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the cavity •~d chimney regions could be mcasuredfand compared. A summary of

the intensity of Lhc radionuclide source Lerm at the time of re-f?nLry 5s

given in Table 1. The small yield was expecLed to have had little effect on

the local hydrology. Further, it was judged that the alluvium consLILutcd a

good medium for hydrologic studies brcausc it was more pcrmrablc thqn tuff

and did noL have large fissures or cracks Lhrough which Lhc water mlghL

selectively flow.

Thr field sLudics can k divided into LWO phasrs:

region was rc-cnLcred and a wrll (R?UI-1) was complctcd

Samples wrre Lakrn to determine the radionuclirlc disLr

maLcrial and waLrr aL the Limr the experim,enL wifs sLiir’

The Cambric caviLy

Lo a depLh of 370 m.

hution hrtwrrw Lhc solid

cd. WaLcr was Lhrn

pumped irom a nearby saLclliLr wrll (RMI-2S) so as to induce an arLiflcial gra-

dirn: sufficient to draw water from t.hr Cambric cavity and l~rovidr an opportunity

for Lhf. sLudy of r:,riionuclidr migrirtiorl under field condlLiolls. A schenlaLic

diagram of LI1[s ]llarum~’nL of RX?I-1 and NKM-2S is shohm in Fig. 1.

llrL.lilsof Lht’ early stiigrti of Lhr RNN Cambric expcrinKnL .lrc givu[l in

Rtfs. 1 and 2.

C:unhrir ltf~-f.:lcry. ... ----
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After sidrwall core sampling had been complc’tccl and the hole had been

clcancd, casing with iipprcpriaLcly placed, infl:iLa~l]c, cxLcrnal packers was

installed. The packers were used to minimize extcrr,al wnLrr mo’~cment in the

afinular space tIcLwrrII the casing and the Wali. Rrglnnillg aL Lhc boLtom, the

water in five zonrs tins s;implrd siIc(cssivrly Fly isolaLing the zonrs witti

intcrnnl packers and pc~fora~ing thr casing (Fig. 3). Gas-tighL w.lLrr sam~}lrs

We?rr L;ikrn dt di?~th, iIIld addlLioniil waLrr samplrs wrrr rrmovrd Lo LIIC Silrf.lrc

by a SUlllllCl” Sillli’ pi]mp. itt-prrsrllt.lLiv(! :ictivily li’vels of tll’” raiiio,luclid(”s

dcLect[!d III w;ltur from each zone arc givun illTnt}lt’I11 Tcn yt’~rs afLcr LIIIO

test II!OSL of the’ riidio.lctiviLy and thr highrsL coIlcrntraLions of a]]

radionuclidrs wrft’ sti]] foIInd in Lhc region of Lhc origirial Ixp]os ion

c-aui:y. No activity was foulid 50 m 1)[S1OIJthr cJvILy. tlr’iisllrrmtBrlLs of liT :11111

HTO rimmvctl from the cores ;ind g:ls-Li~hL wille.r SnIIIIIlfiS StICWfid ltI.lt morf’ Lh:iII

9~.9% 01 thr Lrilium Kas prrsf’nt :IS H-H). A] IhoIIgh S0111(’
85

Kr illitl Lri Lllim W{’rti

founll ill LIIi- fr:iiLurud ZOII(’ a~~fIv!” tht’ rxplosiol} rr~ioll, t]lcmy wrrc C“(III1-(.IIL I”.IL!.I!
t35

ill LIIr C;IVILY rogioll. Itic measured Kr LO T r.atio.ifor watt-r !rom th~’

r?il)]u.iiorlc.IvILy ZOIIIS b’cri’ c[,itslstf’iitwj th t}i( rr].lt IV(S iIm(JIIIItS rr:iull 1111:

frcm Lhc- (~.ims~rir Lrsl ; th~”
Ii!)

l(r SCCI:II’11 to hc dI:~s II]vf. d ill LIII” w.itcir. N(J

kryp[on w.is ohsrrvl,fl ill w:itt~r or so] id m;it[”ri;il Irfml rlirt,s Liik(~l] .IIIOVI” L}](’

wiil(~ftilt)ltl.k,iLf,rfrlml !htt ril~lou nt Ilij!}jc.sl r:il!i(l,l(’Livlty .lt thi, Imttfun (Ii

90
Ltir c“:lvity c-olltdill(.ii only lr~lium :IIId St iiL 11’v[’]:+ ill~iif,r 1]1.111 tjl~’ r(s(.oillllli~ililti(l

CmllcrfltI“JIion J:IIIdt”:I ((;(;) !IIr ilrillkili~W.it[’r
;~,[,

illLifl(”nllt ri}l II*II .ir~’~is .

