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I. Introduction: 

\!1t.b the rapid advances in the production and ut.Uisation. of re.dio­

i:sot.opea over the past ten years, those engaged in: prsvmlting disease 

by centro~~ the environlRem have became more and more concerned 
. 

~1.th the prob1sas attAndin.g t.he rel~• ot these caroinogena to the 

·air we breathe, t.be 'Water we drin-'c~ and the earth fraa Nlicb we 

deriTe our food. In conn~ction \dtb sanit..a.r;y studies to det.e:nnine 

t'he b.,havior of various radioactive suQstances follold.ng thi:lir dis-

charge to the !teneral. envi.ro~t., this report. deals empiri~ 

with the fate ot plutonillftl contained in liquid wastes discharged 

onto or just below tb• surface of the . earth. This bri9! .etudy is 
.)! • 

limited to LoS. A.l.amoa~ New ilexico, and 1di1S designed t.o provide pilot. 

infol"::Sation as to the need tor furth~ investigation. The study may-
·. 

best b~t conside~ as a ~ probing • 

... 
II. . .§?cperimenta1 Procedure J 

Two sites were chosen tor collection ot sampless the Seitpage -bad in 

baolc of the TA-ll (DP). "hot.n launrlry and the tlle field in back oi· 
.. 

Buil.ding 35, T..\-2~. The l..aundr,T site was chosen beca\Vie more was · 

known about the chE:mica1 cha.racteristics, concentrations of plutonit.m, 

and dischr"lrge quantit-ies tr.an at any othor site for either burial of' 

eolid 1Mlstes or dis-cr...tirge or lic,"Uid wastes. 'l'he tile field ncar 

Building 35~ TA-21, W<-18 chosen because ~st. ir..to:nnation :ifldicated 
~ 

th?.t this p;irlicu.lz.r location h.'ls probably recaivoo ~ore plutonium 
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, ... e()J'ltar.dnat1on fraa liquid \t&stes than an;v other area. 

A. ~mpllpg: 

Sampl.es o! the sand, gravel., boulders and rock encountered at -

points desi~ted on Yigurea l and 2 were obtained variau.sq 

'b7 WJe ot pick and shovel, driven pipe., and an air-motor drl.ven 

rotal7 drilling machine~ ThG core br...rrel. available for use 'With 

the drilllng rig las designed tor llSe in aolld rook or concrete~ 

Unrortunatel,y, t.he earth media encountered in all. instances wr.a 

a conglota.<tration of eoil, sand, and roclc; this hindered drilling 

a.nd yielded onl.1 short. :frasneatary cox-us or no core at all. Thus 

nearly all of the samplua were obtained by backing the drill out 

ot t.h• hol.e and scraping the bottom of the hole with an at{ger or 

driving a small open pipe into the bottom and -then retrieving 

th._ plug of earlh, sand or gravel. Gince 83mples were desired 

at one foot intervals and the drill atem could. be raised and 

lolll!red ~ verr slovq,. the above procedure was very time con-

sumi.ng. Removing the drill from the hole to obtain a sample had 
-· 

additional. disadvant.a.,ges in that the bottom ot the hole oeeasiona.l-

17 became conta:minat&d by looa~ .ma.terl.al.- !rom near the su.r.f'ace or 

still worse- the hole simply caved in. f~everthe.l~s, samples were 

obtained. 

hll sarnpl~a were .-~lyzed for plutonium employinr.; a. modi.!icat.ion 

or the procedure rl:'ported by !.an~~(l) ror d~terv.ining plutonillill 
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in human urine. This involves extraction with cupferron 

(ammonium nitrosophenyl-hydroxylami.ne) and chloroform, pre-

· cipitation with lanthanum fluoride, and counting the alpha 

emissions in a gas flow scaler. Results are expressed as 

disintegrations per minute per dr,y gram. 

