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UNITED STA!ES ENVIRONMr'ITAL PROTECTION AGENCY 

WASHINGTON. D.C. 20460 

A{); 2 2 1007 

OSWER No. 9200.4-18 

MEMORANDUM 

SUBJECT: 

FROM: 

~:o: 

PURPOSE 

Establishment of Cleanup Levels for CERCLA Sites with Radioactive 
Contamination · 

 
 ofR adiation and Indoor Air &V... · . 

Addressees 

. . . . 
This memorandum presents clarifying guidance for ~lishing protective· 

cleanup levels1 for radioactive contamination al: Comprehensive Environmental 
Response, Compensatioti, and Liability Act pf 1980 (CERCLA) sites. The policies·· 
stated m .this memorandum are inclusive of all radioactive contaminants of_cOncem at a 
site including radon.2 '·The ~.is limited to providing guidance regarding the · . . 0 

protection (1fhmnan. health and docs not address levCls necessary to prcitcct ecological . . 

0~ 

1This d.i.rcdivc provides guidaDc:e on cleanup lc:vels c:xpn::ssed as a risk. c:xposure. or dose level and not as a soil 
concan:ratioc leveL The ~on level for various media, such as soil. that conespouds to a given ri.s.lc level should 
be dctennincd on a s.im-spc:ci:fic basis, based on factors such as the assumed lsnd use~ the physical c:harac:;tcristcs (e.g... 
important su:r£a,c:e feztu:rc:s, soils. geology, hydro geology, meteorology, and ccokigy) at the site. This guidance does not 
.Uta- the Natioaal Oil &ad Ha:zzrdous Substmoes PoUutioo Cootiogen<:y Plm (NCP) e.xpco lations reprd.ing trea:tmcnt of 

incipal threat waste and tbe usc of coata.inmeot md institutional ~ls for low level threat waste. 

-~ · 2since r.toa is aoc c:ovaec1 iD some Federal rad.iadoa regulatioas it is im.pc:n taa:tt to nocc that the clcaDap picfanc:e 
clarificasioos iD this mcmonlllldum indudc radon. Attlc:hmcm A is a listing of s=mdards for radianucUdcs (inc:lud.iDg· 
radon) that m3)' be applicable or relcv.mt and appropriate requirements (AR.AR.s) for Superfiuul site--

0 
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This document provides guidance to EPA staff. It also provides guidance to the 
public: and to the regulated community on how EPA intends that the Nationa.I Oil and 
Hazardous Substances Pollution Contingency Plan (NCP) be implemented. The 
guiciar1ce is designed to describe EPA's national policy on these issues. The document 
does not, however, substitute for EPA's statutes or regulations, nor is it a regulation 
itself. Thus, it cannot impose legally~ binding requirements on EPA. States, or the 
regulated community, and may not apply to a particular situation based upon the 
circumstances. EPA may change this guidance in the future, as appropriate. 

BACKGROUND 

A listing is attached of radiation standards that are likely to be used as ARARs 
t0 establish cleanup levels or to conduct remCdial actions. Cleanup standards have been 
under development by EPA under the Atomic Energy Act (AEA) and will be ARA.Rs 
under certain circumstances if issued.. 

ARARs are often the determining factor in establishing cleanup levels at . 
CERCLA si~ However, where ARARs are not available or are not sufficiently 
protective. EPA gencral.ly sets site-specific remediation levels for: l)catcinogens at a 
level that~ an excess upper bound lifetime cance:r ~tO an individual of 
between 1 ()"" to 1 ~ and for 2) non-carcinogens such that the cumulative risks from· 
exposure will not rCsu1t in ~ effects to human populations fmcluding sensitive . 
~JXlPUl:a.ti.ons) tb3t ~be c:xposed during a~ or part ~fa lifetime, · ·. · ·. · . 
~rating .an adCquate margin of safety~ (Sec 40 CFR 300.430( e)(2)(i){A)(2).)­
~~ a11 :mdiOlJPtf)ides an:~ this guidance ·addresses c:arcin8genie risk.. If. · . 
rio~genic-iisks are" Posed by specific :radionnclidcs, those risks should be taken . 
into aceomit in establishing cleahup levels or s-.Jltable ~~ial actions. The site­
sPecific level of cleanup. is determined using the nine criteria specified in Section 
300.430(eX9)(Iii) ofthe NCP. . . . 

. . 
l-r'o-bo-coa.sidctcd nutcrial (TBCs) arc non-proml,llpscd advisories or guidaa<:c issued by Ecderal or Stldc 

go"euunems that arc DOt lcg:ally biudiag md do not bave cbe status of potential AR.ARs. ·Ho'WIM:t, TBCs will be 
c:oasidc:z-cd aloag with ARAR.s as part of the site risk assessmmt and may be used in deu:rinining the aecessery level of 

. cleanup for prot«tioa ofhcaJtb aad tbc eavironment. 
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It is important to note that a new potential ARAR was recently promulgated: 

N'RC's Radiological Criteria for License Termination (See 62 FR 3905&. July 21. 
1997). We expect that NRC's implementation ofthe rule for License Termination 
(decommissioning rule) will result in cleanups within the Superfund risk range at the 
vast majority ofNRC sites. However, EPA has determined that the dose limitS 
established in this rule as promulgated generally will not provide a protective basis for 
establishing prelimin.ary remediation goals (PRGs) under CERCLA. 4 The. NRC rule set 
an allowable cleanup level of25 mill~m per year (equivalent to approximately 5 x IQ-4 
increased lifetime risk) as the primary standard with exemptions allowing dose limits of 
up to 100 m.illirem per year (equivalent to approximately 2 x 10"3 increased lifetime 
risk). Accordingly, while the NRC rule standard must be met (or waived) at sites where 
it is applicable or rele~t and appropriate, clean~ at these sites will typically have to 
be more stringent than required by the NRC dose limits in order to meet the CERCLA 
and NCP requirement to be protective.5 Guidance that provides for cleanups outside the 
risk range (m general, cleanup levels exceeding 15 millirem per year which eqUates to 
approximately 3 x I~ increased lifetime risk) is similarly not protective under 
CERCLA and generally should not be used to establish cl~up levels. 