IIy t“(ml]l.lrill~ Ltli’mf”:ikurt’:1 r.itto 01 {’:i(.tl Illlc I Icll’ Ile”l(.1 Li’tl Ill 111[. K.ILI,I- L(I

ttI~’ t rit ium III ttl~, Ca..ILIII-

1I“l”m, .ili (’1 I 1’( 1 I\’f ’ (i~’1.r.1,

tilf’ 111(.11 .i(.livlly ifi of

Wd:. f’sl illl,:ll~(!. (“rtl l:. (“:1

I“(s1 J inl.fl IMII iw 1 I,IS wrl I’I

WlILi.i- wd:; iii ttlr sflliil. )

E,l

wiltl tllr r:IIc”iiliilLIIlriilIII ~or Ltlt.(::imtlri(”soii~”t”t’

I I“ISIIIII(1{111I.i[”t[ir,I;:l,!(II”IS.It”1411111IIIIC.(rqlti(]oi

11111Ill’%(llifl 111 llIf. loliIl .iI t Ivlty III ltlf. .IIlllfIfIIi:. ]lll,l:.l, )

IIlliit 11)11 .1s! Iilllr. % tll, it :1 I I I Ill, I’,llll [111111I 1111,!: 11.111 111,(.11

Imllllt’ .11111 lh.lt tilt’ Ir:ll”t IIFII (If ,i Illi(”l IIliI II(II ill ltl~.

(Av/A..)
I (:.mnltlr ii :.

{A
x f.,imtl,,I )(‘“r W.lt(.,.;

(Ax/A,rjw,lLl,r (A
N W.IL(,Y)‘Al” Llvml,r,r)

A
T W.ltf”r

A
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Ed=\ Cambric =% solid ‘—. —.- —.—.

- +4 wa~cr - \ water “

93Sr 106RU 125Sb 137C= 147pm and 239PU ~f,rc all found
The nuclides , , , , ,

to t?avr high rcLention fiictors, indicating they are eiLhc’r retained in Lhc

fused debris or highly sorbed on the solid maLe~ial, or both (Table It’j.

SaLcllitc Well-.

The satellite well RN?f-2S was locaLed 91 m f.om Lht? Cambric explosion

caviLv. Pumping was brgun in Octcbcr, ]975 aL a rate of abouL ] m3/mln; iII

October 1977 the raLf! was incrrased to about 2.3 m3/min. Significant amounts

of triLiiitcd waLcr, signaling arrival of waLcr from Lhc Cambric caviLy rrgior,

werr fin;llly drtcctcd about two years laLcr afLer n LoLal of about 1.44 mlllio[l

3
m of watrr had IJrcn pumped from the saLclliLr WC1l. After almost

six yrars of pumping, Lb.: tritiwn conrrntraLion irl ttlc Ilumprd w~lci- appe.lr-s

to h~vc peaked, as shown in Fig. 4. DisconLirluitics in L]If! p]oL corrt~s~~und tn

prriorfs during which Lhr pump W:IS not ollcrntir~g.

Sirlr[” Lhc ohsrrvaLion of trlLiUIII in Wutcr frOm ttlr s:lL(!llitC’wt’]],

snmplrs with conlalrlcd gfiscs h~vc’ It[.rn tak(’rl Ily pumlllIlg from fWH-2S and frrm

Itsll-1. Kslllts for such srm~j]f.s from tt;ii s.ltrllitr tirll inill(.lLt’Lhc prrserlc~t
t5

of Kr, a giIs wtlic-h app.lrrntly W;IS rrLilinl”d lrl L]IC watrr during LrallsiL .

