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F,inol.S~atu:s swvev .P.lgn ; ,\,-i _HMC/.,acrd 'dpplication Areas 

1. ··INTROthicrtoN · ~ ;~: .,'. ' .~, . ~' 

'· ' 

, l .)· ~.. ~ 't.• J, . .. ;r/.t 

1.1 Background 

A land application irrigation program was conducted by Homestake Mining Company of California (HMC) 

near the Grants Reclamation Project in Cibola County, New Mexicb1 (Sit;) franPi0001througli :2012 by 

irriFa~ng a~~as ~angin~'-f~~m: 10p to ~9~ ac.re~ .w/t w?te.r, ). ~o;ntai~in? .~!iij,~t1','. e
1
1e;va~e1 uranium and 

sel.e11iutn _coni:entrations (Figure l,). Jhis program applied locally impacted groundwater as part of 
.. .' I .. i_ l 1 1 ,·.•• '. I 1 : • ,..,• . . · ' ") • ' r . ,I i I 

groundwater restoration effo'rts at the Site, A detailed descri_P.tion of the land' app'lication program is 
, ' , • ~ " , : : 1 I ;.- I • F~ 

1 
, ' • • ; } I .. .f. 

0
\ ' , - ~ , ' • I , " ' ; I ' ' •• , 

provided in_ the L~~.~ }Pelic;~,~ion Ass~~~r:n~nt. ~~port, subm,i~:~ _t9/~e U.S. ~~;.1~~~-., ~egulat?ry 
Commission (NRC) .on September 25, 2017 (1-iy,dro/ER{:j, 2017) . . 

• : • - 1 •• , , \j ._ • l · ·. 1 ~ • \. , 1 1 
• ', ~, I· ,. •.., .1 .· t, • , "j • I ~: t I· •'· .J ;, .. 

'. 

. . 
Figure 1:, Former !_and application areas'in relat ion to large and small tailings- p iles at thE: Hl,l,'IC G..rant Reclamation 
Project Site · , . ,, · ' · .' ... 

I J ',, ·, 

# 'I · , ,' 

1.2 Objectives 
'' I 

.. ... . 
Based on monitoring data for soils in the land application areas, there is evidence that impacts to soils 

from the irrigation program were minimal (Hydro/ERG, 2017) . HMC intends to perform final status 

surveys (FSS) to demonstrate that these areas have concentrations of constituents of potential concern 
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(CO PCs) that do not exceed proposed criteria for unrestricted release from Radioacti~e iy1~!~f\~ls ~icense 

SUA-1471 with the NRC. This document provides a FSS Plan for former land application areas at the Site. 

2. CRITERIA FOR UNRESTRICTED RELEASE 
'" I ( h I•. 

2.1 Proposed Re_/e~se Crit~ria 
l • l • • ' 'J . ,,'I l' i ' 

I. 'I C.) t ~ •, ' • I ( • I • ., I ' 1 ·' • .. .. . ' \ t" 1 ' • • ',. • -· • . • 

The COPCs in the i;Jpplied irrigation water ll'Jere 'prima'ri ly limited to uranium and selenium and respective 
' • , j I~: ~.l~.J .:- ' \j . ,I , ,r ~ ' t,. .' p• • < I ' ( :., '. 

release _crite~)a ~ave_ p~evi~us~y been, .~~opos~d}~Y~roLER.~, ?~17);,. In -~ccord~n~e. wi;h ~o CFR 40, 
Appendix A, Criterion 6(6), radium-226 (Ra-226) 1s a radionucl1ae for which a numeric soil release standard 

of iO.S pCi/g (i~cl~sive of an . N~C-~p~ro~~.d b~ckg~~und valu{ qf 5.5 pCi/g) curr~ntly exists under an 
• ~ , ,.., -) •• • •· ." "? • I 'I-, .' ,. ' .,· • 

approved Decommissioning and Reclamation Plan "(DRPl (AKG and Jenkins, 1993a and 1993b). Because 

the 1993 DRP was approved by·NRG pFior{o June-H, 199_9;-a Rad_ium Benchmark D0se (:RBD)··analysis to 

d~rive soi l _release crit~ha for 'tad,fonuclides other than. radi4rn irn~t requfred for land ,areas ~o~te~plated 

in ibe approved 1993 DRP. Ho~~ er, the land appHcation program was not conside~~.d in th~ 1993 DRP 
I • 't,,.°'e- .• \,, '> \., } 

~nd because this program octl!lrred ·after June 11, 1999, a· RBD assessment has been performed . . .. .... . ' 

(Attach me _t _ l)_Jp de riv~ rJ:~~,!6fefgical dose-based ;oil release criterion for u-ranium due to irrigati0n -.yith . 

resp~ctively impacted g_roum:l~ater in these areas . .. 
• . ~- ~ • • • •• , C ' • 

"..... . 'V: ' 
Thoriu~-hci\ fih~~30), .... ~ comm~n radionuclide in uranium mill tail ings, is not included' in t~e RBD . 

"':., 'l t • -~ • ' • • 

assessmeht "'for land application areas.-{Attact\ment i) as ttiis radionuclide was not found tn applieq ; 
.1J· :-..,,.. ,.,: • • 

irrigation water at ievels significantly di(fefent th,i'n<background in local groundwater. The release criteria l 
f .. 'i ~ rf . ' • • • ' 

previo1,1sly proposed for uranium ahd, seleni1,-1m in,f he 2017 Land Application Impact Assessm~nt. report l 

~re based on toxicological health consideration-s :bci~~rl~,g. soil _screening levels (SSL) set by the Ne.w. • 

Mexico' Environmental Department (NMED, 2017)-~~a t f.s: Envi~onrpental Protection . Agency (U$EPA, 
\ •. '.', , :. ,, •. ' ·, ! . ,• . • ' . 

2017). ',Thes~ criteri~ are adopt ed for this FSS Plan, aAd while ·flot previously apprqvec( by •NRC,· 1:fMC: 
• ,t • • ' I· r • • .,\ ~ 

requests approval of th;e r~leas~-qrite~ia summarized in Table '1 . ).. /. ,; ' 
)• 4:, , i· , , -, " '). - • ,, Ji 1 

\ .~ -~<, ·' \! ~-
,..::lo 

• ..! ' Tabl~ 1: Soil release criteri'a for ,land (application areas. 

. Constituent ~r-· · Modeltd · 

11 ·· i: ·PotenfJal ConCflil Ridlologlcal 
Numeric , , 

NRC Backgrou~ 
Stanclard3 . Val'!_e4 . ·. 

Soll · . ' 
·.Release 
~~on' 

10.5 · ·.· 

· ,,. ~Cop,c) .. . . . Crlt8rlon2 

-· · R_a-~226 (pCi/g) . ,. · 5 
___ ,-~: ; ··· ,u,naf{mglkgf · n, • -·- ·1(5'~ ... -

• ~ . ,. :<t·l ··-se1en10 · <riiQ1k9) , · ·5.11; , · l .. , ! ·, '~ :, ·3 . ' . ~ 

1Based on Soil Screening Levels from USEPA (2017) or NMED (2017). 

2Most restrictive value from Radium Benchmark Dose analysis (Attachment 1). 

3From 10 CFR 40, Appendix A, Criterion 6(6). 

5.5 
NIA 

NIA 

... · · ,, -·~1·6 ,, 

' ' s.n 

4As established in Amendment 15 to License SUA-1471 (USNRC, 1993). Background is not applicable (N/A) 
for SSL-based criteria .. • · _.,·. · ;' 

5Most restrict[ve yalue, (rom potenljally applicable s9il release _criteria, 

•• ' .J ~ r, . '· 1 
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Fi nal Status.Siuvc\! Plan -.·,·:r\ HMC L'f!Jbd Application Areas 

Note that" lO _;CFR 40; Appendix , A release criteria include . spatial, Specificatioos. th:at the average 1 

radionuclide concentration in surface soils (0-15 cm depth) across any 100 ,m~ ar.-ea ,must ·not exceed J 

respect ive limits for release of surface soils. As demonstrated by previous monitoring data (Hydro/ERG, 

2017); levels,of uranium and selenium in soils due'to the land.ap plicatioo·,program are greatest at the soil 

surface, and. if surface soils meet re_spective release.e:riteria, subsurface soils are expetted to meet these 

criteria as well. It is , µnder.stooq by HMC that t he = . .N RC will perform independent verification 

measuremepts and sampling jn the land appl ication .areas prior to any decision. on re leas:e of these,areas 

from t he license: .• I . , ~ 

., -: . . .. lf •• • ,1 • • l d!t\ ., , ·:. I '- , T .• ",• '. 
2.2 Compliaqce Evalua.tion 

. ,J . • l' ._.''l,1 ... : 

2.2.1 . 'Ge'herarc~nsiderations· 1 
_,. I 

, :•' '~ If j 

:\'; \I;• '"-'•"('J .. · ... ' .. ,l '•,.' .. : "> • :, (. I t •'; ., ; 

For radiological contamination, the NRC, EPA 'inidl her ~~·en'cies h~ve.' de~elop~d 
1
~n'if ied guidan~~-for7 

performing final status surveys to demonstrate compliance with release criteria in the. Multi-Agency . 

Radiation Site Survey and Investigation 'M~nuar (MARSSlrv, t (USNRC, 2061) .. Bei ~il;e th i coPCs in ·Table i · 
are not limited to radiological constituents, EPA guidance on use of SSLs as preliminary remediation goals 

, · , • · 1-: .. ,.. J ' I ·""· ·;, ', • ~. ··-; · ···r ( .. , , :~~ _, ,._ • t' ! 1 • 1 · •1 

(PRGs) based bn toxicological healttl endpoint s· (eJSEPA1 199.6) was feviewecf. SSLs for' uran fum and· 

sel~n,um ar~ based' on a ncin-c:'~;dnog~'nic H~~~rd Quotient · (80.), '~ht~PA g~idanc~ ihdlc~tes· that HQ 
'• ' ~ • ~ ' ,·. • • • .' ~ ~ : ~, • . I ( ·~ • : , (· r I ·~ • • ' • i f'". ~( 

effects should be considered additive only for CbP·cs with the same toxicity endpoint and/or mechanism 

of action (U~EPA, 1996). B~ca~se toxicity effe·ct~· 'differ '- for
0 

uHiniurk ' ~~d sele~i'~n? use of . a' 

sum-cif~fractio~s calculation (a.k.a. '"Unity Rul~" j ~s specifikd iil Appe~~ix .{ of 10 ·c:FR '40 rt~it~~iori 6(6)]'" 
• . :.~ ' ,. ' ,· , ·1 ·. - .,,.,:..-,· ii :~. J. .' \.J ~ ,- .. 1 

for multiple COPCs is not'appropriate for determination of compl iance, and each COPC wrll !Je evaluated 
separat~ly for compl i'ance with, th~ so i( release-~rit~'ri~\:iven in T~blel ' , 1.' . ' , . ' I)·'' ___ ; ; ' ' • • 

~ .. I·,, • 'I...,'"/? I • ·• • '' • ~. "c • :. : , 11. 1\ .. ) ' j .. 