The lack of a protective ~mprehensive set of regulatory cleaniip levels for 
radiation, together with the possibility of confusion as to the staius of other Federal 
Agency regulations and guidance as ARA.Rs or TBCs, may cause uncertainty as to the 
::leanup levels deemed protective under CERCLA. Until a protective comprc:hensive 
radiation cleanup rule is available, this guidance clarifies the Agency's position on 
CER.CLA cleanup levels for radiation. 

' 

QBJECIJYE .. 

~ guidance cl.arifies th3t "cleanups of radio nuclides are governed by thC ~ 
range fo.r all carcinogc:n.s established in the NCP when ARARs are not available or arc 
not sufficiently protcctiye.. This" is to say, such cl~ should &mu;rnlly achieve risk. 
levels in tht 10"" to iQ-45 range. EPA bas a consistent methodology for assessing cancc:r · . n:-w and detei::mi_ning PRGs at CER.CLA Sites no matt~ the type of coutamjnatlon..' 

4-see letter, , Acim.inistrator, EPA. to , O!..airm.an. Nuclear R..egulatoey Commission. 
February 7, 1997. 

sSee l1'ta! luocnt B £'of" a dd:ai!ed discussion of the basis for the conclusion that the dose limits in the NRC rule arc not 

adequately protective. 

~.S. EPA. ""R..isk Assessment Guidance for Supcrf].md Volume I Human HCalth Evaluation Manual (Part A) Interim 
Fi.o.a.l. .. EPA//540/I-89/002., December 1989. U.S. EPA. ""Risk Assessment Guidance for- Superfund: Volmne 1- Human 
"-ic::alth Evalumion Manual (Pan B, Development ofR.isk-based Preliminary Remediation Goals_ ... EPA/540/R.-92/003, 
Dec:embcr 1991. . 
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Cancer risks for radionuclides should enerally be ~Iactor 
appro~~~gy. Slope factors were developed by EPA for 
more than 300 radionuclides in the Health Effects Assessment Summary Tables 
(HEAST). 1 Cleanup levels for radioactive contamination at CERCLA sites should be 
established as they would for any chemical that poses an unacceptable risk and the risks 
should be charact~riz.ed in standard Agency risk language consistent with CERCLA 
guidance. 

Historically, ·radiation exposure and cleanup levels have often been expressed in 
units unique to radiation (e.g., milli.rem or picoCuries). It i.s important for the puxposes 
of clarity. that a consistent set of existing_risk-b~ units (i.e., # xl ~) for Cleanups · 
genc:rally be used. ·This will also allow for ease and clarity of presenting cumulative 
risk for all contamfnants, an·objective consistent with EPA's policy on risk 
c~o~1 · .. 
. Cancer risk frotn both radiological and non-radiological contaminants should be 

summed to provide risk ~tes for persons exposed to.both types of carcinogenic 
contaminants.. Although these risks Witially may be tabn12ted separately, risk estimates 
contained h:t proposed and final site decision docul:nents (e.g., ~~ed plans, Reeord · 
of Decisions (BODs), Action M9ll~OD ArrumdmentS. Explargtion of Signifj~ 
Differences (ESDs)) should be summed to provide an estimate of the combined risk: to 

- ~uals ~by an carcinoi_eni~ co~~ . -

IMPLEMEN'[ATION 

The approach in this guidance should be considered at cmrent and future 
CERCLA sites for which response decisions have not been made. 

Overall ExPomre _Liinit: 

.. . . a=uiop ~~i"~ ~a 1~ of~ within the i 0"' to "t(t4' .. 
carcinogenic risk lange based on the r=isonable maximuin c:xpo$UI'C for an .iiulividual. 
The_ cleanup levels to be specmed include exposur.!j· from all~ pathways, and 
through all ~ {e.~ soiL ~und water~ surface water,· sfflimerit, air, structures, 

7US. EPA. "'Health Effi:cts Assessment Summary Tables FY-199:5 Annual," EPA15401R.-95/036, May 1995; and u.s. 

EPA. "'Health Effix:t'S Assessment Summary Tables FY -1995 Suppl~" EP A1540/R -951142. Nov. 19?5. 

lpor fu:rtber d~~ ofliPA 'a policy. sec tDc:mormdum from EPA A~ Carol Browner catitlcd.: "'EPA 
Risk~ Program. .. March 21. 1995. 
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·~iota). As noted in previous policy, ·~e upper boundary of the risk range is not a 
.iscrete line at 1 x. 1~. although E?A generally uses 1 x 10"" in making risk · 

management decisions. A specific risk estimate arormd 1~ may be considered 
acceptable if justified based on site-specific conditions". 9 

If a dose assessment is ... conducted at the site 10 then 15 millirem per year 
orc;,.,;;._....~.,..·~·~-""- ...•...• ,~ ...... 

(mrern/yr) effective dose equivalent E should · um dose limit 
furliumans. · :evel equates to appro ly 3 x 1 CJ--4 increased lifetime risk and is 
consistent with levels generally considered protective in other governmental actio~ 
particularly regulation~ and guidance developed by EPA in other radiation control 
programs}' · 

.Bac~uround ~ontamination: . 

• 
Backgroun.d ~on levels will generally be determined as background levels 

are determined. for other contaminants, Qn a site-specific basis. In some cases, the same 
constituents are found in on-site samples as well as· in background samples.. J]!~ levels 
of each constituent are compared to background to determine its~ if any, on site­
~rerated activities. Background is generatly measured only for tho~ radionuclides that 
are contaminants of concern and is compared on a_ contaminant specific basis to cleanup 
1eveL For example~ ~tmd levels far Iad.ium-226 and radon-222 would genenilly 

Jt be evaluated 8t a site if those radionuclides were not site-related contiminants. . 

'Memo from Assistant~  to tbe ~oas; ""Role of the Ibseline iisk Asscssmcat in. Superfund 
~ S=!c moo Dcrlsms- OSWEll DircctiYc 9355..0.30; ~ 22.. 1991. · .. 

. -
10Clamqt Jwds .adt baed Oil .Auas· w be cx:pccsscd a risk. •JtM.osp leYds may at tbe S11DC tbc be expressed 

in uillurem. . . . . . . . . . 
.: . , . 

