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lllSTRUIITIOII OF PLUTO!IlUK IJIU AAUlC lUH AT A FUI~.'11:1t 

LOS A.I.AHOS V,\ST& D I S,OSA!. S 1 T& 

H, lo'ltul•r 

l.ut Al&roo• Sclwntl F lc Laboratory, Lua Alaaua, liM 

AliS1'1\ACT 

,\ thirty y~ar uld llltuhl wnat~ dl:apusoi.l 11ltn Bt Lot Alllt~~tl ScleutiClc l.Bburatllr)' 
hils but!ll c:orl!'d ~11d d porthill ol u:tch d>1 111ch lncr~•umt unni)'E~d Cor plutunlllll 
.and ;Uitlrldulll, ·rhtt sit~ ncutv~d unvruceuud IN hvd vutv lolutlunt Cr""' 
1!14~ to l?~l, 41111 trl!llt~d waatu eCUuttnU hot~ 1?~2 to 1?67, Till! uctlnitl~ 
cunt•nt o~ IIDch cor0 lncu••tnt w.u dulumln~d by lov unart;y photon apo:ctn:acopy 
utllilln~t thw charnct~rlulc t. )l•t.l)'l oC e~dt r~uclldt" Th• data ubtnln~d oru 
pru~nt...J 111 ll hlstOJiflllll lind CIIOiparel! tO llf<lftD U~tiYit)l ltftftiUf~lltlllta llllllll at 
thq lltB • 

II. lllborutory sl•ul11tlun ul th•• llh ""' ulao prut•nrl.'d ualnK aiw111tL'<I wnUH 
•ulutlun• and a •r~c:lac!n uf •li•J•ouul 1Lta 11 )IVuluKit anturlnl, turf, 1 wo•loloro! 
Ylll~onlc IIIII• n1l1 slaul.:llllll W41 ICiltl:.i Rllll prutmrtlunud uccordhlll tu 
urchiYnl recuroJI or th• url11i1101l vltu, Thl! r•"ulu u£ thh ~xpurlaoml urtt 
~l.lt'lpnUd llltlo lti!QIUfO!IO'IItl (r.,., thn IIC\UIIl Curu IWijllt•• 

lHTIIUilUctlOII 

01111 u£ thu r:>oal •uluuu t•roblc:e~a c:unCruntln.: th~t uuclc:11r ~IIPTI:Y laulualt)l In 
thu 1111\K lUI"t!! IKulat l<m uf ~·;tdluJttiYu WII~L~•· Trnnaura111c ult•cunu ~untol1wd 
In 1uch WllStl! cuntrtbuto• Ull;nlllcnnLly tu Lh• huurtl, buth In toxicity and 
jlursl•ll'ncu. lih;lt~Yt•r rwthud tu flnnlly ~hoa•n ttl cunt:tln th•a•• vntttcl, 
nccu• ul lh~ lltLlnlll•d lu thu unvlrutlllll'l\l nu~l bu r~!llrlctcd, Ul'l'l' to•rrl•"lrlal 

II~ 

ll!llllllllllllllllllllllllllllllll 
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lllatlAl~tllh aolt'IU&Lll! ~uffer aunu urpv•u to b11 un~ ur tllu nost Pft'l"hlnc 

""'roach••, lln~~>ib uf auch '' s~thu.t hnn nut ltuom wurkrd out but 1t •~rlla 

r•atuRIIIIla to uu-• hl~h luvvl proc:uaA vutu auhttluns vlll bu cdc:ln•ol .tnll 

cunYuted tn cnonlc1 l't 111.auo•a bv!uru iu•olln&: Into n\rlotv.:~bh <:tont•llucra. 

ThUll eonllllnvu vuultJ thvn b11 ·ln..,ruol Into ••lucluol ~~~uloctc fo~lluna ut 

appruprlala durtha l"lUOO ••HIIn) In laolat~tl IIVDIIfllphlc lucaUont. In Ypltu 

of th1rh prtcuutlonll 1 un• •uft cunti.Jcr tilt! ruck Itt utlu•r ~wlu11l~aJ ftlrntum 

In whLCih lhot .., .. h flll•.t cont<~ln.r• hav• b~•n burh.J u tlur ultlnlltu bnrrl~r. 

Corro•lon and l~ulu111u "'''Y Yloluh• lh11 lntvulty or any contuln"r uv11r thu 10) 

1a.tr liM ep~11 '-•lulrv&l for •nfukurplnn. 