Thr Cr,nf-r.lttrilliurl 01”
n5

Kr in aatt’r pumpr~l from IWf-2S iIl:.11appc.lrs to hiIvr

rr;lcll:’11.-l111.IXIIIIIIIIIv.;111(’(FIR. 5) . I“hc 65 ‘hr/T .ltc;urlLlos :Ir(.shown illFig. h.

:t slIcIIidII(’I:OIICIILhJL LIIrsc arc rr]tltlvrly ronsl.lrlt ilL n v.+]IIt’ of .llli~r-oxllll.llt”ly

0.5 x lo-i’, rorl~iil(,riit)lyIowcr lhiin tlint of 1.22 x 10-L u.IlrIIIsIl{ II iur C.lmljri(”.

Sv fir Lill- rt’.l%ull for f.llis IS nut krllwll; huwrvcr, Lhis rcslllL mcly vrry will IMI

rl:”liILr’ll L(I C’VI.IIIS (J((”lirrirlx ,IL ItNM-l. Th[” JIIIIII!) ;Irl(l 11.l(”krrs irlRNFI-1 w~Ir(sli’tL

illd colIfib;ltr.iL iorl *I (II ttliltllllm~)lrlf:rmnovcs w.ltt~r ~r~lll ~(Jlll~S !V ;Irld V (FIN. 3),

wtll~”lt :Irt’ jll%t alIfIv(Itilt’ciIvIty rf’giurl;mnsl of LII[.bi,Iti,I}}r(,(llllLiorlis bc.111’~’i’tl

1(I bit from Z(IIIIIIt”. 1).11:1 fof” W.1tl’1 lIIIIII~ItIil fI.ImI RS?I-1 .II”C. ;IrIss{~lltoIl ill ‘I”dl)icV,

ThP (.(~n[-r’rltr:lLlllrls of trit ium arl(l
95

Kr ill k~ilt[.r” [r(Jm RNtl-1 tI,ItJCI ilt,~t-(-,ls(~cl hy

III(II”C LtI:III iI !;lrl{]r CI 1[)0, ]IrttSUmnhly :IS J rr’,1111 of’ pl,nlllirl& JL Lhr h.ltf’lli L(m
11s

wcl 1 ; hf~wrv(”r, LIIr t(r f.onr(’flLr:lLior is :l~ll}nrrfil I y drrrrilsirlg morr slowly th;lrl

Lhr Cri L illm rune.rrltr:li. inr . TIW ‘5 ‘hr/’l’I“ilti(lti ohtnir]ud fu:m riiIIII~Ilc~st.rIllrctrif

from l{NFt-1:ilrlrr llum~llllg t~t’y,.111,11 (Ill” sntrl I IlfI wrl 1 ,11.(1 (“IIIIS i :~LfIIIl I v ~l-f I,Il (or

ttltin Lhr calrulatrd ratio.
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Ilore than a dozen 55-gallon (0.21-m3) waLcr ‘samples, taken at intervals

from RSY-2S since the firsL observation of Lritium, havr been redured Lo

solid residues LIy ●vaporation, and the gansna-ray spectra have been observed.

With the possible exception of a very small amount of
106

Ru (concenLraLlon
5

<1% of thaL produced in Cambr~c), no gmsnn-rrnitting nuclidrs have been

identified in these samplrs. Radioc-hrmical analyses of oLhcr water samp]cs

for the brLa-cmiLLing nuclide
50

Sr have also given nc~ativr rc%UILs.

After removal of more Lhan 5.6 million m3 (over 1.5 billion gallons) of

water from Lhe saLelliLc kc!l, only tritium, which is prcmscnL as HTO and
85

chrmirally the same as the WaLt?r, and Kr, which serms to hc dissolved in

the waLrr, have brrn positively idcnLifird in watrr from RNP1-2S.

