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D'STRtiUTJON OF RADIOACTIVITY IN THE ALLUVIUM 

OF A DISPOSAL AREA AT LOS ALAMOS, NEW MEXICO 

Bv WtLUAM D. PURTYMUN, GEORGE L. JOHNSON,' 
and EDWARD C. JOHN, Albuquwrque, N. Mcuc. 

IVork •lt}ltV 111 t'IJoperui/QII 1cllh lht•IJ./!. ,ltomlo Rlll'"llll Cau»nlulou 

und lllo t.u1 ,(/umol Sdt·ntrf(c Lulluru/Qrl/ 

,lbltrut•t.-1-'llu• l»trtlrh•H In 1\IIUYhll mnll•rlnl In u !IIMIIC•H.nl 
lll'l'll tor lhjUlll rndluuetll't' wu~h·H nt J,oM .\lnllloH hun• ,;rt•nlt•r 
11m11IIJ' fur I':IIIIUUUCIJrltt/'1 tltllll ~(JIIr~f! 1111rtJloll'll: lttll\'1~\'l'l', IIIOMt 
11t lhr r~ulluuctll'lty IH In thr C(Jitr~l! ulltlt•rhtl, ll'hlt•h IH mort• 
ubuaulltllt. 'L'ht• rtulluneth·lty Itt lltt• ulhl\·h•tn IH tllKJit'tt<t•tl hy 
wtutlt• w11h.•r nutl HloruJ runurr ntul dttt:tt!IIKt'll 1\'llh dl~<tlllll'H frum 
the JMIIttl ot etnu•!rtt uuttull. ~h.111t ut llu• rlllllnuu•!lhlt•K Uti' 
rl.!taluctl In tht• llllllt'r !l !t••.•t ut tht• tleJHlHIIt<, ti.!MIIltlu,; 111 \'t•ry 
llttlll chiiiiJ(I.! lu tilt! IJUilllty nr tht• ltrtJUIIII Wlllt!r IM.'r~hl'tl In th•· 
11lh11'1Uill. 

f.~icjttld inclustJ·iul wustes pt'<XIuced nt the Los Alu· 
lllO.-J &hllltilic Lnbonltoa·y, in not·th·cenlrnl Now ~Icx· 
ico, contnin sumll but umll'!lh·ublc tlmounts of rndio· 
ncth·lty. ·.rhesu WU!de~ 11ro tt·eutcd b~· chllmic1'l proc· 
l'!!Ees unci I.Jy iott l'Xduw~c to reduce tJw rtldioncth·ity 
to ll!ss tlullt 10 tK'rccut of llw ~!PC (mnximum per· 
missiblc conccntt·utiort), us reco!luncmled by the In· 
l~a·tmtionnl Commitlet• u11 Hudintion Protection, before 
disclmrgu to 11 disposul lll't!ll iu Modnndnd Cnnyou, 
ubout ~ miles !louthcnsl uf the communiL\' of Los Aln· 
IIIOH. 'l'ho clrlucnt, diluted by wuMte wuter nnd storm 
t•unuiT, inllltt·utes 11 stnnll perdted ~t·ouud-wnh~t· body 
in lhll tdluvium (AI..Jt•nhnm!-1 nnd otht•1"!1 1 1Utl2). Some 
rndiunuclitles in the eiTiuenL ~come bound to pnrti· 
ell'S of thu n\111\'illlll, t hN't!uy redudn~ the IHIIO\IIlt o( 
t-ndioncth·o conl:uninltlion of lim pet·chcd \'mter. 

This l'I!!JOI't i!l uused Oil llnlt\ collcclt!d in II pt'l!lilll· 
itJUI'Y Htudy to dl!lt!I'JIIiJII! possiblt! IH\111S of ftiJ•lht!l' 
ttl\'l~stigntiou ot trnnspot·t of J~Hlirmuclidcs ·on sl!di· 
uumt. ~nmpll's of nllll\·ium Wl!l'o collcctl!u from tho 
!1\ll'fncc t.u II depth ur a fct!t nt tlw point or eiThwnt 

''"'' ,\htuto• Hcl~11trlle lo<~lmrlttllrr ut tho• Uul1'1'r~h1 uf l.'nllforuln. 

