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r..B't':::rrriOH OP' PLITT'Oti!UM :Ul VAS'rn !J3F..PAG~ !llro~ M' WS t\V.}Kl9 

FJl E. R. lie.rtT).ln n 

I. lntroOuction1 

~lith the :rap.1.d lldvnnc•e in the production rmd utills.at.ion of radio-. 
:t.:tctope• over tb• p1st. ttm years, t.bou enrJlt«l in prennting di!tea:so 

b;r coctro~~ the envi.rorwent h.av• becCflle more n.od ll\Ore ooncernod 
. . 

wit..h th• probl11111~ att.enc\ixl& t.h• "l~• ol th•a• ca...~gou.1 to the 
\.. 

nir ..,. brentht, th• Mlhr wo drinlc1 aod th• eru-t.h 1'raa wuch 1o1e 

derin ClUl' food, In oonntJctioo \dtb oanit.ar;y ~ttldius to tlet.onnioo 

the btJhavior or vorioua radioaot.ive euc8t.anc~ following t.hoir ci.i!S­

chrlrs• to ths )\oneral wnviJ:"Om~nt. 1 this report doah at~piri~ 

with th• t'at.e ot plutonium conta.intd i.o liquid matwc c.lioch..vcod 

o01to or jtl.!lt bGlow th• uur!nce or tho .earth. Thia briQf .otuJ:r 111 
I • 

li::ditKl to W AlaMor;, Uw na:xicoJ ani w.u d~.ib!lod t.o provido pilot. 

in!o~tion LLS to the naod !or i'u.rthor inYeat1tnt1on, Thu ::~tud.r ~:r 

bc~t b11 conlidor'11d n:s a prct.lJJdna.l-1 prcuin~ • 

.. 
U. . .l:i:r:perJ.mtJnt.nl l>.roc cdu:re a 

back o1' tho TA-2l (1Jl') 11 hotU laund.r;y uxl t.hs tile field in back or 
.. 

Building :35, T.\-21. The laU»lr,y cit" wnrJ choaun bot.llu~a more wa!J 

Uuildin6 J5, 'l'A-21, ~Hit chouM bo~mtlu ,t:.:lDt'. inl'onnat.ion indicntcd 
I 

th!1t thi3 p.1rticul:?.r loc.:Ation l\.18 pro~bl:,r rt~coivcd ~ore pluton.!Ul:l 

R~il~H tlHPJl 
Best Av.ailable· Copy 
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~~:coJlbt.U.nAt.ion trcn litjUid -.nsttto thAn un:r othor nrea. 

A. Sol!lpllna,• 

Snmplea o! the aand, gl"llnl, boulders n.nd reek enco\U'ltered nt · 

point. dllignMt.ed on Yiguna l orxl 2 were obtalnod va.riQUJSJ.:r 
•. . 

b7 u.e ot p1olc &l'Xl ebovel, drivnn pipe, and an air-mot.or drl.von ·. 

rot.&r7 drillln1 machine:· Thtt core 'b:u-'.rel aTai.hble !or Willi with 

ih• drill.1ng ri1w• dedr.oed for wsa 1n 80lld rook or concrot.e~ 

tJn!ortunntelJ", tho oartb modi:l encount-ered in all in!sb.ncos Wl8 

nne! yi•lde\l on.J..:r uhort:. .t·ra~flCll'.ury coros or l11.7 core at oU. Thws 

D~IU"ly aU o! the &alllph• we~re obt<linud by bo.cang tho drl.ll out-. 

ol th• hola und scrapin~: ths bott.oa o! t.be hole 'With un ruV)or or 

driving a el:13ll opon pipe int.o tha bott.w :.Tl\1 then r6tr1ovirlJ; 

th~t plug ot oox-!:.h, uand or grovel. Oince B3mplos woro doniNd 

ut. on• toot ,intervals und tb• drill ota could be ro1:~~ o..nt\ 

lowr..d onlt vart atl.owl;r, the above procedure 'WilJJ very tim11 c.on­

oUldng. n.oving the dr.UJ. !:rom tba hole to obtllin a o:unpa hod 
.. 