. .· ttF~ ~ .. ;.;.: sad~ ~ftbe bUis fix.tbis -~. ~"". mimoa ~ c:c•4aiioi m tbc aiatedals in~ docket for 
the AEA ~..,. .,_clcpi mt by EPA. ?hich iS available at tbe totlowiDg -'lddicss: u~ Pl' A, 40i M su=,.s.w .. 
i=loom MlSOO, Air Dodr.d No. AJ.IJ.:rr. Washhqfcea D.C. 20460.. Tbc wattaial is also available via COOII'Uter ~ 
tttroagh tbc f"1eemip Rqnl8tion Elcdroaic BW!cti:a Bocd ~ 700-7137 au~~ ide the W ashinatrm cea aad J03-790-0825 
locally).« oo-liDo duouafl tbo R..tittinn Site Clcaaup Rqntmm HcJmch&c (bap:/lwww.cp-.govJndiatjonlcleawp/). 
Clc8mJp 1eYds t...ed ixl soiDc: older ARARs that UIC a 25r15125 r:a:T:miyr I\1I:Dd&nJ (LC.. 2.S mrr:trtJiyr to ~·wbotc body, 75 
nw:mlyr to the thyroid. aDd 2S mrt:aJiyr to my otba' critical orpn) may appec tO permit greater risk lbaD tbosc based O'Q 

15 mran EDE bet oa ~-ootxcspood to appc•' ci•• •etety 10 mn:mJyr ED E. using c:utrc::at risk mcthodotogies. Similarly, 
ARAR.s birscd oo a zns r:arr:mJyr ss:mdard used as m ARAR (I.e ... 25 rrm:mlyr to whole body md 75 ~to any 
-ritical <XpD) would oa·avc:rase QJCtc:spoad to tbosc deumps based oa 15 r:nrr::mlyr EDf:. (Sec also •Comparison of 

ritical Orpn md EDE p..r...uoa. Dose R1:!c I.Jmits for S~ Iavolving Contaminated L.aad;" Office of!Wiiation 
and Indoor Air; April1997.) .See also Attao:baacat B. · . .. 
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In certain situations background levels of a site-related contaminant may equal 

or exceed PRGs established for a site. In these situations background and site-related 
levels of radiation will be addressed as they are for other contaminants at CERCLA 
sites. 12 

Land Use and Institutional Controls: 

~-£QJJce"Ilt:nttion levels for various media that cog::spond to the acceptable ri~ 
level ~lished for cleanup will depend in part o~l_~~· ~d uses that · 
Will be available following completion of a risponse action are determined as part of 
the remedy selection process considering the reasonably anticipated land U.se or uses 
along with other factors. tJ Institutional controls (ICs) generally should be included as a 
component of cleanup alternatives that would require. restricted land use in order to 
ensure the response will be protective over time. The institutional controls should 
prevent an. unanticipated change in land use that could result in tmacceptable exposures 
tcf re~aduru contaminition, or at a minimum, ·alert future l.tSers to the residual risks and 
monitor for any changes in use. 

Future Changes in Land Use: 

. Where waste is left on-site at levels that wauid require limlted. use. and restricted 
expoSU!"e to ensure protectiveness, EPA wilfconduct reviews at least once evm fiv~ 
y~ to monitor the site for any changes including changes in land ~- Such reViews 
should analyze the implementation and effectiveness ofanj ICS with the same degree. 
of care as other parts of the. remedy. Should land use .change in spite of land use 

.: ·. 
' .. •.' . 

~or n:rtbcr iaix~ rcpniiag EPA's appcoch fur llddri::aing bicqxoU:qcbt CER.Cu sit.:S see: Nati~ 'pii · 
md Hazardous SJ~r r:es Polh:tioo Ccatiugcacy Plan,. S5 PR. !7174711. MardrS.·1990; U.S. EPA~ 00. 

~ Aaiocs fix (Antamincrrf Onxmd Wr=r ~ Supcrfimd S';=.'" EPAJ5.401G.U1003. Dca=mhtx ~m .. J'i- _4-9; . 
U.S." EPA -sot1 Sc:Rea.iug Onida~: Usa-' a Guide. .. EP~-9tii01&, 1Aprill996, pg.l; lad U.S. .EPA ""Risk 
Anc ""~ Onidar.:tce fcc Sap=6mc! VOlume I Humm Health EvahtatiCc ~ (Pirt A}.~ EPAls.t0/1-19102., Dec:emb=' 

. 1m. w~_4-s ~ 4-to. s-11 to s.t9. hJbould be~~~ AllAits ~ ~ bowtDf.r.mt · 
~~ iaSo C'Jr-ip levels. For eX.aiPIC. some rediatian ARAR. ievds 8I'C ablblisbcrd as iDc::remeuts-above 
lw:&:gxocmd cQac;eublltiuus.. (Sec "'terbcd cbart for •listiui ofrwfisrioa JtaDdards that arc likdy to be used a AR..ARs.) 
In tbc:ac Wt*'"tS:INJOXI. r1dbc:r tbat fOllow the~ pidance cited aboYe,. badca:&ocmd sboWd be w!drasc:d in the . 
~ pn:::sc:ribcd by tbc ARAR. ARARs. such as .CO CPR. 192., are available to establish eJesnup levels for those 

. · n&ttit'alfy occw t ing nrdioaUclides tmt pose the most risk (such as ~226 or Thorium in soil. and indoor radon) when 
those ndiomx:Hdcs ..C site rdatcci ('U'Itaminmts · 

1lzn ·~opiag Laad ~ assmnptioas, decision~ sboWd ~the guidmce .provided iD 1hc -~dum 
1iDm Elliott Laws A.A.., OSWER. eatitlcd: "'Laad Use in tbc CERCLA Remedy Selcc1ioa Process" (OSWER Oircc:tivc 
No. 9355.1-44}. May 25. 1995. . 
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·trictions, it will be necessary'to evaluate the implications of that change for the 
,ected remedy, and whether the remedy remains pro:ective (e.g., a greater volume of 

soil may need to be removed or managed to achieve an acceptable level of risk for a 
less restrictive land use). 

