decisions about radon should 
not be made without consulting all available local data. For additional information on radon and 
how to test, contact your State radon program or EPA regional office. More detailed information 
on state or local geology may be obtained from the State geological survey. Addresses and phone 
numbers for these agencies are listed in chapter 1 of this booklet 
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TABLE 2. Radon Index (RI) and Confidence Index (Cl) scores for Radon Potential Areas, 
figure 13, based on the geology found within the physiographic provinces and physiographic 
sections shoWn in figure 2. 

AREAl AREA2 AREA3 AREA4 

FACI'OR RI CI RI CI· RI CI RI CI 

lNDOORR!illQN 2 ' 3 . 2 3 2 3 2 3 

RADle;> A~ ·2 3· 1 3 3 3 2 3 

GEoLOGY 2 . i' 1 2 3 3 2 2 

SOIL PERM. 2 i 2 2 2 2 2 2 

ARCHITEC'IURE 2 2 2 2 

GFEPOINTS 0 0 0 0 

TOTAL 10. 10 8 10 12 11 10 10 

RANKING MOD HIGH I.DW HIGH HIGH HIGH MOD IDGH 

AREAS AREA6 AREA7 AREAS 

FACI'OR RI CI RI CI RI CI RI CI 

INDOOR RADON 2 3 2 3 2 3 2 3 

RADIOACTIVTIY 3 3 3 3 3 3 3 3 

GEOLOGY 3 2 2 2 2 2 2 2 

SOIL PERM. 2 2 2 2 2 2 2 2 

ARCHITEC'IURE 2 2 2 2 

GFEPOINTS 0 0 0 0 

TOTAL 12 1(\ 11 10 11 10 11 10 

RANKING HIGH IDGH MOD IDGH MOD IDGH MOD IDGH 

. ' 
RADON INDEX StORING: . ' 

Probable screening indoor 
Ragon J2C?tential catego~ Point range radon average for area 
UJW 3-8 points < 2 pCi/L 
MODERATIW ARiABLE 9-11 points 2 -4pCi/L 
HIGH > 11 points >4pCi/L 

Possible range of points = 3 to 17 

CONFIDENCE INDEX SCORING: 

LOW CONFIDENCE 4-6 points 
MODERATE CONFIDENCE 7-9 points 
HIGH CONFIDENCE 10- 12 points 

Possible range of points = 4 to 12 
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EPA's ;Map of Radon Zones 

The USGS' Geologic Radon Provmce Map is the technical foundation for.EPA's Map 
of Radon Zones. The Geologic Radon Province Map defines the radon potential for 
approximately 360 geologic provinces. EPA has adapted this information to fit a county 
boundary 'map in order to produce the Map of Radon Zones. 

The Map o( Radon Zones is based on the .same range of pr~dicted screening levels of 
indoor radon as USGS' Geologic Radon Province .Map. EPA defines the three zones as 
follows: Zone Dne areas have an ayerage predicted in~oor. radon scteenuig pot~ntial greater 
than 4 pCi/L. Zone Two ·areas are predicted to have an ayer.age mdoor'radon screening 
potential between 2 pCIIL and 4 pCi/L Zone Three areas are predi'cted to have an average 
indoor radon screening potential less than 2 pCI/L. 

Smce the geologi~ provmce boundanes cross state and county boundaries, a strict 
translatiOn of counties from the Geologic Radon Provmce Map to the Map of Radon Zones 
was not possible For counties that have vanable radon potential (i.e., are located in two or 
more provmces of different rankmgs), the counties were assigned to a zone based on the 
predicted radon potential of the province m which most of Its area hes (See Part I for more 
details) · 

IDAHO MAP OF RADON ZONES 

The Idaho Map of Radon Zones and Its supportmg documentation (Part IV of this 
report) have received extensive review by Idaho geologists and radon program experts The 
map for Idaho generally reflects cu_rrent State knowledge about radon for Its counties Some 
States have been able to conduct radon mvest1gat10ns m areas smaller than geolog1c provmces 
and counties, so It IS Important to consult locally available data 

Although the mformat10n prov1ded m Part IV of this report -- the State chapter entitled 
"Prehmmary Geolog1c Radon Potential Assessment of Idaho" -- may appear to be qu1te 
specific, It cannot be applied to determme the radon levels of a neighborhood, housmg tract, 
md1v1dual house, etc THE ONLY WAY TO DETERMINE IF A HOUSE HAS 
ELEVATED INDOOR RADON IS TO TEST. Contact the Region 10 EPA office or the 
Idaho radon program for mformauon on testmg and fixmg homes Telephone numbers and 
addresses can be found m Pan II of this report 
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IDAHO- EPA l\1ap of Radon Zones 

The purpose of this map Is to assist National: Stille 11nd local or~nlzat!ons 
lo tl!lget their IIIIOUrces llrld to Jmplemanl raaoo-resbtMI buikhng code-s. 