nili1.1t.ional c\i8.1 .. ch-ant.us~ 1n that thA bottCIIl of th\J hole OCC41310Ml-

ly beorut2e cooUl.mi.nated by loooW~ ltll.terla.l !t"CU nllAr the !luri'::u::.e or 

otill ~rse, the hola ilifll1' C4Vod 1:1. ~~vllrthol"sl!l, fl.GmJ'las wore 

obt..llinttd • 

1\ll numpl"'' ""'r• nr .. "l:l~•xl for plut.oo1una W11plorlni3 o. r,OOUicu.tion 

or the prooodu:ra r,,~or\:.e<l b;r l.Ani,\hWrl(l) !or d\)tonni.nlng plutoni\ll:ll 
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in human urine. This involves extraction with cup!erron 

(ammonium nitrosophonyl-~vdroxylamine) a~ chloroform) pre­

. c:ipitation with lanthanum tluoridl!l 1 and counting the alpha. 

emiseiona in a gas !low scaler. Results are expressed aa 

disintegrations per minute per dry gx·am. 

Iu addition to the above, !our oolectcd samples were se.at to 

the Oeochemiot~~ and Petrology Branch, U.S.C.S., r~~hington, 

D. p. tor mineralogical e;cam1nation and dotol'll\in."l.tion or 

ion-exchange capacity proceeding o.s .!'ollowB: The 8Cllllplo !rom 

the l2 toot. ulant depth or the D~~3 hole ~n diaaggr~gatcd 

and oievcd. to remove particles Llrgor than 62 microiUJ in 

median dirunet.ur. The remaining oOJDples were cruahed to p.lS:J 

this aiove size. The fine material W05 dioperoed in diotillcd 

~ater with oodium metaphosphate added as a dispersing agent. and 

!ractio~~ted at 2 u equivalent oot.tling diumotor by repeated 

centrifuging. The 2jU (clay) tractions were saturated with 

ea++ ions by passing the ouspecjions through a Ca ion exchange 

column. X-ray di!!ractooeter patternA wero made for each sample 

using both oriented nggregateB and mounts in ~hich prerorrod 

orientation ia minimized. Patterns were alDo made after glycerol 

treatment and heat treatment to MYJ° C. Tho rn:l..oeral:J indicated 

by the X-ray patterns are listed, the q~ntitdtiva cntimatca ao 

partj in ten being derived from th~ intcnnitica or tho di!!raction 
I 

lines, Since many !actora, in addition to the quantity of n mi-~cral, 

IJ 
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arroct dif!r~ctior. intensity, those estimates oro not intended 

to give more than a general indication or relative amounto of 

the various ndnerals pre:~ent. The icr1 exchange capacity in 

milli-~quivalecto per kilogr~ (me/kg) wa~ deter.mined by the 

colorimetric manganese method (Dower Wld Truog). Sample 

descriptions and reoults are presented in 'l'a.ble VI. 

C. Results: 

wcations of holes with surface elevatioruJ are ns aho'lll in Figures 

l aud 2. 

I • 
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~: Jun., lS, 19.5.3 

Of'taor:tpUont Vertical hol• du.g by hand in l.."\UJ'ldr:l't:Osto Suopa.g~ Bed. 