I • 'i ,.: : : , . ·:, I 1 • 1 ' \ l .J I I :-, • ') I , --: ., 

·:r_ 

With respect to the NRC-approved re lease criterion for Ra-226 in surface soil (~0.5 pCi/g), this standard is 

assumed applicable to a'ny 11nd are~ impacted by i 1~'.(2) liy'p·r~duct ,r;~t~ii~i at'f~e Sit e: and ; ·F5S ·~aseci" 
' , l ')•' I • t • I "" .,• { t, "> f 1 

', ' f 
1 

.• 

on· a modified MARSSIM approach will be performed i'n each land ci'pprication area '· to demonstrate 
' • . ' ' •. . 'J • 'I • . ' •I: i . --. j , 1 .. , ,. . 11 . . ,_-. I,- , I , "t 

compiiarice. MARSSIM assumes t hat soil concentratio'ns will be relatively uniform after remediation, and 

d~es 'not call for sampl ing ·i~dividual 1do-m2 ~~~as to e~alua'te co~ pl iance.' Instead; larg~r" \ urvey i.mils';·. 
' ' ' ' . ' '") \ ' I' 'f o ( • ; ' l • r,;1 I ' • t ; ' -, ''I •_ ~ ~- •: 

are evaluated based on discrete soil sampling and gamma surveys {wit li gamma/radionucl ide correlations) 

to assess complia~ce with ind i,,idual wide~a~ea' de~i~~d .c6~centrat icin guideHne levels (t~r·m; d· "DCGL)'):· 
' ' • • , ,1 ' •. r · • · • > • • , 

For t he purposes· of this FSS Plan, the release 
1

criteria (RC) v~l~'es propose'd in 'Table { ar~ an~
1

log~u·s to.; 
' • . , . I ' ,- . . I 1. ,... ' ~ ! l 1 ' • \ #. • 'f 

DCGLw criteria, and for Ra-226, a statistical 'non-param.etric Sign ·test 1 will be performed to determin~ 

wh~ther the median ~oncentratio~ iH each i'surv~y uriit" (see Section 2:4) exceeds 10:s pCi/ g. If not, .. it . 

will be concluded that the survey unit meets the Ra-226 criterion for release from the license for 

1 ·Because there is an NRC-approved backgro·und ·v_alue for Ra-226 (s·:s pCi/g): ~ statistical S\g'n· test for compliance 
with the total (gross) soil release criterion 'given in Tabl~ ri'i appropriate, and use of a background reference area 
and Wilcoxon Rank Sum {WRS) testing is not necessary. ' · · · ' 
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unrestricted fut {ilf.e USE~ Otherwise, t h·e,survey'.lll nitw il t•be re-mediated as needed'tintil-compliance with 

t hisRCvalueisdemonst rated. "--· -~ ,· ,, , ·, .·. , 

J _· ,1 ) I.~ .,·, c .· 

With respect to ·small elevated areas' {-hotspots), MARSSIM specifies a different DCGL (termed "Fi>CGLEMc") 

based·on area factor s (Afs) (N AG;.2000), but in the case of the land applicat ion areasiat-the HMC Site,.any 

identified hotspdts will'- be remediated as he'eded such that average COPC ·concentratior:is acrossi any 

corresponding, 100 m 2
; area wrn rrreet t he soi l release criteria specified in Table 1'. .Jf any single drscrete 

sampling location has a Ra-226 concentrations that exceeds 10.5 pCi/g, a 5-point composite suliace:soil 

sample {0-15 cm) will be collected from a 100 m2 area, with the original discrete sample location situated 

at the center of the 100 m2 area. The composite sample will be an.iilyze~ to determine whether the 

average concentration of Ra-226 across the 100 m2 area is> 10.5 pCi/g. This protocoJ is ar:ialogous to an 

"elevated measurement comparison" {EMC) as described in MARSSIM, but is ~ odi'fi~ci to accom~odate 

\ ,, ' ,: 

,"'., · ,'" • t jl i . · • -:;'i, ' ) .::. ~::L , (I \ ' . · !\.. ii f', ' lq. ': I. 

2.2.3 · Compliance with Release Criteria for U ran)u,n and Selenium 
' • l\ : 1 . ~ ·i • 1 

, 1 " ,.:: .,; 
1 

.. 1r.(.1 ·.i-· · ·;; :'·S : ,, 1 J, 

• !.
1 

,• ;;) ' I •) I '°:. ,.t ) ., 1l~ ,'!'>:. I,<";: t \ ~ ,.. " • • , 

With r~~P~,~~ t~ soil relea~e cri~eri.~ ~qry~~r;i. iym aQt~Ei\efi).~m ,{Ta p ie 1,l,: a. non-par~me~ric st.a!istical Sigr, 

test is_al~o_,a~pr?.pri~~e to di mons1r,~t e ~,~at, me~~af.EPC~entr~tions i~ each ~urv~y unit d9 not excee~,the 

soil, re,lea~e, crit~r!~; giXf '},t~ .,:a~!e..\ t A~P,~ndi~ H qt r:,J_u ~w-1920_ i~dica,te_~ _that c_hemical tox!citys_h~ul9 

also. ~e f 9
0
nsi;~.ereg, in d~~iying a .s9_il. re)ease crit,eri9r}9r u;~~}um, an~,_based on __ th !s NR~ gU.ida~c~, jt i~ . 

a_ss_prn~d fq~1t h~ py~po~e.s o.f_~~i~_: .. ~,Sf.13?. t~a.t 1~.C.f'.R
2 
40 ~pati_a/ requi_rem~nts (a.~erage ,across a~v. ~.~o ~2 

ar~a) _are appro,priate for urani.!J.m a_nd .. ~~_ltl)ium. 2 
, Fo_r ~he PWpose~ C:>f ~his FSS Plan, thE: FSS.s.oi,I sampling 

. ' ... - ~ ... , • .... ' i.J, l"'. J .. • l ' • (), .! f, . , If ., ,. / '·. i .. I ·' • ' • , • I , ' 

design and associated protocols to p~~~ns~.r?.~e cov.,R.lj~
1
~c,~ "'(J~~ thr~ Ra-2_~~-crit~ri_on as .. ~et_aile_d in the 

previous Section will be adopted for each land application area to demonstrate compliance with Table 1 

soil release criteria for uranium and selenium. This i8_E ju~~s~~.9~~:i~ t~t-'! r:r ~.}y~lpat ion~ ~s,well ~~-hotspot 
assessments. 

• ., i • : ... : : i ~ , , , . . ,. i.. ••• : , .. , .! . . . ~ .~· i, .. · - =- . ; (1 I , t .• I i ; : J : ~ .• '\ J : r ... J .: .... J -· . . . • •. ; : -, . . • 

R
1
~gar~i~,g:gl "1!r,a. ~urv,.e..,yrs· f9f .~~.~~~n~e.t1 :.e.n, sam~ti.ng 1.~F~.~)8'1,ti\ i~ ,a.~,k~o:til~d~~d t~~! _th~f ~ ,J-~~3ys 

will n9,t detect .. selenj um,. bl,-1~ ,c.9ul9 potel)tially .p_et ec;f e,\eva~ed levels of short: liyed ur~mium decay_ 
- ., .- , •t,:: .• r , ::.: . ~ • · .. ,- ,:·: ,f . ' ·,_ ( . l , ., 1 r,.1 ' •. _ i '. i:.::,,; 1 . '1.i f ; !_. ,,; '} 1 , 'I!) \1_; • ' -~ ,• · ,-, '~ ! • : · ,,,,I I . 

PT~du,ct.~ 1~1?!/~~~~~~li _i~clu.di~~ } h;~~1;t ~f ~a-2~4. (.~pfh r~~r~ 1.o.~ ~~nergy _g~m~~'.· ~mi~~io.~s ~~a\ c~.ul~ 

sli~htly j~cre~~~ , <!_l)'l~i~~-t.,,ga'Tlm.a, l~'(e\~J,, ~~ile,_.~~,a,.n. M \)_C:..s ,f~rt ~~t~e pr~ge.~y ~ith_, ~-- s,(~gle 1-se,cond 
,- 1 .1.(1. ,· ,· . ' ~· ,,\-i •• ,:)r . . \. .1. , . . - .J f _,.J, 1 , •.• .:'II.> I , t.. , . . , . 

g~mrn~ _re,__~glri~ .:-voLJ l_d y_~e,l~ ~~,h,i~-~r~~,! han_J~~ ~r~~~sr~,!~,te~ .. s~ ~~itt ri9": f9r ura~iy~,:71.ultipJe rea~ings 

in. t~.: :S~~e; ~~e~Jr,a~ w~ ~ i~ht,ly_ ~J~XN!~ a.b~ve)~~~c\~&~?-.~Ap,.(!-_e,'.,.~~~t/?"~ .c,or~eJat,e~~ d~~~} .c.~~I~ result ' 
from elevated uranium contaminatlon in soil. Given that selenium inputs are likely to be co-located with 

urc!nium {d_~e to .. ur:iifqf'!l, applicatLon_yia_irrigation), use of ~am,na suM~Y data. as a, b_a~is f or add_itiqnal 
j I ._' . • , •,hr •..: ' I('\ \ ~~ • . , 1 ,_. ; j,,"') ~• 1 ,,J{J •'. I ' • , .... I .!j t., ' • . •' ..., .' I' .,J . , • , •, ' ~. , 1. • \ " ' ' , ; .J,J, - I 

bi,~se.~ s9i! .. s~1;tlP!~.~~ .)~ e.~c~_}an~ a~p!ication c1
1
~e,_a is_ b,el_ieved to b~ a re,asqnabl~ approach. _1~: a1dition, . 

s\ightly elevat ed gf!,nma, suryt Y readings could reflect areas of preferential accumulatio~.~! !mpacte~ fil')e 
r . , • i • , -' J • , , 

·' , ' ! 