An ~.S.ntt11hHn1 uf tho! "'1Kr~tlunu1 bthllvlor of dcllntdn In l:~<•laAlc:"l auturlnl 

h lh•r•flln otxtuaoly lapurtunt, Sine• thvr• artt 110 <>ruullng .Jhpuul ftltUA 

U UttiCtl\1\1<!, lhot in(ur•nt lun ubtll lnotd Up to IIV\1 ha8 b .. n thlt rttAIIit o( 

tuppui!Hun, tlttouratLeal ,.olluh ond Ill wr uvn cAtv 111.1ll ftC:Dh l:~burntor)l' 

11\ldotla. l•purtllnt "" thuv ruutu nn• 1 thw:r tlo not Hli12I1111Le tho IIU..J uf n 

bra• •ul• pilot plane on•sltft Ullltrl:atnt. 

IIOV11¥tr 1 n¥tnl flt111 eldat lthlch h11vt rectlvu.J low ltvd wuto. Onv tuch 

ltn ltetn aw1otcUtl for thh •tu.IYI ~• Hquld Vdate dhl'oUl tnnch at Luo AlumoH 

lc:hnUrtc Laburatot~ thut vna untl fnr Vafttu dtop111ol otartln& In 194~. Thl• 

•H• dllts not •lltch thll dl'tcrlptlon of 1111 Lohtal dtapu,nl ••tholl alncn llquloJ 

waa ,.,, .. dlrlllltly Into 11 tnnch uc11Y11hd 111 J>Oruua ro~i nnu Olltout•d to 

,u.:olua dOIInvaroJ, ltov•vur, U cnn b" conMidn•ll "' a r.tpld accd .. utlon nf 

wleet could uccur In 11 o.ltep rPro, ttury In vhlch v11Ur llltru<l~d, 

H.\Tl:lllill A.'lll lti:TitOIIS 

the urldnlll dt•~o•nl sit• (IlK• 1) u construcud In 1?4) Bl Loa AlADOJ 

conalllord uf four tr.nehu of trnpuutdml cru•" lee.llan 120 h!et lalllt• 20 f~ut 

llld• •nd 6 h~t d••P• Tl•• four tnnchu veru urron11od In o ·~""'" eunf l&;urullon 

Wllh the fir~t two conn~et~d to th• proc~a• rlnnt by n Lre piP•• n1u rrl~ry 

Uent11u w•r• coun .. ~t•d by oYtr!luv ~lpl!ft tu the uthttr tvo tr~nchva. lt vu 

naar th• oUachnrl'• •nd of onot n! th11 ovarOuv !•lpea thut corin~ wu don• for 

thf l!lllllplu• hportot.J 011 hwru. E11ch lrlluch ""' llllud with conrn rock debrL•, 

ar••llna frOfl lilt MOl boulo.ln• ilt th~ bUtl:JIII to •~nd At lho &urfoc• I 

Unjoruut~V\1 IIUll! aulutluu~ Wrru .Jlach.uard to thnu tunchu fr0111 19~5 to 

1?~1. IHIIII!leA ur thl.' chmlcal c:onp.,dtlun an.J plutunlun r.ont•llt uu bucd 

prhlllr lly on d11tu c:oHvct~'l! tovartla th" •mu ul thot l••r hlcl, B••.o;1Min&: In 

1'132, thr0011h ubout l'Jfa7 1 lhr trvnchu~ ncwlvr.J \'AryLnJ.: unnunl volUI'II!S or 

•fllu•nt frooo u 11<1111<1 Wllatw truut»ent l'lnttll no URIIfuc:unnd v.utu veru 

dhchuaed oltvr 1932, lhu ustbtAtoul ~hto:oLcnl cunpo,1tlon ~nd pluL~nllco 

conttnt ol tht "1119tt' dl•~h~rar.t tu thll tnnchua Ia lnlllc•ltvll ln tablu 1, 

!OIII aoloHttond [I u .., .. .,. llddld lu tl:• lUll II olllrln~ th• Inti! 19&01 onu l'l70a, 

rahlhl thw aruu11d "utlncu tu d a•tn or SCI ultovc lhu lull of tiH• trencloua. 

l'nclplt&tlor. fdlln11 un tllv otrt•.1 h pndcelnnntJy r~•vnrortltP.J to thll olr
1 
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1• uf till IIOU pr•lllnt 
.@II llf9t~e.l ollt kt It •••• 
.uHIIM ttl U ~• c•lttnfil •IMI 
.nlo ttltl~•~l• e~lltllntrto 
t(tfil l"'loaLe fo.,...tluu ill 
·~rtJblc loc•tlonto In tpltt 
~r oth•r lto1oalc•1 tttatu. 
"'" •• lh• ......... """'''' •i tn~ tont1l11er u~•r tht to' 

