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ABSTIIACT 

A Qtudy was made ot plutonlua in soil around TA•21 to 
doter•lne a.ounta of plutonlua dapoa1ted troa labaratorr 
vontilatlon stack ••1aslon. Jn generAl the plutonium con• 
centrat1one decreaae witb increased distance fro• the 
atr.cka. 

Ro•ulta are a1•11ar insofar as 1ocat1ona of aaxlaua 
concentrations to tbo8e found by Jordan and Black in 1958. 
Calculations aa to total a-aunts deposited vithin a radius 
of Approxi .. tely 1 all• give approximately 2~ ot the total 
released froa tbe stacks in tho 24 year period of operation. 

Strontiua mnaly•e• wore .. de to poeaib1y diatinguieh 
fallout fro• atmos~bertc t .. ta fru• atack eMission .aterial 
by use of the u• Put" c Br &-~tio methn, 'l'be 11ethod proved 
invalid due to trac• de~ositlon of 0 Sr 1n the soil froa 
past ACUvUiotJ in tbo a~rea. 

SOU saaplol were collected •.nd all&• 
lyzed. tor plutonlum a11d atront:t.ua in .an area 
in and adj~cent to Tachnlcul Area 21 (DP. 

1ueat Plant) of the Loa Alaaoa Bcieatitto 
~..aboutor1 (LlSL). TWo aeta ot aa11plaa were 
tak•n froa tbe l!ll&e locations in 1970. one 
Ht waa cotlectl!d ia .Jaauar:v-rebruarr and 

tho other aet 1n No•eab.r to deterDlDe the 
isotope level• in the top ao11, poal1bly 
froa atack eaiealG~a. Plutoniua ilotopea 
are a.ans the .a~ariala processed at ~-11. 
After filtration, tho ~lant aDd process •~ 
hauat air ~eloaaed froa tho atack conta1na 
trace• ot plutonlw.. Analyaea were aade tor 
• 3 •Pu and 3 ~'Pu. ' 0 Sr analyaea were dane on 
soila taken 1n January~February. 

air pollution prable• relative to the eai•· 
tion of plutonium from the st•eka at TA-21. 
Their atudy of air and soil in tbe area 
indic1ttd that air concentrations of pluto• 
nlua did not exceed peraiaalble values. 

Jo1·dan and Black (1958), 1 evaluated tbe 

TA-21 ia located on a lons narrow .... 
that 1• a part of the Pajarlto Plateau. 
The plateau is for~ed by a aorie• of aah• 
flow aad aabfalls or rhrolite tuff, Tbe 
ao11 is derived fro• the tuff. The tinew 
to-coaree ••~~·alse fraction 1a co.po•~ 
ot quarts, ••n1dine cryatala and cr,atal 
fre.pent•, and of minor 1.110unt1 of roc~~~; 
fra~D&nte of rhyolite, 1atite, tuff and 

pu.lce. The a11t and cla1 sin fraction 
is coapoaed ot tbe clar •inerall of .OQt• 
mar1llonite and illite.• Tho silt and 
clare con•t1tute between ao and 30 wtl of 
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tha son in tho aocplea c:ollacucl. 
Tho precipitation on tho mesa averages 

abo~t 18 in./yr, the creator part occurrinG 
in Jgly, Aurua~. and September. The pr.­
doainato wir~s are aouthorly and carry t~e 
fine particles fro• the atac~s toward the 
nortb. 

II· RADICCIIQ!ICAL ANALYSES 
neferoncod soil e~Dplea were collected 

an~ ~nalyzed from the Loa Alomos, lspanola, 
and Santa re areas to establish back~ound 
ot =:J•Pu, 113uPu, and •=s..., in aoil frotD 
worldMWide fallout •• tbe reaul~ of atmos­
pber:lc nuclear testa, a The loU.owi:ng table 
proeenta the ran~o and averaco concentra• 
t:lons of 831 Pu, 1131 PU. 10 Sr, and 1 • 1 PU/10Sr 
act:lvit7 ratio in referenc6d salle tbat 
could ba ~ttributed to world-wide fallout in 
the 11roa. 