2 Note that SSL-based cleanup goals are conceptually based on averages across all impacted areas to.wh ich a receptor 

may be exposed over time. A 100-rn2 spatia l criterion is technically not appf 9priate for toxicity-based criteria, but 
it is con_servative and consistent with NUREG~1620 guidance and ALARA pri.nciples to apply this spatial criterion to 
all COPC:s considered in this FSS Plan. . . . . 
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soil ,·particles· due to ,erosiona l. ,processes :as ,small et particle· site fractions\ • teod ,10. !have·. e.n.hanc!ed · 

adso·rption of, contaminants due to ., larger· specifk1 surface ·area land higher cationc.:eXchange ca pacity , 

(Whicker and Schultz, 1982) . r '. ;~ ·c• • 
'. . ·''. . '~' /~ --~ ' : l ,:1 

2.3 Statistic,al $a,rrJpli_ng! pesign { J . :!, Ir·.,--... ~ I ( . jt 

' . • ' , ' ... . ' . . .. ,,. i. , ' "' i J ·.1 ~. ; • . I i •·• f I , . r . .... 1 · 1 • i 

As described ln MAR'SSIM, the applicabl'e statistical parameter to be evaluatec:I with a Sign test for 

compliance with release criteria (analogous to DCGLw values in MARSSIM) for individual radionuclides is 

the median measured soil concentration for each radionuclid~ . .p~~~.~_ina.tfon ~f. ~h~, q.Y_?lber P.,f .samples 

needed depends on the expected variability in rad ionuclide concentrations after any remediation, along 

with specified limits o n Type lt~nd 2-decision errors and the lower bound on.t he grey1region (N~C, 2000) .. ; 

Although y_ariabi lity in the COPCs appear-s to be relafoiely low (Hydro/ERG, 2017; HDR/USEPA, 2016),m ore . 

conservative ·(higher) es.timates, -of st andar:d .deviations for each COP.C, based on experience ,w ith ·soi l 

cleanup at ot her uranium recovery sit es, were us.edJo<.alculate the number of samples. needed. ,Figure 2 : 

shows t e. calculation ofthe number of samples ... requi.re-d for Ra-.226:as,gel'lerateq:with Virtual Sample 

Plan software(VSP,2016); ·. r! :·, ., .. :;;~:·;, 1'./1 ., .. · !"· , , ... ,If, .,. ,, 

. r·. ·::···.· •/ ' .l ' 

• Tr~e Average vs. Fixed Jhresh<l'Q 
,· • • ,•. ,; ..;.. , .. , . ., # •• ,. ,?, 11 

. Average vs. Fixed Thr~s~old_ I Sample r 1ace'."ent l \:OSts l Data "'t'alysis J~~."'1!'~ I 

' .J .... '.11· f. I., • 
.. ' 

I lc-annot i.J assume the data will be normally distribut~~- . F~rrelp. hiyhlig,~t~n ~~m-~~ P:~~-f'l, , • 

I assume that my data are rln-ot-,y-m-m-etn-_c_a_l (th_e_m_e-an_a_n_d m-e-d-ia-n -ar-e d-iffe-,e-nQ_MAR_S_S_IM--ij~. 

I want to assess for lsurlace soil. I want to calcute the number of samples using 

These design parameters apply to IAnal>f!e 1 .=.J .. 
S~N~II.Hypo~sis: ' . .• 1

· # ' ' '; 
1,J ,f' 

1 

!want to assume .the.sit,, ts ju~pliOb,le (dirty) • ! uytil. proy0<1.otherwJse., .,. 
,. · . • ·- .,. I • . ,--r' '_ ' ! ~. ·. ~ ,"'l l l~ 

{Assume the true median >: action iellel.) 

... '.:. '"I 

D •:·~- ~ · ' . 
,. .. ..., 

Specify False Rejection Rate (alpha) and Action 
·1 • , . . ? •• ' • " 

I wzmt et least ~ ~ confidence that I will conclude the site Is unocceptable. 

(dirty) if the true median is at or above the action level ~ units. 

Specify Width o/ Gray Region (delta) and False Acceptance Rate (bera): 

If the true median Is ~ units below the a~n i.v..1 (that Is, 5.25 units) 

· thenlw; ntnoinore'than 8 ~ - 'W.chani:e'of~rr~~;pti~thenuii ~ ,;: .. / · -: .{ r, ; #h: · • -'· .. ' ., 

, hypothe6is th>t ttil! site is unacceptztble. Grue median ;>• action ~I). • , ,' _ · 

The e~mated standard devtatio.n due to sa~~flrlQ ~nd an_a_!)'tical ~~~b1i'ity tS_ .• · MQO 1 · 
~ ' un:ts. · · · · .•... ,· ·r ; ! I; J 1 ... , "', .' .. , > '~ ·l ; ) ft ; 

1 I ·; . ••, 

.,- ) ! . : ~.- . ... ~ . . .. ,., • ~ :J . ,, .· 1: · . 

I expect the mean to be ~ · units. ' 

M!rlmurn Number of Samples for Analyte 1: 12. 
. ' . 

Mi~im~m Number ~f Sariiple~ in Survey Unit 
! .•. J • •, ' \.''' 

·;.:, . .:, 

OK c'ancel Help · 

Figure 2: MA'RSSIM-b'ased calculatiori ~f the number of FSS samp.le
1s to be collected iri each 

-' ~ . 

· ':' ·1 •"': 

. survey unit {each land application area) based o·n:a· 1-sarnple Signi:est. :, 

'L.. 
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Additional pararneterPosed0to determine tHe a·ppropriate :sample si2:e im:luded,a lower bou,idonithe~gray 

region (LBGR)of 5.25 pCi/g (MARS'SIM default value of SO% ofthe .DCGll), and limits'0nType l!(a} and Type 

II (~) decision error rates set at 0.05 each. The MARSSIM-based calculation of minimum sample-'size•in · 

VSP results is 15 samples per survey unit (Figure 2). Similar results were obtained for uranium and 
. 1 . ~ ' . ' 

selenium. Because of the large size of the survey units, this numb~r wilr be itic'rea'sed td20 samples per 

surv~y unit (per l~rd}Pf,1[7at~o.~ area),pach of.wh} ~-:v;,'.i,1( .be.an~i'yzed for each cqpc !i~ted in Tal;>le.2_ ~see 

Section 3.2). , , . .. ·l • ,. , ,• . ') . ... , , , . . 1 · . ,. , • · .• , • , . . ;:, . , . 
J' ~' " l - , , · • • , \ , 1 ! , , I , I , 

2.4 
• ~ . • f . . ! , ' ~, ,. 

Sutvey'Uhits ·and Classification · ' " ·· '' · 
l -: ! ' ··-· ,... .1 ·. ,(1, ; ! [1· 

Based on previous.soil monitori,ig -results,f.or the 1and applicatiol'l ,areas (Hyd,ro/ERGJ 2017} relative to the 

soil r,elea-se)Griterfa given in Table.) .',' ·e·ac:~. ir'tdividu<1Uand ·appflcation area will oe.-categorized as a· Class 3 

survey .uRit:, :U-nder MARSSIM:{USNRC, ZOOO);i ·C1assi:a~suTVey uriits repr.es-ent .areas that:111ay have .. been 

impacted, butconoentrat1ons of-CC>PCs are:expected.to-be'present ·only at.a small fraction uf the release . 

criteria, Eachilan'd applicatiort 'ar.e.i will be considered as-a·stngle survey unit based on ,a. 1distinct'histo·ry 

with respect to the mechanism of impacts to soil. MARSSIM does not place limfts ·on the' si-ze- of<Ilass 3 

survey units, and concentrations across each land application area are expected to be relatively uniform 

(Hydro/E~G, 2oi 7). C~;~~eh;n~i~~ ~;~~a radiatio·n· ~u~~ys ~ill be.conduc~~d, and addition~! bi~sed soil 

samples will be collected in areas of higher gamma readings to reduce the chance of missing any 

"hotspots" between soil sampling locations as previously noted. 

3. MEf:HODS 
' 

The methpds for final status surveys of each land application area will include comprehensive gamma 

radiation surveys (gamma surveys), and statistically-based soil sampling as prescribed by MARSSIM. These 

methods ~re described below. 

' 
3.1 Gamma Radiation Survey 

' I , 

Gamma surveys will be conducted in the field to indirectly evaluate radiological contamination in surface 

soils residing at or near the ground surface. Traditionally, gamma radiation and soil Ra-226 concen.trations 

are correl~ted for this purpose; but in this circumstance slgn.ificantly elevated concentrations of Ra-226 

are not e><pected, and a statistically significant correlation with gamma radiation in these areas may not 

be possib fe. Nonetheless, gamma surveys will be used to provide indications of what spatial varir;)bility in 

terrestrial; radiation does exist, and to identify potential locations for biased (judgmental) FSS sampling. 

A gamma survey will be performed over the full extent of each land application area along 10-me'ter scan 

t ransects, with the detector positioned at approximately 0.5 meters above the ground surface (Figure 2). 