.~tlnl4tt In aculoalc•l .. t•rJ41 
" 1111 oputlllll oUtputal altu 
h~t ~••n th• r••ult •' 

.11 IMll •••I• 1•\or••ory 
nu elt..ln.t• th• n•fil ul • 

llllf h.,tl VItti 1 01\11 6Uch 
~ltpottl tttnch •t Lut AI•••• 
r•••l •t•rttna tn 194), Thl• 
t•re••l ... ,.., tlncor .Uquhl 
rDI.It rock ull dl11111•ol t•1 
~ •• 1 rt,ld ~cc•l•r•tL~ vf 
at lnttlldtd, 

4 In 194) It LQt AlaiiOt 
~ctl~ IZO fttt lun1, 20 fttt 
11111•11 In • tqlltrt cunfhtllratlon 
by • Itt pl,lo Tht prJMry 

Jthtr two trench••• lt ••• 
~• th~t corlnl W•• llunt rur 
IL•ol Wlth coer•• ruclo. dt~rlt 1 
Jt lh •urhcto 

·~• trtnchtt fr~ 194' to 
;lutonlu. t~nttn~ are ~•••d 
•l ''"',.• lttlnnlna In 
''~'"• •nnual ~ul~·· or 
1nprvc••••d •••ttl Vtr• 
lPUIItlun an~ rlutonlU. 
I lrt~lc4tld ln TA~t. l, 

th• l~t• 19~• end 1~101, 
~h• top of tit• tr~nehu, 

· r~"¥orornlfcJ :11 tlou 11lr1 ur 
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To\111,1: 1 
COMrOSlliiY.I OF t:l'ri.Cf.!tTS 

\'ol~au Ch••lcl•l 
(!ldluuo) CDIIIIC>Mi t I"" 

1.4,. lo1 11,0 PI'" r· + 
D 1'1'11 !Ill~ 

J,o ,. ln" ••cone .. 
a.aJnlus 
cltrat,o 

200 """ ~---
A,o • to' 0.1.'1 

tttt:IO 
J 

liS 

FlutonlUM 
Conc~nt roU Lun 

&0 cJ,.J,.I 

1 x 101 c/fl)..,t 

Trac11 

. ~ 

0 
ll 
I 
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produc~s ln:k!tJl,\11! 1ur!oeu CJ 1111C: 

Llw nmt~a1 pn•clrllntlun o;>C~bO t 

dlltrlltutton lt! th~ "·IIU <~Uf.utlt· 
l'nr 1:111\le lin~: rur11ouu, It va' Ill! 

coll~cttol ruri!IYP.ol tuu p•rci1Cit nt 

Corn ""r~ tnlo.l!n at !1\'11 IM~)IIIlr 
accuapllahr<l lllthnut wntor Cor II . 

.,,,u ''"~lc..,~utl In ft!\111 t•lll)·~thyl••u 
1.1burnt11rY• t:.1ch _.,.t•h• "'" ~:ru•· 
usu to pr~YI'IIt cruu contaaln01t lr 
lntn " ucrl" hulol.tr. Sa!Spll! hoi 
I'IUIIr••• ' Cll on n a Ill., vhh 11 ' '' 
cllll1111h11nr tn1••• on ~nch • hlu rnrr 
0,4 al oC puwolurt"d 1'\lll•rl••l• Tho• 
S•YQral annlytlcn1 outhods Cor d• 
buCun• ehuuatn11 luw unrru photun 
by nlt•l"' 1'rorort..'on11l counth111 "" 
un11l~w to lneure C:C'ItiJhLII nco••· 
off~r» t~u Rr~ateat •~»•ltlYitY• 
nnd, 11\thuuch pronhln11 1 othr• n 

Thv ·~UctrDDMtl!r CDIII(Nl~ U( 11 jll 
by S """ thick, Ita alulllov di!lh• 
vnnr~y pholone, It• null <llll~t~~t 

J50 e\' In lh<' I. x-ray n.:lou 1 nnol 
•ntlr•• ohtl~ctor•cryo•tut uaeDbl ~· 
ba~~~roun~ ehlelol vlth 11 Rrn~"d r. 
I. x-rn~ r•Rion 18 0. 21 ciro. /'1 •u 
cuntrul~ed rPal tl~ data 11cqul•t 

In op~ratlon, Rll Nllapl"" wru en 
11111 vaa acco"rlllhvd bv 1nlt1AI " 
lroa 11 anDpla apcctr\lr~, :•1Aa th 
kul' photuraak ani! t ~nl Ynl Ul! usud 
In t11rn vna llllbtrnc:tl!d fr010 tlw •· 
x•rn)' contrll:utlnn Croft Llmt purl 
: Hr•u vn~ llum detvrctn11d by MU:to. 