Thr arrival of tritium at thr s“Lrllitr WC*11 was comp.lrcd6 with Lhr

7
calculations of Sauty for :Ira insl.lllLaneous Lrarrr injcrtiun in a radial,

ronvrrglng flow field, simi I.lr Ln tile (l,lmllrlc rxpc’i imrnL. Thc” shnpc Of Lhr

rlut ion rurvr drIMInds OH tho~ I’rclrt nmnhrr, which is inversrly prnporLioll,Jl

LJJ the dispc’rsiviLy. Thr smnllrr thu l%c]eL numhcr the greater Lhr dispersion,

i.c,, Lhr hroadrr fin~l m(lrc skrwrd Lhr cll)tion prak. in order to romparr thr

l“Xl~19r illl[’lll;ll :1.lL:J hith Lhc. rolcul;lLioll, diIUCllSiOll]l-#K LinlP, ~r, all{l dimrflSioll-

]C-Sti roncrflLrnLiufl, Cr, musL h’ uxrd. Thr dimvnsinnlrss Limr is timr L

divIdrQi tJy lhr L Imr whrII thr m:lxlmum CIf thr f-]ut ion l:c..)k ocrurs; ] ikcwisv,

Lhr dimrnsiol.lrs% ronrc!nlrntiun is Lh~I rollcrnLraLloll tit L dlvidrd !)y thr
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●lso appears Lhat the tritium concentration in wa~cr from RNH-2S was essentially

at its maximum value as of July 1981.

Laboratory Ex~eriments

Laboratory experiment.s have primarily involved mcasuremtnt of thn parLi-

tion of various radionuclidcs of interest bctwccn groundcaLers and crush~d

rock samples of various geologic media (“batch” studies). Some experiments

involving the leach rates for the removal of various radionuclides from

nuclear test debris have also been pf?rformcd. In gr-ncral, the rates for

9
removal of a radionucliue from such debris were found to be quiLr low (Table VI).

RCSUILS for the batch measurement of thr sorption of a number of radio-

nuclidcs on ?uffaceous alluvium and brntonitc arc given in Table VI1 (Refs. 9

and 10). It. is worth noLing thaL the sorption prol}ertics of Lufface@us alluvium

arc comparable to Lhost- of bcnLonite, which is being considered for usc as an

cnRirlccrcd barrier brr:Iusc of its ~X~t’]]rKIL SOrpLIUe properties. SorpLion-

dcscrpLion t-quilibria are approached slowly, and rrsults obtained for sorption

mcasurcmcnLs , wllcre.thr tracer is irliLiil]lyprcscrlt irl the :qurous pimsr, arid

fOr dcsorpLion mrnsurrmrnLs, wht=rr Lilr Lrnrrr is iniLially present wit]] t!le

solid ph.lsr, frrqur:lLly diffrr. W- Lht.rrforr c’mphilsi~~ thaL “distribution

ro~,ffl~-icnL$” rv lrulatrd from sll(.tl d.lL:im.ly r(.~]i-c’$(SrlL Imncquilihriurn corldl-

tions. ]11 addiLiorl, iL should hf’ noLf?d LIInt suf”h va]ucs for thr l~boratory

expl”rimrnLs rcirr only to surpLiorl ph(mnomrno and do no: inc]u(ic LtIc cfferts of

rcLentiori in fused dct~ris iIs do th~’ rusll]L:i giv~’n in T:lhic 1 1 . Thr “i rrrva.rs-

iblr” SOrJJLIUll 01” much slowt’r df”sorpLion mny hr dIIC’ Lo sprciaLlo:l Ct:.lngcs,

diffusion Into mirl[ir.l]s, crj’stil l]lz.lLiorl rr.let ionfi on solids, or rlorl-ionic

Sorpt l[~n of CCtl]C)idS or” ]lr(~~i})l~d~t”s. “~iI:sKr l~ofisibiliLil.srrquirr ful”tht-r
..

iIlvcsLigaLiorl.

