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I. Introduction: |
yith t.ho‘ rapld udvances in the production and uﬁl‘lntion of rodio-
isctopes over ths past ten years, those engapged in preventing diseaso -
by con‘trol.'l.t_n_g the environment bave become more and more goncerncd T
wiih the probluas ntuncuhg the reluase of these carcinogous to the
"air we breaths, the uat;;' wv' drink, and the earth frcma which we
derive cur food, In obnnuotiou with sanitary studivs to detarmino
the behavier of varlous radlocactliye suostances following tholr cdls-
charge to the yoneral enviromsent, this report doals coplrically
with the fate of plutonium contained in Uiquid westec discharged
onto or just below the surface of tho-earth. This brief otudy is
1inlted to Lod”Alanos, Mew Haxico, and was dosigned to provide piloy
in!or:mt.lon as o tha nsod for i‘urthar investization, The ostudy may

bost be oonnidund a» a praliminary probing.

ir. . l:';:'qwrimuntnl Proceduras

Two mites wers choaen for collootion 01' sumplens . the newpape bod in
back of tho TA-21 (DF) "hot! laundry sod the tile ?ield in back of
Bullding 35, TA-21l. The laundry olte was chosen bocausy more wags -
Yoown about the chesical charucterintics, concentratlions of plutoniun,
uand dinoharpgs quantitivs than at any othor site for cither buriul of
soldd wiistes or dischurge of liguid wastes, Tho tilo fleold noar

A

Unilding 35, TA=21, wus choyen because past inlormation L'ndicatcd

thnt this particular location lns probebly recelved more plutonium
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2 contamination from licuid wastes than uny othar area, .

A.

He

Somplina
Samples of the sand, gravel, boulders and rock encountersed at -

polnts desipmted on Figures 1 ond 2 were obtalned varlously
by use of plck and shovel, driven pipe, and ln adr-motor driven -
rotary drilling machine. The core barsel svallsvle for use with
the drilling rig was desipgned for use in s0lid rock of conc.rotll.'
Unfortunately, the ocarth modia encountered in all instancos u.w

a conglomeration of soil, sand, und rock} this hindered drilling

and ylelded only vhort fragmeatury cored or no core at all. Thus

. pearly all of the samples were obtailned by bacidng the drill out

of the hole uand scraping ths bottoa of the hole with an zi{goer or
driving a small open pipa into the bottow and then retrioving

the plug of sarth, pand or gravel. Oince samples wore duﬁirsd

ot one foot intervals und the drill stex could be ralsed ond
lowered only very slowly, the above procedure was very time con-
puaing. Removing the drill from t? hole to obtain a eample bud
adittdenal disadvantages 4n that the bottem of the hole occasional-
1y becama contaminuted by loose material from naar the surface or
otlll worsa, the hLole si.nply caved in. DNevertheluss, samples wore

obtalned,

frnlomiog

h11 pumplus were analyzed for plutonlum cwploylng o modification
of the pronsdurs reported by Langhumil) for dutermining plutoniua




in human urine. This involves extraction with cupferron

(armonium nitrosophenyi-hydrcxylnmino) and chloroform, pre-
" eipitation with lanthanum fluoride, and counting the alpha

emissions in a gas flow scaler. Results are expressed as

disintegrations per minute per dry gram.

In addition to tlie above, four polected samples were seat to
the Goochcmiotry‘and‘Petrology Branch, U.8.G,S., dashington,
D. ¢, for ﬁincralogical examination and détermination of
lion-exchanga capacity proceeding as follows: The sample from
the 12 foot slant depth of the DF¥-3 hole was disuggrogated

and sisved. to remove particles larger than 62 microns in
median diameter. The remaining samples were crushed to pasa
this siocve size, The fine material was dispersed in distilled
water with sodium metaphosphate added as a dispersing agent and
fractionated at 2 u equivalent sottling diameter by repeated
centrifuging. The ?/u (clay) fractions were saturated with
ca’t ions by passing the uuspénﬁions through a Ca ion exchange
column, X-ray diffractometer patterns wero made for each sample
using both orlented aggregates and mounts in.which preferred
orientation is minimizod. Patterns were also made after glycerol
treatment and heat treatment to 400° C. The minerals indicated
by the X-ray patterns are listed, the quantitdtive estimates as
partd in ten being derived from the intensities of bge diffraction
lines, Since many factors, in addition to the quantity of a mincral,
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C.

-3 (a)

affect diffraction intensity, those estimates are not intended
to give more than a general indication of relative amounto of
4he various minerals present. The icn exchange capacliy 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.