Ground Water Levels: 

Consistent with CERCLA and the NCP, response actions for contaminated 
ground water at radiation sites must attain (or waive as appropriate) the Maximum 
Contaminant Levels (MCLs) or non-zero .M~um Contaminant Level Goal~ 
(MCLGs) established under the Safe Drinking Water Act, where the MCLs or MCLGs 
are relevant and appropriate for the site. This will typically be the case where ground 
·waters are a current or potential source of drinking water.14 The ARARs should 
generally be attained throughout the plume {i.e.; in the aquifer). 

• 
Modeling Assessmen_t of Futu~ Exposures: 

Risk levels, ground water cleariup,_:and dose limits should be predicted using 
appropriate ~odels to examine the estimated future threats posed by residual 
radioactive material following the completion of the response action. 15 The modeling 
-essm~ should: (1) assume that the cmrent physical ch.ara.ctcristics {e.g.~ important 
face features., soils, geology, hydrogeology, meteorology, and ecology) will continue 

to Crist at th!! site; (2) take into account for each particular radionuclide that is a site--· 
related contaminant, the folloWing factors: 
• radioa-"1ive decay ari.d the ingrowth of ~oactive decay products when 

assessing risk leveis·; . . 
• the year of peak concentration in the gn:)und water when assessing protection 

(e.g., remffliating previous contamination and preventing future contamination)· 
_ of ~ound water, and; · · . . · . 

.. • .... t.he~ofpeS.k~se~a~ng~se~and, · .... · · · 
(3) model the c:Xpcctcd movement of radioactive material at the site? both within media 
[t.e..y soil, gro~. ~.water, sediment, structures, ~' biota) and· to other 
m~ . 

1"1n making decisioos oo ground W1:1cr j,rotcctioa. decision makers should consult the guidance provided in 
~ Response Strztegy and E.x-Sin.J Treatment T cchnologies for Contaminated Ground W atcr It CERCLA Sites" 
(OS Vv'ER Directive No. 93 55.7 -G4) October ! 996. 

1 5r" or further information regarding the basis for 1hls · i-c::om:mcndarion. see U.S. EPA. ""Ri.sk A.s.."Msment Guidance f.-;r 
JCri'und Volume I Human Health Evaluation Manual (Pan A) Ir.tcrim Final. .. EPAI/540/1-89/002. December 1989, ?P· 

t0:22 and 10-24. . . 
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FURTHER INFORMATION 

The subject maner specialists for this directive are  of OERR and 
 of ORlA. General questions about this directive, should be directed to 

l-800-424-9346. 

Attachments 

Addressees 

CC: 

National Superfund "Policy Managers 
Superfund Branch Chiefs (Regions I-X) . . 
Superfund Branch Chiefs, Office ofRcgional Counsel (Regions I-X)· 
Radiation Proglam Managers @.egions i, rv, v, VI, VII; X) 
Radiation Branch Chief (Region ll) · 
Residential Domain Section Chief (Region Ill) 
Radiation and Indoor Air Program Branch Chief (Region VITI) 
Radi~on and Indoor Office Director (Region· IX) 
Federal Facilities Leadership Council 
0 ERR Center Directors 

, FFR.lto 
 , OSW 

, FFEO 
 OSRE 

, HOSC/OERR 
, OGC 
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AUnchmcnt A: ,. 

Likely Federal Radiation Applicable or Relevant and Appropriate Requirements 
(AflARs) 

. . 
I he allarhL'd uran tuhlc of federal standa~ds' is a listing of Federal radiation regulations thafq1ay be "Applicable or Relevant and 
,\ppnlpnatc.: l{equircmcnts" (A~ARs) fo; Superfund response actions. This list is not a c~nliprehensive fist of Federal radiation 
sland;u\ls. It must nlso be cauti~ned that the selection of AltARs is site-specific and those site-specific determinations may differ from 
lhL' ;utiiLilcd illlalysi:; for ~ome ~fthe following AltARs. . . · 

Llli.ely ilederal Radiation (AEA, UMTRCA, CAA, cWA,_SoWA) ARABs . . ~ 
. · · . When Is ~taJldard · When Is standard . ~ 

· · . ·Applicable potentially a Relevant I 

Standard Citation (Conduc.t/Op~.ratlon and Approprlcite 1 
· · · · or Level of Requirement ! 

· Cleanuo1) · 1 

. 
Where ground or surface water Maxillllllll contamiiumt levels (MCLs). Drinking 40 CFR 141 Rarely: At the tap where 

wulcr regulations designed to protect human water will be provided is considered a potential or 
health rrom lhc potential adverse efftcts of directly to 25 or mote current source of drinking 
drinking wntcr contaminants. people or will be supplied water 

to 15 or more service 
connections. 

Concentration limits for li4u1J cf1luents from 40 CrR.440 · Very Unlikely/ Applies to Discharges lo surface waters i 

facilities that cxrract and process uranium, Subpart C surface water d~scharges of some kinds of radioactive 

l~:~~:~ :~':-a-~~_~~ ~:~:~=-~res. . . . . from certain kJnds of waste. 
mines and milts . : . 

-------------------------- ------------------· 
~-------------- .. ..... --· ___. ____________________________ 

. I -
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Lih.ely Federal Radiation (AEA, UMTRCA, CAA, CWA, SDWA) ARARs 

Standard 

" 

h·d~ral Water (.)uulily Crhcri!l (FWQC) and 
StalL' \Va!cr <)uulily Sil!IH.htrds ( WQS). 
{ ·,llnia/staJH.lMds for proh:ction of aquatic life 
;uHIIor human health depending upo~ the 
dl'si!!nated walcr usc. 

( 'nlll:~nlrnlion limits fur cleanup of radium-22~. 
rudium-22H •. und thorium in soil at inactive · 
uraniu111 processing sites designated for remedial 
acliu11 1 

Citation 

Waler Quality· . 
. Crileria; Report . 
of the National 
TechniCal 
Advisory 
Committee to the 
Secretary ofthe 
lnterio.r; April I, 
1968. 

40CFR 
192.12(a), 
l92.32(b)(2), and· 
192.41 

. .....: _ _. __ ... I 

Discharge from a 
CERCLA.sitc to ·surface · 
water. (C/0) 

Never~ Standards arc 
applicable only to 
UMTRCA sites that are 
exempt from CERCLA 

.. . . 