out.fnl)nmlnt. )octll iuns :1,li00 feet tlllll li 1800 fcet doW II• 
!llt'eltllt, The Sill II pies wet·e nit· (h·ied und mechunicnlly 
~Jllll'ttled into s~·w11 ft•nct.ion~ t'llllJ.dng in pnt·Liclu sir.l! 
ft·ont Hilt und clay lu ~mnnlcs. 'l'hu so\'1!11 £ructions 
wm·e nnnl,\·~cd fot• :.rt·o~Hlllphn, l!lllllllllt 1 nnd beltlrndio· 
ncth·ily nnd for l'ntlioucth·l' !tlt·onlium. 'l'he ~:~horf. 
dul'lltiun uf cuuuliug (<an minuhJH pet· snmpll!) pt'l!· 
c)Udt•S ll lj\11\lllitnli\'L' inlct•pt'Cllllion of lhc dnt111 but 
tllll dnln 1\l'e bclic\'t!d lu indic11le qut\litnli\'uly ·tho 
uislt'ibution of the J'lltlioll\lclidcs within lhtJ \'lll'iOIIK 
ft·nctious of thll nllm·iutu snmplcs. 

PARTICLE-SIZE DISTRIBUTION 

The put·liclt's c~unstitutinJ.! tho nllu\'iUm \\'l!t'c de· 
l'i\'l!ll !rom wrntlwt·ing of tim Bnmleliet· 'l'uff. 'l'he 
~rnuull'!! n1-e cuntpusetl prindpnlly of tulr uml pumice, 
nnd contnin minot· tllltount!-1 u£ ttUnt·lz nml sanidino 
c:ryslnls. 'l'lw f1·nct ions (I'll Ill lhtlJ tu \'I!I'Y cont'St! fltllld 

c:onsist mninly of •tlllll'li\ nnd !mnidine ct·y:lllllll lllltl 

fz·ngmenl.s with minot· llllllilllllll of tulf, pulllice, nnd 
11111lic lllillf!l'll)~. 'l'ht• ~ill 111111 clny fi'IIClioll iH COlli• 

JW~l'd uwiuly of tht.• t.•lny mine~·als muntutot•illonite 
nttd illite, whil'!t Ill'\' lhl' nmjot• t•ml pt•mluclH ul' 
ll'l'll t het·i Ill! u r till' lUff. 

A cuutttlttlire cllt'l't! (liJ!. 1} of pnt·ticlu-si:t.l! tlislrilm· 
tion iu t/11• ullu\'iunt ncut• tho point of clrlucnt outfall 
ft'UIII !Ill' ll'l'II(IIIL'III. pJunl. HhUWii Llml Uu pel'CI!IIl o[ lhe 
tuutt•J•iul, II,\' ll't!i::ltt, is in the shw t'J\Jl~l' ft•om medium 
;:nntl to gs·unuJej;, :111d lhul li pl'l'Cunt is in tho size 
l'lllll!t! ft•om dny nud !lilt to /itw !;lllld. 'l'ht! lnt'gl!st. 
)li!I'Celllllj!l~ of nlhl\'illlll, It,\' \\'l'iJ,,dtl, iH \'l't'j' COIII'SlJ Sllllli1 

nml I Ill! snutlll'st pt•t·ccnlngo is lim• snml. 
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FIOUJtl 1.-CIIntllll\tlw CUI'\'e u( l>llrtlcl~·tllll' IIL1trlhu lion ln 
BIIU\'hlln 111'1\r till! JIOlllt or uniUl'll~ outrtlll frotn lin• II'IUIIl'
lreatrm!llt fJitltlt. 

ltllATION 011 RADIOACTIVITY TO PARTICLE SIZE AND 
MJNIUL COMPOSITION 

'l'hl' distribution of thl• t'IHiioltdi\'ity is corrolntl!d 
with both the si:r.c nnd the milwrul cum.po~ition of the 
ptlrticll's. On tl tutit·wci~ht lmsis more ntdionctil'ity 
wns tound in Lim !!lllnnd cln)'1 l'ery iinll 11nnr.l, nnd fino 
sand thtm in the cotu'!ct· fa·.actions ( tni.Jie l). '!'Ito ltll'l.!• 
est propot·tion ul tim l'lltlioncth·ity ll'll!l ill tho silt nnd 
ch\y1 nnd t Ito pt'O)XJI'tion llect'l!ll!;ed with i1v~rl!usinl.! 
rmrticll\ aiZl'· Tht~ silt nnd clny, \'ory Jill£) !!Uild, tUld 
linu snnd ILI'I:l composed of cllly mitll!l'tlls or of lllllll!rinls 
thnllll'l! rrlphlly \\'enthl't'illl.! into clnys. 'l'he clt\y mine· 
n11!1 montmot•illonitc rutd illite, derh·ed fi·OJJl '''ettlhel'· 

J 
i1111: of the lUJT, hl\\'1! II t•e)nti\•l•l~· hi~h iOII•ll:tChllllJ.(l' 
Cll[)IICity1 1\llliiHhHH'lJ lltuii'IJ!IIill I'IHJii.IIIIICJidcs 11'0111 the 
I icJttid WtiBtes. 

