
Ohio Envhnmental Protection ~geacy 
PRS 322 Dayton Unit III Soil screening Result0 Report 

hbruaty, 1998 

Ewcutive !hmmaiy 

PRS 322 (Dayton Unit III) is one of over 400 PRs’s (Potcnri4 &lease Sires) included in 
IIIC DOE Mmiamisburg Environment4 Managema Project (MEMP) Mound clesiu~p 
dceisioa-a suatcgy known aa “Mound 2000”. PRS 333 is loeared ia rbe Cjry of 
Dayron apd is owned and occupied by the Dqmn Board of Education 
history of polonium-2 10 

The site has a 
processing rbar occwed during &e fkder4 governmenz’s 

h4’anham Projecr. Beeawe no known analytical soil sumpline dam bad been cokcr~ 
for the site, fW.ber infbnnzui~n was needed to dcrerzninc if’rhc site is conrzuniru~~L DOE 
MEMP, USEPA, Ohio EPA and the city of Dmn agreed that Ohio JZPA would sample 
soils ax PRS 322 to screen for polenest conuu&ation. 

. Sampling was conducred on August 27,1997. Few soil samples WC= cokted from PRS 
322 and two soil sanqlcs were oollected $kom the Grace E. Green School prop- acrass 
Edisan S-t fjom PRS 322. Of the six samples collected IWO exhiiired levels of 
polonium-210 and lead-21 Cl above expected vaiues. However, !kr&r sampling apd 
analysis of soils ac PRS 322 is recommended m further dcfinc conmminatiop and TO 
evaluate pcmnti~l healrh risks az the sire. 

1.0 

The U.S. Dcparunent of Energy (DOE) MEMP Mouud &ility contains over 400 s&s 
(caliecl Potential Release Sixes or PRS’s) where potential reicascs of hazardous mate+& 
may have aecurrrd In order to accelerate ckanup of the Mound facility and make is 
available for economic devclopmurr, a decision-making strategy was developed which 
addresses the potential for corsuninarion at each of the PRSs. 
“Mound 2000”. 

This process is known as 
PRS 322 (known also as Day& Unit III) is located in the Ciay of - 

Daycon ad is nor pars of the Mound property. DOE Mound cansulted with Ohio WA, 
Ohio Dcpartmerat of Health and USEPA Region V regarding how to proceed wirh PRS 
322 since it appears in the Mound Operable Unit 9 Site Scoping Report (DOE, 1994). 
Consistem whh chc Mound 2000 process, DOE h4EMP solicited public inprlr bcforc 
co~~hding rhat PRS 322 required no %r&er assesstncnt. No known a.ualyricaI soil 
sampling data had been prwio~~ly collecred for the site. As a re~.It, rhe public and the 
Civ of Dayton expressed their cone= through rbe public comment process. me state, 
DOE MEW and praperty owners agreed that rhe Ohio Environmental Protection Agm~y 
(Ohio EPA) would obtain samples ac PRS 322 to screen for poreatial comaminatiaa. 

+; 

!i ‘L,] 
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Far sM&uc of the Dayron I’qjcn, see Appendix A. 

Ohio EPA’s idial otjcctive for sampling at PRS 322 was TO sereep far residual 210po ia Tbs 
scils due TO hisratical paloniuua proee&ng at the site, &hough wi& a half-life of 138 hys, 
any residual pofotium should have deeaged 10 stable lead-206. Cobah-60 ti suspected 
as having been r&awl at PRS 322, a possible aetition pmducr W II the hadi&oa of 
bismuth. No data had been previously colIccrcd f= cob&-60 (DOE, 1994). The&m, soils 
were saalyed fir diaIt-60 and garngrsl eaaitras using gamma specuoseopy. SuppIemcna 
analyses included plum ium -238 and t-ml lead, 23.6% which is lcui-206. he final decay 
product of “‘Po. PRS 322 has no knwn hisrozy of#~onium-238 use, but similar federal 
siks across rh,e sfalc have shown the presence of tis mdionuclide. 