When is standard 
potentially a Relevant 

and Appropriate 
Requirement 

Restoration of contaminated 
surface water. (LC) 

Sites with soil contaminated 
with ~adium-226, radium-228, 
and/or thorium 

1
For further information, ~ee OSWER directive entitled ".Use of Soil Cleanup Crl~eria in Subpart B of 40 CFR Part 192 ·as 

Remediation Goals for CERCLA sites." . · 
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Liltely Federal Radiation (AEA, UMTRCA, CAA, ~A, SDWA) ARAlts 

Standard 

• 

( 'umhim:d exposure limits for cleanup of radon 
lb:ay pmducts in buildings ttl inactive uranium 
pnlL·cssing s11es designated for remedial action 

t 'olll:cntrution limils for cleanup of gamma 
rudialion in buildings at inactive uranium 
proc~s~ing sites designated for remedial action 

Design requirements for remedial actions that . 
lllVOIVC disposal for COnlroJling combined 
releases of radon~220 and radon-222 to the 
atmosphere at inactive uranium processing sites 
designated for remedial action 

Citation 

40CFR 
192.12(b)(J) and 
192.41 (b) 

40CFR 
t92.12(b)(2) 

40 CFR 192.02 

-3-

When Is standard 
Appllpable 

(Conduct/Oparatlon 
or ~evel of 
CleanuD11 ... 

Never: Stand~s arc. 
~pplicablc only to • 
U MTR CA sites that are 
exempt from CERCLA 

• 

Never: Standards are . . 
applicable only to · 
UMTRCA sites that are 
exempt from CERCLA 

Never; Standards arc · 
applicable orily to . 
UMTRCA sites .that~ 
exempt fron\ ~~RC~A · 

. 

When Is standard 
potentially a Relevant 

and Appropriate 
Requirement' 

Sites wirh·radioactivc 
contamination that is cu~ntly, 
or may potentially, result in 
radon that is caused by site 
related contamination 
migrating from the soil into 
buildings 

Sites with radioactive 
contamination that is currently, 
or may potentially, emit 
gamma radiation 

Sites with radon-220 or radon-
222 as contaminants which 
will be dispased of on-site. 



------------.----. ......-' . 
J 

/ 

Lilicly Fede·ral RadlaHon (AEA, UMTRCA, CAA, CWA, SDWA) ARARs 

Standard 

PL'rlilrtllilllu.: ohjcclin:s l(,r the land disposal of 
In\\ k1·d radio;iclivc \\taste (LLW). 

Nnliunull·:mission Standards for Hazardous Air 
Pollulnnls (NESIIAP~)" under the Clean Air Act, 
lhnl nrply lo radionuclides. 

l~aJtological crilcria for license termination. 

Citation 

10 CFR 61.41 

I 

40 CFR 61 
Subparts H and I 

10 CFR 20 ·-. 
Subpart E 

. When Is standard 
Applicable 

(Conduct/Operation.· 
' . 

·. or Level of 
Cleanup1) ·; · . 

Unlikely: Existing . 
licensed LL W disposal 
sites at the time of license 
renewal. (LC) 
Unlikely thatthl.r would 

. . 
occur.· 

Airbome emissions 
during the cleanup of 
Federal Facilities and 
licensed NRC facilities. 
(CO) 

Existing licensed sites at 
the time of license 
termination. (LC) 

~ When is standard 
potentially a Relevant 

. and Appropriate 
Requirement 

Previously closed sites 
containing LLW if the waste 
will be permanently left on 
site. 

Cleanup of other sites with · 
radioactive contamination. 

Previously closed sites. 

1 I.C'omluct/opcmtion (C/O) refers to those standards which ar~ typically ARARs for"thc'conduct ot opetation of the remedial action. 
l.cvc.:l or Cleanup (LIC) refers to those standards which are typically ARARs for determining the final level ofcleanup . 
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Introduction 

-- . 

Analysis o~ what Radiation Dose Limit 
is Protective of Human Health 

at CERCLA Sites 
{Including Review of Dose Limits in 

NRC Decommissioning Rule) 

'· 

August 20, 1997 

The Nuclear Regulatory Commission ("NRC) baS ·finalized a rule tit1Cfj 
"Radiological Criteria for License Termination" (see 62 FR 39058, July 21 7 1997). EPA 
has determined that the dose limits established in this rule generally will'not provide a 
protective basis for establishing.preliminary remediation goals("PRGs)underthe 
Comprehensive Environmental Response, Co~pensation and Liability Act 
CCERCl:A 77

).
1 1be NRC rule sets' an allowable cleanup level of2S i:nillirem per year 

effective dose equiv~ent (EDE) (equivalent to appx:oximately S x IQ-'4lifetime ~cer 
risk) as the pTmiary.'Sta.ndard with eXemptions allowing cloanrip levelS of up tQ 100 ... 
~ pcr·yem.·(airem/yr) EDE (equivalent to'approximately 2 x 1Q"3.lifctimerlsk).2 

Wlill.e the ~G· ~ mUS!_.~ met (or waived)-~ si~ ~it is aPJ;licaiJjc?:!Jr .. ~ ~ . 
.rd ·_~inim,.a"'>; . ., ..... .;,. ... ···· .• .d· ·~- · atth~sitesWili. ·. ically~vetO'be.;~c;~:··'-···tCCtive . 

• .. ~ ... -· •• 4~ •• ~ • ' • typ_ ... · .. - '·""-~ -~- .. · thaii- ·· . 'uii:Ca •b' ··71I:.e NRC ritle. <:lose limits in order to. meet the . utteineirt tif.~ · .. .::- :,;·. ·.... · 
·. ·--.: '"~~::~liSfi@~··C£RCLA arid the 1996 reViSions·' t6- the~.rtianiil·oo-::~a,.: \:-· · 
~u_;S:~e5.Pollunoh·Con · ·en· .Plan("NCP")?. ·· . ' ·-~~-:-_.~-~:;~~~- .. ~-: 

. .:~:-=~~;- ·'..:<~":..~~~~~~;-~ :":·;' :~·. -~~<-->: ... ~-. c:r .. :- -- _ .. :- . ... .. . '· . -:.':~~/".·:~ .. ~ . ; . 
~ · ~-~~i~-~.~~··.ro··.:.-.·~cili·~-~~cE!tcLA.:iSg~y-·d~~::.~-: .. ~. ·.:-~: -. 