•r••ctro!><lt~r "ffh:luncy wu collh· 
nn hhmtlc.sl unn11r to th\1 uept.,. 

II Lnborntory •hou1ntlon oC lhls e· 
vnlhllly nf our aoolv~ln; t<'e!Yli•IU• 
tak••u nvur till' •ltu vns cut lntu : 
1urfnc1• 1148 ""~~..! to tuHrlc:t lat1 
"•'" lltl•lchod to " Rlnu tubu lihlcl 
"""' to 1•crcolatu thu rock, l.'alt• 
: l'/l'u l fiiCI!rt lhu lJtt~r lll p1"C\! 
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t•ruduc"~ 1-dl.lltl• eurfdc~ runnrt. A e1111ll fr11ct lu11, r•rhap" lun th<tlt ~X, of 
thll lllllllllll pndplt;~llon of 460 • lnflltrcltiiR thl! wnetu tr.,nchua, n1u 11ctual 
•ll•tributlon O( the Vllttll IIOhltiOIII wl.thUI th~ four trunelcull II not knOIIIIo 
ror 1111dMII1111 pur~o~n, Lt "'" RnWitld thnt thlt trunch !rota vhlch th• cora ""• 
coll~c:tlld rwclllv•cl t11n P•rc~nt o( tlut total uho:hnntud, 

