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MIGRATIOIU OF FISSION PRODUCTS AT THE NEVADA TEST SITE: DETECTION

WITH AN ISOTOPIC TRACER

By J. L. THOMPSON and J. S. GILMORE, MS-J514, Los Alamos National Laboratory.

Los Alamos, New Mexico 87545

Radionuclide ntigration/ 101Rh/1’)2Rh

Abstract

Ilowarchvrs at Los Alamos National Laboratory arc A udying the migration of fi9sion lmMl.

III-IN ilWilV frml rxl)losion ravilim formml by unhrground nuclear tests at lhe Ncvad{a ‘[’(’:;1

Sit c. 1n some casm, the isotopic composition of lhe the fission products or activation pro(l -

ucts associated with a particular tmt arc distiwtiw and we may identify thmn many ymrs

after t tw ~.wmt. In this palm wv dwmilm a cssc in which wc used rhodium imtopos to

itlmtify Ih. sourct’ of radioadit”e material lhat had movd some MO m from the rxpl[milni

Sllt’.

L. Introduction



1 III’ +Iir-fa(v’.

1.2. ‘1.lw lil’tlroltJgv/ l{a[liorluclide J[igration Program (II I{\!Pj

Ill 1!)7:1 a program was sl.artd at the .STS to investigate the fate of ra~lionllclitlm (l(’l)t)sit,v

Iln(lf’rground by nuclear testing. Of particular interest were questions nxlccrning tll(’ I;(Js

sihle Inovt’ment of these raclionuclidea within or outside the boundaries of tlw ,N”’Is, “1.11~1

I{R\l P rmwarch projwt involves personnel from Los Alamos National Laboratory, I.awrrn,vt

l.iverrnorp ?iational Laboratory, the LS Geological Survey, the Desert Rtxwarch Inst:t III(1,



2. Sampling and Data Acquisition

The initial sanlptrs (roll] the (,)lltal)lil]at,~,l sit,’ wwrt~ sll~all-volllmt’ grab SaIl]lJltIS ,)[ ~v;,r,,r

I;ik(?n (I(lrirl,g the (Iri]]illg opt’ratiorl. I’rifilln] was (!(’1(’11(1,I 1)}” Ii(illifl scilltilli~tiol] f“oll[]fill~,

l.att’r ww=~“ollt?ctwf 2.litrr wal(’r sanlpl~’s in r~”itruat~(l tlll~es; in t Il(ml ire rontir[lml 1II(* l)r(L,--

f’llc(’ 0( I rit illnl itll(l also nwasure(t ‘5 Kr. a Iissiw] pro~!llct. I\”c*Wllcctvd a Ilunltx’r (JI l)iI~~t’lS

( 2(JS liters) O( n]ud(ly ~vater from t lle t=rnplaccmwnt hole. Iiltcrecl the water tllrougll ,10 11111

port’ size Sllclt=pore filters. and evaporated the filtrate to dryness. Both the filtrat.c r(~si[lll(’

and the filters wwre counted on (;~( Li) gamma ray analyzers. Some portions of tile lilt rillti

were analyzed for 9’)Sr hv beta counting and for pllltonium by mass spcctrometric t[wllni(lllt~s.

(lur analyst’s strewed that the water contained tritium, asKr, ‘OSr, l“Ru, 125Sb, a[~(l

137(’s, Part ic~llatm rollected ON the Iiltcrs contained 1“6Ru, 125Sh, 137(-’s, and a trace o!’ 1“21{11,

“l-he trace of plutonium Atected through mass spectrometry had an isotopic cornpositiorl

indicative of early, above-ground tinting. \Ve believe this indicated a small anmunt of air-

borne contaminate had gotten into the water sample. Bore hole gamma logs showml t I)iit

I he radioactivity was confined t, a rrlativcly narrow zone at a depth of almost fifio rl~, j\ft (’r

(Irlt=cting rhmlium in the residue on ttw filters, w separatd rhodium from thr otl]vr IX)III.

In)nrnts aIIIl analyzwl it by (.k( Ii) spwtrrwopym our wparation w.hmnc gcncra!ly f{dl~wvl

t hat tjlltlirw(l ir) I{[’f. [4]. ‘rtlcwparrition rquirml ~lissolution of the filt.tw arl(l rmilllll~,

l~rfu.il)ifilt ion of I{tl]3, fornlntion of ~1{]1(( ‘Y)6]3- rurllplrx, scavfngirlg with Ily(lnxi(h’ illlll

~lllfi(le, arl(l I)rw”ipltath)rl of (’113[[{! I((’, N)4]2, [inal]y, t 11(’pllri!imf rtlodillm chhjri(lr w~lllt i(~tl

W,-W countrd in a (je( l.i ) WFII detm’t[jr which WM q~irrolln(lml })y a ]argp INal(’]’1) tlfIIfv”:IJr

~)ljf*riilfvlir: an -.llti[m(~inciderl(:e mod~ t o slll)prw ( ‘t~rllpton radiation.

