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1,\) INTRODUCTION 

This papor dc.:umonis tho cnlcuintion of Environmeni::JI Ro£;tom~icn (cA) Frowct !iCH~aning action lovols 

(SALs) tor mdior.uclidos in soils ut Los Alamos NulioM! Laboratory {the Lubooatory). tt nlso describe::; thG 

use ol tho RESAAD computer code lor calculating SAL •Ja!uf.1s and thil ussumptions gCJverning thoso 

cnlculntions. Tl:ose SAL calculations aro ~mscd on a rcs!dcntial oxpo!:wo scommo, which includos 

\3xposu:e p~th\>mys for incidt;nti11soil ingestion, du:;t inMI<~Iion.plant inyest1on. ru~on inhulalion. anri 

OJ(Io;nnl irradiation. Radionuc!ico SAt. ·;ulucs ~u: t~bul<~led 1n Almchm~nl 1. RESRr\0 i11put parmnoler 

values are provid~d in Altach:nar.t2. 

The RESRAD computer codg was developed b~·Argonne National Laboratory for tho US Ceparirnonl ol 

Energy (DOE). RESRAO incorporatos tho doso assGssment nmlhodology describod ir. DOE Ordor · 

5400.5. "Radiation Protec:ion of the Pt1blic oru the E·nv•ronmGnr (DOE 1990, 58980) nn<l is usod to 

imr>lamc:nt rosid.,al mtJi~activo matofii1lgult!olines C(llllainei! in thi:; DOE Ortjor. As slated in a DOE 

Albuquorquo Opermions Olfico (DO~·AL} m~mora.idum regau.ting release ol property with residual 

mdioaclivo materials. "DOE JC<luiros lho uso ol RESRAO computer models lor evaluating polon1ial tloses 

rcsulling trom the pmsance of rcsidunl contaminaHon'" (DOE·AL 2000. 67153). 

The RESRAD code has beon continuaily revised anu improved since il was i~sucd in 1969. The most 

recent manual describing its u~e was publisht!d ns a working dratt in Soptemilor 1993 (Vu et al. 1993. · 

58695), when tho RESRAO code mdstetl ns Vorsion 5.0. Since Version 5.0, apinoxil"lalely 30 ravisions 

have been made 10 tho codo. Tho current version. usod tor lh'l SAL r.alcultUions doscribod in this 

document, is Version 5.95. Major char.gos sinco Vetsion 5.0 :hat nlloct tho c?lculmion ol doso·bnsod soil 

guidolines Include tho US Envitonmemal Protection Agency {EPA} dose-conversion factors trom two 

federal guidance reports (Numbor 11 (EPA 19SB, 50123) and Numbor 12 tEPA 1993. 62798)) a11d tho 

introduclion ot a new area factor model for tho inh:-~l<l.lion pmhwny. 

Sl)il guideline valuos ate culcutatod in RESRAD as tho sum ollhe products ol sovorul"pa\hway lactors." 

A pat~wny factor is a model olthe conncclion between cnvironmomal compartments (e.g., air, plants. 

and soil} umong which radionuclidos can be transported. A complete Dxposu:e pothway mOdo! is 1ho 

product ol a group ol pathway loctors. For oxmnplo, the inlmlation pmhway contains tho a.ir/so1l 

concentration ratio; thD area, cover, depth, and occupancy !actors; anct annual inln!te ol air. The individunl 

axposuro pmhwnys. such as plant inyestion and external irradiation, can be activntod indepe.idantly to 

creato a site·spocilic land·usd sconario. 

The radiation dose that is thO basis ot the soilguitlolinos catculatot.J using RESRAO is the clfocrive dose 

equivalent for oxturnnl irrodiation and tho comiJ'li:tod alloctivo dose eq~ivalent for inlernal irradiation." A 

dose equivalent is do lined as a radiation dos~ absorbed by a tissue multiplied by a dimensionless qui!lity 

lactor that rapresonls the biological eiler.tivonass ol tho radiation type (i.e., alpha particles, photons) for 

causing stochastic biological clfects such as r.ancer or hereditary olfects (EPA 1989, 08021). The 

ellective dose cquh~alent is the woightcd sum of tho doso equivalents to ditleront otgans and tissues. 

whore the weighting lnclor is the ratio of stochastic risk for an individuill tissue to tho total stochastic risk 

for all1issuo following whole body irradiation (ICRP 1977, GB750). Tho committed elfeclivo dose. 

equivalent lor internal irradialion is the total offoclivo doso oquivalent depositod in tho body in a SO·yr 

period following tha intake of a radionuclide (ICAP 1977, 68i50). 
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Derivatiorl and Us~, nf Rae· SAL; 
---~-~---··-·-------~--------·-----------------------·---·----~-~-