Curu Wtlru t"kttn lit 11111 Jm:ll lntervnl• to n il•l'th of ~0 fuut. DrllllnJI \ljll 
tlccunpll~hotd vlt~out VMl.,r for LubrlclltlDn or coo1Ln11. A portion of "rtch cor. 
voa .pllci.l•ud In •111111 plll)'tti!Yitmw bottleH 11111! shlpr~d to Arr.o•v•• tlntluMl 
ulburntory, E.tc:h """'~h """ ~troun•l In n n•w r.r:~rtilr whlcb WAH .Jidcnrde•d lifter 
IIIII t? pr•Yllllt C:f08. CUIItll•illo~tlon, olrl"d four huur• nt UO" Co 1 nnd IU8d"d 
lutCJ •I on:~pl11 hol:lvr. Sn11plu holdurs were constructed froa 2 CD thick cnrdboArd 
nqtulr"~ 4 c• on" al<l1t wlth 11 S/8 Inch bolu In th• cuntl!r. ,\ nln~:Lto utrlp uf 
cwHut>hnn• tap<• on o•a;h uhlu (uraord n thln, v~fur•al~11'1'll caYlt)' wl1lch contained 
0,4 al of povd•n•l n1t11rlol. 'Mlu nvern'• WIAht of u11ch a.&llltlu wu 0,3, r.• 
!\otllotrnl anulytl~nl nethoda Cur doteralnln~ aetlnldll eontunt wr" ~onnldotred 
l>c(oru ehouolflll lov lllllfrR)' rooton lp<'ctrO~CUJl)'o Ch~I'JIC.1l aupnrallun Collow~d 
hy ulphn Jtrup<>rtlonnl countlnll W;lu r01joctud bucnu••• ul dlf ClcuH)' In dluulvlnll 
~~~·s•l•• to itt•ur• o!O"I''"t" ri!~OYitF)' or thu 4C:t lnhlullo Thla I'JI!Lh:ul, hllW•Yer, 
uffotrlf tlw qremtost &IIIIMitlvh)'o N>tutron nctlvntlon annlyala \1;11 lllau tried 
•ln•l 1 "lthuu~th pru"taii1J11 off au "" .:runtor •oanalt lvlty tl~111 our choaun fllllhud, 

Thu "l'l!~tro!lM!tvr cuuldts uf ,, plnnnr llthlu"' drifted r.ure1111nlua d11t•etor 2 e,.: 
by 5 ..., lhLck. ll•l Klutllov dul11n l'o!lnlto In n luw bnck~rmend (roD hlt:h 
l!nvrKY plolllOIIW• [t~ """'II dl"011tor h 11 cu~>pro•hu butween hlr.h ro•snluLton, 
150 ~~~ In thv I. :t-r•IY Ul\111no nnol 11uud ,,,.., .. ,trlc lll(lcl~ncy, nhuul 8~. 11•u 
ontlr~ •lutcclor•cryoot;at IIU~Dbly wo111 crllltnlncd In 11 lnr~u 6 Inch llllcll ut.-•1 
huck!lr.,untl •hluld with a r,rildl!ll x•rny llllar. 11tu ruultlnr. b11d~round ln Lhu 
L ~-r.t~ r<•t;lun h O,U r/r>o A roultto:hntmul otnnl1wr cnuttlr•d t.o n ~uat>uler 
cuntrnllud ruul Lt.., datu "~'luL•Itlun •Y"L~• ~uroplctu•l thn "l'~ctrutllltur. 

ln upo•rntlun, nll IIII'Jtll~n wo•ru tuuntud Cor II rslnlau" or 15 hourll. Dillll s•rucu~•· 
lnt: vnK uceullt•llohbll by lnltl••l aubtucth11t or 11 ttomtH:<'d uncknround count 
fro" u aul'ljllu oprctrun. :•oto\11 thu:t 1111- tlotur:~lnod by lntue;r11tlnR Uluhr tho! 1,0 
kt•V t•hotutouulo. nnd thnt Yotluu uKvd to nor~:~otllzu n atBndnrll l~ l~t.t~ •1111ctrurs wht.:h 
In turn Wild aubtruct•ll fru01 th• ftne~plu •t•uo:trul'!o 11111 Utllp nlll:llnntutl lhu ht 
.~•riiY contrlbutlurl froro tlut l"'rtll>n o( tltll BJII'Clru• duu to ti!U l'u ~-r.1Y• 
:J?ru volft thun dutl'r•lnu<l lly ,., ... IJIII the lntlll\rnlu l1f thu thrul! 1. x•rnva. Tl111 
B~ut:lrolllltur dHlcluncy llliK ~olllbrBt~oJ 11~11111 aynth~tll: ac.1ndnrd11 t•r,•r~nr••d In 
nn ldunllcnl •·11\IIU to thu •a•rtu, 

A lnh.lrntor)' alnulntlun ur thiR MltP. Wo1N prt!pnred prllsnrlly "" n tl'fll II[ thu 
YAlloHt)' of our OIO!Jul1nl\ ~t:ciwllquull (llll• Z), A apucltwn of !.ON Alnnoa turr 
tnk•n nuan the Ylhl 11111 cut Into n cyllndrlcnl 1•luK Ill x 7: .,., 111~ curY~d 
IIUrf~cv 111111 wnull to ru"crlct lntl'rul Uuv ur lltluhl, n111 cyllndur of rock 
""" uttlldn~<l to n Klnn tubu whlch ll!tYed "" n rututY<lh' for liquid• whlch 