. . - ·.:li-~ - . t 0 • . . . . .~U&ol. •. • 
- · ·"~--~_ .. _r;.::'{;o: ... ~·u;..=~"~.,...,..:3;;·; ... :-·· .-- ~'·~t t.<r' to .t~ Ci~e~r--:;·· .-1abiC~· ·~.m-.A:.: .. ~-~. · 

, ··. IM~~ri!i~~~-~.,... .. ·' .·.- .. - -~,,afi ~ · ... -~------., ..... _ .. !' .•. ·· - . ... With tliisw-;. l~~---- ... '-EPA;'hisS;eoriSidetcd cancer risk. from . - .. on in a11~:9f:<.: .. \.· . 
· · ciiftf:..·· ·. · .. ,~ .. ··-~FU ~ .. crincluded. t1W ievels ~f is ·mtemf - ·EDE,(which . ~~0~fl~.:~;.;w5·1.:_-~+Y;_ · <-~: ::_ · ,;:::;-::~~y;;.,fc~~~l:-~;~ ·-

~ · .. -~-<.: .. ... 
- :;.,.". ·---~..-..3-~: ... ~) ... ~_- - ._··. _! ____ • ·: _.-. .. .. _ ..... _ _ : ....... • 

· ·. ·.··.. 1 see~:c. , Administrator, EPA. to , Chairnun. NuclcarR~ Commission. 
· F~7. ~~~~t~~-~~···"·:>. .· . ·. . . . . .· .<.·_. ··~:·. _ · 

• : ••. . 2.·~ tlus ~ rm.: ~for dose \cvcls wen: OcriY'ed using a ri.sk ~t ~iogy consisu:nt 
with CERCLA-gw~for asscs.sing riskS. · · - · 

·< · • 
3s •• ~ 1iJA provides for~ clcan~·atrtside the risk~ is ~tY·~~and should 

110t be used to ~lish Pr'cliJ;ninay ~imon goals . · · · 
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equate to approximately a.:; x I O-' cancer risk) or less are protective and achievable.~ 
EPA has explicitly rejected levels above !5 mrem/yr EDE as being not sufficiently 
protective. 

The dose levels established in the NRC Decommissioning rule, however, are not 
based on this risk range or on an analysis of other achievable protective cleanup levels 
used for radiation and other c3rcinogenic standards. Rather, they a:re based on a different 
framework for risk management recommended by the International Commission on 
Radiation Protection (Ir:RP) and the National Cowtcil on Radiation Protection and . · 
Measuremen~ (NCRP) .. NRC's application ofthis framework starts with the premise that 
e~sure U? radiation from all man-made sources, excluding medical and natural 
background exposures~ of up to lOO ,mem/yr., ~ch equates to a cancer risk of2 x lQ-3, 

. is acceptable. Based on that premise, it concludes that exposure from decommissioned · 
factlities of25 mrem/yr, which equates to a cancer risk of approximately 5 X lo-', is 
acceptable, and allows the granting of exceptions in certain ~ces· permitting exposure 
up to the fuil dosage of 100 mrem/yr from these faciliti~. EPA lias carefuily reviewed 
the basis forth~ NRC dose levels and does uot believe·~ey are generally protective · 
within the framework of CERCLA and the NCP ~ . Simply p~ NRC has provided, and ,'. 
EPA .is aware of: no ~~cal. policy 7 or ~ega! rationale ·fo~ treating ~on .. risks. · . : :·:~ · 
differently ~ni cifu..~-~ addressed under CERCLA and for alloWing radiation riskS so 
far beyond the ·bOunds of-~e CERCLA risk range. 

~ .• . . 

• c: .... .. -~ -. .. - .. . ...... - . ·. . . -;. _ ....... 
::- -, ... 

<- ·(··· · ... · ... 

. .. 

.... -...... 

- ...... : · ..... -_-:··~.a: ... ··· .. ,--.-~ 

'.:·<.-- ._· ... -: ··~...:-.-::.: .; . ,. 
J._ ~, : ·.- . ;, .. ·. 

'. :._ ~t~~-.;~~1;;:_·:·-{~kl'-~;-.. . 

-. ~ ~ff~~"l~~B> ~~~.. . .... . 
. . .;_~_. ~- .. ;· .. --_,.:. . : .... 

. ·-- ; 
· ..... ·.:· 
_;r _,. 

.. . : ·.'.-: -.. ~-... ~.~ -~ 
. .... _:: ~- · ... ·. , . .. 

- ... 
: '· . . . ·:.-' . .;, ~· 

' ·· .. "'' .::.: . .; -.' 

· .. 

~ :. . . .. •.· . . .. . 

· . : 'It_-sbOuld be~- that 1.5 mrcmlyr is-~ dose~~ a tnQfia ~on level. A.'-gly.·~ ~~~could be 
adUeYcd .r.~a..A si11:s_ tiuouBb appopriatc sito-spccirac combinations of~ faDC!diation inc! land-USe n:smctioias ro 
ensure no anacccpable exposures. . 
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1. Rationale for 15 mrem/yr: as Minimally Acceptable Dose Limit 

To determine an acceptable residual level of risk from residual radioactive 
materials following a response action that would be protective ofhuman health, EPA 
examined the precedents established by EPA for acceptable exposures to radiation in 
regulations and site-specific cleanup decisions in light of the CERCLA risk range for 
carcinogens. EPA's conclusion is that to be considered protective under CERCL~ 
remedial actions should generally attain dose levels of no more than 15 mrem/yr EDE for 
those sites at which a dose assessment is conducted. This dose level corresponds to an 
excess lifetime cancer risk of approximately" 3 x I Q-4. · 

1.1 The CERci..A risk range 

. . . . . .. . · ... 
'Role ofdlc Baseline Risk A.sseSsrncnt in Superfund Remedy Se!u:tion Decisions" from EPA ASsistant A~or Don 

....... Clay, April22, 1991. . . . ' 
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1.2 Prior rulemaking decisions 

EPA hJ..S examir.ed th:: protectiveness of various radiation levels on a number of 
occasions. In each case. EPA· s determination of what constitutes an adequate level of 
protection was reached in a manner consistent with EPA's regulation of other 
carcinogens. The conclusions from these efforts support the determination that 15 
mrem/yr EDE should generally be the maximum dose level allowed at CERCLA sites. 
For example, EPA's Environmental Radiation Protection Standards for Management and 
Disposal of Spent Nuclear Fuel, ,High-Level and Transuranic Radioactive Wastes ("High­
Level Waste Rule," 40 CFR Part 191) sets a dose limit of 15 mremlyr EDE for all 
pathways. 