I:Jotopo or Concentrations 
Activity Nulllber o:r dR!l!t!ll 

natio suelall nane Av!;)raso 
.;;:a11PU 19 o. 001•0. 008 0.003 
:~:·J PU 20 o. 001-0. 0!51 0.021 
''lsr 18 o.tD2•l. 921 0.711 
:Z:3~Pui'"Sr lB 0.003-0.138 0.038 

·The referenced soils w~re compared to 
~he rosulta obtained troa soils colloctod 
near TA-21. 
A. Januarz~Febr.uary Analytical Roaulta 

Soil sampl" nre collected froa :toea• 
tionG 1 throu;b 12 ln January-Februarr 1970 
(Fie. 1). The samples were taken troa flat 
ond1aturbed ~reas to avotd concentration or 
dilution by wuh fro• stoao• rubOtf, •)r con­
tribution by p~•t LASt actlvlti••· Tbe 
sa~loa were collected fro• a 4 by 4 in. 
aroG to a dopth of 2 1n. The preparation 
and ~nalyse. of the soil sa~lea were dono 
as o"tUned :ln Rat. 4 (1970). 'l'he major 
di:l't•rence in the prepa~t1on tor analysis 
to the ~~&thod found in Rot. 5 (1970) 18 
tbat hot GN hydrochloric acid was u•ed to 
loach t~e ;ail rather than bydrofl:IOrtc ~and 
nitric or perchloric acida. 

Tho cu\alvtical ronulta o~ soila tor 
~ADPu indicated that sample• fro• locations 
3, 4, 5, 8, and 11 contained concentrations 

a 

of aooPU in ~nccea11 ot thAt expected :l'rOII 
world-wide fallout (Table I). Tbe loca• 
t1ona of tbese saaplinc stations sbow that 
th'-1 source of tbe 1 npy may be fro• staclt 
ea:Lesioas at TA~21. 

Tbe analytical result• of soils tar 
3 ~1 PU indicated that sagples £roD locations 
1, 2, 3, 5, 8, 9, 12, and perhaps ?, COD­

ta:Lned concentratiou of u• Pu in oxc••• of 
that e~pected fro• world-wide fallout. Tht 
location of tbe •ampli~ stations iD rela­
tion to the con~ontrationa i~d\~atea that 
8tack ••1aalona are the aourco ot the 
a30 Pu. The concentrations docrRaae wttb 
increased distance fro• the stac~s. 

1 ••• , .. , 
tuU 

Fig. 1· Soil sagpllnK etationc neur 
DP..11ast stacks. 

In1t1ally, the ... ::tsr llnl'.lysos -aore ~r­
formed to dlst1nr,uisb world-wide fAllout 
fro• local ~torial by acti~ity rat~ 
11 ~ 1 Pu/00 Sr. Tbe ratio method provod in• 
va!id for th1a area because of traces of 
00Sr added to the soils by activities 1n 

tbe area many years a~o. Short-lived 
ga-=a eaittinc isotopes wore ua&d us 
tracers in atmosp~oric rolomse e~ertmouts 
done befor6 1962. ThGse wer• sepQrQted 

troa aixed fi&a1on product3 Qnd contained 
a trace of \) 0 Sr that wa.s carried over into 
the azpert•nt. This •••• ·Qsr was also 
released to tbe Gtmosphere Glon~ wttb the 
;aaa tracer. Any voS:r found locally is 
under auspiclon of ori;inatinc tro~ otbor 
than world•Wide fallout. Sa~los tro• 
locktiona 4 and 5 contain concentr~t~ns 
of u~Sr t:b~t cannot be llttrlbutod to 'lfOrld• 
wide tallout or stac~ ·eaissions traM TA•&O. 
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TABLE I 
ANALYTICAL nEstiLTS OF SOIL SAIIP'...ES COL~ED IN JANUARY•PEBRUAltY 1970 

Gnmpla RadioebeMica1 Analy•i• Activity 
DUo Locn• deals ~Toe 2 in.~ eCi/lla {Toe 2 in.> ftUO t1on C(11• .Pu/ 

Numbo:r loctod ana! .,.2!.1 llasr aluPu I:IOPU IIOSJo ?oGr 
l 1-27-70 0,006 :t 0.002 1.002 :t 0.066 . 0.7511 :t 0.101 0.0002 o.oa91 0.0208 1·4411) 
2 2-4-70 o.ooa :t o.oo:a lo aoo :t o. 0154 

3 :Z-4-70 o. 0~2 = o. 006 1.81s :t o.1a2 
4 2 .. 4-70 o. 02~ :!: o. 003 o. 017 t o. 004 
~ 2-4-70 o. 016 : o. 003 1o59S :1: 0,078 
B 2-4 ... 70 0.004 :t 0.002 o.oss :t 0.005 
7 2· .... 70 o. 003 :t o. 001 o. 094 = o. 008 
8 2-4-10 o. 035 :t o. 004 2.911 J: 0.135 
9 a-+-?o o. 010 :t 0.002 0.138 :t o. 008 

10 9-oi-70 0, 003 :t O, 001 o.OG4 :t o.oo& 

11 $1oo4-7('J o.o3a :t o.oO<S 0.041 t: o.ooe 
12 2·4-70 o. ooo :t o. ooa 0.242 : o. 016 