wuro to purculalto thu rack, llnato "oLut '""" wuru nynthualz•d I roB ~~ 1,\A nnd 
ll71'•t trncurt thu latter In place of :l1t•u tu f111!1Lltntu law luv~tl oJrturBlnntlun, 
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sulut lun \IUlllll"• ~nd conc~lllrnt 1oM "'''" rrorort lunnl <••• clos••ly no 1•oulblu 

fro• •Y•Ihblv lot "'-"'-'• ncllrdt) to pvralt •n nrbltr<lry acnlu oC ~.z ft/crt. 

11'1• tynthetlc w;11tn •ulutlons "~'~ lho:n d01\lver•d to tht• tl!tl •r~choctn In th" 

••• n•tiMnu 1111 nt th.t 1lt11 11t 11 eontrullrd r11to uf 2 al/hour utl11v, a Nterlnr. 

Jlt..-P• rt~·~··'l At tllllsltl!, bowver 1 vn11 not cuntlnuou• but r11thur •t•ur,lule. 

~lnce !lu rteurd of the cyd .. ts nvnllnblu, no •tltenrt vn1 11.1du to ro•vru.lur•~ 

lt• Ve fuU)I r~t~~lhe ltw ccnpllclltlon• auclt lllapllllcllllnn ul thn \S~Jul vuuld 

,rO<Iuct hut full the cl~lnc• to coap.tru I'Yen 11 crudl• Dhlul to 1111 ftCtu:.l altl.' 

}ustlllt~ thlt .,proach, Th• effluvnt ur the colu~ wav cullect~d mnd rrurnrnd 

fur ~n•lyth. t\t the conclu~lnlt <~f thot upnllo.,nt, th., apocleo~>n "•• rl!roVt•ol 

rro• the •I'I'•FIIUU4 dth•d, cut Into Q,) c• S41ttlorJa, 11nd abo 111111lyud I•~ 

ldiOU aptctro~~<~try to tllltWnlliiOI the <llatrtbutlun or tho llctlnldul In thot rock, 

IIF.SUI.TS 

Lll•l~tnt ton of the Actlnltle content ln the con (flll• 3) ah~il tl1at d11twc:tablu 

diiOUftta of u ... ., nuclld .. did ill<lttd alllflllll oluwnw1rd llo,dnr thu l'rtYftltln.: 

condtllonl to ZO fltt b11tov thu bottoa or th11 trench, Klevnted co11centrntlon• 

of ~oth nuelldea are ruund •t ll!aa thnn 1 fool and at 13 r.,t. Tho bulk of 

the ••rlcllltl h eentllrtd uuunu tit• 9 root ILirk, lloJtewortlty Ia th• nbrupt 

dtaLIIutlon of plulonlllll and 11a:rldua b.tlov U fl!et: 1n f•ct, only o.z= or till' 

dtttcttd ,Lutuntun VAt ~lnw th~t ltvtl, On th11 other l~nd AS= of thu plut~nlun 
wu l fuot or h•• frH lh11 botto11 or tht tr11nc11, 

11'1• ollatrl"utluh or acti11hl•" 111 thot al~~t~ht•ol .ad•l (fiJI• 4) h tn exccltl!nt 

•11n ... 11t Vlth our urUer ll)t)ullnM vurk u5lna tr~c•n 41nll llaulntttd rllln 

(Ft ltd t1 t ut. 1 \'17&), Chnractur lot le or thue olat~ are atronr. nuntlon or 

•ctlnldu• at tlut nur •urJ11c• With lllii'On•ntl11l tdllln11 •lo\lllwar!l, In o11hlttlon, 

plutonh• tahlhlu 11 1111:ond a:onc~ntrAtlon band bl!'lond thll t11Ll. Tho! t•urc~nt 
of plutalllllll in '"'• llanu •• Q lunctlon Ill tit• pr.lor chtnlcd trotllt1041nt or thu 

tr•ur uttrlnl, nu1 c:lw!alttry of pllltunltta I~ co•plu~t, •111tttna In II IV, \', 

1n1l • Yl Ollltlat lon ttnt•• Pol)"ccllrlc atntu 11ru Abu kno•'ll 0\t hl11h pll. nte 

•tronaLy reuln•d lar11• Pellk '" the aurr11ctt h ""'t Hl<.nly 1'11(1\'), n1u rnwter 
II<IYina .,.~1•• l11 not 10 rudll)' eh,lrncurh•d• The •.aunt of lntt ""'Yin11 

plutonh111 In tl~• -t•l h~tl·• tl•plchd Ia 1111ch aa~~lhr th11n enrller ~lllu, 
r•llwct Ina, perh~P•• tltit lw.r pll u( th11 (nd aolutlon, It IIPr>n.na In th• 

hlstoar•• 1• a •llaht rbu ~t b en with • upld ilrot" 1tn u1111lnntlon or th• 

•luent (rta, ,) rroa the lllhld ahow11 no rutllly dhcunublu p.1tt11rn. It 

contnln• nu u•rlelua 111111 only no( tile rlutonlua, It o.lous Indicate tlou 

IHiblllatnJ lnUuorneu of ttw Y<lrloua "''Ulll IOllltlon~ upon plutontul:l, Holt 