Ded 11 abG\lt Gix !Nt duop ~ consia\:.1 o.t w1gr:!.ded :sa.nd 

and srav•l mixed With riTor rocl< :ranzin6 in ai~• r:roc on• - · 

to tithen inches, In ndd.Uion to the .arlb !Ullllpl.IIB, thr•• 

d.i!:tennt. t.,-pe• o! plant ill• g:rmdng in the vieinit1 ~:r• 

rw.t~,Pl•d • 

• 
Ut:Jptb below 

:-lu~tnce 

surtaoe 
3• 

'su 
l(P 
)llf 
4011 

5.3 .. 
ss• 
SJ" 

~'ur!ao• 
::iu.rl'nc• 
Surl'SLc• 

Doscrlptioo 

Lorua (ln'.Uldry wauta rtl8iduo) 

~Doll 
i~ Boll 
S.Uid, ,;:ravel, and riv~r X'Ooks 
• ~ » ~ ~ 

• n " " v. 

" • " w • .. .. .. 
• 

It 

11 " II 

II .. 
Stagnant polld baot.arial Dllme1 

~ttedJI gt"Oving in pOlld 

AlJ;Ol al.i.nlee growing iD cloe.r 
w&te 

26,CIX> 
:J(/.) 

74 
28 
20 
40 
24 
a 

120:....·---·-· ... 

12,300 
22 

5,000 
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~~ Augu.at. 24, 195J 

ne!lcrlptioqa Vntical IMchin• bored trial holee outside ot Laundr;r . 
\.la1te ::lee~a;• Btcl near rill of IA3s ~ Canyon. 

I 

Uept.h belov .fi lntoni um 
Ourtace Doscription d r:mJ dry prnm 

B!!cl. 
Sur.t'aoe 5a.nd.Y ~taU lO 0 

9' ... ].21 Solid tutt co~ 6 ...... 
l''"'.t"': .. • 

I)}'L-2 -
::."urface Snnd7 ooil. 6 

10' Core o.t' broken t.u.rt 6 
12' Core 'ot broken tu!.C 6 
13' .. • .. It 6 
15' .. .. .. .. 6 

1 I· .. , 
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TAllU~ Ill 

Jk'ltea AU£'1.1Bt 25-2'7, 195.3 -
OescrJ.ption1 Vet"'t.1C£.l hol ... drilled 1n earth till berm bat.weon tUe L'ield5 

in b3r.x ot BuDrl1 ng .35, tA-21. 

Dtpt.h b11lo'tt Description 
1' lu toni Ul1\ 

3urrncfl d 'CJil} d !2 ITW!l 

·m,.,.,-1 

Sur!'aa• V err ! in• oa.nd,y "oU 
,.._ 

·, 70.' 
l' V •rr tin• ~ noi.l 8 

2' Verr a.-u1d:r eoU 4 
J' :Jand.;r soU. · 8 

J.' Coars • ea.rx1 and c lnl' 4 
5' Sand 4 
6• Sand 4 

6• - 101 SaD:l 2 

lOt .. 141 &lod 2 

15' Da.od 4 

DP\'f-2 

Durrao• Va:ey fine &a~ ooU 9 
l' Vor.f .fin• ~ ooil 4 
2• Sand,7 aoU ·3 
3' ~1oU l 

4' Sand 2 

S' ~n.nd 3 
6' Sand 2 

7' Sand aod cl.'l7 soil 4 
a• Sand l 

9' t;and .3 
10' Ver,r oon:n~• sand 4 
ll' F 1.n e Sllnd , lOme gro. nl 4 
12' fin• sam .3 
lJ' rine sand .3 
11.' Sand .3 
lS' Sa.nd 2 

16' &lnd 4 
17 1 ~d .3 
lO' ~d 2 

19' &lnd '3 
20' ~nd 3 

,, 
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.P4dmut1oga DJ",4-J ~~ A•Jgu.ot 28, 1953 

De~criptionJ Uol• drllltd on a 45° elant. itt.olrl.ing on 'b•rm ond oxtonc.Ung 

undao adJa.cent tU• tield:;necu- Dnild1o3 :35, 't',\-2.l. . . 
·- ... 