2.0 OBJECTIVES 

Thu pnmary purpos!:: of !his papGr is to docum13r.l tht!- inpiJI and assurnp!!oas for SAL calculstioi1S for 
radi-onuclidj:~s in ~~Hs. Soils ma;r include hi!!~lde colluvil;m ano f!ne·graiMd n'!!ll.erlalln outfall areas, as 
we!! as true soils end fi!l on rne"$a iops. For !he ER Project. radicnuclics SAI.s are usfld ls an initial 
screening toci to d~te1mine w!"o~?fhpr radionuclide soii conc~ntra!ions could be associated wl1h dnl;c rates 
tha·: are greator thart targe~ limits w1cflr re:w:Jential land·u~.e conditions. l!'!e prirna.ry audience tor this 
documant consists of tha henlth p~1ysicists, ris~; assesscrs. ~nd other quaiified EA F'rcjact i1tdividuato::- who 
use radion !.~eli do S.4Ls in screening nssossrnents for r-olenUal re!east:J sil&s (PASs). A:thou~h Ule 
complete mflll1odology f~r the application of SALs in I;R Project dor.e asses~ments is not piOvir.Jed here, 
sufficient information .11Jout a.e.fiumpticns a:1d conditions of use Is 11rovidad to enable independent 
stakeholder review of the pro.iect's methodology tor ca!culati:\g SAL!i. 

These SAL v.-rluas are s~bject to review annuali}' (at the stan ol sach new fiscal year fOclcbel]). 
However, they are revisec on!y if a new version of the AESRAD coct/3 had boan published during the 
provious fiscal year. and if changes to the Mw AESRI\0 code affect the SAL values documented here. 
The F.R Project will start using t11e revised SAls at the begmning of the fiscal year: the new vah.!~S will r:ot 
be r-etroactive. 

3.0 APPLICABLE REGULATIONS AND GUIDANCE 

The Organization Act of 1977 authorizes the DOE to protect the pu·olic from radiation and radioactive 
materials that result rrorn research, development, and producticm activities at DOE facilities. DOE !"las 
published health and safety orders of which DOE Order 540C.5. ~Rlidiation Protection of the Public and 
the Envimnment" is most pertinent to development and application of cleanup guidelines (DOE 1990, 
59960.1 ). DOE Order 5400.5 requires the reduction of ali DOE·source radiation doses 10 a level as low as 
reasonably achievabie (AL~RA) below the primary doso limi: of 100 mrem/yt above background. DOE 
approves limits developed by its project offices. authorizing approval on a cnsa-by-case _basis and in 
accord wilh the primary dosa limit and ALAR A. Where achievement o~ an authorized limit Is impractical or 
inappropriate, DOE may approve a supp:ementallimlt that also complies with the basic dose limit of 
1 00 mrei'TV'yr above bac_kground. 

DOE·Al has published guk1anr.n lhat addresses the seleclion of annual dose limits for dose assessments 
under its jurisdiction (DOE-AL. c:OOO, 67153). Th1s guidance states, "OOE-AL staff will approve proposed 
reloases or real property whsre the modeled dose is up 10 and including 1 5 mremtyr. Proposed releaGes 
resulting in doses greater than 15 mrem/yr rf.quire concurrence with DOE·HQ." 

The Comprehensive Environmental Response, CompensaliQn, and liability Act (CERCLA) authorizes the 
EPA to regulate hazardous substances, ·Including radionuclides. ~hal ara released or may be released in\o 
the environment. Although ER Project PASs are not subject to CERCLA, EPA guidance under CERCLA 
may be useful in defining soil cleanup levols. EPA has published guidelines lor establishing clesnup 
levols lor rad:onuclides under CERCLA that slate that 15 mrernlyr should "generally be the ma>eimum 
Close limit for humans" (EPA 1997. 58693). A second EPA standard that potentially is applicable to the ER 
Project is found in the Clean Air Act (40 CFR 61, Subpart H). This regulation limits exposure of any 
member of the pubiic via the inhalation pathway to 10 mremlyr. 

r:,e Atomic Enargy Act of 1954 authorizes the US Nuclear Regulatory Commission (NRC) to regulate 
commercial. research, and medical uses of nucle&r materials as well as their transport, stora_ge, and 
disposal. Ono such NRC regulation is "10 CFR Part 20, "Standards lor Pr_otection Against Rodlat!on." In 
Subpart E ot 10 CFR Part 20, uRadiological Criteria for License Termination," NRC proposed an annual 
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dos~ limit "ll25 mi·n:niyl abovo bacl<groLJr,d lor tho av~ruge mtlrnller ota crilici.!lgfl~ur. for restricted or 

ur.rlJs\ricted u~a of a site. 