Resultat

Locations of holes with surface elevations are as shovn in Figures

1 and 2.
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Tl‘lg l:; 1

Dosimationy DPL-0 Lato: Juns 15, 1953

Dascription Vertical hole dug by band in Laundry “nste Swapage Bed.
Ded is sbout oix fest ducp and consists of ungaded sand
and gravel mixed with rivar rock ranging in size from oune

to fifteen inches, In addition 'to the earth samples, three
. diffsrent types of plant life growing in the vicinity wore

vampled,
Dupth below Plutenium
Surface Description dem/dry exon

© Surface Loan (loundry waste residue) 26,000

3% Sandy soil 360

- Y 3andy soll h

16" Sand, pravel, and river Tooks 28

31" [ 4 " 14 " '] 20

200“ [ ] n 1] " o . w

53' " ”n " L} L 4 21&

55‘ [} ] H o o 8

»n »n L)} ] » 120;‘.__,_._. s

5™

Surface Stagnint pond baoctarisd slines 12,300

Swince Weeds growing in pood 22

Surfuce Alpnl slimes gxowing ip clear 5,080
waste
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TABLE IX
Doatrnstions DPL-1 and DPL-2 Date: August 24, 1953

Nescription’ Vertical machine bored trinl holes outside of Laundry
Vaste Seapage Bad near rim of los Alamos Canyon. .

Depth below Filatorium
Surface Description dpe/dry prom
. DPL-1 '
Surface Sandy scil 10 o .
g -~ 12° Soldd tuff cors 6 _‘.:_- ,
DPL-2 '
Gurface Sandy ooil _ b
.10 Core of broken btulf 6
12! Core of broksn tulf 6
13! U | "] 1] b
15! n M " L 6
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TARLS T1X

Onaienationt DIV=1 and DFW-2 Nater August 25-27, 1953

Description Vertical holes drilled in earth £411 berm betweon tlle filelds
4pn baeck of Bullding 33, TA-21,

Depth bulow Plutonium e
gurfacn Description dem/dry iTanm
Drv-1
Surface Yery fine pandy soll /73
1 Very fine sandy soil 8
21 Vary sandy soil L
30 Jandy soll - 8
4 Coarse sand and clay i
ht Sand I
6! Sund L
6 - 10 Supd 2
10t - 4 Sand 2
15! Sand / L
DPY-2
Jurface Very Iins sandy soll 9
L Vary fine sandy voll L
2 Sandy soll -3
kL Sandy soil 1
Lt Sand 2
5t Sand 3
6! Sard 2
7t Sand and clay soll b
8 Sand : 1l
91 Sand ’ . P 3
10" Very coorse sand b
11 Fine sand, some gravel b
124 Fins sand 3
o 13! Fine sand 3
¥ 10 - Sand 3
! 15¢ Sand 2
. 16! Sand L
. 17! Sand .3
1g¢t dand 2
19! Sand '3
20! Sand 3
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TABLE IV , (4
" Desiowtions DF4-3 Dates August 28, 1953 :
Description: liocle drilled on a 45° slant starting on berm and extending ‘
undsy adjacent tile :inldgnwr Building 35, 'r.\-zl.' h
o Dopth below ' Plnhuni\m | '
! Surface D'ucr.lption : . dpm/dry pram
Surfage - Yary fino.lanc& soll - 32 '
it Very fine sandy soil . 5 LR
2! Vory fine sandy soil 9 T
3 Very find sandy soll . 7 P
Lt Sandy ooll 8 LR
51 Sand 6 3
-6 Vory sandy poll I %} ;
vl Vory sandy soll 7 b
a! Veéty salldy sdil 3 G
9! Sand and clay 3 o
10' °  Fine sand 2 :
1L Sand 2
13 looae tufacoous sand - 450 e
13,5¢ loose tufacecus pand 1510 -
3! looas tufaceous sand 1330
*Point of intersection with tile field. '
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Nesignationt DFw-4 ond DFY-5

TABLE V

Desoription: Vertical holes drilled dirsctly through the tile £iclds in
back ef Bullding 35, TA-21. ' |

Dates

September 21, 24, 25, 30
& Uctober 1, 1953

Dapth below
Surfooe

Desordiption

Plutonium
dpm/dry pram

Surface
1!
2
3‘

12!
151
169
17
184
19
20°

D=l

Sandy soil

Sand and gravel, some clay
Sond and gravel, some clay
Sand and pgravel, acma oley
Very fine loose tuff

Fine zaod

- Fine sand

Loone turse
Sandy loose tuff
Loose tutf

Broken tuff core

DPY-5

. Sand and elay soil

Sand and clay so0il
Sand and clay soil
Sand and pravel
Sand snd gravel

Solid tuff core from a boulder
- Soldd tuff core from a boulder
Priable tuff core

Fine sand and clay
Fine sand and clay
Fine sand

. m————

65n6°°

410
10

23,4007
530

1,800
LO
380
2,400
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DPW-2 ? 7/33’

47"

DPW-5 % 758"

4
275

TA-2/
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TABLE VI

o _
. - = -’—*'—‘,

- Sl ,zQ ' 5
U
bgd Ault T ‘ ‘-* ‘--.- - "ﬂc.-, Lol L2 S g

Sample
Depth

Megascopic ﬁescription

Minerals Present
_(parts in ten) -

Jon Exchange ' . LA
Capacity (me/xge) - -

DPL-1
9-12 ft.