’ 

Due UJ rbe discovery of additional Wmnation qarding rhe lead dioxide process used a~ 
PRS 322, the sampling objectives were expanded. AI the time when the firoi w of sample 
rasuhs were recaiwd, linle intormation was provided rcgmling the methods W  in 
prwessing po.Ionium  ar PRS 322- RePeat analyses wercpe~%ru~ed on rhe samples in order 
w confirm rhe presence of TPo in The samples. As more iaformasion on rhe processes 
employed at PRS 322 bccam availabIe, additiorutl relevauf laborato~ analyses were 
pcrformcd in an wcempt to idwif$ a possible source of rhc analytes found in soil sarnph~ 
taken 81 tie site. These an&es arc presented in d&ail in Sections 4-S. 

4-O Samallng 

4.1 Sample Calbrian sad Field Merhods 

OnAuyn27,1997OhioEPAcoad~fuFfaceriail~~garPRS3Usndn~y~ 
in accotdfulcc witi the Mound PRS 322 Field Sampling and Analysis L!hmmuy (Appendix 
B). Sampling wbs pedormed TO sc~eri for the potential presexue of r&h& 21aPo and 
plutonium -238, coWt-60 #d gamma-emitting tsdionuclides, and total lead. Sampling 
locations are described in Appendix A and shower in map fozm  in Appendix B. A uml of 
six locarions were sampled; faur at PRS 322 and wo onthc GTRCC A. Greea School property 
across Edison Suerr and north of PRS 322. 

Deuiahms Itorn rhe Field Sampling and ~mlysis S W  include the add@n of 0~ 
sampling locatian on rhc west side of Building 4 (see map of PRS 322, Appendix B). 
Sample locatioa 32206 was added due to discussion among TIK cuncnr occup~rs that 
Building 4 had OTLC~ comined laborarotics. Aside franr the ad&lion of one srarrrpl@  
Iocaion, no deviario~u fiw the FieId Sampling and Analysis Summary or Smndard 
Operating Procedures occurred. 
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4.2 

4.3 

5.0 

5.1 

AnalykaiMethode 8 

The uuaples wqe analyzed fbt vari0us mdionuclides utili2ing both gamma spectroscopy 4 
8Ipha SjWUosCopy IIWhods. T&e SBmpIcs were i&Uy analyzed specifidy for isotopic 
phuonium (h-238 and Pu-239/?40) and ““PO by al@+ mscopy. Gm spectmmpy 
was used TV screen& ~arnple Ybr any unknown gamma emitting radiopucIi&s that may be 
present in rbe sample. 

. . 

* alpha specrt6scapymethods ax p&Mcd’by chcmitiiy lfeparsripg w CIC~~I OY 
m=m i.e. pluroai\un audhr polooim. Thr scpawd ckmcnt is “platcan mgo a M 
which is dam cotused in a specially designed alpha particle co~nrer, w&& mame the 
numb& of alpha particlc~ ttrairted as well as &e energy of rhc cmMed alpha pecie. fhis 
;nfarurarion dews ihc: radiochemin to determiae which isotopes of tie se-led element 
are pre*nl in the saaaple. 

The gamma spectroscopr method is performed by placing a prepared potion of tie soil 
swnple in 8 mmiucr w&la is placed uoder a high purify garg@m -~a. This dc~ 
counts he emlrted gamma rays and their Specik energies. The resulting spectrum acfs ~fi 
a “fmgeqxint” f’ rhe sample. A computtr code is used 10 separare the spectrum hto 
specific radionuclides present in the sample. 

For roral lead tiysis (non-radiolqgical) the soiI sample is digessecj in concenf~ated &-ic 
acid and hydrogen peroxide. The sample is bn itauoduced into a gra@ti& fbace equipped 
wirh an elecuotbenarrl auvnizer, and the co~cion Of hd in rhe sample is measurti by 
aromie absorptin. 