4.0 TARGET DOSE LIMii 

To ~pprove cleanup guklclincs for releasing sites lor unro~1rictsd oublic usa, DCE·/\L roquir~s that tne 

sito·spuciti!: moda!o~l do so d0or. noi oxccE~d 15 m!em.lyr {DOE·AL 2000, &7 ~53). A 15-mromt'yr :::ugol 

t.Josu limit i!:. con~IMent wilh published EP/' gui<.h.mco anti is \'Jell t1!ilow :he basic d'lStl !rmit ol iO:l 

mmm/yr n::Jovo boc~~rCJund ~~slahlishod in DOE Ordar !')400.5 (00£: 199tl, 58980.1). ·rhe EPA l";as 

determined that a tnruo! dose !:mit ol15 mrcmlyr equntos to an ~9proximate incroasvd lil£ltime cancer 

risk ol 10·4, and •is co'lsistel'll wilh levels geno,ally consldored protoctivu·io mhcr govt:~mrner.tiJI at:tiOilS, 

particularly mgulalion!:i and guidanco dovcloperd by EPA in otnor rndiat1on r.ontro1 programs". (EP." 1997, 

58693). For theso r•iasons, tho ER Projoct uses o lnrgat tloso limit of 15 mrem!yr to ~ctlculi.lte tadionuclide 

SAls. 

Using conservative RESRAO delnull values, a rosidontial·oxpcsure scenario, and this target doso limit, 

tho ER Proiect satisfios tho DOE ALARA gonl. That is, il radionuc1ic.tos present :n soil could result in a 

total doso of less lhiln 15 mrcmtyr at:lovo background, nny additional activity to roduco ~oil concE~ntrntions 

would not significantly roduco that dose. Howevor. cosl·benolit considerations under Al.t\RA may load to 

lila selection (with DOE Hondquartors approval) ol a targol dose limit that oxccods 15 mrem/yr nbove 

back!]round but that complit?s wilh tho 1 00-mrum/yr public doso limit stipulated in OOE Order 5400.5 

(DOE 1990. 58980). 

5.0 EXPOSURE SCENARIO, MEDIA, AND PATHWAYS 

Throo oxposuro sccn::mor. have btion idonlifiod lor current and luturo land usa at lho laboratory: 

residential, recreational, und commcrciallindustrial. Tho rosidontial scenario typically is most appropriate 

for townsite propr3rtios. Tho recreational scenario t~·pically is most appropriiltO lor butlor areas or areas 

whor6 dovclopmont islopogrnphically limited. Tho commercial/industrial scenario ty~ically is most 

appropriate for {lreas that ara subicct to conlimJ•Jd Laboratory use or lor locations whore commorcial 

dev61opment is loresaen. The SAL va1uos described in this document aro assuc1a1ed with •osidenlialland 

uso. which is associated with oroator O)(posure to soilthun tho other land·use scenarios. Theroloro, sitos 

screened and relci!sod on tho bosis ol rasillenlial land usc aro also Sijle for recrontionat and 

commercial/industrial nctivilios. 

Tho SAl •Jnlucs described in this document were devolopad primarily for application to surfaco and noar· 

surlace soil at mesa-top PRSs. B•.)low depths at which canstruction activitios masonably may be 

ell.por.led to occur (approximatGIV 1 2 It), and in solid onvironmontal media (e.g., tulf), SAL values are 

applied at the discretion ollhe ER P;ojocl risk assessor. SAL values also should bo appropriate lor 

scrconiny o~posuros to soil on mosa slopes. Howovor, SAL vnluos havo boon designed to predict the 

maximal on-site soil doso over time. but thcso v::~lues do not account lor radionuclide migration with 

surtaca water and/or infiltration to groundwater. Aadionuclido migration with wntor may bo ol equal or 

greater concern as soil dose at soma canyon·bot\Om silos and at mosa-top sites whore potentially 

contaminated water discharged. ThOtolore, at these types ol site·s in particular, SAL values for site 

scroening may need ~o bo supplomantod wi:h an avalt.mtion of migration potential. An approach for 

assessing radionuclide migrmion and doso for canyon-bottom silos Is documontod in ER Project Canyons 

Focus Area reports, including Aon9au ol at. (1996. 65406: 1998, 65407; 1998, 596&7), Katzman et at. 