Q£ lho hlri,{CI' purltc)es, tho grt\llllles htl\'ll I\ highlll' 
euncentntl ion ol #!ross 1-\'llltlnlll nud bctn rndionctivit.y, 
und 11101'0 1'1\diouct h·e sLronlium pm· unit. woight. thun 
the lllOI'u siliceous medium, cout·se, tllld very courso snml 
pt~rticles. l'hiH muy be due to tho fueL tluat g1111111ll'~ 
t\1'0 J>l'inmri)y hilT llllll pumicll of high mici'OSCQpic 

porosity with !urge sudnCl\ t\l'IJUs.. Sinco tho tuff tUtd 
pu111ice nre in tim pt'OI.!t•ss of weutltl!t'ing, the pores cOil· 

tllin some cltly which lNtds lo bind rndionuclidcs. 

DISTitiiUTION OF RADIOACTIVITY IN THE ALLUVIUM 

A ~rculet• ttllnnliLy of t'aLdionuclic.les wtLS Iound in 
!nl!dilllll SllllU 1 COtii'SU sr.utl, \'UI'J' cOIII'SC SIIJHf1 IU1d gt'Uil• 

uJcs tlum in the dny nnu silL, \'ei'Y lino HJLilll, 1U1d Jino 
stuHI. Thill is shown gntphicully in llguru 2. 'rho 
t'llll~t! from medium snnd to gl'ltnules mtLkes up 05 por· 
cent of Lhll nllll\•iulumtl'l'illlnnd, though tho tlbilily of 
the pnrlicles in this si1.e l'llllge to bind ntdionuclides it1 
~~~ thtlll thul of the pu•·ticles in tho rtlii~O :from cln~· 
uml Rill to line 111111d 1 the tnnlL•rinl oi meditun·snnd to 
1-\'MIIlllll! siz~H contuins mot'll rndioncL,·iLy simply bu· 
CIIIISl! t.here is IIIOI'll of lim cont'Sll mtlleriultwuilnblo. 

'l'htl l'ndioacl.h·il.y dec!'l!lll!l.'ll wit.h doplh in thu nllll· 
dum. Gross nlphn ncth·ity tleci'IJtlSl!!l nbout iO per· 
cenl, "'roAA gnllllliiiUCti\·ity nbouL US percm1l, ltml gros:; 
l>etn nclil'ity llbouL IJO pe1·cenl. between tho l!lll'ftlCL' nnd 
11 dcpl h of !I Cue!. N unt•ly nil t ht! rndioncli ve slt·on· 
tium is l'l!lninutl within l'hullp!Jl'l' foot. of tho ulhll'ium. 

The t•ntliuucli,·it.y ttlso deci'I!IISl's with diatunce from 
tl1e point of e!lltwnt oulfnll. 'l'nble 2 indicntl'H tho 
concellla·nt ion of l'tllliunel h·it~· nl thu point of oulfull 
nnd nt two dislttnces downsll'enm. 

A buildup or I'IHiiunclh·ity "''"" exp~cled in tllll nllu
\'itlln 111!111' thl! point. nr l'llhwnt outfnll: !!01111! l'tlllionc. 
t.h·ity :lid nccllllllllnte, ns noted in tnblt! 21 dlll·ing lhe 
lirsl 2 yuau~ of di5clull'ge. P1·inun·ily, diapl!rsion of tltll 

mdionuclidell f1·om till! outfnll nt-ett is duo to llushing 
of nlhn·inl pnt·l iclL•s {1'0111 I Itt• Hl'lln by pl'riodic di~>chnt'j.!l! 

'1'.\IILI: 1.-Grou ulpAu, rJOIPitltr.t, uml btlr.t rUtliU<Jcli!oilfl, und rollioaclit•t alro~ah'um, per urail ~~·tt'uht 11//rneliou 
1,\n'll:n<"t by lito l.os o\lamus Hrl•nlln-, l.abnrstot)', UroUjl 11-~J 
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Counts ~~·r mlnut~ Jlff 1111111 (olrr ,..tlrhll 

CU1r,uhllt~ 
w•llhl 'l'rl>~ of radlunrth·lt)• ,,.,..,.,, ----,--·---....-----1 1!\'~r.~~:.•;• 