Dm Valitjadan 

Radiological data was validated by the Ohio Depamuem of&&h. Total lead data was 
wlibed by Environmend Quality Assocks. 

~eaults 

Gamma Speetmcopy Resulw- See table 5.1. 

,. . .I. :,.v 
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T i3ble 5.1 Rcsulo are reportecj in &i/g. I I 1 
32201 32202 32203 ~32204 32205 32206 

K-210 NR NR .m NR NR 0.21 

a-137 0.51 1.1 0.60 0.39 2.2 1.6 

K-40 16 15 64 I2 12 16 

I%?26 1.9 1.4 OA3 0.88 I.2 2.1 

R8-228 1.3 1.5 NR 0.91 1.3 1.5 3 
AC-228 1.3 1.5 NR 0.91 1.3 ..l.s 

Bi-214 1.9 1.4 NR 0.91 NR 2.1 

Pb-210 NR NR NR NR 41 NR 

Pb-212 1.3 0.91 NR 0.63 ‘0.79 1.3 
Pb-214 2.1 22 0.74 1.1 1.7 2.3 

n-228 1.3 1.2 0.63 0.69 NR 1.3 

l-h-232 1.3 1.5 N-R 0.91 l-3 1.5 . 

T1-208 1.2 1.1 0.58 0.64 NR 3.2 
JR-Not reponed. E 

5.2 botoptc Phatunium Results - See able 5.2 

TabIq5.2 Resulrs aa% repomd iu pCi/s- 
l 

’ 32201 32202 32203 32204 32205 

Pu-23 8 < 0.039 co.039 <0.047 c 0.023 < O-030 

Pu-2391240 c 0.030 c 0.034 c 0.034 c 0.023 c 0.038 
< indicates result was kss than the m inimum deteaable activity (MDA), 

7  

32206 

< 0.023 

a.030 
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53 2lUPo Resulcr - see fable 5.3 

Table 5.3 Results sre rep&d in pCi/g- 1 
32201 32202 . 32203 32204 32205 32206 

-PO-210 2.6 3.2 14 2.6 39 2.9 

5.4 Tomi Lead Reanlta - See Table s.4 

Table 5.4 Rem I& are reported in z&kg 
32201 32202 32203 .32204 32205 32206' 

TotiPb 67 L17 300 67 64. 436 

The, isotopic plutonium resti did not indicate the presence of my  sigaificanr m ounts of 
these radiomclidcs in the smples taken This r&t was anticipattd ‘knd ~otistcnt +.tb 14 
process hismy  af the sire. 

The gkunm spcmoseopy rem Its were also cansisTa w&b Ihe k4own process history of the 
site-with tbc exception af sample 32205. Sample 32205 had a rqxm ed cancer~m&~ of 41 
pCi’g -Pb. 

The zsOPo resuki, however, were ineomiitent with rhe proms history. Samples 32201. 
32202.32204, and 32206 all appear consism t, and would appcrrr to be in the raslge of 
expecrzd ba&m nd m c m tmions. (Typical background concentm tians for *“PO arc nor 
avaiiablt al &is due, but should be iR the sam e range as W  and other isoropcs W~I&I the 
radiological &car chain which is 1 - 3 & /a). SampIes 32203 and 32205. however, were 
reported higher rhan anticipated. The reporred results wrcre 14 aad 39 pCiIg respacrively. 

Due to ti short half-lifk of 210Po (138 days) etnd the rim e sines opem ioas ceased at PRS 322 
(45t years) virtufllly au of the raw 210Po used at &is f&$liq would have dccayccl 10 sable 
lead-206 “Up0 would be expected to be ia quilibrium  wick its parem  radionuclidcs in fir 
nam ally occurring u%J decay chaiu z’pPo concem ations should be amibumblc to natural 
or background CotlCCnmTions p~esem  in the am. . 

Satnplc 32205 appeared U) exhibit equilibrium  btrwccn ““Pb and alaPo ils expected, bur 

.‘. ‘, ‘;;J-, 
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%, wbkb is in the same decay chain, was IUX hecwd in the gamuta +=trwopy resuirs. 