(1999, 63915), and Reneau et al. (2000, 66867). 
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The .expc.sure p~thway:1 ~Jsr.d to c;.icu!a1e raclfonuclide SAls are incicier.lal soil inoestlon, inhalation of 

suspendec! svi!, exle;nal irradiation. <>.no mgeslion oi garden produce. UniqtJ& axposur~ pathways. ~or .a 
gaseous f<}r!ll of trilit.im (as watar vapor) include ambiimt inh.'l:~tion of lritinled waler va.por and absorption 

of tritiatad w~!er vrtpor through the s!{ill.lngest!on of garden ~iOdtJce is n pathway that is commonly 
evalu:.i!ed in radionucHde dose assl3ssmf.l,,ts but genaral!y is exc!udad \n scmening .. JG'/el chemlcal risk 
as~essment calculations (e.g,. ple~nt ingestKlf'• is not included in the soii·S!:reening criteri~ pubUshE~t:t by 

EPA Re£ions 3. 6, Md 9). In k!:teping wilh common pract:c:e ttnd because certain mdionuclidos 
(particulafly strontilJnHIO) known to ccct~r a: so•ne sites nre susceplible to plant uptake, i:1geslion or 
garden produce Is included s.mcng the pathw3y5 the E:l=l P1ojuct usas to t:a!cul&te radlonuclide SALs. 

The prima;y so•;rces of expQsuro p.ammelers L:sad i11 lha SAL ca!t:ula~lvns are EPA's Sli'lr.dard default 

oxposur•: factors (EPA ~991, 561 110) and t:PNs a><fJCSun3 fa!:lors hanubotJk {EPA 1997. 66597; EPA 
1997, €6598). The p9mmetar vahms are intended to provicttJ ~~iimatas. of •raasont".illa nleiximum 

exposure" tor srl e><posu~e ECt-nario !h<lt k.corporates EPA pathways {EPA 1991, 56140). E.;.;.post•H~ .. 
parameter <Jssumptions, values. and refE:Jronces ara provided in Allachment 2. 

6.0 KEY INPUT PARAMETERS AND ASSUMPTIONS 

Certain pilrarnt!lers listed in Attachment 2 are critical to defining ::..ile COs1dJtions and how those conditions 

may change over time. These parameters geMrally are subject to grea! site-specific variability. Those 

parameters inciudo the size. thickness. and soil emsior1 rate of the comaminatea zone; the 
evapotranspiration coefficient at the sit~; and the sita·related soil paniculate conconttation in air. In 

nddition, thr; len!)th of the modeling poriod can inlluenco radionuclide SALs for r.er:ain radionuclides 

associ<.~ted with ingrowth of radioar.t1ve progeny. These parameter values havo been defined so that the 

ca!culalion o! :-adionucHde SALs effectively results in slatic soil conditions. As a rP.sult, ra!lionuclides in 
soil are mods led so. that they do not leach I rom t:"oe co;,taminated zone or become dApleted due to 

erosion. 

The size of the contaminated area may a1tect exposure by incid•mtal soil ingestion; dust inhalation, and 

external gamma irradiation. RESRAD modiiies daily soil and air intake values to refreet the polential 

contribution to 1otal daily intake associated with :1 site. These modifications are based on land·use 

assumptions that are consistent with a resident-farmer exposure f.Cenario. Both the area of 405,000 m~ 
used for the SAL calculations and tha RESRAD default area of 10.000 m2 result in infinite ingestion and 
oxtemal ilradiation exposure pa1hways. However, tha area factor model for inhaiation exposure calculates 

an area far.tor of approximately 0.15 with an area of 405,000 m~ and a Laboratory-specific wind spoed of 

3 mlsec (Chang et al. 1998, 68749). Hence, only 15o/~ of the suspended dust at the theocetical site used 
in the SAL calculations originates on the sue. An area of 405,000 m2 corresponds to approximately a , OO· 
ac site. In practice, vory few ER Project sites are likely to Gxceed this size. hlcreasas in the area factor . 
wilh increasing size of the contaminated .zone aro also relatively small (a 1 OOO·ac cite would still have an 
araa faclor of Jess than 0.2 with a wind speed or 3 m/sec). 