In addition, EPA set an effective dose equivalent of 10 m,remly; EDE (excludigg 
radon-222) for air effilSSions of radionuclid~~om federal facilities., NRC licensees, and 
liran.nim fu:c:l cycle factti'tle'S under the National Emissions Standards for Hazardous Air 
Pollutants (t-fESHAP, 40 CFR Part 61). This lower limit included all air pathways, but 
excluded releases to surface and ground waters. 

_- · c...Comparison ofc::mical Organ and EOE R.Jidiation Dose P..tc Limits foc Situations Involving Contamiulcd Land"" 
Office of Radiation and Indoor Air; Aprill997. · · · 
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.1rem/yr EDE. These findings are similar to those mentioned in the preamble to the high­
level waste rule ( 40 CFR Pan 191; December 20, 1993; 58 FR 66402)_. In that 
rulemaking, EPA noted that the dose limit of25 mrern!yr to the whole body or 75 
rnrefTlJyr ro any critical organ, which was used in a previous high-level waste rule 
(September 19, 1985; 50 FR 38066) corresponds to the same level of risk as that 
associated with a I~ miemJyr EDE. A cleanup level 9f 15 mrem/yr EDE is thus generally 
consistent with all of these other standards, .although there are minor differences. 

F:nally. standards for the cleanup of certain radioactively contaminated sites have 
been issued under the Uranium Mill Tailings =on Control Act (UMTRCA)., P.L. 
95-604. Those stan~-eodihed at 40 C 192. Among other pmvisions. the 
UMTRCA standards limit the concentiation ofradium-226, radium-228, thoriUQl-230 and 
thoriurn-232, within 15 centimeters (em) of the surface to no more than 5 picoCiuies per 
gram (pC! ·g:· over background. They also limit the concentration of these radionuclides 
below the s-...1..-fu.~~ to no more th.:m 15 pCifg over background. Since these standards were 
developed for the specific conditions found at the mill s_ites u:> which they apply (for 
example, all.mill sites are required by law to remain in federal control), correlating these 
concentrations to dose requires a site-specific determin.arian considering both Ute 
distribution and .nature of contaminants '3t the site and the selected land use. Therefore. 

,~standards 8re leSs relevant for detCrmining if 15 mrenl/yr EDE 1s·co~istent. : 
ever~ analysis indicates that the cleanup ofUMfRCA sites is consistent with thC · . 

minimally ~le .dose limit of l5 mrcmlyr EDE. under a iesideritiafexposure '· · -~ · 
~o-"for-~Um.-226~-radium-228, and thorium-232, aDd is niuch more stringent for 
·tiiorf~~23o.7.1:or I.arid u5es other than residential (e.g., commercialFmdustrici, . 
~oD4J) the tTh.iTRCA ckanup standards are more Stringent-for all four . 
radiCinueliclCS:• ~-· .-- · : · : · · · · ·. . · · . 

'~.!i~~~~~~- . . . '- .. 
· .. ~-~·: ;: .. ~~~~mi~Cd ~-cleanup ~iom made under ~~rw1a tO~-~~ 
·rontmniNifeAfWith radiotictive wastes. Many of these cleanup.actions used ~-t.J:M;I'RCA. = ·-

·.:.:~:~:~>~-<·~:.:~~~}·:-_~-:-._ :..<"· .. ) ·. < . . .. ·:· .. · ·):::( . 
-,. .. .. 

. - _ _.· '· 7~~~~of~~~Scil~ionsandA~Dosel?aQ. ~6~~-~lndoor 
A.i:r, ju.Jy 22., 1996 . .'.. . . . . . . . . . . . . :: . . 

• ... • • • .(1 .~ • • • • • • 

. . -. ~. . . : • . ~. r-· . . 
. .: 1Akvd oflS ~is also supported by EPA's draft Fedcn.l Radiation Protection Guidance for Exposure ofthe 

GcnCrai Pu.bUc (S9 .FR 66414. Decembc:c 23, 1994). The draft guidance rocom.mend.s that the tn.ll.lUrtiuni ~to individuals 
from.5p'Ccific sOuroc:s or ca:tegoticsofsourcc:s be established as _small~ of a 100 mrcmlyr upper bOUDd on d~ from 
!11 c:urrent and potential fu:turc sources combined, and .cites the regulations ih:! ,arc discussed in ~on· 1.2 of this p.t'lpC'-" "> 
---oriate haplc:mentnion of this rec:ommend.ation. All of the regulau!ry CX-!fJ11ples ~ ...,.~ ~e selection ofc:Je&e:,.~.-c 

15 t1'U'Cil1I)-T r)(" less.. Howe"'U", because~ 2uidancc is in draft form and is subject to continued review wiUun cr.-. 
.inali2ation. it sh~<t not be used as a basis for C:SW:.Hcbin~ ¥Ceptable cleanup levels. 
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cleanup standard (40 CFR Pan 192) as.an ARAR. Some of the sites used State 
regulations as ARA.Rs. For a number of major DOE cleanup actions such as those at the 
Hanford reservation and Rocky Fla~. a 15 mrem/yr EDE cleanup level has been decided 
upon or proposed. In other cases of CERCLA radiation cleanup_ actions that are not based 
on ARAR.s, cleanup levels between 1 X I o·s and 1 x 1 0~ have been selected (Bomark., NJ; 
Fernal~ OH; Charleston Naval Shipyard, SC; and Mare _Island Naval Shipyard, CA). 
Overall EPA.finds that a 15 mrenllyr EDE level (with a risk of3 x I<J-4) is at the upper 
end of remediation levels that have generally been selected at radioactively contaminated 
CERCLAsrt~ . 