Due to These incousiswcies, the 210Po planchcnes were recotiwd ~0 ensure that ,110 
)aborarory COunting Or W~pWMi0~l eITOrS had Wuned. The rt;sulrS Of jlt rtcOUar WeX 
corrsistwt with the initial wunt vc@ing the Iaboratary counti~ aud comptuational 
methods. The results of rbe initial and rhe recount are show ia @ble 6.1 f 

Table 6.1 Results are reponed in pCi/g. 
PO-21 0 32201 32202 32203 32204 32205 32206 

IniTiaJ 2.6 3.2 14 2.6 39 2.9 

Recou~~r 2.6 4.7 14 2.6 37 2.7 

Since rhe in~onsis&~&~ were not resolved &rough this rccowt, the laboratory was 
requested to perform an enhanced aaaly~ica) suite to aid in c#tenniGag the source afthe 
elevared 2’oPo concenr~&~~. 

In addition to rhe radiological ~rcow~s, a second SCI of total lead analyses was requested ta 
be pexfkmcd on a iksb &quot hm the original soil sample- The re!suIts of the firsr and 
second zoml lead anslyses uc shown in TabIe 6.2; 

Table 6.2 Results are reported iu m@k~. 
Total Pb 32201 32202 32203 32204 32205 32206 

Aualysis 1 67 117 300 67 64 476 

Analysis2 70 114 308 66 63 412 

The second ser of rotal lead results confm duz accurasy of the first. T+ lead background 
concematicus for urrbas/indusai~ m in Ohio have been fbuud 10 have a georrwric mean 
of 361 m&g, with a 95% uppa confidence 1hi1 of 2400 rpg/kg (CO%-Calvin, 1995). 

7.0 

The labmuory was tasked TO reewm rhe original &mhmes prepared far alaPo 60 days afkr 
the original count. This mcrhod should ensure hat the radionuclide being couuted is wuJy 
z’opo. 

The laboratory was tasked to obscwe the or&ha1 gamma spectroscopy retits specificail~ 
for W. The “‘u data will be helpfbl in detadning rhe source of the 2tvPo, 

:  . : :  
.  .  2 

..-_.- -~ _.__ I -... ---_----- . 



rtb-Lo-iY30 13.2; LLlc-I ilk-l, ILasLJiiU 

. 
pRs323ResulrsReport 
Page 8 

The lab(Jmtor>r Was  h m  rci lSpW  new Samples fh aaalqrsis tioxn the soils colleczed 
prctiow)y. The sample witi k  tipd far rhe follcwirrg md ioau~lides: 290, Vb, and 

‘ %a to aid in rhe dtierxninzuion of tiuz source of the acoPo. 

IwPo was anWted by alpha spocvomztry me&ods to again dcremke rhc concenmtion of 
zruPo present h3 the soii Samples. This wa5 also intented to dewmine if a m icroscopic 
portion of tie sample may have had a relatively clcvarcd con-oration which was n&t 
represenrarive of the whole -pie. 

“‘Pb W M  aualyad by beta propordonal counting by Rae in-growth of 9%. ‘lUPb is the 
longesr lived isotope prior to f’“Po in the decay series. The Tb and 710Po ConceaErations 
should k comparable and demansua~ secular equil~itun. 

?a was analyzed by alpha scintillation methods by the in-growth af~Rn. Agai& this 
~&sis WAS pcrfbtmed TO determine if SCC~~U e@lib@~ exists in he matrix and, if sat, 
to help determine where disequilibrium occurs and what likely causes may be atibuwblc 
to this conditiaa 