Tha thickness. erosion rate, and lr.f!ltmtion rate of the contaminated zone can aHect radiortuclide SAls for 

which ir,growth of progeny results in an incraased doze over time. The ER Project soli-erosion rate has 

!Jean set at zero for the SAL calcu!atil)ns. The combination ot no infiltration and no erosion creates a 

static contaminated zone, which in turn results in a maximum on-site dose over 11m,. Under the static site 
conditions achieved in the calculation ~~ rMlonuclide SALs (i.e .• the contarr,.inatP.d zone is not depleted by 
erosion or infiitralion ol water), progeny continue to ingrow in soil ot a rate lhat is proportional to lhe half· 

life of the daughters. 
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Tho evnpouanspiration coeliici~nl for r.alculating radionuclill'3 SALs has UC€!n sot at tho RESRAD limit of 

0.!:199, el!octivoly 11limir;a:i11g !(!aching ol rmJionuclidi:s lrom thn. con\aminull!d zone by \'mter.thmotJy 

maxifTiiZir'lg tha rclontion ol md.om;r.lidlls in st•rlnca &oil ovor limo BllCt:use tt:o value usee! tor lhP 

~v~polrans!-iira!ioo coatliciont rosulls in ''o !nflllrulion. RC.SRAO vadoso <tnd saturated zona 

hydrogo~logic pammelms hava no in1luonca on the radionucli:Jo SAL values. A value ol Ci.999 is 

Lmroahst,c lor MY i!ldivioual site (plc.tnl growth would bt1 irnpCJ:soitli·J} but has th~ utility ol stmpticlty ant.! 

conservatism lor thc.se r.;;lculatir.ms. A locnl prec1pitatilln mio vnlue is usod in the C<JICulaliOilS b!}'.;nuse 

tha\ paramstor inllurmcos lho SAL lor tritium. t.ut all hydro!og,cal paramoh.m; cUG sot to RESRAO dof.!UIIt 

va!ues. · 

Rnd!onuclido SAls aro ca!culaled within a I 000-~·r tirM fmmo. One thou~ond )oars is tho time limit for 

dOSI) cnlcul~tions basod on two ICgulalions that ac.Jdrcss rmtionuclidos in soil: tho propcso~ 40 CFR 1 96, 

"Radiation Sitt: Cloonup Reguialion,'" and 10 CFR Part 20. Subpart E, '"RMiological Criteria for L:conse 

Turminmion.'" For most radionuclitfos, maximum uxposuro {doso) occurrs at tho beginning ol t..,is 1 OOO·yr 

time interval, but two oltho rn.;;J,:ucliocs lor whi~h SALs aro c::alculatud (uranium-234 and ur<~nium-~35) 

contrihuto their maximum dose altho ond ol tho modc>ling period dull to thoir slow ingrowth of tn(.l!oactive 

progeny. 

Although the contaminated zone is modolod as stlltic with respect to loss ol md:·:muchdos through erosion 

anlJ leaching, RESAAD accounts lor rodon and tritium dilfu~ing as uasc!i I rom contaminated soil (lost to 

the ~smosphom). As a result, the modeled tntium doso doclinos raj;itl1y ovor timo. Rndon isotoplls, 

however, will bo in 6quilibrium wish thoir parent nuclides; chango~ over limo lor doso ratos through radon 

inhalalion will depend (Jn sito·specilic conditions with rospeclto tho com:ontrations ot thcsa paront 

nuclides. Radon dose rates also can l.Jo inlluunccd by many radon pnlhway-specilic paramotcrs that 

govern the diffusion of radon through soil and into a building. Tritium dillusion !rom soil as water vapor 

(resulting in tho inhalati~n doso) is greatly nllocted by the: absolute humidity ol the nir above tho 

contnminated zone (a local vnlue for absolute humithty is usod in SAL calculations). 

7.0 APPLICATION OF RAOIONUCLIOE SCREENING ACTION LEVELS 

To delermino il mdionuclido SAls ilto applicable ron pill1i~ular sito it is. nec~:~ssary to cSel.lrmin~ it tho 

as sump lions underlying their C<llculalion nre consistont wilh tho site conceptual model. The site 

conceptual modol includes what is known or assumed regarding tho spatial distriDutlon of radionuclidos in 

soil, the potential !or radionuclide migration over time, and charactorislir.=:; of tho applicable recoptor 

population. It pntcnlially i:nporlant sitc-spocilic uanspor' or oxposuro pothways aro Ml included in tho 

derivation of the mdionuclido SALs, a comparison ot silo data to radionuclide SALs may bo either 

inappropriate of roquiro sito·spocilic calculalion of screening v.nluos thm &uo reprcsontalivo of tho silo. II 

screening is dotormincd to be inappropriate tor a silo, a silo·spocific tloso assossmont should bo 

conducled. 