lnterutlna 111 th11 upltl 1lrop ln th• ulut lon ur plutonlul:l once Vlltltf hna 

rl11••d lb. ntttt •olut1o11a froe thll rock and 1• th" only ~lutiiiN ~gent. nth 

••r"'- llllll Jlrt'flou~ vurk whlch slt~tww that dl•trlhutlon or plutonlu1:1 lu Ill'~""" 
llor11t UI'Un tllll ton•IL~Iullt ot lontlln.: on the rock •uch •• chw~:~lcut co•puwltlun 

tnd rat•• OIICII plutonlua h nd•orb~d by tin! rock, th" o~ctual V3tPf lntlucud 
•IJtFIItlon h Utrt!!!lll)' •low, 

120 

l1 
0 
I 

• l" 
.::1 

Sample Eluent~ 
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;lo~l (at e1ottly 11 poatl~l• 
.,r.,ltrery ••&1.• ot 3,l hie•• 

•4 to the tttt .,•cl .. n ln the 
:• of z al/hour utina • .. terlna 
•ntla110111 ._ut uthu .,ouolh:. 
:t•.,t "'' lllole to repto.Juce 
•1'1 If tuuon of the .,.,, lnJI.Iltl 
•IJd• -.ttl to 111 actual •It• 
•lu-. WU l!ollec:hol llllt Pfll'llrtd 
·nt, the '''ct..n "''' r-nd 
uh1 1 tnol t1to tnalyaeol by 
• ot tiM let In loin In thl roet. 

till• J) ,.....,_,. that tl•tecteblt 
nv&td ~ol•r the pre~nllln• 
~nfh, llt~ltv conerntratlun~ 
r\J •• u r .. t. n.e builL ur 
, ~••~rt~y IM the ubrupt 
1oft I tn laet, onlr u. U of the 
othlr hanoi .,1 of tho! plUtunl•• 

1dd (fl•, 41 I• In "•c•lhnt 
t3ctt• ~nd al~l•t•d roln •t• ,.,. stronc rttent lon of 
111111. oiOWIIVIrd, In ... tlltlon 1 
tVDftol thll t•ll, The P*tCtftt 
Hor ch••lu\ trt.ttlldnt of the 
!o.,lea, ••l•tln• In • tv, v, 
1ho kilo"" at hl~&h pll, Tht 
•11 llklfl:t l'u(IVJ, the fllltn 
1111 tilllllnt or rut .,_,'"• 

\Itt lh4n ••rlltr ~•1•, 
~·•tlotl, h 111ppuu In thl 
lrup, An u.,.lnltlon ,, the 
'l'tn~~;~blt l'ltttrn, It 
.,., It do .. lndluh the 
111 u,un ,lutonlllllo Ho•t 
IUtontu. onee ~t•t ha• 
"- only tluttn• Glent, Thts 
~11t1on of ,lurunlu• b dtPfn• 
•t~h h ~ht•lul ~"•ro•h lun 
, the actU4l ~t•r lndu~td 

Metering pump 
Sample 

FIGURE 2. Experimenlol modeling apparatus. 
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tn order to Clllllt~re ruutu or ! 

certain r••~rYat h•n• l!llllt h un. 
tor~ vu prl~~ouU~ n chulli~l ,. 
o( tl111 lito, thot DOlt rro•lilonl 
Kruntly acc•lvr•t~ or retftrd th• 
upun whether tlltl)l au Yolcl or c 
to tho cl11r11cter of the slt.11 lin' 
Mffacl•· For ex"""'"• vx••ln3l 
clny•fllled rractur• nt AP~roxl· 
rntrlctlnK downward fillY of.., 
activit)! b~low thAt dnpth In th 
prl.'dlct• tloo larKt turfnce con~ 
dt•pth of ru.n•tratlon ur 14 fotPl 
2.1. lt/c•• Our rrut.llcllon• Cor 
nf the n•ar IUrCaca p•ak ~redlc 
alln In 1 dHfual! b1111d nur Y l 
•lnKL• corlnK experl~nt a! obv 
an plannud nnd utld~r way vltlt 
conrll'lllhrt the predlctlonlo 

t1tl1 Vctrlt W811 IUpportod b)' tl~l 
t lctn, Ulvlalon o( Nuclear t·uul 



ITONIUM 
.'1 MOOEL 

I .. , 

CO!ICLUS lOllS 

111 nrd•r to COIIP••re re•ulu or th• ~~~~ to rnultll CrOll tl~~t ~ctun1 ullw, curtoln r•••rYatlonN 11111t b11 undur•tood, Th• ~el conltructud In thu laborn• torY 11u pr!mrlty 11 chot•lt:d I!IO<Iel• It could not reproducu 1wuloKic c<nt<lilll>ll" ot thu Mite, the ..,"' pronln~nt of 111tlch an rraccur•• In thu rock llhl.ch can MflntlY llcc•lvnu ur rotnrd tllfl 11""' of tolutlon• t1trou11k" otratu• dllp•ndlllll ''""" "h•ther thvY nre void ur clo)' flll•ll• Such r,t!OlOKlC C•Aturell contrlbutlf to thot chnr•lct.r or the stu t1.1tn nnd, In rnct 1 u)l uutll•l~h tlw eh••lcol efl•cu. For .,.,..pl~ ... ~aalttntlon o£ thu coru lndlentu.S tho rro .. ru:u o( n diiY·IUl•ll lr•t~:tun ,,t nptoroxl""t"ly 14 hot. lltb Croctur" np1•unrud to be r•Dtr lr:t ln11 olctWt111ard fliN o( 100Locur"• poa»lblll rae: count In!