3. Source Ideutiflcat;on

‘1.1, I’iltlir]g wit], I{ll{)(lillfll

\\”llf*rl rll,,flltlll) is illlllfY{ to



Since the two isomers of 101Rh arc formrd by similar reactions. [he meta.staldr to qr(jllnll

state Iatio at t he time 0[ pmductiorl is nwarly a constant for all nuclear devit”(%, “lllis r;ll i~).

isonwrs of “]:RI] can be used to date samples up to about seven yt’ars old. “~lw rat ii) (If

l“l Rh to l’)?1{11(particularly tlw two longer lived isomers) can vary by at Icast a factor of 10

and is device specific. This ratio changes only slowly with decay and can be mcasllrnl fur

20 vears or Iongcr. It also can be used to identify debris depending on the uniqucv-wss ~~ft lIi*.

particular device and its rhodium loan 1ng,

There k some uncertainty about the values of the half-lives of lolfiRh and the longer livml
.

of i he 10~Rh isomers. The values ghowii in Table I are those we used in our analyses; thoy

were M ermined by one of us (JSG ) by following the decay over a period of 5 yea rs. There is

also some uncertainty as to which of the 10’Rh isomers is the ground state. For the purpose

of this paper it is adequate to identify them aa *O~Rh(t) and ‘02Rh(s) for the long~r- anti

shorter. lived species, resptwti~.cly. I%thermore. since we are able to compare samplwi frt)tll

t In’ rontaminatmi sit~ with recently ret-minted samplea from each of the ~uspectcd w]urrm,



3.3. Determination of the Origin of the Sample !tlit[~riid

.4 comparison of the spectra in Figs. 1 and 2 shows vmy Clt’nrly that t Iw sanlplo sptx”f rlllll

I:lmt rlosely resembtm the sptwtrum of test sitr D. :i nlore quantitative {’valllatiun U( Il]t’

~lata ]rads to tht= same conclusion. as illustrated in “Imabltl[1, I\-c conrludwl ttlfit ! Ilr wt[lil)]~,

Hlil[t’ridl was vdry similar to the debris from tmt site D. This conclusion was l)as~d ml I II(*

ilbscnce of l“?Rh(s) in the sample spectrum and the similarity of the ratio 1’)11{1]/’’121{1][( )

in the sample spectrum and in the spectrum of debris from test site D. !$incc rhotliunl

contributed only one minor peak to the gamma spectrum of the sample debris. d](~ll]i(-ill

separation of rhodium from the other material was essential. The separated sample requircwl

counting times as long M 4000 minutes to obtain statistically valid data.

Of particular interest to us is the indication that rhodium moved some MO m away

from its initial source. \Ve do not know whether thin movement occurred slow;y ovm tlw

9 years from the time of the t=t or occurred rapidly (perhaps by a pressure pulse injection

in a fracture) at the time of the nuclear detonation. We are continuing to seek rviilwwr

which will allow us to d~termine the means by which the rhodium and other fission prmllwt ●

moved. [t should be noted that th~ data do not prove that the trit.ium and fission pro(llwts

fuund at the contaminated site all arrived with the rhodium. However, the fart that t Iw

radiuact ive matt=rial seems to be confined within a Ytnall zone dom argue against ~(’li(’iitl

fxmt ai]]illati~)ll from multiple sourc~,
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Iwt ope Half-Life Principle l-ray energies (kev)

IJlrn Rh 4.:14 d :106.77.544.ss

:OlgRh 4.04 ● 0.04 yr 1~7.~1, lg~.o.o~~.~

‘02Rh(t) 3,S2 ● 0.04 yr 418.3 .475.0,631.1,697.1,766./3, i046.6, 1112.7

1“2Rh(s) 207.9 d 46$.6, 475.0, 556.5, 62S.0, 1103.4, 511 (+J)

Table 2. Rhodium isotopic composition of samples

rest

:f measurable 1.!16

B measurable 1.0:1

c measu rabh~ 1.13

D not measurable 1.00

rmplacrrncnt hdr not meaau rable
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Fi~. 1. Gatnr.la spectrn 01 test debris.
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Fig. 2. Gamma spectrum of sample.
4043 min. count on 6i6/06.