A cwnp.vris~~ll fJf Ltlc rt’slllts from l:lijornLul”y sorlltiorla.x;~l”rimf’rlts(T:illltsVII)

allliL“iI1(.II!aL[md rf?l(’nlir,rl f.IrLcIrs f rcm C:lmtlric w.ltrr S.VIIIII][IS (T:llllr IV) ill[lir:ltc’s

LhdL rno::toi L}II. r.lfli(J~lCliVILy from ttlt. t’x~liosiollis illt”ol-llor.l(t.dilltilt”fust’d

deht”is roLhrr Lharl so I”hcIil, 111 thl’ :ll)lwr r,lvi Ly iIIId Chimrltsy rr~iorls , whrrr

Norpt !011 is llrf-SlllIlill)]y Ltlt. (Icllllirlilllt pruc~~sso (Ill’!:ll}nr;lLurVrf’SulLS and

rc:rrlLiurl fiirLnrx from fiuld dnL.I nrr (“rmll};lrilll 10.

TllcI Sr)r}ltivr Jlr[}lJ(’rLios
11-13 ,,,,(,

of Lufi h:lv~’ 11(”(’11(Ixt(’ilsivr]y sLuilic’d,

iL },.Is t)(-tlrldtgmotlslr;ILI’(1Lh;il t]l(lr”l.ntci mill[”r.l]sirl 1111* vilril’tl~~s o!’ Luff ;IL

Lhc Nrvi)dii Tust Sitr LhuL t~xtlihiLc!xcoilvnL ~orlllivr prol]rrti(~rifor riitions.
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t
Such Luffs should provide a naLural barrier against radionuclide migration to

the biosphere.

Host nuclides were found to sorb well on the geologic media studied;

however, sorption of anionic spccic?s such as those of iodine. technetium, and

uranium, which is frequently comIllcxcd by Carbollatc in the groundtiater, is

normally quite low for all geologic mrdia (SCC Table VII and Rcfs. 11 and 12,

for example). The chemistry of the artinidcs and lanthnnidcs in groundwatbrs is

complex and poorly undersLoocl. A significant rese~rrh effort is necessary LO

achirve proper understanding of actinide and lanthanidL? chemistry in nrar-nruLral

soluLions for adrquaLe pi-cdictaon of transporL bch;lvior in naLural systems.

]L took triLium, which is assum~,d to havr a distribution cocffiricnt of

zero, over Lwo yt?ars to reach RN}l-2S. we csLimaLe that morp Lha:I 13 yf:ars

would bc required aL current pumping raLrs for a tl~pOLh(!LICJ! radionuclidc

with a disLril~uLion coc.ffIcIcnL of o[lly 1 m!?.lgLo lr.lvc] Lhr ~1 m brl.wcrn Lhr

rxplosion zone ~nd R?i?l-2S. “rht’ ].’ltJur.ltnry cxprrimcIILs lndiuatr Lt)dL mosL

elcmrnts have K
d

valurs much grcatf!r Lhan this (sri: Tat]lr VII) and would noL

he expected in water from the satr]liLr WC]] for many yrars. For rxamplc,

sLrontium Iias a K
d

of apl)roxlm:ltrly 200 m12/g and would noL reach RNH-;IS fol

1500 yr.lrs. Nol)-cqui]ibrium ,.ffcrLs or thr prf”scn(”r of Co]loid;ll or oLhrr

non-sorbing spccii}s mig}lL :I1l[IW SOII:C nlll]ides to movr more rnpidly Lllan

cxp(”rLrd; ttlrrrforc, monitoring [f)r r~diollurl iill.sillwaler pumped from IWI-2S

is COllLil:U1llg.



During nearly six years (over 1.5 billion g~llons of water) of pumping from

a satellite well located 91 m from the Cambric cavity, only tritium, which is

85
presenL as HTO ●nd chemically thr same as the water, and Kr, which seems to

be dissolved in the water, have been positively identified in water removed

from Lhis well, although there is some ●vidcncr for the possible migrrtion of
106

❑inute amc~nts of Ru (less than 1% of that produced by Lhe explosion).

Thesr results are consistent wiLh laboratory studies which indicate that, in

general, radionuclide sorpLion is sufficiently high to preclude the rnlgration

of such nuclidcs from the original cavity to the satellite wrll in the nrar

future. Pumping and radioassay of water from the satellite WC1l will be

continued to invesLigaLc the possihlc arrival oi non-sorbing species.
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~A~J-~ f

CA!!BRIC SOLTICE TERH TEX YEARS lWrER DETONATION

Nuclidc—.