Tho :a:~o PUr 0 sr activity ratios in 
scaples from locations 6, 1, 0, 10, and ll 
aro conorally equivalent to ratios found by 
('li.her laboratories in world•wido fallout • ., 
Tho activity ratios 1~ samples tro• loca• 
tinno 1, 2, 3, 8, and 12 rotlect the •~0 PU 
omissions from stadts nt TA•21· Tbe ratio 
£rom tho sa~plas fro• locations 4 and 5 are 
anoaalous due to oxcosslve 00 Sr. 
B. Nove~er~nalrt1ca1 Result• 

Soi~ sa~plos were collectod troa loca• 
t1ons 1 throu~h 13 in November 1970 (Fig. 1). 
Tho sn"J.plos waro tal:en fro• near previous 
locatlr.all, oxcopt for location 13 that wa• 
addod lor control. Tho samples were takon 
~itb a 8ft~lor 3.5 in. in diameter to • 
dopth of 2 in. Five samp1.s at each loca­
tion were collected in an area of about 
30 s4 ft. Tbe fiv• samples at each loca­
tion reprosent a surfaoe area of about 
1/3 sq tt. The analyse• were done •• out• 
lined ln Ref. 4 (1970), A •ixture of hot 
concentrated nitric and hydrochloric acids 
was used to leach the aoil in sa•pla prep­
aration as described by Harley.• 

0.876 t. 0.112 0.0002 o. 0'.1111 O.Ol:SS 1.3?0 

o. '783 :!: 0.118 0.0015 o.oua 0.0225 2.318 
4.3St; t 0.220 0.0007 o.ooce 0.1420 0.004 

2.459 t 0.213 0.0003 0.0313 0.0485 0.649 
1.112 t: 0.114 0.0002 o. 0021 0.0440 0.047 
1.016 :t; o.uo 0.0001 0.0024 0.0265 o.ooa 
lo742 :i: 0.136 o.oon o.oan o.O~.J28 1.671 
0.134 :t Oo108 0.0003 0.0041 0.~18 0.188 
o. 730 :t o. 090 o. 00~1 0.0018 0.03154 o.oaa 
1.225 :t 0.132 o.oou O.C012 O,C36B 0.033 
0.744 t 0.099 0.0002 0.0083 0.0256 0.325 

6 1 7, a. 9, 11, 12, and 13 contal~ed con• 
centrations of aa'Pu in excess of that 
eXpected in world•wl~e fallout. Ae in ~re .. 
v1ous sampl~s analyzed, the concentratt~ns 
decreased with increased dtlt1nce fro• the 
ataclcs. 

A co•par1son of resulta ot the soils 
cnllected in Ja~uary•February to those 
collected in November show variations in 
concentrations. Tbl• is ae expected fro• 
a nonunifor• dapo•ition of particles t~o• 
the stacka. 
Ill• DBPOSITlON OF PLUTONIUM 

Jol'dao and &lac~:. in 1958 estillatw 
that 13.1 1 ot plutonium t.ad been released 
to tbe at~sphere trom th• stacka at TA•21 
aurtn~ ·the previous 9 years. Thar •1~ 
estiaated that of the 13 1 only about o.~ 
(or 0.085 g ot plutonlu•) wa• retained i~ 

the soil withio a 1-.tle rad1ua of the 
atactcs. 

AD est1 .. te of the a~'PU deposition ln 
Boils was .ade by uains averar.e concentra­
tioas 1n ~C11•• of the two sets ot •.-plea 
collected at each location durinl 1970. 
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Analytical results of solll for aJaPu 
indicate tbat sample• fro• locations 3 and 
8 contained concentration• ot aaaPu in ex• 
cot• of that expected froa world•widl fall­
out (Table II)• 

laop1utontua contours were constructed at 
0.005, 0.01, and 0.05 pC1/ma (FiB· 2), 
The eaUuted deposition of 0131 Pu within 
tl'le o. 001 11C 1/aa contour was o. 026 Ci or 
about 0."2 g, 

the \ 

Saaples fro• locations 1, 2, 3, 4, 0, J• Healy1 used stack concentratioa 
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v~luas to ostlaote tho total release fro• 
tho stacl":s throu(Jh 1969 as 24 g. T!le total 
doposition of ~~~Pu in ~oil within the 
o.oos ~Cl/mg contour is about 2S ot the 
total estimated •·~loaaa. 
lV • CONCLUSIONS 

Tbia study ir.dicatea that plutaniu• is 
belnc depos1tod tro• stack emissions at 
TA•21· In senoral, tbe pluton1u• concan­
tnUons decrouse with tncroaned distance 
tram tbo sta.cl,s. Tbo deposition of 11 ~a Pu 

in tho area ia eatiuted to be o. 42 rr or 
!'bout 2, of tha tat,,l roleuod troll tbe 
staclta throulth 1009. 