This transect spacing is consistent with NRC guidance found in NUREG-1620 (USNRC, 2003). Scanning will 
/ 

involve GPS-based walkover or all-terrain vehicle (ATV) drive-over surveys with scan speeds ranging from 

about 0.5 to l.5 meters/second' (typical .walking speecis) ,depending on .terrain. (ns,tru,men_tation will 

include a Ludlum 44-10 sodium iodide' (Nal) detectot«coupled to a Ludlum 2221'. ratemeter/scaler, or 

similar. Simultaneous gamma/GPS readings will be recorded on a 1-second data output schedule. 
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Prospective·(~ priori) estimates ef the Q1jnimum detectable conce.ntr;ati_on-pf Ra,226in so.iJ,while scanning, , 

refe(red to in MARSSIM. as the , "scan MDC".- (USNRC, 2000),: were calc1r.1l·ated, l:>~.sed _ c,n . the) _abo~e ­

specifications on scan :;peed1and detector;heig~t,,along W:ith an a~surne(I backgr;ptind ~01i1nt rate of 15-,000· 

counts per minute '(<:pm)·. 3 A resultirag graph of, s~aQ MOC versus ~~e (dia:m~ter):0f area of contaminat~d 

soil (referred to as a "hot spot") is shown in Figure 3. .,., 

Figure 2: Example gamma 
survey systems for 
walkover scanning. . 

so ',-----· _ .... _.-~-------· -'(~ '----~ 
i ( , I'. > I ' 

': ,::., : - ""; 

; ;zs . . • .· I '. ·., ;1.·. i ; u . • 

~ , 20 _ . : , • ~ j'J~:r i,· , -; 

~ 15 • 
CZ: 10 

"'< c:: •• 

' 

!.' f .r- '> I I 

1• )'°'.·)''. i ' ., ,, . . ,, .. 
: ,:-: ·.•· r / '. , 

0 3 4 5 6 7 8 9 · 10 11 1 2 13 14 15 

Hot Spot Diameter (m) 

Figure 3: Scan MDC versus hotspot diameter for the gamma 
survey method. '• -,,: ' 

• • ' 1 ' l :. 1 I , 

The soil release criterion specified in 10 CFR 40, Appe'ndix A for Ra-226 ln:surface soil (Oto 15 cm depth) 

is 5 pCi/g Ra-226 above background, averaged acr~ss any 100~m2 area: , Caicul~ted scan MDCs for the 

walkover survey (Figure 3) show t hat a single 1-second count rate reading with this method will be able 

to detect" Ra:226 corice~tr~tion~ in surface sb,1 'anhe release crit~rlon~(s pC:i/g) fbr hotspots'M s·mall as 
: • • • • • I '~ } '- •. - . . ' .. \ 1 ~ I • ' 

about 2 meters in diameter (represen t ing ct contaminated ·area of abbu't ·4 m2) . The gamma scannfng' 

method sp'ecifi~d in this Fss· Plan has sufficfent sensitivity to ·meet a'pplicable survey objectives as defin~d 

herein. 
I,, ,·, : ,• .• 

•,' I 
•• J ., ' , , I l.: 1 ' • • r + ' 

. . - . I . . I ... . • • . ... . · ' • • • I I 

Comprehensive gamma survey maps will be"produced for each SUN~y ·unit (la'nd application , area) and 

evaluated for any areas of el~vated terrestrial ~amma radiat ion. , Additional bia·sed' sampl~·s will be 
collected in such locations, but the number will depend on the magnitude of differences in gamma 

readings relative to apparent background levels in t he area. 
. • ·, , • , l, Ji • 1 . 

• '- , ... 1 , - ti. · 1 , , ,; , I ,. • • 1 • , , • • • , •. 

In addition to gamma count rate surveys as specified abo\,e, expos·ure· rate measutemehts ate indicated 

as a fina l ~tep in the decommissiohing· pro~ess under 10 CFR 40.42. Considered the most ' acc(ir~t~ 

instrument available for measurement of external' exposur'e\ ~te :in ~ 'ra'diation field t:orriprised ot" both· 

cosmic and terrestrial ' sources (Whicker and Chambers, 2015), high-pressure ionfzation c'ha'mber (HP'IC) 
,.· ' ! I ~- • • .'j •t '. ' < • ' • 

3 Scan MDCs were calculated based on a recently published method (Alecksen and Whicker, 2016) and online 
calculator (ERG, 2017) designed specifically for electronically recorded, GPS based gamma surveys, along with 
conservatively estimated Site-specific background gamma readings. 
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will :be used 'tb .estini'ate the average exposure .rate, at '1' meter abQVe'the grou·nd surface· in: 'each -survey 

unit. Ideally thislvaltte will b'e estimate'd based on cross-calil:fration of gamma sdar'm1n·g· cfetecto"rs·agai"rist 

the-HP IC at 10: ot 'niore lm,ations representative·1bf the1r.ange of ganimai readings 'Observed across all; fand 

application areas,rfollowed -by co r.i'verslon of-all scan1data to units of exposure rate" and talculation o'ftlie 

mean value for each survey unit. 11,· •,. ''I ,. 

In the event that variability in-gamma-readings is·to_o low to generate a st atisticaily robust or signi_~cant 

correlation with exposure rate readings, HPIC measurements alone may tie used to directly calculate an 
.,: . . .. ~ 

estimate of the mean exposure rate. The number of measurement lc:ication·s nei:!ded .to estimate the.mean 
••. i • • " ,., ._ . ' 

with a sig11ificant degree of certainty depends on the variability in gar:rJma rad iation across the survey unit, 

which is unknown until measurements are collected. Sect-ion $.6 of NUREG/CR-5849 Manu~I for 
~ I . , . " , "' • 

Conducting Radiological Surveys in Support of License Terminatiorf (USNRC, 1.992} prbvides the below 
1 

1 
• • r.. ' ' ·.~· ." :, ·1.",; · 1 

equation to estimate the number of samples needed to estimate_ the me~,n, gti a·,po'p~at jon with a 

pre-determineddegreeofcertainty. / , 1~··~-:.,..; 
1 

;• t '' i. :. • i ·~~er.~~ .. ·:-- t·.>. n · · . .- -­
N = sample number 

l , ·:11 " 

I ' :~ 

''° ·}ri}'; 
",. ' ' ' 1:1 ... ' ',"' 

Equatiort4, . . , J 
t· .... .i·t .... 

cv = coefficient of variation (standard deviation divided by·me'an) 

... t, ~ t ,s~~tj~~~ _fo!,J:hos~n f9,~.fi?;nce ,l_evel . i . . • _ 

.. . r ~-~~~~tiveJ~ae,t;io.~ error e~Hm..~~~--~f_~h~ .. mean _. . 

• • ·1 'I ' ·u, ..... ~ ,! ci.:Ji '·;:1 € ~ · " :1· · -:·.'.n' -l. "'•t!>1 ~. _ ,,,'.. l .:· - ... It ·~ 

Figur,e ?,:s~oVfr!!W. plot.og qP, at jOJ\1VS~ ~ r_eJ~~)Xe}rJ1%i?-n~e~r19.h(~) ?,f 2:9'% ~~~- -?.9:%,_a~d,~ c_onfide11ce 

IP;v.~I ?,f ~-5~ (F:-=. t·Ei~~) f?r ;,,ar i9,~~-f?effi!=_i_r nt p~!-(~f~,~ _i.op,..(.~'{) y~J~r:~; .,~.ig_~te11 ,qr ,m,?,_pst.rat~s. that as the 

sv i!)Crj:!~;s~.s'., th~ .P~~~~-c, P,f S,c(l,n:i.~,~-s .. n e~ded .;~? -~5:\~~rle~,~ ~i¥,'i?.\1 {~l_aJi~.e f~a~_i~~ .EWW, 9f .t~e ,t ~~e ~~qn . 
increases rapidly. Assuming a true CV between 20 and 30 percent, which is reasonably consistent w~lh,~V 

values observed for the COPCs in Table 1 across the land application areas (Hydro/ERG, 2017), it seems 

rE:~sonab!_e ,tha.t ~o -~ec1_sur e~eprs,gf ~~P?~l!re~r~.te, ~?.l!e~.~~d ~r9~.~ eaf ~ b,~ckgr?un,d <!r~a}~ ade_q,~.µ~ to 

es.; i~.ate ,.t~: .m~.a~.e~pQS4f:~ .. ri~tt~) o w \~h!~"lO t,o;qR,er.f~P\ (e"g:X)'i,Qin.:t:.1-2 µR/hr. i,\1, a jQ µ~/hr ~ ,mma 

fi~ld). r • ·!· · , ::-·· • , ,, , •• /-··:· ,:_::- i:1 . ( ·' ' I " :,. : 11,1; 1 'r :" ·. J ,,· ·, ,-,r . • ,· .. · ·-

:: • !) ~11i • . c. ')\ '" . . t· · .. ! , ,'. , , ~! 1 . ; ;) V 'i : . ·, :·,:! l : ,· 

Based on this assessment, if the alternative approach of direct HPIC measurements is used to estimate 

the !!TI~ar:i, ~~~a.~w~.r~;~, ,ara.nd~mJ.zl~d -~[.i~~g~l~rsr/d1for l P., ~r,1c:_ p,~~~u.rrrrents ~i_l.1 pe,.~t~era!e~:'-'."'tth 

vs~ •. a~d tb,e)1fl.~ -'lln~~~t~n:1~~;ts ~ill .~,~ taken. acr9S~ ~ac~.l~nd a_µplication~r~a sur:yf?Y .yni~'. .T~~se data 

wi/1 be ircl.11.~,~~) r;i Jh~,F;~S1 ~ep!?.r:t :a!on_g _with ca.lculated cpean _exp?sure rate values, f<?X·~ilSh __ sury,ey \J,ni.~. 

Not~ ~h~~ th~.~e ar,~.JlO . r~l~ase .critf,?ria associateq wit.h this FSS parameter, it is _simply a -regulatory 

requirement to document the final external exposure rates for removal of these areas from regulatory 

control under license SUA-1471 and release for unrestricted future use. 
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. Figure 4_: ~umbef. of san;,pl,es requ!r,ed ,tq e~iiwa,~ the, m~:in,:a~ ~.~~'f, f O~fid,~-~ce. 1€:~~J.· ,. . ~\ _ 1. ,\ • 

3.2 Soil Sampling 
. . ' . : ' .· .,. ' ... - • ! . . . ' ' '·. '·:; ' . I ~' : I • I. ' .· , .,,, ' . • , • . f ·:, , • 

Soi l sample~ will ~e coll_E;ct~_d ;-vith a man~al auger-n,pe .barr~.1 sarripl.er, s~ovel, .band tro,-..,.~,I o,r similarly 

appropriate sa~pl ing:,equ_ipm_en,t. - san;1pling -~9?li ~ii_l ~~ 51ea~~d, b_~-t~~~~- each s~~~lr ,c5>lle,~t/on. t <;>.. 

preve~t cr?ss-cor]ta~i~at\~~ of sam~le{ TV-:~".-tX ~~ll}ple_sp f sur1;~c.~.,s?il (011? ~Q'l ).wil_l t>~ cpllf.c;.t~.d ac,r~s~. 

each s~_rvey _unit o".: ~ t ?n_f/ ~miz~~ !r!~~~ula( f?,i,~ .. ~~ing _VSP ,l V.S~, f.Ot.:~) J,o p lot th
1
E: sampl i_ng Jocatj?n~. 