8.0 

8.1 “To Results- The results from all four 210Po anatysk are shown in rable 8.1_ 

Table 8.1 Rcsuhs arc reporrcd in @ i/g I 
PO-210 32201 32202 32203 32204 32205 32206 

initial 2.6 3.2 14  2.6 39  2.9 

Recauur 2.6 4.7 14  2.6 37  / 2.7 

60-days 2.6 33 13  2.5 43  3.1 

Split 3.4 3.9 11  3.2 33  3.2 
Note: all rcsuirs arc corrected for decay. 
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8.2 Umaiurs-238, Radium-226, and Lead-210 RCMY - See tabb 8.2 

Table 8.2 

32201 32202 32203 32204 32205 32206 

U-238 c 3.0 s3.1 .’ < 1.9 < 22 es.4 < 3.1 

Ra-226 1.5 1.2 0.42 1.5 1.1 ‘1.7 
I 

6 I 
I 

1 Pb-210 I22 

9.0 

2.8 1 8.9 1 3-S 36 1  2.0 1  

The resuks indim tkfinitive!y that the soura far t-be elmred Vo is z’Opb. The data &o 
suggests that the “‘Pb and 28”Po are mx  pmcnt in nmmlly occuTIjog comenmonc in 
samples 32203 and 32205. Table 9.0 inchtes what conccatta&~~ would be cxpw;ted fram 
‘3aU decay chin as compared FO samples 32203 pad 32205. 

Table 9.0 Results as reported in pCi/L. 
Nauwally Occtin~* 32203 32205 

1  
I Utim-238 I 1-3 - I Cl.9 1  <5.4(1.4) I 

~Radium-226 1  l-3 1 0.42 1 1.1 I 
1 Lea-210 

I 2lOPo 

1 l-3 I 8.9 I 36 t 
I l-3 I 11 133 I 

J I I I 

+ levels commonly found in his regicq assumiug imopes we in seculqx equilibrium. I 

Some naTural  po lnuuan my 4ikt tht redar equilibrium af any one swg~lle bqt tie 
overall ~~n~arrrarions would remain Aativcly the same AS table 9.0 ilhstmes, 
equilibrium is not present in,sampIer 32203 sad 32205, indicating char zlTb is the SOWC 
radionudidc for tie 21uPo. 

9.1 

*“Pb is still present due to its relatively lohg half-lib of 22 years e compared fo *lap0 
(138 days)- Concenuazi6ns: of “Ofb may have been as much as four rimes hiebpr in 1945. 

Con&Mom 

prior tu Using im8diated bisw& as the souree fat ““Po, radioactive lead, *lo& m  md ~0 
hanen 2’oPo c~~QIIIY. hidue from The RXT Hope radium refinery, lead &oxide, which 
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corm&d l-3 Ci of ““PO pcx ton was .wcd IQ hmmt z’9x ~l7aiQ’-seven tons of lead d im@ 
was received and processed yielding approxirmely 40 ci of “‘PO- ve data indicates hat 
rhe ?~ource of rhe elevated cormmratiotls of 2’oPo is Iikely due to zloPb contar~Uti~. 

10.0 7  . r) 

The soil sarnpliw x-es&s i&c+ that the corwmations of ~Y’Pb and r’?o arc lpca~er rhm 
cxpcercd. The process hisTory fq the sire indicates thar the presence of these radio~cfides 
may be due CO coxatanaixW.ion fkom the former proecsscs a~ the fhcili~y. A mow JIorough 
sampl ing IegMep is Feco- ro evaluate the I lame and. e%tem of con-on as &is 
location and idenrify any pomrinl health risks. . 
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Appendix 6 

Ohlo Ewironmeaw Protection Agency 
Reld ~amplhg and Analysis Summary 

Monnd PRS 322 

Potmid Rclcase Site (PRS) 322 is ti fortucr site of Boneb&e Thcologicai &Gary. ‘he 
propay was us4 by Mwanto. Inc. un& the fkderal go-m’s h4a&au~ Projccr for chcrnkal 
axad metallurgical processing of polonium~210. Although the original building was moved, six 
orher primary build- which were builr during the 1940’9 still remain ar rhe site. Known by the 
Deparuwut of Energy as “Unit 111”. PRS 322 wa.s turned over co rhc Ciry of Dayton Board of 
Educatjon in I 950. The city bm ot+~picd the site since that time. 