In addition to the above, four selected samples were sent to 

the Geochemistry and Petrology Branch, U.S.G.S., rashington, 

D. JJ'. for mineralogical examination and d&termination of 

ion-exchange capacity proceeding as follows: The sample from 

the 12 foot slant depth of the DPW-3 hole was disaggr~gated 

and sieved. to remove particles larger than 62 microns in 

median diameter. The remaining samples were crushed to pass 

this sieve size. The ~ine material was dispersed in distilled 

water with sodium metaphosphate added as a dispersing agent and 

fractionated at 2 u equivalent settling diameter by repeated 

centrifuging. The 2JU (clay) fractions were saturated with 

Ca +-t ions by passing the suspen~ions through a Ca ion exchange 

column. X-ray di:f'fractometer patterns were made for each sample 

using both oriented aggregates and mounts in ~ich preferred 

orientation is minimized. Patterns were also made after glycerol 

treatment and heat treatment to 400° C. The minerals indicated 

by the X-ray patterns are listed, the q~ntitative estimates as 

parts in ten being derived from the intensities of the diffraction 

lines. Since many factors, in addition to the quantity of a mineral, 
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affect diffraction intensity, these estimates are not intended 

to give more than a general indication of relative amounts of 

the various minerals present. The ion exchange capacity in 

milli-equivalents per kilogram (me/kg) was determined by the 

colorimetric manganese method (Bower and Truog). Sample 

descriptions and results are presented in Table VI. 

C. Results: 

Locations of holes with surface elevations are as sho\~ in Figures 

1 and 2. 

-~--
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Desi:-~tiont DPL-0 ~: June 15, 1953 

Descriptions Vertical. hole dug by hand in !.aund.eyo ~taste Seepage Bed. 

Ded is ab~t six feat. deep c:.nd consists or 1mgnded :sand 

and gravel. miY.ed lidth ri var rock ranging in size !rom one 

to tif'teeo inches. In nddition to th• earth samples, three 

dllterent typea ot p.lant ll.te grmd.ng in the vicinit7 were 

oamp1ad. 
() 

Vept,h belov 
Surface 

Surface 
3d 

. , .. 
16" 
31,. 
40'* 
53" 
55ft 
53" 

.:~ur.race 
Surface 
Surface 

Description 

Loam (laundry ~te residue) 
Sa.nd7 soU 
;'3.and7 soU 
!:..:arid, gravel, and river rocks 

" 1t l1 tf .. 

n 
n 
It 

II 

n .. ,. .. 
A 

n 
n 
n 

.. 
It 

tJ 

tt 

"· .. .. 
It 

Stagnant pond bacterial slimes 
w8eda gro'Wing in pond 
Al.ga.l sl.imes gowing in clear 
waste 

26,000 
36o 
74 
2a 
20 
40 
24. 

8 
1-?0-:---- ·-· 

12,300 
~ 

5,080 
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TABLS II 

Desimat.ion2 DPL-~ and DPL--2 ~~ August 24, 195.3 

Descriptions Vertical. machine bored trial holes outside of Laundry 

Waste Seepage Bed near rim of Los A.l.runos Canyon. 

Oepth below Plutonium 
Surtace Description dpm/drz gam 

DPL-l. 

Surtace Sandy soU 10 <> 

9' - l2' Solld tuff core 6 ., :;.,:-: 
DPL-2 

~-jurface Sand7 soU 6 
10' Core of broken tu!f' 6 
]2t Core ·or broken tuft 6 
1.3' .. .. Jt " 6 
15' .. If n H 6 
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TABI.;.; III 

~~ August 25-27 ~ l95J 

Description: Vertica.l. holes drilled in earth till bt11rm between tUe !ields 

in back o! Suildi ng 35, TA-2l. 

Deptn below Description Plutonium 
Surface dpm/d!7 aam 

DPW-1 

Very tine sand7 soU · 
...--

Surface .7o· 
l.' Very fine aand7 soU 8 
2' Verr sand;r soU 4 
3' Sandr soU· 8 
4' Coarse sand and clay 4 
5' Sand 4 
6• Sand 4 

6• - 10' Sand 2 
10' - 14' 3and 2 

15' Sand 4 

DP\'f-2 

Surface Vf!Jr7 tine sand7 soU 9 
1• Very i"ine eand7 soil. 4 
2' Sandy soU ·3 
3' Sand,y soil 1. 
4' sand 2 
5' Sand 3 
6• Sand 2 
7' Sand and cla7 soil 4 
s• Sand l. 
9' Sand 3 

10' Very coarse sand 4 
ll' F .ine sand, some gravel 4 
12• Fine sand 3 
13• Fine sand 3 
14• Sand 3 
151 Sand 2 
16• Sand 4 
17' Sand 3 
18• Sand 2 
19' Sa.nd ') 
20' Sand 3 
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TABlE I'll 

· Deaimation: DYA-.3 ~~ August. 28, 195.3 

Descriptiont Hole drllled on a 45° slan-t starting on berm and extending 

under adjacent tile !'ieufZnear Building 35, TA-21.. 