Subsurface soil sampl~s wi_ll .n,ot be coll~c! ed as.i~_i~ expected t h~J a1w .arEJ:_a-rs th~t exce~d t~e .. r~lec\S~ 

criteria given · in Ta ble 1 wili be ex~avated '~ntil the~~-criteri~, <!re; ~et; . ln the. ~vent ?f a ~ ,-e~~r~~~~~f~ ~ 
5-point composite sample from a 100 m2 area centered on the origina l sample location will .be collected 

to dete~min~,whether average ~o.ncentr,~ti9ris.exceec:! a~y ~f t ~e,r~.le~se criteri~. !f n9t, Fo_rnplia r:,c~_w.ith 
' · • • - ,. • • - •· , \ 1. , r J ' _ • 

Table 1 release _criteri~ w il_l be concjudeq_ for .the_ lo_c,at.ion, otherwise, the area will be excavated to t~e 
~ • • , : 1 .• -" , , 1 , • I 1 · , J · ' , • f • , ~ • j , 1 I ' ;. • ~ · '. 1 

depth necessary to attain compliance. _All soil samples will be ana ly_z~d for the radionuc;:li~es.s~qwn 'in 
I . .l ' • . .,, , '•· ' .... • • • ) • ' . I } 't. \ + .. ' • ; . i ;. ' I 'i .,.. } i '~ : 

Table 2 by Energy Laboratories, Inc. (~asper, WY), an_ accredit~d. National -~rivironmental Laboratp_fY_ 
, '• ' , \ ' • ', , ' , . , • ' ' I • f ' I ' , • I , \ ., • ) / l' ~ .. · • ;· , 1

), ! • ;.• I 

Accreditation Counci l (NELAC) laboratory. · 
~ • 1 

, , 'r · r .f · , r1 , : ' .. : .. ·, 

Table 2: Analysis parameters, methods and LLD values. 

Radionuclide Method LLD (pCi/g) 
U-nat EPA 200.8/6020 0 .. 3 mg/~g 

• ·:. 1• 

Selenium EPA 200.8/GOiO 0.3 'mg/kg 
! • 

Ra-226 EPA-901.1 (M ) 0.2 .. J :, ,:',.· ~. _,. 

, I· 
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3.3 Disposrtioii a/Contaminated Soi[ 
.' ' : I f: • • • 1 -, , Ii,,· 1 f ~ I .,~ ·l .- ._.; 

.... ·' \ ' 

Soil that do.es not meet the release criteria will be removed from the impacted location and disposed at 

the solid waste trench disposal area on the southern portion of the Small Tailings Pile (STP). Haul trucks 

loaded with contaminated soil will be tarped to prevent spillage in rout to the disposal location . Once the 

analytical results for the FSS ~re avai lable and the NRC concurs that any remedial soil excavation has 

resulted in compliance with soil re lease criteria across the entire land application ar~a, the area will qualify 

for release from the license for unrestricted future use, but any contaminated soil disposed in the STP will 
-- - -

remain as lic~nsed material under NRC regulatory control. 

3.4 Documentation and Reporting 

A FSS Report will be developed describing the radiological surveys and statistical evaluations of 
.. ·- '·· 

compliance' with the soil release criteria, and to do~ument final exposure rates across each former land 

application area . The FSS Report will be submitted to the NRC for review and consideration of, release of 

these areas from further regulatory control under NRC li.cense SUA-1471. Once regulatory comments are 

resolved and the Report is accepted by NRC,.a'·licen~~' am~ndm~nt request to release from the license all 

land application areas for -unrest ricted future use· will ·tre ·submitted. · All FSS gamma survey and soil 

sampling data will b
0e hitai~eirG~t il tne'ra'cfi'oactivfir{~te~iais ·1ic~H\e v:;ith the N·Rt is telminated . 

4. Quality Assurance / Quality Control 
,' ' 

All gamma surveys, soil sampling, and laboratory measurements used to guide any remedial excavations 
, ,. •. ~ .... ·~ · 1 • _ , r,' •· · --., - f ' • ' ( t I , J " ' •· •, •, , 

arid to conduct final status surveys\ .vill subject'to the data QA/QC prot
0

ocols as described in this Section. 
,., . ·. , • .• ' " . • · · • . ! ~ - ' 1 .; ' 11,· '- ' ,!j ,_. . ; ·:, '~ ., ( ', ·: ". i • ' . . ' ' :- •' ; 

The purpose of these protocols is 'fo ensure t hat the ana fyti c'al· data to be generated will be of sufficient 

ciua1ity to !~eliabiy J~ p·pJrt chr.=;chi~ti;1bni ~eI~ardfnl~olri~ii{nci/0i1:h the saii. ·; eiease ' ~riteria given in 

Table , 1 'cif ttif~ 1~ss Pia~. To m~e~'·ttiis
1 

cibjective; ·i~~a;1~Ffcaf
1
Jn2~t-t~intiJf°introduced by'vaflability i~ 

instru~e,tt~, 
1
·1i60/atory mett'io'cfa.· 1n'll ~Llfv~Y' t"'efhiliq~e~·:wi1i ' be mi~imi~ed ·a1

iicf' qu~l itafively and 
.. . . .. ' ,,"'! 1 ' · ,) . ~· , : ,._. ,..:1 J' ! . . : f' r ·t . ; • .:· .. 0' ... , Tf ... ' j . /. " \ ' . , •. ,· ' ' • 

quan'tifatively assessed in terms of data' accuracy and precision. . '. . 
.: . ·,"l'j~-.... , .' .. ,'fq _(_ ,,..., , ,,~;i .... :j :··1i: ' ~·:::··, · · 1-;,1·· ·.~·: ,1 i:·1 :~··_:· .. -~· 

In' gen'e'ia'i'; :quality assJ ra'ri~~-(o.Afrnbi~dJt qu~li't"ativ{~-~p~cts b1f th~ FSS Pia'n n·e~essary to ensur~' ah ' 
: \ ' ' , - • • , ? i(~ ' :.•:. ' :,~·-- , .· 1· -,. ,~- -..· - · ·'."; ·1. ., ·· 'j . ~L J ~ .. · . ~: , . , •--: . · ' . . ... ; ~ 

appropriate' analytical design and p'rOper implementation of plannec:I methods and procedures. Quality 

control io.c(1hdud~;·cjuantitat ivl ~~~tu~~/to ~ ~'~it~( ~~a lytica ( m~thod perf~rma'nce ' a'nd 't'o all~w 

resp~dive· ~~tirnation ' of J ata th~~·r\aint:/ tacc~r~2y ~h1a· pr~eiiii6n). · A g'e°n~ralized ~urnm~~ ot G.A/Qc 

protocols/requirement s is as follows: 
'l ' - :i ·, ., ' ' ' 

. ·-
Program QA Su mmary: -;- ~ '.. ·),:: . ( . ' ; 

~ . . ~-- ·r -- . . . ,. · ,_ .... · · :: i 
• All gamma surveys, soil sampling, and supporting measurements used for the FSS will be subject 

' • ' l, 

to the data QA/QC protocois outlined ih. , his S~ction : · 

• Applicable SOPs listed in Table 3 (Section 4 .1) and as provided in Attachment 2 will be followed 

for all gamma surveys and soil sampling. 
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• Radiological survey objectives for soil decommissioning were used as the basls i) \~he ~nalyticai 

approaches developed in this FSS Plan in order to produce data of the type, quantity and quality 

· -, · ·necessary to reliably support correct decisions regarding compliance wrth 'soil release criteria and· 

release of these areas from the licehse fo'r unr'estric"'ted futi.fr~ use: · · ' \• ' -

- ·• . The radioanalytical approaches,and methods to be used·are co~sistent with relevant regulatory 

guidance (e.g. MARSSIM, NUREG-1620). . . 
• : • , : • :. ; • ~i • • ; • • J . , l . • ~ l . ·' . • ·; ·1 . t .. i ~ t ! ··~ I .• , 

• Detailed field notes will be kept io· field logbp;oks to document .daily activities-and any relevant 

observations f;ga.rding _e~vir?nme_ntal condi~ion~ or ~~uipme~_t_-[~!-~t~d. pe~~~~an;e that coul~-
affect data quality. . 

. ' " ~ ., ' ! -.. . 1 • . ~ ~ I J • ' f 

• The proposed offsite \abo_ratory is fully gl!alifietj and appropriat~ly-13ccreditedJ or ariqlysis _ot the 

COPCs specified in Table 1. 1' , , ! 

• . -Standard chain-of-custq~y. protocols wi_ll b~fRIIO\;Ved,for samRIJng shippi!)g and offsite{ab?ra~ory, 

analyses. , ,, . , 1_.. •: .. , ,. v .. ·-: , . • ., ;,. 

Project QC Summa_ry: 
,.r, '.·._·, _.·;. ' ' . ,· .;' 

• . Calibration of gamma detectors iwill ,·be ·performed Wit hin ,one yea·f prior to use -for, the FSS. 

• 

• 

Calibration certificates will be kept on fi le and included in appendices to applicable portions of 

the FSS report. 
I If ' 

Daily QC measurements will be performed as specified: ih , !he applicable Standard .Operating 

Procedures (Section ,:i.1 and Attachment 2) for all field survey instruments to e_nsure proper 
.., ; • :." . ' ' _; ., " ,• , I ;. , ; : 4 ' , , • ,, , • -~ • . 1 

instrument performance. This data will be evaluated in terms of measurement prec_ision and data 
. ' '. -i ' ( ' f I '. r I ' t. ! ' . ~. '. ~' 

reproducibility. 
~ , ,'•,q ,:-11 1 ,.\ 1 ;.1\ '°"l}.:,, f.>•. l ,' : , -' I 

The commercial laboratory used for analysis of soil/sedime:_(lt Sc!mpjes wHI pel'for~uout ine QC 

measurements for each batch of sample resu lts (e.g. duplicate sample analyses, sample spikes, 

methcid bl~~ks; etc.) i~ order to 'p~ovide quantitati~e indic~tidn~ 'of acc~'racy" and pre.cision. ·'.A.11 · 

data will be' qu~litatively a'nd quarititativeiy rev.iewed 'by an experi~nc~d health physicist -a~d 
I ! . ( 

evaluated in terms of data quality with respect to FSS objectives. 