Radiomsclido migration from a contaminatod site may occur by dissolution in sur1ace or grounctwater, 

erosion of soil, resuspe,,sion as airborne particulate, through biolic uptake, and/or by volilizatinn as a 

v~por. Radionucliuo migration lo an oll·site tc;alion is not incorporated !n tho mditmuclida SALs and 

RESRAO doos not dircclly support such evaluations. Although potantial oft·sile radionuclide 

concentrations goner ally should bG lower than thoso observed on the site, modeling remote 

conr.entmtions O\t!Jr time ma)l bo important b~Jcause ol (1) public concerns, (2) dilferent routes andfor 

intensities of exposure than are considorud for on·site rec;cptors, nnd (3) regulatory tGquiroments to 

assess off-site impacts. An example of a potentially signilic&nl off·sile impact is ·itron1ium·90 l.lplake by 

plants rooted in contaminmed soil and lhe subsequent redist(ibution In lea11illor or in line particulates if 
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the plant o; plan! mate:i2l bum~. /\pp~.::ndix K of Yu at a!. {1993, 58695) provides guidance for e..;alua~ir;g 
otl·silc migration using RcSAAD outpu!. 

Radlonuciide SAls. aro c&lc:ulatocr fo.r indi-;Jidual rarJionuclides such tna: a rucaptcr will not recetVQ a d~se 
grt~ater !han 15 mrmn/yr when the contam!natedzone contains a uniform raoiCinur.l!cte concanuation 
.;,quai to the SAL. When two or mo(e radionuclidel:i have been relcasfld, t-:owever. It is necessart to 
determinG whe'ihO: their col!ective impact may result m a total annual dose gmatt:r lhan tt~e target dose 
::mit'll no SAL is ~xceeded, the sci! concentration ol each radionuc!ide is divid~d h)' th& S.A.L for that 
radionuc!iot'l to pi()duce a ralio. Tbes!> ratios then mo sumrrieci. U lhP. sum HXC6fll1& ·unity, the dose ~m a 
recoptor ~xce-f!ds 15 mrP.mlyr und~:~r the O)(posure cCJndilions descr~b"ld in Altactm-mnt 2 for lha 
r<'dionucli.:le S.tU .. s, evcm though ad radiom.,chdes are p(e:;tmt at conc<:-ntraticns below th.eir individual 
SAt.s. 

It shc·Lid be noted thar !he modeling :imos for some radionuc!ides frcm wr1ici1 the SAL va:ues wera 
cbtai.1cd may dilfer, specilicaily, uranium·2~M and umnium·235 (sec Allachrnent 1). Hcwevar, c;.umrning 
the quoiients derived with SALs ior uranium-234 or uraniurn-235 with quotients derived with the SAL!: tor 
!he other rad~onucfides is protective of human health bocause the SALs !vi the uranit1m isotopes assume 
a 1 000-yr period of ingrow~h for their progeny compared with zero years for tho others. 

8.0 SUMMARY 

In summary, ER Proj~ct radionuclide SALs are opplicable for screenii'lg contaminated soil at mosl PRSs 
and are conservatively biased within the bounds ~~ the assumplions usod in thaii C'alculations. 1'ha user 
must determine If concerns outside these bounds w;mant eva:uatiol'l at a specitac 8lte. A comparison of 
the applicability of u~e SAL values can be established l:ly wmparing 1t1e unoerly!ng radionuclide SAl 
l';lssumptions with site-specific conditions. 
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Tnblc A. t·1 
RADIONUCl.tDE SCREENING ACTlON LEVELS 

(RESRAD Version 5.95) 
November 2000 

I 
--,,.... ----,....-- SAL ·-··--,~---·--n;;;;;~h!th ll 

. wio Indoor P.;tdon SAL Value wl~ Plant 1 SAL \'alue · 

Analyte L ,,.,_ I SAl Vnlue lnh:~loUon' lngl.!stion Pathw~y• I Applic:s• 

Cude Radlonucl~ (pCI/g) Pillhwar (pCL'g) (pCilg} (y~ 

rArn-2-t 1 ammic;u~41 

1
--~.,..9~-,----~3·s=-- -·""1~~----==a~i __ J: ___ oJJl 

feo·6CI Ct'\l<11t·6·0- 1.2 I 1.2 1.2 +·- 0.0 

;...c-s·---,3-7--+--cesiliiii-:137 ... 0'' 1 5.3 I s:r-i 55 .----o.o-
Eu·t52 OUIO[>iu_m-15_2 ___ -_2_.7 r- 2 7 I 27 t--o:o-

~E-u·-1-54-~ou_r_o_pr-um·154 -2.5 r 
110

2.s-

110

2.s=j-·- _o
0 

.. o
0 

-

Eu·155 curopium·155 110 I 
t-t·:) 1riti1.1m aao aeo 6.Goo o.o 

~,.-,2-9·--4-i-od_i._nc-.~,~29=----~---4--=s--i-----.:-:-:::5:--
--t-----=7~4<F o.o 