.:;;la,.,of"" Depib barcnl Deacr.lption · 
,iJ lut cniuza 

surtac• dpn/ciry r;r:un 

.... Su.rtaoe Yuy til1e a.enct:r ecU ;32 

l' VerT tine ~ BOU 5 
2' Vory tin• Hlldy ooU 9 
3' V 8'17 fine' D&ld,T ISO U . 7 
4' San<b' ooil a 
5' ~ 6 
6' Vory aandy ooil 4 
7' VtJr.f aand7 .ooU 7 
a• Vecy aa~d.y s8il .3 
9' Sa.rid and Cla7 .3 

10• Fin• sand 2 

ll' Oand 2 

12' loou tutacooua snnd 450 ,)#, 

u.,. loon tur ao eo us D&l'Jd 1510. 

JJ' loose tu.raciOUB eatld l)JO 

*Point. o! int.ersoctio~ with tile !iold •. .. · .. ~ 
.. 

, .. •' • L ,. • 

.·' .· 
' • ~ I 

..... 
. . .•· 

·,. 

. . 

i. 
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TADL't V 

~~ September 21, 24, 25, :30 
& Uctobar l, 1953 

De!lloriptiona V~rtical holea drilled dirac~ through the tile tiolda in 

baak at Bu1ld1 "I 351 fA-21. 

D•pt.b b•lov 
nurloo• 

Surface 
l' 
21 
J' 

l2' 
1s• 
16• 
17' 
lS• 
19' 
20' 

aurJ':.ce 
l' 
2' 
3' 
4' ,, 
6' 
7' s• 
9' 

1St 

Description 

&.nd,y aoU 
!iotnd and gravel, aoce clo;r 
r,o.nd and graval, oom• cl.R7 
Sand and CJ"&Yel, ncr:~• ola;r 
Vtey tine loo•• tutl 
Fine a.aod 

··in· &and loou tur.r 
SancQ" looa • tuft 
Looa• tu.t.r 
Brokon t.u.r.t' core 

DP~-~ 

Sand~ e~ DOil 
S.nd and cl.a;r eoU 
Sand and ol.l1 soU 
~ 11nd g;ra. vel 
S:lnd alld gro.vel 
Solid tu.t'l oor• .froN a bouldw 
Solid t.utt oore J'J"Oile a boulder 
Pri.Ab.Lt tutt cor. 
Fin• N.nCi and cla;r 
1 1n • aa.ntl and cla7 
f 11n• sand 

Pluton1um 
d p:t/drz f!lBJl! 

8 
400 

36,100 
45,600 
0

1,400 
5,000 
5,100 

0 • 720 
24 
l2 
l2 

• 
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7155' 
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7157 
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N 
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.I)PW-1 7/.JJ' . 
lJPW-.2 f 7133' 

. ~ 
~ .. 
~ 
l DPJI'I-:J 

71.37' 
' 1'1 
~I 

It 

• . .CPW-4\ 
71.55#. \ 

l;>o 
'\Jl .. 

',· 
' I 

DP)oV-5 7138' 

N. 

I 
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1'-... 
....... 

/A-21 C'.j 
.::. ~ 
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\. 

· .5cole: /''=20' 

F/gure .C. ·Local/on. o .. .c .Sotnpl/nq Po/.r;r::, 
..o P J tie_,-/ Ti'/ & ri'e /a~ 



Sample 
De~_th 

DPL-1 
!rem 
9-12 !t. 

Df'W-3 
at· 

12 !t.. 
(sls..nt) 

. . . .. 

TABlE VI 

Megascopic Description 
. . 

Gra7 allgbtly plmiceous tur! t:ypiea.l or 
Tshirege member o! Bandelier tu!!. 

, 

Sandy to silty clay and gravel. composed 
o! gray pumiceous Bandelier tu!! (prob­
ably Tshirege member). Due to 45° dip 
or holeJ vertical depth or sample is 
8.5 ft. 