~ I • . • • I 

4.1 Standard Operating Procedures 
., ,- : .... "'i ..: ,·:, ~ ,.:' ,, 1 ,., 

.:•. 

All FSS el~ments-will be. conducted in accord a rice with app~icable Standard. Operating Proced,ures {SOP) · 

provided in Attachment 2. A summary listing of SOP titles is provided in T~!)le '!· · , . . , ·, ·, , , . 

Table 3: Standard Operating Procedure (SOP) numbers and titles for.implementation of this,FSS Plan. 

SOP ITC.101 Calibration of a Radiological Survey M eter .. 
SOP ITC.102(Rl) Calibration of a Radiological.Survey Detector .,._ ___ . ---- I-;--· • '• . 

SOP ITC.201 Operational Checkout of Single-q1anrJ_el Det ector with Meter 

SOP PWT.105 Performing a GPS-Based Gamma Racfiation Survey 

SOP Pw,T.106 . ,Making Exposure. Rate Measurements Using a High Pressure Ionization Chamber (HPIC) 

SOP PWT.108. Soil Sarripling for_Analytical Purp_~ 
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A1;1 Introduction T • j •. ' 

.1 • i· '., . t . , ... ' -:-, .: : 1 01 )"'. .~ 

Homestake .Mining Companw of C~lifor_nia: (HM,~).. is_ ,he ~ice11see en R:a~ioactive ~atf;!I\ials : ~icense 

SUA-1471 with thE'.?: U.S .. } ,lucl~ar. Regulatory Commis~o.n (NRC). This former uraniµrr, milHJlg f9cility i~.J 

located about 5 miles north of the town of Milan, New Mexico in Cibola County (Site). The facility is now 

known as the HMC Grants Reclamation Project (Site) based on-ongoing ·efforts'to :r.estore..groundwater to 

meet regulatory standards, along with remaining areas of soil contamination. Most areas of the Site have 

be~n successfully remedi~ted\o meet ' NRC-a'pprov'~d soi l stari'dards for r'eiease of la,{d ' areas froril the 

license for unrestricted f~tur~ lisJ (ERG; 'i995 j_ In ac~ordarice with 10 CFR 40,: App~ndi>( ( Criterion 6(6), 

the applicable standards for radium-226 (Ra-226) are as follows: 
.... ' f. • . .... -; . . .... . 

• Surface Soil (0-15 cm)= 5 pCi/g above background, averaged over any 100 n;1 2 a.rea . 
:1.. ., '." l J ' "f ~ : ,. '-, _' ' • I 1 .• . " , 

" .Subsurface Soil .(any. 15-:cm i._ncrement ! ~~lo,w.,t~e top :15 1=111) = 15 _pCi/g .aqqye, qaqkgro_ul"!d; · 

·ave~agedoveral)y 100 -m2 ar_!;!.a ; , '. ,,.,_._, ~-,,; ,_:_ .·,1·, •. ;" i ,. .••. '.. ,, 

,:• •. J, f1 .. '.J ' • 'i . ' '. .. :... : . 1 ~ I '. J ~ • :. :..!_{ ;: ,\. ' it' I H ,. 
These .standards are .comm.only referre.d.t o as thf:! . "5/15, n,ile" 1-~rid ,are the on ly spil standard~ _c1,1r r-ently 

. ' - . . \ . . . . 

approved by NRC for the Site. The 5/15 rule is applicable to all land areas contemplated in the approved 

1993 Decommissioning and Reclamation Plan (AKG and Jenkin~,. ~9~~a.a,~.d._199~b), ~s w~II, ~.s a,ny other ,. 

areas impacted by lle.(2) byproduct material. The NRC-approved Ra-226 background soil concentration 

for_the Site is 5.5 pCi/g ~s incorp~rated 1in the release, criteria giye.n . i.n ,Ameridp;ient No._. 15 ,of License·· 

SU,A-1471.io 1993 (USNRC, 1993). Based on the ~sta~l i~hed background con,Ger:itration of ~~-'.?26 i{l soil 
. , 

and Crite_rio.~ 6(6) specifications as noted above,:the, effe.ctive (gr,oss) soil release stc1ndj3rds for Ra-226 a~ 

the Site are 10.5 pCi/g in.t he uppe~ 15 cm_ of,ttle soi! profi e,,and ,20.5 pCi/g,belo.w,the top .1.S cm 9~ thE;! s9il 

profile. ~ .: ~ .. ~( ·: _I I I j .• . l : , I. ; . . I • l. - .·. ~ • t ~ , .. .. i . ' 

With respect to radionuclides other tha;n _Ra -22.6, oA April }.2, ~999, the NfK issued a Final -Rule (64 fR , 

17506), (equiring use of t he exist ing soil radium. i5,tandc1r:d (rhe 5/1..5 ru!e) to deriv_~,a dos.~-~a~~d ;erit.eripn,. 

for t he .release of soils containing r~sidual.bypr.oduct ra,d.ionf,!clides ot~er thcln,radi~'!). , 'Thi~ amen~mf:!nt 

t9 ~riterion 6(6) of 10 .CFR 40, Appendb, A .became ~ffective qn .Jun~ 1~, 1999 .. B~~use the curr,ently 

approved DRP was accepted by NRC prior to Jure 1~, l999, ~erivation of release c;riteri~.for radionucl.ides 

othEir t~an radium based on a ."Radiun:i B~nc;~r.nark Dose" (RBD) ana ysis t o. is not reqy_j req for licepsep 

activities and associated lands contemplated in the approved 1993 Q.RI?:. For are.as ir~igated with impacti;!d . 

groundwater during the 2002-2012 Land Application Program, the RBD assessment provided in this 

Attachr:nent . is applicable to urani,un;i as t_hese ~reas we~e irrigated with resP,~ctive~y .. impa~t~.cf 

groundwater, and this remedial activity was not contemplated i,:i the approved ~_.993 ,DRP. A detaile~ 

description . of t e land applicatio_n program is provided in the Land Application _Ass.essment Report 

submitted to the NRC or;i September 25, 4017 (Hydro/ ERG, 2017). . , , 

The RBD approach specified in Criterion 6(6) requires NRC licensees to model the site-specific dose from 

the existing soil r~dium ~tandard (the ~/15 rule) and to use this RBD to determine the maximum 

concentrations. of -other radionuclides in soil thc1t would result in th.e same dose to the average member 
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of t he critical group. This Attachment documents the modeling and assumption~·N?~. l@, tleriVe a 

dose-based soil standard for natural uranium (U-nat) using the RBD Approach. Mill-related radionuclides 

other tnan l:Fnat are 1not expected to be present iii' significant concentrations above background ih the . 

Land Application 'areas, a'nd forrt!!sponding dose-based 'sfand~rds are not develdped· herein .it ·· ' 
. ), . I , ( ' ".' 

Al.2 Radium Benchmark Dose Modeling : u~ . s · . (. 

}~"'lf. -r::. i'r ... 'l .,.·.;'··r1; i ·.:··, _. ,.h~ ~· _ (' . •) 
The RBD for the t:iM<; ~J<l.r~-~ite was,11'!9d~le~ ~a~e~ .'?.r ~RC regplatory guidance fou,~d in Appendi?< ,H ~f 

NUREG-1620 (USNRC, 2003). Modeling software.<\nd as~unwtiqns ar~ d~scrJbed below . ... 
, '• ; ..t1 . "' _) ) •; • -··! I,. , • i I , \. _ ( , I ' . , 

. I. I : ")) .3 'c '., 1: , I ,, 
Al.2.1 Receptor Scenario Selection 

, } . • ,1 -~-: ., . : ~ .. ,,.. . :· L~:..· ~ ·~,n:. u·,g;..Jf)L~ , !:"'"; .. :·· ::'. : . · . __ .. 

A number of potential land uses and corresponding receptor scenarios were considered for RBD modeling. 

ThesEf 'incfud~d1 rarkhfo{i, ·mining, 1home£bas~d:!lj~s1rfe·Ss) 1/ght 'in~u~ry ·a~d reside
1
n't ·far-riier,s'cettarios as 

described in Appendix H of NUREG-1620 (USNRC, 2003) . A ruraFresid~ntlal 0 scenaric( with'; limited 

agricultural production was selected as the most plausible land use within the foreseeable future (within 

200 years) as this 'is cohsisfon't-Witn cufrent/histo'ril':°\Fand 'fises in1this parf of'Cihola Cbuni:y, New Mexico. 
I, 

Al.2.2 Modeling CO'de ancf Pal"amet~lSelectitins ') , If., ·-" ,, ' ·' 

The RB0 for'.the S'ite wa·s!m bdE!lecf. 1.falng;the R'ESR'AO'computer'c'ode,' V'ersfon 7.2 (ANI:., 2016) . The dose 

pathways Included for the 'r'ural resicfeht-scen"a:rio inefudediexternal gamma, inhalation, and rn·gestlon of­

meat, 'pla'nts .. and \v~II water, ·alohg' with·Tridtlen't~l' ir"i'gestion ·of'-Sbifpaiticles . . THe radon · pathway was , 

excluded per 10 'cFR-'40;,Apperldi~'.l\· spec'tfications:-;fitfo n.llk; and•aquatic foods.pathways were excluded ; 

per guidance found in Appendix Hof NUREG-1620 (USNRC, 2003). 