K·40 polass!um-40 13 13 -,~8---t----0~.~0--1 

~----~~~~~---r----~~--------Na·22 sodium·22 1.5 1.5 1.5 0.0 

Np·237 neptunium· 2 . .S 2.4 14 0.0 

237+0 

Pu·238 plutomum·23B 49 49 120 0.0 

~---:;--
--~----~:----1 

Pu·23D plutonium-239~' 44 44 · 110 0.0 

Ra-226 radium-226-cD"''--+1---5,.....-+----nl-,a-r---+----nl-..,.-.a =--__ ,_nl_n_~ 
An·22B radium·228+0"' I 5 n/a n/a · n/a 

._R-u--10-6-J-r-ul~hO-n--='iu-m·l06+D 19 19 20- o.o 

Sr·90 suomium·90+0 5.7 5.7 GOO 0.0 

Tc·~9 tcchnotium·99 36 36 96,000 0.0 

Th-228 thorlum·22B+D 2.0 2.2 2.0 0.0 

Th·230 thofium·230v 5 n/a nla nla 

Th·232 thorium·232u ~ nla n/a nla 

U·234 urunium·234 I 63 160 81 l,OOO 

U-235 uranium·235+0 17 17 22 1,000 . 

U·23B uranium·23B+D 03 93 120 0.0 

"Tnis mlormatiOn is ptcvidC(IIo us:~il>III~OIS 1n ovaiUilli"'J tllo contr•buiiOil to '.:'l.\L valuos ol p'll~lwl\~:1 thai mnv not txJ oppli:nblo 

81 50tTII} SilOS. 

llt.IOdolling porio:xl i5 1000 yr. 

clnclutJos conuttlution lo ll!JS£• o1 rndiOiluclldO daughlors. 

:rPIU:onium·2J9 noo pllll~lum·240 typic:&!ly u•eomesolvoo 1n lnbouliOI'f onnlys1s. SAL vulu('$ tor rt\11 two isotopos n:o idonlicul. 

• •sAl is tno gononc so•lguido:ill'l pulllislled ir' OOE Otclcr 5-200.5; 5 pe,•o npplins to IM concontmtoen nverogt>a cvo1 1no first 15 em 

ot r.o~ bfllow :110 surf nco: lor subsl!<luOf\1 15-cnHIIick layors lho oonorK: t>Oil guidolino ir. 1 ~ pCiiQ. 11 talh t:'\Otiur~t·7.10 aiKI•aclium· 

226 or ~Ullholiutn·232 illl<$ flltlium·228 oro pniSont ond not in secuiPr t.><tu•hbrJum. o: il omor mlJti.IIOS ol rncJil)nucl;dl}!; cccut. rolor 

to DOE Ordor S.SOO.& lo1 ouidanco. . . 

1n1o"' Nolll~phcll~O; SAL Yuluo is 001 ~k:ulolod .,.,,Ill RI:SRAO. 
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This auachmont oro·::dos ~Jxposuu.i input paramotar volues lor !he RESRAC code. Tubllt 2.1-1 pruv!dos 

'se!f:CtGcl pm&metcrs, r'31nr~;;ncos, anctlor comments. T zbl& 2.2·2 is the summ:l!J' repnrt !JOOetiiiAd in 

RESP.AO thot documents input hJ !liD SAL calculatiOns. · 
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tiotiveficr; snd Uso oi Ra.; SALs 

Table! A.2~1 . 
Selac~(;d Resr.ad Exposure Input Parei'u~tcr Raferl!lnces and Comm~r.ts 

r---·· .. -···-·· --·-··r-·--·-T RESRAo-·l ___ sAi --···!···----------··-·-··-··r·-.--~----·-----~--------:--·-··- -··l 
l_ . ~~~-m!~:: ..... I_--~?~- .. L...~.e~~~t .... j ___ Y,_a_~U: .. i ...... -.. ~~~~-'~~~~---- ...... L -------------~-~~~"~---~-- _J 
:closet J I' ; :EPA 1997. 66598; \ P.ESRA.D de-faun value11 are hom EPA 1

1
· 

I ' ' . ' i COfl\rtHslon 1 1 i :EPA 19S'7, 66597 i fooP.Jal gu!dunco reports {r.ombers 11 1 

j raclotG · ! i ; · i Blld 12). i 
~-·---- ·-- ..... -~ --· -------.. -·------···- -- ... -- --·- ... --- .•.. -·-·-''" -·- -·-.. - ·----··--· -·-·---· .. ----··--·----·· 
I pi ani/soli ; [ · VVnng ot al. 1 99-~, f Cllntains RESAAD dt>fBt.ill ·values. ! 
l c"••corllret.!on I 1 ! 59979 · i 
i rnl!o& i l i ! i I 
:-·· ..... __ ._ ... _,J,._. __ ·---... L.--.. _._... _._....__..._ __ ......... _ ··-·· .l-·-·-- ,_ .. -~--------+--- .... ----·-------.. _ ... _ ·-....1 