Sampling is being pts&ud by Ohio EPA at PRS 322 in order fo screen fir residual polopium- 
210 and cobaM0, due to historicaluse. Gammaspeeuweopywil l  bc pesfbtmcd as ageneral cheek 
for the pat&al prrswx of gamma emittccn. Supplemeu~ Bpalyses w-ill include 1eaQ rhe fin@  
decay prod= ofpolotium-210, aad plutonium-238. ~ltbou& &e sixc has no binary of phmi~- 
238 use, similar sires across the stwe have shown evideRce of&e presence of &is wioauclide. 

The surf& soil sarnplcs will be obtained fkom the City of Dayton Board of’ Education 
property at 1601 West Firm Succr in the following 1ocati~11~: 

1 - in the grasp arca,ntar the no&e&t corner of building 4 
(see PRS pa&age page 72) 

2 - in the grassy area bctwccn Building 6 and Building H, tie former locarion of a 
’ guardsback 

3 - u close as possible to the f-F location of&e original strninary build= 

lhwosampl~vdlbeobtaincdfhmJleGmceA.Gre 
following locations: 

en school properry a~ 503 Edison St.rwr in &e 

.l - in the ipassy area in fiarrr of the build@ ; south side of building 
2 - iza the athletic field to the east of the building 

Samples till be numbered as follows: 
322XX 
where 322=PRS number 

Xx-sequential sample number 

Cmdina~~s far be SspIpliag loctions will be obmincd by using a global positidng syw (GPS). 

.,‘C 
‘..‘,. :  

.- .  . ,  
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Collection and hmdI ing of spzaples will be performed in accordance wia eppropriatc Smdard 
Operatiry Procedures (SOP’ s as specified in the DOE Mound Mzxhods Compendium (DOE. 1997) ) 
and rhr Mmad Operable Unit 9 Quality Assurance Project Plan (QAPP, DOE, 1993). Serpples will 
b@ obmimd using a ma inless steel scoop and bowl. The fbWowip$ SOP’s apply to T&S oarppling 
WCXlT: 

MeIbods compcndi la& 
S-001 Genial Jnsuuction~ for F ield P-1 
S-002 Soil Sampling with a Spade and Scoop 

QAPP: 4 
SOP 1.3 Sample co4ml mc l donrmcn~on 
SOP 1.4 Sampk Comikers and Preservation 
SOP 1.5 Quick to Handling, Pa&aging and Shipping of Sampltsr 
SOP 1.6 %maJ Equipmerrt Decon~azninaxim 

J-Y d=i6tiOao eona SOP’S wiu k qotd. 

samples M l be hapdled in accordance with SOP% 1.3, 1.4 and 1.5 Chain 0fcw forms till 
be @ed 10 ~~CQITI required wmdy, anti LaboraTory infcmation. The fo&mriag laborzqory analyses 
will be pcrrformed: 

poltiw-210 
isotopic plutarrium 
gamma qwIroscopy (iocludes 0obal1.& 
le6d 

Radiologic~ anlayses will be performed by ‘I’hmna Nu’kch and lead analysis will be pedbrmecl by 
Ross Analyrid LaboratoIks. 

~C%3ic8! da@ will be  Mxuhed for validation 10 the Ohio Depmal ofHd& JJ~,, of 
~~ohli~al ProI~a’~ Non-radio~ogica! dam will be reviewed for VdidiTy by En~omm~ 
Quality Associates. 

DOE. 1997. M&c& C~pcndium, Mound P4at U.S. Depsrtntcnr of Erlcw Ohio F ield O f&e 
(June 199)7. 

POE, 19% Operable Uair 9 Quality Assugnce .Pmject Plap. U.S. dcpzutrn~~r of Ewe 
Albuquerque F ield O lTice (June 1993). 

.: ._ , 

--- -” .- ----.. 
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