\ Cor the rwducutl .1o:tlYit:t bdav th3t ~vpth In tho cort~o ll•verth.,\ou, th" ....Sol curuetly r•r<tlllcu the Lar~t• Rurrncu concwntrntlon for plutonium n• wU nu n WlltltiUII ol~pth or ptnlltrllttan or 14 l•~t. n ... lnthr IS 1>4••" Oil th~ ......!uLhrll acal" u( z,l (t/cllo OUr pr~ol!ctiOIII (Ur OIIOifiO:lUII dlrl 1\0C fnfll Mltrly .0 vujl, lnotva.J ul thu nu;u •ur[nct v~~k prvdlctod by thl ••r.11lel, n~terlcluavu ruund nt th~ 11lt~ In IL uUCu!ll bond near 9 Cut• The dnnKer o( lnrl!rrlnll too !0\lch rron n Jit1.11Le corln• OJtVotrll!lllnt 111 obYIIIu&. Tltart~lor~, r>'rl! curln~D an.t u•IALWillona nru plA!Itllld nnll unuu 11111 vhh th~ hapw ur rtttolvlnx thu dl!lcrcp3ncln •lltrl cunfii"'.JIIII the l'r~rllctlon•• 

ACY.IIOiiLGOCIItiiT 

111h vurk va~ •up~M~rhll bY th• u.s. Enur~'/ M••~.srch nn<l b<IYIIIUI>DIIIIt Admlnlwtra• Uon
1 

Ulvlolon uf llur:luu l'u~l Cyd11 nr.tl l'rooluctton. 

1:5 

(! 
(I 
2 
\t 
tt 
·r. _I 
ll 

I 

!I 



I 
I 
I 
l 

! 
I 
I'. 

111.Ft:tu::u;r 

1. Frlfolo s,, A, H, rrlo•dnu11, J. J, llln•••• "· li, Md1~r 1 L, A. l/llnrto•re~u, 
1111d ''' \'olvM~v. l 1171J, "l'hl• ~lll:r<~tlun ol Vlutoun~r.~ nnll H>~rltl\11"1 In thl' 

l.lthu•~htltc," (11: A4•tl11ioluo i11 tl111 LIIV{I~IJ':t'llt. fl. 11. l'rll•d."'UII 1 t:J, 
ACS ll:f!OPOUin SH1v" -l~, (ll•rU ?, I'J76, 1•1•• l 11•4b, 
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Tllt: KCi..\Tll'~ISIIII' ~: Ill 
1',\TC or TIWI!JW:. 

It, 1:, lo'lldunK 1 !}, Llr• 

I ll.lt: 
rdd( ,, !:.lrthllo 

lllchl.tn.!, 

Thh ro•vlttll r'"'"ldvrw lhv lnllu~1 
proc~nuuH 011 tho lon1:•tnrr. •olub 
plutonluao enol utlwr tronaunmlc , 
cyclu. r:.,phanl• Ia 1•luc•ol 011 •lo. 
ctm•lcul on.! alcruhlal procuu•a 
•ll~ellnr. •olubllltotlon nnd tr~1 

Jn•ulu~l" in roth ctrlctly 011 t1 
~hnrnc\~r lnllcr .. 

Solubl~, dllfu•l~lu Pu ln fOil• 1 

L'u lou lur,:uly '''""""t na partlcu. 
ol uvtd~ncu •u~nuwt that ~lcroor. 
Alld th11t tl:u nonl•urLlelllotw trluu: 
•ulutlon b.v lnor1:•m1c or orr.onl•; 
n ... ruh• ul ~oil nlrroornqnhc:.• . 
plnht·~~nllublltty u! the Lr~nnu• 
(I) ~IIU\111 cllcnl4trr of ur~~nlc l: 
nlcrurJuu, ''"" lJ) J•rlnclpal r.i: 
iu~ dtr~ct nlturatlon (Y~Iancu •: 
(a~\~bullte lnl~rdctluh~ 1 ln!lu~1 
cycll111: c•rocu~"~" (\Jlolof:lc£11 u~, 

1111.! lux tel~~ uf )'u to l:icrootiDhl 
licJI.II!Y~·r, •ol1 IOicrcorn•nlllu nte 
llrfldrrnLl)l duu tu rn.!iiiLilln rillh• 
b~cturld, lun~l 1 and ncLinuo,cull 
orr.nniKtta havu buen aho~-n tu b" r 
nnol alturlnn Ita lora 111 thl" cd: 
l'u conJILUlOon lund tu bu ol hi~:h~1 
(l•u·llU'A) o1nd tm,;nt h•ol)· ch:ltll~~. 
duf lnuol, IR "''llttlldurtt upon crHAII. 
1!/ljttlliUru d•lrlnll nr~Nlho Thuo~u r. 
aovrcu, aul1 l'toportlv•, null aut: 
llll' rul3tlYl• ln!Ju .. nc•• of thu•u : 
rro•dlctlnr. lh•• lun1:•turo bulusv1u1 
ttu.• turrL'JJttLll •n\•lron:uan. 

• l.'rt\'lronnclltol tt,•niLorlnc nn~ l>• 
U.!i, 1:awlramU"t\tnl 11rllt.,C.t1on, 
Lu• \\•r.ttM. UliV,l\Sil 