The assumed zohie oh:ontam1ri1atEid ibifwas set att1i~ RESRAD 'd~'f~ult'(lb,otid' rn 2·or approximately 2.5 

acrest,' ·whi'ch 'is teasofiabl\i 'rorisi~'.tetii: .. With the typicat Site 'bf 'ti.Jrat'resid~nliiil lots in' 'local dommurrity 

develcipmeiiti . ihe·'contamin~t~a to'.ne\ vas a'ssu'rhed to' cO'ntain res'idual:b'yp'ro'duct Ra'.:i26 iri 'surface· soH 

(0:15 cm)at '~ coricenttatib'~ :of 51 pdfg!1For sUbst.rtface ·sdH (15-30 'tmJ, a Ra·226'con'2e~tratidn of is pd/g 
was assumed, ·cdve'i'e1d fiy,tS~cm 'cWdeifnTsoil (i~tr 'the' RStf attr'lbut<abie td·'surface an'd- subsur1fa'ce ·soi l 

contarniriatibn ',;va~model'etf separat~1y) .itPer NURE'C:r-16·2'ci'gt.litfante' {t:JSNRC, 2003{ Pb-21b was assumed 
td beirfequil1br'n.ihfwlthR·a-226'tevtifs·:ir'l~oil.' ': , ·"'F,~ - ,, ' i t,:•,<,'· •' ,: 1 · ..:.; , ·· ·' .. , .,·· : - ' 

·. ; : \ ; ··d: \. 1U i. } C1, - ~~~- :·- '_.,::..:.! .<! ,.1 1 ._: ··· - ~ ' 1· ... · · r ~-.:'.q ._
1 

• • .) r ._ f-L., ,~ I 

The:hypbthetft al' receptor 1(turai resiclifot)"wii1s' assumed to•t!ie pfeser'lt ·o'utdo6rs in ·the·coritamina'ted zone 

25%i>f the'· tinie'~ rid' ir1dbors· 50%· of the t i the (RESRAD default ·dccupan'cy factors). · Pt~Cipitation was set 

af0:2-'7 m'eters'per ~ea:r. lt was -further assurn'ed 'thatbr1ly '10% l ,f livestockleed for 'meat-consumption is 

grown in the contaminated zone (supplemen'tal·fee'd ·is'''riece~sary due''fcf small lof sizt:!"~nd dry climate), 

and that 10% of ingested plant foods are grown in a garden within the contaminated zone. Irrigation 
,.' 1 \. ' , •. 1, 

4 Thorium 0230 (Th 0230),' a cotnriion didi6nuclide in 'uranidm hiill tailings, is not included in 'th'e RBD assessment for 
land application areas as this radionuclide was not foun'd in-applied irrigation water at levels significclntly different 
than background in local groundwater. 
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Final Stat'!_s Sµr.vel( Rl9-1' __ ·· ~·.4b . . HMC l Q!ld .A-pp/ication Areas 
··- · ·- _ ..... - .... ·-- e.. . -·. ·-- .... ~. 

within t he contaminijted -zone was, se~ at,0 .7_2 m/yr·b\')sed <;>n aver.a~ - irrigation \:Vc\t~_r :~f:Jplied,duripg the_1 

land applrcat ion pr,ogram; and livesto~k, are wate:red -entirely, fro.q:i an onsite g_,:-,oundwater. IA(el!, All_ot ~er . 

mocleling parameters were,assum~d equivalent tq iR~SRAD defa 1:1Jt values. 

,· ' r:- .. t • .. .. (:. • ,; , ~. ·:_: ' 

Al.2.3 RBD Modeling f\esults ~; .. ) 1 t • '} 

Radium B·enchmark Dose modeling results indicate .t hat a,rural r.esicfenf at the S1te would- receive a 

maximum TEDE of _30 mrem/yr due to Ra-226 and Pb-210 concentrations ?f 5 pCi/g each residing in the 

top 15 cm of the soil profile (Figure Al~l). The maximum dose r~'.te (the RBD) is received at t = 0 years, 

the majority of which (27.2 mrem/yr) is due to external gamma radiatic>n from Ra-226 in soil with smaller 

internal dose Contributions from plant ingestion (1.8 mrem/yr) :and soil -ingestion (1.2 mrem/yr) 

(Figure Al-2) . Other dose pathways are negligible. 

DOSE: All Nuclldes S~mmed, All Pathways Summed. 

Years 

I i 

Figure Al-1: Radium Benchmark Dose modeli"ng results, 0-15 cm sojl depth. 

DOSE: All Nuclldes _Summed, Component Path~ •)'•, 

-e- - -A- ..... {'Na ... _ + ...;....;.. ·-v- -twa .. ,_ 

-8- -IW>•- + ""<W>*I---, 

Years 

-* Soilngul 

+ oiaao;w>'.ai ....... 
-.- -tw--0 .....,._ ""tw•w~ 

I • -tt- 'PIMt(W~O 

, + ~~·'·~>. 
Figure Al-2: Component dose pathways for the RBD, 0-15 cm soil depth. 
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HMC t:arid Ai:ftilii:atidi'Ji,Meas · 

Wfth· tespecnbJ~ul)filfface·:soils, RBO--mo~eling results indicate· thaf a rrural resident at-the'.Site :would 

receivl a max1mum TEDc of 18.4 mrem/yr' due to ·Ra-=226 and ·Pb-210 ccmc:entrations of 15 pCi/g each 

residing in the 15-30 cm layer of the sb il ' profile ·(Figute Al-3). 'The maxinium,dose rate (the .RBD) is 

received at t = 0 years, with external gamma radiation responsible for 12.9 mrem/yr, plant ingestion 

responsible for 5.4 mrem/yr, and negligible doses expected from other pathways-(figul e Al-4) . · 

'DOSE: All Nuclidea Summei1, AU Pathways Sumrfled 

; 1 •• 1 f { • +r· , .. ; J . ~ .. \ · i ~ 
20 ....---- -,---,----,----,r-,----r-,.....,.....---~---r-----r----,-.--,--,-"T""T--r-----.----.--..--.-r-T--.-,r, 

'18 r - - 9"':::::::::::ifi::=t-'-iH-t-ttt-"-'._'...a:'.l..:..:!l-t"-; :_. '-'-'-'' f-l"'", -;" _.;._';'H ,ti-r-'--,--i--r,H-HH 
16 +--"----'-f---t-~'-, -f-,._-· -'1· 1-.__"f· :::a;.:.-l-:f--±---'-' - · ..1··0~r:_.• f--i-.!.e:;~:.'-.'

0 1-'-' -· .y; ~ r--J-+-H-+---'-'---''-..l.f---+-f--'+--t-+.-+-:-,1-i 

'14 tr::::+:===t;::::::~z::!=~~~1f'.::::i......._::::;:,..,,<i::i .. ..,...4.~~~-kt4.+,-l-+.-1,----.,,..,_---.!.-,---+--,c+--+-,¢'.:+-l-+Jl 
/ I"- r'l 

+- --<~ ~ . - ., . ' 
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! 10 +----+-- -+---+--lf-+-+-++-+----+----"'~:--lf--l-i-+--+-t-1----t---+--t--++-t-+-I-H 
·E 8 +-----t---t---t--11--+++-++-__.:..,---'-+--'-': 'L---'.~t'"'~~~~-::-+--+-+"t-+-t-'--'-- +--+---t----tl--t---H-+-i 

~~ 
6 +----1---1---4--11-4-4-+.+4----4---4---lf--~-++4-+--- -+--+-+--+-+-+-+-H 

/ 
. I 
I 

r,...,.._ 
4 +---- - -+-----lr--t-+-+++-----+---+----le--t--i--+'"l:,--t-t---;---;---1---tt--+---t-1-t-1 

2 .i::::==l=~::::f=t==t==t=4-..J4--==--+-- +-+--i-W++"''~"-<,:---+--+-++-f-W+W . I 
- --.L ....______ 

. o .l----l..-_J_----l--l._j__J__J_..J....l__ __ _j_--=-r::::±::::1=!=-I-.U..¢.-___::::::::,,J.-.---<tb__JJJ-LJ..J.J..4 I 
' 1 10 100 1000 

Years 

Figure Al-3: Radium Benchmark Dose modeling res~lts, 15-30 cm soil depth. 

DOSE: All N~clidn Summ_ed, Component Pathways 

16 ~-..__~-~-....~~~~~--~- ~ ~~~~~~--~-~~r-T~~~ ..,.,v, 
1 4+-----+---+---+--+---+-+-+-'-+-+-----+---+----+--+-+--+-t--+-+-----+---+----+--+----.t"-+-......... 

12 -?========l===~l:l----t-=d::::-t-l--+-J.-l-----l--~ t---l---l--+-+-+-l-+----l---l---+--+-:1+-' f-+--l-l ----1 +-- I 
~ 10 +----l--+--t--t--t-t-+tt....:::::,,---=:-:--...--tr----...- -+-t--H--t--+++----t--+---t---+/rt-+++i 

j 8 +--- -+-- -+--t-t-t-~!·~. ~;,:H-oo,c-:---rl--".~~-, ~~~-,-__ T_~.:.*· 7, ~---t-:.r .r .r-:~!,---,.-,---;-:--::t--t-tt-t--t-t-:H 

-~- . 6 +----1---1---4--11-4-+-+++----I---+-.......... _ ~"'-+-. +. -". 1-+++- --1-----1--+--t-+-1-++-t 

4 t== =t=:J~=±::8::kJ;k~-l-_:·~-,c ~·- i' i--:-,,.~. il~~-l--l-l-4--W~ 
...__r----, r-- , ..., I 

2 -h--~....,.........1---+-+-+-+-++-++----+---'P,,..+.,;...__::-+-.__-+,.._-+-,_~ "'-.......__.,,---_ -t----,c--+-+/ +-.,..-+_-,_-+_H-' 
·o ~ -__;,j._...._-1--1-1.-1-~*--"""""=l::=:=;ill'=::t=t::=1=~~--- ...___.:::::,,i. _ _._---L-.[4...:..~~ -. 

' 1 10 

-e- - -A- ...... (W .. •-Q + ,.........; --v'--·(W--
,s- - (Wll•I-<) + - (WolWI-
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~ Sol lngnt 

+- ·­......... 

100 

+ Ralon (W--1) -T- -(W"•-) .. - (W-~ _..... _ (W_De_ 

Figure Al-4: Component _dose pathways for the_ RBD, 15-30 cm soil depth. 