~/a,-,·f Depth below 
SUrface 

Surface 
1' 
2' 
3' 
4' 
5' 
6• 
7' 
a• 
9' 

10• 
ll' 
12' 
12.51 

lJ' 

Description 

Verr fine sandJ' soU 
Veq fine sandy soU 
Veq f'ino sandy soU 
Veey !in&> sand.T soU 
Sand7 soU 
Sand 
Very sandy soil 
Ver;r sand7 .soU 
V eg saHdy s8il 
Sand and clay 
Fine sand 
Sand 
loos\!t tufaceous sand 
!cose tui'a.ceous sand 
loose turaceous sand 

*Point of intersection with tile field. 

32 
5 
9 
7 
8 
6 
4 
7 
3 
.3 
2 
2 

450·~ 
1510' 
1330 

.. . '· . 
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TABL~ V 

Desisnat.ion: DP'tl-4 and DPW-5 ~~ September 21, 24, 25~ 30 
& October l, l9S3 

Description~ Vertical holes drilled directly' through t.he tUe fields in 

back ot Bu1lding 35, TA-21.. 

Depth belov 
sur .race 

Sur.face 
J.l 
2' 
3' 

12' 
151 

16' 
17' 
18' 
19' 
20' 

Surfa.ce 

~· 2' 
.3' 
4' 
5' 
6• 
7' 
a• 
9' 

15 1 

Description 

SandT soU 
Sand and gra.vel, sane clay 
Sand and gravel$ some clay 
Sar.d and gravel$ scme cla;y 
Very fine looae turf' 
Fine sand 
fine sand 
loose tuft 
SandJ' loose tutt 
Loose tutt 
Broken tut£ core 

OP~-5 

Sand and ela.y soU 
Sand B.nti clay soil. 
Sand and clay soU 
Sand and gravel. 
Sand and gravel. 
Solid tutt core £rom a boulder 
Solid turr core .rrom a boulder 
Friable +x.tt core 
Fine sand and clay 
Fine sand and ela7 
Fine sand 

8 
400 

.)6,100 
45,600 
. 1,400 
5,000 
5,100 
- 720 

24 
12 
12 
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TABLE VI 

Sample 
Depth 

; 

Megascopic Description 

DPL-1 I Gray slightly pumiceous tutr typical or 
from Tshirege member of Bandelier turr. 
9-12 rt. 

Minerals Present 
__U,_a:rts in~~n>~ · ; 

Clay 
<.2)1 

Silt 
2-62 }1 

Feldspar 5 
Cristobalite 3 
Tridymite 1 
Quartz 
Montmorillonite · 

Feldspar 
Cristobalit e 
Tridymite 
Quartz 

5 
3 
2 

Ion Exchange 
C~acity ~~Lk&l 

12 

- --- -·---- --- -- - ~----- ---- -·--------------- ~----------

DPW-3 Sandy to silty clay and gravel composed Clay Feldspar 4 I 17 
at· of gray pumiceous Bandelier turf (prob- <.2 )1 Montmorillonite ·3 

12 ft. ably Tshirege member). Due to 45° dip Hydrous mica 2 I (slant) or hole, vertical depth of sample is Kaolin 
8. 5 ft. Cristobalite 

Tridymite 
Quartz· 

Silt Feldspar 4 
2-62 )l Cristobalite 4 

Tridymite 1 
Quartz 

- ---- ·--------- .----------- -·--------------- ~----------

. ' 

I 
'-0 

. l 



Sample 
Depth 

DP\of-4 
at 

19 ft. 

DPW-5 
at 

5 ft. 

'': (' . ,:};;£> 
.··· .. 

.;~::: ::. 
•I' ~ . ; .. : . : 

•· ~ ' 

Meeascopic Descri~tion 

. 
TABLE VI (CONT 1D) 

Minerals Present. 
(parts in ten) 

Gray turf' of' Tshirege member of' Bandelie~ Clay 
tuff'. Contains some bit-broken fine I < 2 )1 
particles. 

Feldspar 
Cristobalite 
Tridymite 
Quartz 

Silt 
2-62 )l 

Feldspar 
Cristobalite 
Tridymite 
Quartz 

4 
4. 