3H

85Kr

905r

106RU

] 25Sb

137c~

144ce

147
Pm

155FU
.

Half i.ifr

-ficars)—.

12.3

10.7

29

1.0

2.8

30

0.76

2.s

5.C

Activity

(Ci).—

3.4 x :04

4.4

34

2.8

3.2

99

0.4

33

6.4

TAIIIX 11

EFFECTIVE DISIRI1~l-TIM COEFIICIENTS

IN THE I.Ob%R C,IVITY REGICN

Distribution Coeffjcit~n~

Nurlidr (mV~).—— —. .—-.-— .,-.--------— _

90Sr 2104

137C
s >lOL

239PU =108



RiiPRESE5TAT 1i%

WATER SANPLES

Activity

11

t
TABLE 111

ACTIVIT”i LE\%LS IN C.VIBRIC

TES WARS AFTER DEToS.ATIOS

I.eve1
Actit’iti’ Level (*/ink?).. ....— —— ... .—., .—,. .___ .

~-Ci/mt) 85Kr ‘OSr

—.--— —-—. ....

Zone
106RU 125Sb 137c~ 239PU

.— -—- -----.— -— .-. —.. . --—--., .---— ——— ——-——

below cavity bga hg hg hg tlg tlg bg

lower cavity 6.1 800 8 11 5 1.6 <0.oo-j

upper cavity 3.8 1200 5 4 2 1.4 <0.0(.)3

chimney 0.084 70 5
b

nd nd 0.8 nd

adjacent to 0.028 20 0.2 nd nd 0.2 n d

chimney

—, --- .—.- -—

CGC 2 x lbs --- 0.67 22.2 222 44.4 11.1

--— -——— — ---.— —._.- .

abg = no activity deLcctahlc shove background levels.

b
nd = noL dctcctcd.

‘cc = rrrommndcd (Refs. 3 and 4) collcrllLr:iLionguide applic~hle LO waLer ill
uncontrolled dress.

TAiI1.l;I\r

ILEIE!i”i”lUS F,\CTOKS FRO?l C(L’IIIRICKA”I”IWSA?IPLES

Zone.------— .——-

bciow cavity

lqwcr CiJviLy

upprr caviLy

chimney

adjac~nt 10
chimnry

90
Sr

105,{U 125Si) 13/c%
——-— — ..,....._ .— ____ ......- ____ ,_.._

hg~ l)g i) K h g

2.1 x IG3 1.0 x 1(J2 2.9 x 10
2

2.5 x 104

1.6 X 103 1.9 x 102 3.6 x 102 1.8 x 104

3.9 x 10’ nd” 1.,1 6.6 X 102

3.1 x 102 Ild nd 1.1 x 103

1471,m
—.-.

1)X

6
~lo

IId

nd

11[1

~)y
Pu—. -- .—.—.—-

l)g

>3.2 ~ 10 7

>].9 ~ 107

nd

n d

..-—— ________ ,- __

abg= no activity d(SLIIrLatIIU ahovc backgroun[l lf~vrls-.

b
nd = not detected.
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TAFU V “

TRITIUH AMl 85Kr ACTIVITY LEVELS= IN RW-1

GAS-TIGHT WATER S.4MPLES

VOIIIMC of WaLcr T

Entrv Ill t P from RNtf-2S(m3)h (nCi/ml)------ -.—. —_. .-.— — ..—. . .-..—— . ..---.— .

origindl-Zone IV 8-8-75 0 150

original-Zone V 8-14-75 0 38

d
rc-entry 1 10-4-77 1,17X1(+ 3.2

d
rc-enLry ]1 11”30-77 1.34 x 106 2.(J

d
re-er.Lry iII 9-4.79 3.50 x 106 0.26

-——- —.-.. -

‘All artiviLy lCWIS corrrctrd Lo Camhrir 7.v:o timr.

b
VOIUIIMI of waL1’r rrhovrd from IWH-2S by if)dicaLrd d:ILr.