A1.3 $oil Release Criteria for U-nat 

1000 

Based on the RBD for surface soils (30 mrem/yr), a natural uranium (U-nat) soil concentration required to 

produce an equivalent maximum dose rate (a DCGL for U-nat) was modeled using the same receptor 

scenario, expo ure pathways, and parameter assumptions. To accomplish this, a hypothetical and 
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mathematically convenient soil concentration of 100 pCi/g was modeled for use j_~ la,:scaling equation 

(Equation 1) to de:.ter:mioe-the DCGL for U:nat at'the RBD. Equation 1 is provided as follows: 
' ) 

DCGL Radionuclide-Cone. of 100 pCi/g ' 

RBD M~x' Dose from 100 pCi/g ,. , 
,. '.,• Equation 1 

. '' ~ ·~~ (_.. t ( I I:, ' '. i .. l. ~ .: • s 

;°' j . ,.i:: l . , . ' 11 . l -, 1 I .-· ! --="' · 4.., J 

. DCGL = Derived,Cc;mcentration Guideline L~v~l for r~~ionucl_ide (pp/g)., 
• I I • . ,.> , ~ • ! f •. , , . , • 1 , , • • I;; 

. RBD ;:: RBD~(3q ~~em/yr for. s~rfac.~ soils! 18,1f_Tlr.em/y,r for Sl,l.~~urface· soils), , 

The isotopic composition of U-nat was modeled based on the following natural radiological abundances: 

48.9% each fo~ U-23& and Uc,234, •l!1cj 2.2% (9.r: U-235,. For V-nat,. the maxim_um dose frqm 100 pCi/g in 
,' •• 1 ! .l. ... 1,, 1··"<.: L 1 • ·,.:·' -- , 0 c .,. ol • 1i , ~ • .J ! .1 _ ~ , t ,, .,f 

surface soils (0-15 cm) is 8.1 mrem/yr (at t = 1,000 y~_·ff~c!ue tq };l~ lc1yeg,j rnpa.i::ts to gro~,mdw.ater). Scaling 

th is result aga/n;stth~-s_1,1,1;fa~e .s<;>H~ f:t~~J30_!1Jr,em/yr) w1th Equation 1 results ill a DCGL for U-nat in surface 
soilsof370pCi/g.- ?,; ;-· ·, ",\", - ··; , :;/;.;'.'' '~ ; " ' . . ·'; ,.,: ,·a,1 ·.i·:·:, -' : ~: 

I ,• ~ 'I • ... • ' ' · I "-.f{, ! I ' l ... , , ! 
:.· . . r. __ ~i ._~0-; , 1 -:, ·.tti;...1-=; ·-· _ ·-·-· 

, l (_ i '~ •• • I '.~ > ; · I • 

For subsurfac~ soils (15-30 cm-with 1"5-cm-of clean -eove
1rf, the·maxim'urri"dose from lOO'pCl/g of residual 

byproduct U-nat is-9.6 °mrem/yr-(occJr~ing at-t-=-1,006 y~ars d·u~~t~ ,~~lay·~d i~p1ct~\ o~groundwater). 

Scaling this result against the subsurface soils RBD (18.4, mrerri/~rf ;ith 'Eq J~tion· 1.} e~ult s in a DCGL for 
• . • • • f •• ~. "\( ' • ., { .a. . • 

U-nat in subsurface soils of 192 pCi/g. · ' ., ,, ·' - ' · · · '· · 

... ... ... ~. • ; ; l./ ,;,,, ;: --i J .. ~J,J ~1 !t"::fl; ; i·i 1" :.t~::·-~J. ~-, i, ,··· '? -~~ l ,'~i-:· 

A_pp,endix H of;,N.UR~G~lp29 '-indicates.t,~a~: c,~~~l~;:tlJR,}(iclfy, ~.h.04.I~ 4.l~q bf;; . .co~s_id~red i.11 d~rivipg_.a soil_ 

1.1rar:iium concentration !_irnit if sHlµbl~/.qnp~pf lff@iu,qi arE: pr.~,¥r{1\ T,he_~iolo~ic,~!,so}ubili~f.~f.pptentia_J 

r~sidual uraniu'!l ~t~tpe.Site h~,S:flA!.Jwi~r\~,~n1~8'~h.~~-. ._-'fh~ ~~!1-Gv,for T<,:.>,~c; ~.u,l:isU,ince~. ~ ~~, f? ise~se 

Regis~ry has p1,1bJi~h,e~ .. ~ Jc;>~,ifqlBS\~aJf.J:~.%t-lf>T ! U~4_f.lJ.!\~. (A,J~P~·-tRt}), ~rlc;n ~n~tupe~ ,t,~~,lo)_lowing 

r~w~rr!~n~.~~ Mi,ni,nal.RJ~k; L~v~ \~. (fv1~9 -{9~ /;IR~niu,'Tu\~tci~~-sJi,a~fa:q OR, i;h~~ i.q~.h~~>,<iciw, · .. :, ·., ! ... '' , - ••. 

: :.. ~; \" ·- ,,... .. ,, 
I,' 

• lngestionintakelimit = 51.2mg/yr(basedontoxi.~ity f.pf1a}P,Jgra~l,l lt), 1 i'·:: , 1 ,. , .:, ,., .• ·, ,· •• :_:-. 

• Air concentration limit for inhalation intakes (insoluble forms) = 8 µg/m3 
· 

• Air concentration limit for inhalation intakes (solubl~ fO!,:ry)S~~:P 4:Mf.mt,,·,:. -...-: ·,r,·. ,~,w· J . . . . · 

The 'calculated· 0CGLs for :U-nat in surface:soil-and,5ubsurface soiLt370 .and 19-2?.pCi/g•respective1y),. were 
used.t a. generate estimates=·of. corre·sip'c>nding 'intales,;to compare, ,against ,t hes,e,ATSDR 1imit's.1'Equations 

for cak ulatic:,n: of relevant ingestion .and--intialation-intake metrics at.e,isfollows: ~, , C' .\'. ,_, i,r., ·· •, :i,, ., .. 
·, ,.I 
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Fin'al-Statu.s-SUNlY:.;P/Jv.FI.·;';_~'.'...,· ,- . _HMC1t diidAppl/cation ·'Areas 

··, ., ·Where:::,, J O,, ', -. ' ; ' ~ .. ;, ·' .·! r, ) 1 • f - ,i 
' - I 

· I ) 1" _ .. , .. ·,·· . : Value used f!arameter.Source, 

SC= soil concentration DCGL Calculated 

SIR = soil ingestion rate 36.5 ~yr ! (RESRAD d,efault) 

MLI '~ mass loading for inhalation 0.0001 g/m3 ·- (~ESR~D~efault) 
,·• 

These calculations assume that the concentration of uranium in ingested or inhaled spil p,articles is .... _ ' . 
equivalent to that residing in bulk soil. Resulting uranium intake pathway estimates are shown in 

Table Al-1. These results i~di~~te tha't ch'e"rr·fic.al to~icify is i-io{a·lfmiting'consideratlon with respect to the 

calculated DCGL for radib°lo'gii::al 'do·se from uranium· in surface or subsurface soils·. In other ~ords, the 

radiological DCGLs as calculated above for uranium based on the RBD Approach are more conservative. 
1'f } ·..,. ·S , . . : j 1 -l;, 7.~J ·~ 1 .(- 1 J '' 

,, .: . Ta'tile Al\i: ,-,C~lb'.it~ted urani~~ inta~~ estim~tes based o~ DCGL values in 
· · · • ' compa'ris6rr to -corresponding A tSDR limits?° . ., . 

• , •• ·• I 

Intake Toxicity Parameter Recommended I 370 I 192 
Limit (ATSDR) (surface) (subsurface) 

Potentlal Uranium DCGL (pCl/g) 

! : .. 
Ingestion Intake {mg/yr) 51 .2 19.9 10.4 

: , \ _ Inhalation ~ir co~~-. (µ~/~3) . 8~ i 0;4~ 0.05 ~~ I 
,1 1,... •• ,, _. , ~ -

. a) Limit for insoluble forms of uranium . 
• •. ·• t ' ~ • • ' .' . . ' ~ ..i.. ~ 

b) Limit for soluble forms of uranium · 

The above toxicity assessment is Site-specific in that t he DCGL values used in the calculations were derived 
i ' . ( • ' • ' • ~ ' .. I"' ' .,. • • • • : 

from a Site-specific receptor/land use exposure scenario. Due to uncertainties inherent in dose modeling, 

it ·rs reasoriable 
1

to co'nsidifr-;mor'e. conservative gent!ric ""Soil Screening t evels" (SSLs) from t he U.S. 

Environmental Pfotetti6n- Agen6/ (USEPA, 2017) a'r\d/or New· M-~~ico'Environr"nent Department (NMED, 

2017) as 'pre liminary 'rertl:ediatfo,.; goal~,(PRGs) l:fased 'on'f oxicologlcal"heaith tonsideration·s. A uranium 

concentration of 16 mg/kg was proposetl a's-soil re leiise cr ited~'n fo r uranium in t he 20i7 Land Application 

Impact Assessment report (Hydro/ERG, 2017). This soil release criterion is adopted as a conservative and 

appropriate standard for U-nat in sbil at the Site. -· < ' · 

A1.4 Summary of Soil" Release Criteria · 

The fir.ial soil decommissi6riing criteria derived based ·on the Rad ium Benchmark Dose Approach as 

required by 10 CFR 40; Appendix A, Criterion -6(6), and indusiv·e of NUREG--1620 specifications r~garding 

uranium toxicity, are summarized, in • Jable Al-2. · These cr iteria represent the maximum 

above-background concentrations of residual 11.e(2) byproduct radionuclides in soil that will meet NRC 

criteria for release of land .appl ica_tion ~reas for unrestricted futur.e use. 
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Final StattiiSurvey Phfri- : • ·' · ·-- - -HMG Ldhd:):pplicatii}n Areas · 

Table Al-2: Final soil release criteria for the Grants Reclamation Project based on regulatory specifications given 
in 10 CFR 40, Appendix A. 

Soil Decommissioning Criteria for Surface Solis (0-15 cm) 

Numeric Radlonucllde RBD (mrem/yr) Modeled DCGL Standard Background 

Ra-226 (pCi/g) 30 - 5a 5.5 

U-nat (pCi/g) d 
. 370 10.8 b, C -

U-nat (mg/kg) d 
. 547 16 b, C -

' "' . ' - ' .. 
' Soll Decommissioning Criteria for Subsurfac~ 'soi'ls (> 15 cm) 

Numeric Radlonucllde RBD (mrem/yr) Modeled DCGL Standard 

Ra-226 (pCi/g) 18.4 - 15 8 

U-nat (pCi/g) d . 192 10.8b,c 
U-nat (mg/kg) d . 284 16 b, C 

8 Above the NRG-approved background Ra-226 soil concentration of 5.5 pCi/g. 

b Inclusive of the background U-nat concentration in soil. 

c Based on toxicological health considerations. 

d 0.677 pCi/g per mg/kg assumed for activity/mass concentration conversions. 
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