5 
4 
1 

Ion Exchange 
Caoacity_(me/kg) 

7 

- - - - - - - - - - - - - - ~ - - - - - - - - - -
Dark gray to white punJ.ceous tuff. Ap­
parently cored from a boulder 

Clay 
<:2 Jl 

Silt 
2-62 )l 

Feldspar 
Montmorillonite 
Cristobalite 

Feldspar 
Tridymite 
Cristobalite 

5 I 32 
2 

I 

- - - - -· - - - - - - - -- - - - -- - - - - - - - ~ - - - - - - - - - - - - - - ~ - - - - - - - - - -

0 

. . 

I 
1-' 

? 
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III. Discussion: 

'Despite the shortcomings of the s~~pling techniques, the patterns 

of plutonium concentrations from the various borings were reasonab~ 

good and each pattern may be considered as representative of the 

e 
particular sample ho];!. Furthermore, certain characteristics con- -· 

cerning the travel of plutonium through the earth, sand, gravel 

and rock media are indicated~ These are: 

1. No appreciable horizontal movement of the plutonium 

occurs in the first 20 feet of depth. 

2. The plutonium is readily retained by the various 

earth media (sand, clay, gravel and rock). 

3. Apparently retention of the plutonium is greater 

in £he finer materials. 

4. Penetration of the plutonium into the underlying 

strata is not to be expected. 

The foregoing information, when coupled with Theis 1 estimate that the 

average ground -water v~locity in the fonnations underlying Los Alamos 

does not exceed 305.~eet ~·er,year(2), greatly limits the possibility 
• • •• .!.,. ~-

tb;>.(# significa~t contamination. of the main aquifer with plutonium from 

liquid or solid industrial wastes will ever become a reality under 

present disposal practices. 
. 

J 
In regard to the mechanism of retention, a crude proj!ection of the 

~ .. ;: .. 

. -~....... . .. . -
'~. ~~?.-~ ··_ 

""·:', .. :;;; .. 
. :-· -·~;:-· 

... 

ion exchange capacities (Table VI) to a full scale tile field containing 
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b~ 
approximately 20JOOO m3 of soilJ such as at TA-21,4a minimum estimate 

of the waste discharges to this tile field since 1943 indicate)( that 

.. · .. 

. ··, 
. . ·:--:' ~ ;· ... 

... . ' . 

. -· ... 

even under ideal conditions the ion exchange capacity of the soil . ·-· . · · ·"""" .:~ _, 
: .. : .. ::.:.:...~~u·::·. 

falls short of accounting for the retention phenomena. 
Instead it . _.,., ... :;~:y~;::~~~; 

. ... .: .. ·.·: .. -~t.i'~!l_,:-=-.. -- . 
.. _;_:~--~~--]-~;~~.-- ~- :. 

is probable that retention: of plutonium by these particular local ··-· · ·· · · ··---~-~- · : .. ..: 
. ~- : .. ; .. :·.·:~;:<~~~!:;-:::~-···:J~' 

soils is essentially due to adsorptionJ while the effect of ion . 
.;-._.: -::;.:;·'_:~. ::-

exchange is of secondary importance. .;..~~~::·.·-· ~-.:~ .. :~~:-~_~; ·' :: _: 
.· .............. ·. "": ;: . . . . .... . 

.. 

IV. Conclusions: 
.. - - .·.,.. .. ; 

1. Monitoring of the Los Alamos and Guaje Canyon water supply wells 

and of the distribution system should be continued, since there 

are many other modes of contamination of a water supply system 

in addition to movement through the earth. 

2. Routine determinations of plutonium and fluoride concentrations 

are essential. 

3. The sampling frequency of each well and at selected distribution 

points should be about r~mr times per year with confirmative 

testing of any source that shows an appirent rise in plutonium 

or fluoride.concentra.tion • 
. ·.:.. ! 

4. Extensive soil sampling of contam~ted seepage beds, tile fields, 

and burial grounds with a view toward determining the burden of. 

plutonium or other radioisotopes existing in the particular area 

is too expensive to be feasible. 

5. Further laboratory bench scale "Work is desirable for determining 

the capacities of native rockd and soils for adsorption, ion ex-

change and filtration of plutonium 239 and other troublesome radio-

isotopes such as strontium B9 and strontium 90. 

. , ...... 

. . ·.:.: 

,;. 

.. 
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