Ftrr. 2. Isoplutonlu. ' 3•Pu contours 
around DP..\feat stacl;s 1 con toW" 
values ln ~Cil•~· 

Tracee of strontium above world-wide 
fAllout values occurred in soils at somo of 
tllo 1ocat1an~J• l'be st.ronuu• is not trom 
9tack omission but is tho result at past 
nctivlttcc tbat ha.ve now been suspended. 

TABLE II 

ANALYTICAL nEStn.TS OF son, SAMPLES COU.U.'T.BD IN NOVUBEH ltl70 

Sampl~ Radioabemica:.t Aualysos 
Lac a.- ::SiPlE :t!ae 2 Jn. 2 "et7m .. (!fop, 2 tn. r: tion Data 
Numbars $;i2USUiSis! :a:upg ~~~·Pu Q:UPu :I:I!IPu 

1 U-0 .. 10 o.oozs ~ o.ooo 0.418 t 0.034 0.0001 0.0144 

2 u .. ~,.o 0.002 :!! 0.002 1.115~ 0,121 0.0001 0.0340 

3 11-~70 0.024 :!: 0.005 0.870 t 0.06~ 0.0006 o. 0228 

4 u-~10 0.008 t 0.003 1.041 :1:. 0.064 0.0002 0.02~8 

5 11-!)..70 o.on .t: o.oo3 0.121 :1:. 0.012 0.0003 o. 0029 

6 11-9-10 o.ooo t 0.003 0.254 ~ o. 017 0.0002 0.0057 

7 11•9-1'0 o. 008 :1:. o. 003 0.178 l 0.016 0.0002 o.oo4G 
D u-~-10 O. OlB :i: o. 004 1.011 :1:. 0.060 0.0004 0.0231 
!) 11-D-?0 o.ooo :t o.oo3 0.1311 :1:. o. OlZ o.oo02 o.no31 

10 n-o-?o 0.010 i o.oo:J o. 046 :t 0.007 0.0002 o. 0011 

11 11-9-70 o. 001 :1:. o. 003 0.0'79 :t o.oos 0.~01 0.0020 

12 11•9-1'0 o. ooo a o. 004 o. '215 :1: 0.019 o.ono:z \),0051 

ll n-o-?o o. 002 t O. G03 0.194 :t 0.020 0.0001 0.0044 

0 
{J 
3 
• 
I s 
I n 

.. 
I 
3 
I 
0 
' . 

' 



., 
• 

~ 

REFZRDCBS 

lo B. a. Jordu and R· B. Black, 111val .. 
uation ot tho Air Pollution Probl•• 
neaultina fro• Diacharse of a Radio-
active lfUuent. 11 A••'~'· Indo Byg. All• 
J, .!!• Ho. l, 20.2S (1958). 

2. E. Staritaky, ''Report on the ~troanph• 
1c lxa~~inaUon ot Local SoU&," Loa 
Ala.oa Scientific Laboratnry Report 
IA•741 (l!l4D). 

3. •· R· Kennedy and 1. D. Purty•un, 
"Plutontu• and StrontiUII :1.:1 SOil ia the 
Loa Ala.IID&, Espanola and Senta re Area.," 
LASL Group H•8, Loa Alaaoa Scientific 
l.abontorv Report tA-4882 (19'71). 

4. p, B. 1r11Jillo, Jr., ·~tanda~d Aa.alyt• 
teal Procedures tor Soila," L&SL Group 
a-e, Loa AlleGS Sctenttfic Laboratory, 
in pr•paration. 

s. 

e. 

7. 

a. 

"Soil Samp11nl for Plutoniu• AP&lJ3es," 
ruidelinc developed by repr•s•ntatives 
of USDA, tiSFRS, aDd ABC includtns con­
tractors. Attacbaent to ...a to H. 
Jack Blackwell, Area Kanar:er, tAAO, 
fro• Jack R. Roeder, Director OSD, AJC, 
dated october 20, urrn. 
J, B. Harle~, "Manual of Standard 
Proc;edurea, ' Health and SAfoty Labo­
ratory, USABC Report NYo--4700 (1970). 

1. A. Martell, P. D· Cotdan, J. J, 
Kraushaar, D. W. Sbea, aDd n. a. 
Williama, Lette~ to Dr. Glen T. Seabors 
JaouarJ 13, 191'0. 

J, Healy, LASL Group B•l, poraonal 
co•WIIicat:lon. 

& 

'k l. 
0 
) 
• 
1 
"5 
I 
0 
• 
7 

0 
0 
2 
• I 
3 

b 