Or;,u alt>hn tiro~ l'olllttna Oro:os I><: Ia -----·-----------·1------1----1----·--____ , _____ , ____ _ 
811 L ttnd clAy ••••••••••••••••••••••••• 
\'~ry null Nllld ••••••••••• - •••••••••••• 
lo'lnt• Mud ••••••••••••.•••• - •.•.•••••• 
Met! hun Mntl. •••••••••••••••••••••.• 
COI\rlk! Mllrl •••• - ••••• - •••• - •••••••••• 
\'t•ry COftl'lll' 111111d ••••••••••••••••••••• 
IJtftnulc." .......................... . 

III•UI 0 • II • If 

l.t~~ tltttn 0. Oi'·l 
0. 07·1- • 1·17 
, 1·17-. :!llG 
, 2116-. fiS\1 
, uS!~ I. 17 

I. l7 -2. :JU 
2.36 -:J.Utl 

1.0 
a. li 
,(i 

13, /j 
~li. !j 
3·1. 0 
:.!2. 0 

1.0 
·1.5 
u.o 

l!l.fi 
·H.O 
;s.o 

100.0 

·1G 
:13 
~N 
IIi 
.\l 
r. 
•I 

1:!1! 
76 
Ill 
:J:J 
:12 
~~I 

:Jli 

I, ili1 
71111 
771 
:mu 
·llol 
:!311 
·121i 

·I~ 
·Ill 
27 
~!:t 
/1 
lli 
31 

.\ ,, 
I 

··.i 

.I 



• • 
D252 IIADJOJn'UIIOJ.OO \' 

40 

.. .. 
g~ JO 

Qron 

'":! •lpho 
o,. Otilvol~ 
.... u !Ml-
~a 
~5 
~~ 
II: ... 
"' 

0 

A, :llllanll t·lo~ 
U, Vet)' lin• s.•nd 
c. rltu• sand 
0, MlldiUih 11nd 

.... .. .... 
~r; 

~~ 
... v 
:liS .... -zO ..... 
u"' a. ... ... 

n•dk.l..c:Uw .. 
t-truntlum 

r.:. Ct••••• ••ntJ 
r, Y•uy to•••• ••nl.f 
a. Ut•nul• 
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ncll\•c "lronlhllu, lu p~trtii'I~·Nir.c frnclluiiK ul ulhi\'lllt•t nl llu• 
poltttofi!II!Ucttl Ullll1tll ltvm I he tn•ttlmt•n~plnulllll JX'I''l'IIIH,I;l' 
of 100·Jir1111l IIIIIIIJIIce). 
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,,f !!ll'lm•ul, ollll't' wn!ll{! wnt~Jt', nnd t~lot'lll runofl', Rn· 
dionucli..J,•M di11locnii!U by tlu~hing- 111'11 J-eJt•)lollitcd with 
thu I.J~IIIKioenhltl Kcdl.uwnt. HndiGnucliJt>~ clwtnh!ttll~· 
dit~Jr>Ctllt•d ILI'Il li'IIIISJ>OI'Icti !<) 1111 t!ll\'ii'Onlllt'lll. 1'11\'0J'nbltl 

fot• rcpt'l•ci)'IIJLtion ot• fot• nll~lchnumlllJ ollll't' 11lhl\'ittl 

mnl•!l'illll:!. 
'l'lw 'tun lily of tlw p!!l'l!hetl wut(•t• in tho disposnl 

tll't!ll hnl'l cllllllj..''t!l) \'I•I'J Jit t)c ll:lllit')lU!;II) O)X'l'l\1 iOII!l )til \'(1 

<lont.inu·~d. Tim neg-liJ.dblt• chlllll!l'!l nolt!tl cnn bt• rreditcd • 
to till initiul lt'CIIIIm•nt. of wnl!lll r:uch thnt. l'lltlionu· 
clidt•H tll'e J'etlncl'lllo 11 le\'1'1 well bdow thc ~~PC. l•'ur· 
lh!!t't dilution of t.ht• !J'I!Ilted clfhll'nt by nom·rulloncth·!! 
WUHill \\'ll(t!l' tlllti K(OI'Jil J'IIIIOfr, lUI well U~ l"l'lt•IJI ion of 
J'tuliouuclitll'!l hy till' put·ticlt•tl which cont~iituh!lhc ullu· 
l'lum, t•ombinc to pi'Odll•~e n "wn!tl(' !!ll~nm'' lhut. it< of 
hl,.ch tJIIItlit~· in it!-'{olf. 'l'bu11, tlw infilll'lltion o( ~;uclt n 
Wll!llt! HI.J'I!IIIll hu~; hut) )jJ(.)t' t•tr.•r,t Oil till' 1)\llllity ()! thr. 
J.ll!l'ched wnteJ', 
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