85Kr

(dpm/mfl~

70

13

75

6

0.s7

-4
CThc calcIIIJLcd b:.Kr/T :lLf)m ratio for Camhri(. is 1.22 x 10 .

d
The parkr- hctb’rrn ZOIIC-S IV anrl V WGS driilrt,l 0111 I.wforc pumlliflg was

85
tir/T

(~com ratio)c.- ...- .. -. ... .. .

I.R x 10-4

1.3 x 10-4

9.4 x 10-3

1.3 x 10
-3

6.8 x lo-t”

.
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TAB’.}: VI

1. EACliISC DA I.A FOR N IL;ii-GI~\[)E.lltEFRA!.W)l{YI)EIW1S

Fril 1-11011 La’arhccl—.-. . ... . . ... . . . . . . . .. . . ... ... ..- .- .-— .-. .
G1-clllld ?1.1I f.1”1.11 CIlllllks” ‘- ““ ‘- ‘-. ... - , ------ . . . .. . . .

.-—. . . . . . . .. . ... . . . . . . . .
y:!rlI.It’-.

54P1.1

8s
ccl

81j.

9571

9.lJ x 10-5

-3
!1.0 x la

..!
5.[1 x 10

?.7 H 10
- :!

- “1
2.0 x 10 ..

:;
<2 x 10

- f
h.!) x lo

-[1
●.’ x I(J

1.1 x lo-y

?./ .< 10-1

..1 x 11)
-4

-i
2.!} x I(J

-11
‘.IJ x I(J

l:~ki
23. b

., . ..-. .- .

-1. ;XI(J
-5

2.tJ x 1[)
- ‘1

2.’1 s liJ
-.1

1.H x ]l)-;

1,4 x 10-2

‘:: x 10- ‘
-1,

!).1 x 10

(l x I(J
-(l

3.11 x I(J
- “1

4.’) > II)-i

-k
f: x 10

1.:’ x 10
-1

‘.’1 x 11)-”

- f
CJ.O X I(J

9.6 x 10
-5

c~ x 1[)
-k

-5
<5 x I(J

1.”! x l(; -r’

,
4.& x lo-q

- “1
I.t x 1[)

7.H X lU-~



Sh

d’

Hoh
~h

Sr

R~’

Kti

11,1

Cs

Eu

TABLE VII ‘

DISTRIDUTION COEFFICIEhlS FC)tf

AI.LUVIUH AW HENTON!TEJ

llis~r-ihu~~on Cwillcirnl (M~~&)..... ____—...—- ..- .. -. -- .— .-. - . - ... .
Alluvium ..-llrnlnlll:r. . . . .. . . . ..— -.— -. —,-. . . .

Sor~gjon IJFSO rpl inn %~~-y~jon - - - 1~’S~trJ~t’1(fin-- . . ... .... .

b

30

20
--

.P: <l.

220 2!IMJ

>;(}()()

60 200 170

80 7 5(}

220

.-
4. ./. -. .-(-; . \

.
1R(J 1 iW

. (-t {. \ . ..-T. . ,i

3500” 100(1

4000” Low)

6000” 1HO()

21 0(10 1:!()()

>-loo[)” ““:1O(1

>~1)(][] J I 400”

I JIIII MII I rcm Nt.f . 10.

111.11.’IIIIM te~st drhris .
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FIG1’RE CAI’ll UNS

Figure 1. S~mllt*m.il It” of NH-I aid ltNt-2S.

Fikurc 3. ColI*t rllt t Inn iif’t:1IIK ctl It%?.- I ill and ni~.lr thi. lnw~”r pnrt 111 Ltll”
(hmhrl c chImllIsy. Nom.in numrrd I s ill,l I cJLd i sol.lt iwl w.It ~’r fitimp 1 I UM
;:lillrfi . T!lI. (Iri g 111.I I VIIIII I IL IWIrIIL hulr W.1:: 111.:,iJ:lMll.11 li-’ll’ .

Llmc.

Fifiurv 5. ‘:’tir roIIc_81111rail I on I II w.Ilrr t I IIM lN1-LS, rorrc”l.1 [III t (I (:.lmllr I (“ ziIrfI 1 11111”.

.
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