Kinenl.! Present 
~rts_in_ten) -~ 

ClAy 
<-2)1 

Silt 
2-62 }1 

Chy 
<2 }1 

Silt 
2-62 J1 

.. 
Feldspar - . · · S 
Cristobalite · . 3 
Tridymite 1 
Quartz 
Montaarillonite · 

Feldspar 
Cristoba.lite 
Tridymite 
Quartz 

5 
.3 
2 

. F eld:5pa.r ':. 4 
!l.cntm.orillcnite ·.3 
Hydrous mica 2 
Kaolin 
Cr~toba.lHe 
Tridymite 
Quartz· 

F el.dspar . .· 4 · 
Cl'ietol:..Uite .' 4 
Trid}~te 1 
Quartz . 

-----~--------------------~--------------

Ion Exchange 
· Cs.pecity (me/kg) 

12 

1.7 
I -.o 

I I 

.. 

:_,.:-:. -:::.:.... ~::- ... !_~-: o L~-

·: ·:~':.-~:_.c.._, "t·~; ... -' 



.. 

Sample 
D~pth 

DFW-4. 
at 

19 ft. 

,~ : :"_ ; ~~xr~~~-1IJj:;:t~' · · · - : · 
~- ~ : . "-·. :·.;·: .. ~. TABlE VI (CONT 1D) 

. :.r- ./f ,:~~ <·~·{; 
Ke~scopie Description 

Minerals Present - · 
( r:arts ll1 ten) 

Gray tu!! o! -T~hirege member o! BMdelieq ClAy 
tutt. Contains acme bit-broken !ine I <2 p. 
:r.&rtieles. 

Sllt 
2-62 Jl 

Feldspar 
Cristcbalite 
Tridymite 
Quart~ 

Feldspar 
Cristobalite 
TridJ1111ite 
Quartz 

4· 
4. 

5 
4 
1 

Ion Exchange 
Capaci~(me/kg) 

" ' 

----~------------------ --------------~----------
DFW-5 
at 

5 !t. 

Dark gray to white pu:!:lieeous tu!!. Ap­
parently cored fran ~ boulder 

Clay 
.c2 )1 

Feld:spar 5 
lf.ontmorillonite ·. 2 
Cristoblllite 

Silt Feldspar 
2-62 Jl Tridymite 

Cristoba.llte 

32 

--------------------------~--------------~----------

0 

I 
1-' 

? 

.. 

--- ~ -= _"!--_:_ .. -... ~~:.., 
f -:~~:-:------- .... 
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III. Di~cUs!ion: 
. . ·:: .. 

'Despite the ehortcomings or the sampling techniqueD, the pattcrno 

or plutonium conc~trations !rom the various boring' were rcaoooably 

good and each pattern may 'be coruddered a.s representative o! the 

particular oample hoJ$. Furthermore, c.ertain cbarnctcri!Jtic9 con- ;, .. 

· l. No appreciable horizontal movement or tbe plutonium 

occurs in the !irnt 20 foet o! depth. 

2. ~he plutonium is readily retained by the various 

earth media (oandJ clnyJ gravel and rock). 

). Apparently- retention or tho plutocium io greater 

in 1:h• finer matorials. 

4. Penetration or the plutonium into the ur~crlying 

ot.ra.ta io not to be expected. 

' .. ··. 

The torogoiog information, whee coupled with Thois 1 estimnto tl~t tho 

. • . . ...... -. 

........ ' 

' .. 

: ,' . 

. ... . ... . .. 