! re~d!aticn do!.& : mrmrJyr f 30 ; t5 : Secliorno 3.0 a.ntJ 4.0 : !5 mH,Iili'yr lti conslsteiu wllh DOE·AL i 
i :imn l . j . l ! ot this dt>':\Jnl~nt l <llld EPA puidar.ee, und IS tieiC.'Vo' Ule I 
~m~imu.mtima-~--yr····-1--1oQo-·1·---iOOO .. ~h~lio~·ao~rihi5·----+~;~ ::~:;~~~~~~ yr In raiovairtl 
I fer do so 't' ~ ! ; docurnent ,

1

. regulalion.a. i 
· I avaluallon f t ; · I . 

I ~~~8~~~~~-pr--·rl 1o:o-oo-r-4o5 .. ooo -- r---------·----... 1 :~: .. ~<:;: :::: ;~~~:~!~,ft~~~::es I. 
I
. zono 1 · l ! i do~-'i via i•1halat1on p~thway; somo EA i 

J I ! 1. Projecl sUes ~&re larger than the 10.000 1 
l----.. ·--r~---J ______ l ___________ i _________ .. _______ ........ J .. ~~J2-5_a::) da':'-_un in RES~~:..-~--l 

.Jihlckoess or m 1 2 i 2 i . 1 Any thiekOGt;S >t5 em should prOduce 1 
1 ccntaminalud j j ! ! 1 approximately equivalent results I 
i zone 1 1 ' • , beel:luGe leaching and erosion nre l 
; j •

1
• 1 1 cia1eoled; 2·m depth ll'Ovlcles infinite !l 

j I , [ i · l source tor oamma Irradiation. , 
time s;ric;·---·-t .. --~;i· --~-o----~- ...... o ....... r-·- ----- -·--------~--:'RadiOiiCiiVe decay s~~~ dat8l 

placement of I I I 1 ! ccllocti?n may neod to be addressed i 
material I 1 +' ! 1 tor particular sites. I 

'I co·,er depth _____._I · m--1--o-- , · · · o -· · ... T ....... ---·---------ilJniformlayer of contarninatlon-la--·j 

1 I : ! assumed from ground surface to an J 

l I l I . ! : effer.llvely infinite depth. 1 
density of ____ j9Tcni3_l_1.5 --i

1

·-·· -;·:6- ·····;--·-----------~Best professional judgrr.ent of IER 

contaminated 1 j . ; · I Project geologists Por soils acroas 

~~:~~m!n;led"i rn'yr-i o.oo1 ~-o:o···· .. L ...... _____ ,c..--.. I ~~~:t~~:· aoit·nroslon results in·-i 
I zone omsion ! L l I maxl~um on•flile dose over timo; 1 
1 rata I j' , : specrhc sites may experlaneo erosion ! 

l-~--- --~---- __ ..... _ ... ·----~--------··---~~mulalior~ of surface soila. ~ 
! wind speed. J mlsec I 2 ! 3 ! www.weather.lnnl. 1 Annual average wlnj sp9ed al 
I · j 1 1 I gov/html/cllmatology. I Laboratoey Is ~~5 mlsec, with su•talr.ed 
I 1 1 j ! html I winds QVEtt 4 mlaec occurring 20% or 
I 'I ~ J j , :he lime between l'!lld·March and ealiy 
j I l IJune. · 

; humiC!Iii'in •llr -l~-gtm3-1 s !"-S.ss ·- -; wWw.wO"ather.lan~go~ Range is 2.4 (January) to 8.7 glm 
I I l ; /hlmllclirnatolo!]y. i (July-August) ovtJr year; 5.55 gJm31s I 
I I ! html ! range midpoint. 1 
L--------···-L---·-·-----·-!.....··-------- __ ......__···-·· .. --·-----4--···-~---- ·----i 
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Table A.2·1 '"'•lllnuod) 

:----------~ ·-----~~:-sn-Ao-r -'""-s"A-.:·-·r--·····--···-··~·-···;···-·-·-·-··- ·· ··--··-· ---· ·······--····; 
i ParOJmeler ; Unit ·; O!!faull ~ Valu~ ! Fltfercnce I Comme"~ 
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