This map Is not Intended to delomwne H a home lrf a given zone.should be tested 
for r!ldon. Homes wi1h elevall!d levels of radon have been found In all three 
zones. All homes shook/ be tested, rvgardltn.ot zo~ d~U~lg,.tlon. 

IMPORTANT: Consult the pubfie~~tlon entitled 'Prefiminary Geologic Radon • 
Potential Assessment of Idaho' before using this mAp •• This 
document contains lnformalion oh radon potential variations with1n counties. 
EPA also recommends !hat !his m11p be supplemented with MY available 
local data In order to further understand and predict the radon potential of a 
specific area. 

D D 
Zone 1 Zone2 Zone-3 

FIWiklln 


	402R93032_000006CT_page_0001
	402R93032_000006CT_page_0002
	402R93032_000006CT_page_0003
	402R93032_000006CT_page_0004
	402R93032_000006CT_page_0005
	402R93032_000006CT_page_0006
	402R93032_000006CT_page_0007
	402R93032_000006CT_page_0008
	402R93032_000006CT_page_0009
	402R93032_000006CT_page_0010
	402R93032_000006CT_page_0011
	402R93032_000006CT_page_0012
	402R93032_000006CT_page_0013
	402R93032_000006CT_page_0014
	402R93032_000006CT_page_0015
	402R93032_000006CT_page_0016
	402R93032_000006CT_page_0017
	402R93032_000006CT_page_0018
	402R93032_000006CT_page_0019
	402R93032_000006CT_page_0020
	402R93032_000006CT_page_0021
	402R93032_000006CT_page_0022
	402R93032_000006CT_page_0023
	402R93032_000006CT_page_0024
	402R93032_000006CT_page_0025
	402R93032_000006CT_page_0026
	402R93032_000006CT_page_0027
	402R93032_000006CT_page_0028
	402R93032_000006CT_page_0029
	402R93032_000006CT_page_0030
	402R93032_000006CT_page_0031
	402R93032_000006CT_page_0032
	402R93032_000006CT_page_0033
	402R93032_000006CT_page_0034
	402R93032_000006CT_page_0035
	402R93032_000006CT_page_0036
	402R93032_000006CT_page_0037
	402R93032_000006CT_page_0038
	402R93032_000006CT_page_0039
	402R93032_000006CT_page_0040
	402R93032_000006CT_page_0041
	402R93032_000006CT_page_0042
	402R93032_000006CT_page_0043
	402R93032_000006CT_page_0044
	402R93032_000006CT_page_0045
	402R93032_000006CT_page_0046
	402R93032_000006CT_page_0047
	402R93032_000006CT_page_0048
	402R93032_000006CT_page_0049
	402R93032_000006CT_page_0050
	402R93032_000006CT_page_0051
	402R93032_000006CT_page_0052
	402R93032_000006CT_page_0053
	402R93032_000006CT_page_0054
	402R93032_000006CT_page_0055
	402R93032_000006CT_page_0056
	402R93032_000006CT_page_0057
	402R93032_000006CT_page_0058
	402R93032_000006CT_page_0059
	402R93032_000006CT_page_0060
	402R93032_000006CT_page_0061
	402R93032_000006CT_page_0062
	402R93032_000006CT_page_0063
	402R93032_000006CT_page_0064
	402R93032_000006CT_page_0065
	402R93032_000006CT_page_0066
	402R93032_000006CT_page_0067
	402R93032_000006CT_page_0068
	402R93032_000006CT_page_0069
	402R93032_000006CT_page_0070
	402R93032_000006CT_page_0071
	402R93032_000006CT_page_0072
	402R93032_000006CT_page_0073
	402R93032_000006CT_page_0074
	402R93032_000006CT_page_0075
	402R93032_000006CT_page_0076
	402R93032_000006CT_page_0077
	402R93032_000006CT_page_0078
	402R93032_000006CT_page_0079
	402R93032_000006CT_page_0080
	402R93032_000006CT_page_0081
	402R93032_000006CT_page_0082
	402R93032_000006CT_page_0083
	402R93032_000006CT_page_0084
	402R93032_000006CT_page_0085
	402R93032_000006CT_page_0086
	402R93032_000006CT_page_0087
	402R93032_000006CT_page_0088
	402R93032_000006CT_page_0089
	402R93032_000006CT_page_0090
	402R93032_000006CT_page_0091
	402R93032_000006CT_page_0092
	402R93032_000006CT_page_0093
	402R93032_000006CT_page_0094