- o e = e

_— e - = -

- e e e T Er e ar e e e e S T e wr e e - W

Gray slightly pumiceous tuff typical of
Tshirege member of Bandelier tuff.

Sarndy to silty clay and gravel composed
of gray pumiceous Bapdelier tuff (prob-
ebly Tshirege member). Due to 45° dip
of hols, vertical depth of sample is
8.5 ft.

- e mr = A mr WP e v ap W e an G e s As E e

Feldspar - .-
Cristobalite -
Tridymite

Quartz )
!‘onbmrillnnite '

Cley
<2 »

;-u\.n_

Feldspar 5
Cristobalite 3
Tridymite 2
Quarte :

- e e e e s e wr W On am we s -

.Feldapar 4
Montmorillicnite 3
Hydrous mica 2
Kaolin e
Cristobalite
Tridymite
Quartz-

Feldspar R
Cristotxlite !
Tridymite
Quartz .

Y

12 7'.1-.-'

e T SU I

far & WD

BRI SRRy SR




— e

TABLE VI (CONT'D)
Sample . ‘ SR - Mirerals Present .~ - Ion Exchange
Depth : Hegsscopic Description (parts in ten) ) Capacity (me/kg)
DEW-4 | Gray tuff of Tshirege member of Bandelier|{Clay Feldapar S I T T
at tuff. Contains acme bit-broken fine <2 pn Cristcbalite L .
19 ft. particles. Tridymite -
: ‘ . Quartz
Si1t  Feldsper 5
2-62 p Cristobaliite . 4
Tridymite 1
Quartz
DFW-5 Dark grey to white puniceous tuff. Ap- |{Clay Feldapar | 5 32
.. at parently cored from 2 houlder <2 n  Montmorillonite- 2 - :
- 5 ft. Cristobalite .
) =
Silt  Feldspar ?
2-& n Tridymite
| Cristobalite
¢
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IIX. Discussion:
'‘Despite the shortcomings of the sampling technliques, the patterao
of plutonium concentrations from the various borings were reasonably
good and each pattern may be consldered as representative of the o
particular sample hoﬂf Furthsrmora, cﬁrtain charactoriatics con-‘%%
cerning the travel of plutonium through the carth, aand, grave- :;erh‘
and rock media are indicated. These are: : ‘ "‘“'“"‘
"1, Mo appreciable horizontal movement of the plutonium IS
cccwrs in the first 20 foet of depth.
2. The plutonium is readily rotained by the various
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earth media (sand, clay, gravel and rock).
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3. Apparcently retention of the plutonium 1s greater

-4

-

in £he finer matorials,

A

' , L. Pepstration of the plutonium into the underlying

strata 1o not to bo expected.,
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The foregoing information, thn coupled with Theis! estimate that the

average ground water vclocity in the foxumtions undes lying Ioa Alamosn

(2)

does not exceed 305 root por ycar U grcatly limits tho posaibility
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that significant contmnination of the main agquifer with plubonium rrom L
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prosent disposal practicns.

| In regard to tho muchanism of retention, & crude profection of the
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lon exchange capacities (Tabls VI) to a full scale tile {ield containing
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approximately 20,000 m? of ooll, such as at TA-21,,a minimum esbimato-.,'i '
of the waste dischargss to this tile field since 1943 indicabel that - L

even under ideal conditions the ion exchange capacity of the soil
‘alls short of accounting for the retention phenomenn. Instoead it

soils ia -asaatially duo to adsorption, vhile tha effoct of ion

axchango is of aecondary importance.

Conclusions: .

1. Monitoring of the Los Alsmos and Guaje Canyon vater supply wells
and of the distribution oystem should be continued, since there
are many other modes of contamination of a water supply system
in addition t? movement through the carth: . .

2. Routlne determinati?ns of plutonium and fluoride concentrations
are essential,

The sampling frequency of each well and at selected distribution -

A5 )
*

pointa should be about Iour times per year with confirmative .
_ testing of apny source that shows an appnront rise in plutonium ;.

. or fluoride, concentration.

Cok

b, Exhen"ive soil uampling of contaminatod secpage beds, tile fields, -

and burial grounds with a view toward determining the burden of.
plutonium or other r;dioisotopes existing in the particular area
is too expensive to be feasible. ' |

5. Further laboratory bFncb scale work is desirable for determining
£ho capacities of native rocks and solls for adsorption, ion ax-
change and filtration of plutonium 239 and other trouwlesome radio-

isotopes puch as strontium 89 and strontium 90.
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