-- ··-._ ......... ·. ::. ·:. ·. 
:. ·' . 

; ~-. :.-4· .·.: ·- ~ 

~-·· . -.: .-£.~. ·. · . 

. -·: · .. ·:. 
·. . 
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2.0 Dose Limits in NRC's Rule are not Protective 

EPA reviewed the dose lim;rs that arc contained in NRC's Radiological Criteria 
for License Termination (see 62 FR 39058. July 2 I. 1 ~97). The NRC rule allows a 
cleanup level of25 m.remfyr EDE (equivalent to approximately 5 x 10--4 lifetime risk) 
with exemptions allowing cleanup levels of up to I 00 mrernlyr EDE (equivalent to 
approximately 2" 10"3 lifetime risk). Titese limits are beyond the upper bound of the risk 
range generally considered protective under CERCLA. In addition, they present risks 
that are higher than levels EPA has found to be protective for carcinogens in general and 
for radiation, in particular, in other contexts. EPA has no technical or policy basis to 
conclude that these leyels are protective under CERCLA. 

The risk levels corresponding to the 25 to 100 _mrem!yr EDE range allowed by the 
NRC rule (5 x lo--'to 2 x 10"3

) are unacceptably high relative to I x to-e, which is the risk 
level generally used as the upper boundary of the CERCLA risk range for making risk 
management deeisions at CERCLA sites. This determination is consistent with EPA's 
explicit rejection of a risk level of 5.7 x 1 o-c for elemental phosphorUs plap.ts in the 
preamble for a NESHAP rillemaking (54 FR 51670). In the same preamble, EPA stated 
that a risk level of".J X ~~·is essentially equivalent to the preSumptively safe level of 1 X 

0""'" (54 F:R S~6.77)~ It was dwing this s.amc NESHAP rulemaking that NCRP first 
rccommen4~ ti>·F:.PA its regulatory scheme (a dose limit of25 mrem!yi- EDE for a single 
so~ t.lllit j.{.met w~u~d· ru)t require cinalyzing other ~urces. otherwise a -dose limit of . . 
-too:rriremtYr·E!JE:·from an soun:es ccimbU;ied) tbat~~c cites aS a: source tor:the 
reguJ.atOr§iP~t"ak~ fn"iis decomniissioning rule.9

. EPA rejected NCRP' s 
rccommerid&t~rysehcme, and promulgated dose limits of.no more than.-10 . 

., 10 • " ·- !' • '• ~....,. .. · . ·- ~·· . . . ' ' • • • I 

· nirciri/yi'EDEIJ;).its NESHAPru.lernaking for radionuclid~ _while concluding tbat . . ... ~, _,. ·.·----~- .· . ":' .. ·- .· .. ·. . . . \ 

"indiVi.d~aosc~leVcls .·. . than 10 mremly ede are inconsistent with the·lequircments 
. ---- .... ~- =·'l..:.a ~-..,.:•..:.·---.. ·:;,.,.:·-~- • " .-

. Qfsectionl"l2~..0fthe:Clean.Afr Act. 54 Fed. Reg. at 51686. , . - · · · · . _·_ :~-~: ·::: ~~>:.~~>>~· ~-:· ~~ :·.'~. . - . . . . . . , . . 
· . '~ -~"_(;1ocnmcntation~ analysis supporting ~NRC_ n:Ue do~ ~~~ls provtde no· 
~_._for~·-a.~w;~~~(~ from~·':~~ range:· Ind¥1,_'~-~ 
abO~ EP~ .. .,..~·;n1;t - · ·· · a~ · erience have demnnstra1ed that · · · sure5 of lS · ':· . 

• ·:~--~-CJ~=~ :.;'-·.·.r.-.:~~-~ . . . ~ . 
·mirin/yr.liD'B :Or'lc$S. are attajnable and that such a ~ is imwarranted. · A dose 

• • . - .. -. -:. :r..,,..-. . ., ...... ..,. .· • .. • "'t • • ' - • • . • ·I . 

J..iriJit of2S.liiiCrii/yr.EDE i:C_prCscrits almost a doubling of .the allowable risk from·· : 
~o{ls' rnrli~i?on ~cn1~kings; the risk repres--nted by a doS:C limi~ of 100 mremJyr EDE · 
is ·Se-ven ti.ilies as nigh. as previously alloWed.· As note in Section 1.2, a ~ose limit ofzS 
~yr effective dose equivalent is inConsistent with the dose levels allowed under older . .. . . 

9~Control of Air Emissions ofR2dionuc:lid.es" NCRP !osition Sw.cmcnt No.6. The report c:ited by""NRC~ NCRP 
No. I 16, merely refet'Crtces this previous NCRP position statemenL 
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standards using a previous dose methodology (multi-media standards that were based on 
the critical organ approach to dose limitation). If these older dose stand.ards were to be 
applied to the cleanup of contaminated sites, the average dose level would correspond to 
approximately 10 or 15 mrernlyr EDE on average. 10~Aiso, analysis indicates that the 
cleanup of UMTRCA sites using the 5 pCi/g and I 5 pCi/g soil standards under 40 CFR 
192 is consistent with an upper bound of 15 mremlyr EDE under a rural residential 
exposure scenario for radium-226, radiurn-228, and thorium-232, and is m'uch more 
stringent for thoriwn-210. 1l.. For land uses other than residential (e.g., · 
commerciaJfmd~ recreational) the UMTRCA clean~p standards are m<?re stringent 
for all four radionuclides. 

.. .. 

-. 

,._; 

. . . ... --. . . ,. ·-.. ·· .. · 

·. 
.. '. -~-

,,; 

• .. 

·' .... 
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..... . . ..q "'·" . r· . ~ .. . 
· .... . 
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~0.-C«i•j;~_o~Critical Orpn and EDE Radiation Dose~ Umits fur S~om lnvo~ Cootamiriau:d ~ 
Office of Radimen and lndoor Air; April t 991. . 

. 11~mei• i ~ ofRt:lt:liwti and Thorium Soil~ and AI'I1UIIIi DOse~. ~ofRadiltiOA and Indoor 
Air. July 22. 1996. · • 
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