... 

average ground water volocit:r in tho i'oi'Ul.D.tiorw underlying Lou Alamoo .. , :. 
' ' .- ... . .. ... ' ( ) .. . . ' - ,., .·.~ .. · 

,, '···· 2 . ~ .· -=-·~ 
does not e.xc~ed .30.5 ,i'eet. per year . , grcatl.J" limits tho possibility . . .. ~Y·~· ~ 

. ~ ' : o\ \ . ' ·, . 00 ~ : , o I • ·:~~~~:::::..:..~·~~· 

that aigniticn.~t. contamination. o.C the maio i.qui!cr ldth plutonium !'rom .. :' · ... :.~;_. 
o' t • ' ' o •, : ~ • o ' • ·, o o e: I ' ' t ,"' '' .'•' o ,':•'· 

liquid or :Jolid iDduDtri..'ll waot:.~Ju .,.'ill .over bocome a reality under ~ ·; .. ·!, 
',' .. ' . '. 

present di~pooal practices. 
~·· . 

J 
In rog~rd to tho muchanism or retentionJ a crude proJection or tho 

ion exchange cnpacitieu (Table VI) to a i'ull ocala tile .fiald containing 

--------------
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approximately 20,000 m3 or ooil, ouch ns 
"" ' I • ., "-,· ' 

at TA-2l1~a minimum e:Jti..mate ·. . . 
• •o' I "'• ' . ··~•:;.:. '· ... 

or the wash diachargos to this tile field aince 1943 iodica.tl!}( that : 'J ~;~·:.. ·: .• 

. . .... • ,';. ....... . 
even under ideal conditions the ion exchange capacit1 or the ooil . ··· · .. · ·. ·~ \ . ..; 

.. ·.: ... : ... · .. :·..:~.~· .. 
. · a'. ,•r,tt• ,.•:~ ... -.·,.~· • 

.talli ohort or accounting !or the retention phenomenn. Inotoad ~t·'·' ~· .. ~:>:~;~~_:'"-.~~· 
. . . ·""~:: .. ::-... J .. !J~~.:. ~ ~·\ 

is probable that retention or plutonium by these particul.'lr local.·:~·:;~.;:. ~.C;.;.~;·f;.J~:~. 
· .. : ::;:::;·::~:. :~:·;~~;;;: ... . : ~~ ;. 

&oils is easeoHa.ll:r due'to adsorption, while the e.rrect. o! ion .. ·, . .:. ..... ;-:-:oil;;;.::: .:Y 
. i • •• ,.;!" ·, ~:· ......... ~4 •· •• ~·, 

exchange ill or I!Secondar;r importance. ' .... ,,;,!J,::~.:·~~~:~r~·.:. 
' •,:.~• ',•" I'',' 't :'': .. , I\,. 

0

• • •• , .. ·:.·i·. !!1 /.•!1,~ 

Cone lu!dono: · · ... ~ .. ·: · .: ::::;~:·· . ._::~ 
,,. ,' ... ~..-~ .. · 

l. Monitoring or the Lo9 Alnmo:s and Guaje Canyon water oupply welli 

and or the distribution oyot~ should be continued, oince there 

are many other modes or contamination or a water oupply system 

in addition to mov~uont through the earth. 

2. Routine detenninations or plutonium and fluoride coccentrntiona 

are esoont.ial, · · 

). The sampling !requency or encb ~ell and nt selected diotribution 

;JOint !I should be about fo\l.I' time:~ per year with con!irmtive .. . . 
' 

testing or an:r eourc' that ohows an app1rent rioe in plutonium 
. , 

... 
. or fluoride .conccnt~l.l.tion',· ' 0 

. ··• I ,. 
4. Exten~ive ooil oampling o! contaminated oeopago beds, tilo fields, 

.. 

\' 

•. 

II • 0 ,' I ~;~ .... ~ I 

.. ... 
0 • 

., 
4 : and b~ial grounds with a. view toward det.erm.ining the burden or' 

j •: plutonium or other radioisotopes ex.ioting in the particular area 

io too expenoive to be feasible. 

.... ' 

5. Further laboratory bench scale work is denirable .ror determining 
' 

the capacities or native rocka and ooi~ for ndaorption, ion ~­

change and filtration of plutonium 2)9 nnd other troubleoome radio­

iuotopes ouch as strontium 09 und otrontium 90 • 
I 
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