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Distribution of moisture and radioactivity 

in the soil and tuff at the contaminated 

waste pit near Technical Area 21, 

Los Alamos, Ne\v' Mexico 

By 

William D. Purtymun and William R. Kenned~/ 

Abstract 

The cont;Jminated ~·?aste pit near Technical Area 21 was investigated 

to determine if 'vaterborne radioactive contaminants had migrated from 

the pit into the adjacent soil and tuff. Thirteen test holes, ranging 

in depth from 25 to 50 feet, were drilled through the soil into the 

underlying tuff in the vicinity of the waste pit. No holes were drilled 

through the base of the pit as only the surface of the pit and adjacent 

land is considered for commercial use. The distribution of moisture in 

the soil and tuff penetrated by the test holes was determined by a 

neutron-scattering moisture probe. Samples of drill cuttings of the 

soil and tuff were analyzed for gross alpha and gross beta-gamma 

radioactivities, and plutonium and uranium. 

TIle moisture content of the tuff adjacent to the test holes indicated 

that the tuff was not saturated. Radiochemical analyses of soil aoc 

tuff indicated no radioactive contamination. 

1/ 
Group Leader 1I-6, Los Alamos Scientific Laboratory 
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Introduction-

• 


The laboratories and test areas of the Los Alamos Scientific 

Laboratory are on tile Paj3ritu Plateau in nortb-central Ne~v Nexico. 

The Pajarito Plateau, formed by a series of asl.flow and ashfall tuff, 

is dissected into a number of finger-like mesas that slope eastward 

from the Sierra de los Valles toward the Rio Grande (fig. 1). Solid 

wastes, impregnated '.~ith or containing radioacti\e contamination, 

ilnd sludges and some liqliids that contai.n radioactive particles are 

buried in pits dug into the suriace of these mesas. 

One of the oldest contaminated waste pits is located near 

Technical Area 21 (DP-West). Bet"f..olCen 1945 and 1947 the pit was filled 

with \<1astcs containing mostly alpha radioactive contaminants. 

The area of the ,,,,aste pit is about 250,000 square feet; the 

original depth was about 20 feet. The prescnt surface of the filled-in 

pit area is irregular. Drainage i.B to the south and grassc:s and oak 

shrubs ::;rO'\y in the fill material. Around the pit the surface of the 

mesa slopes gently to the south towards a small canyon which has nearly 

vertical 1-Jalls (fig. 2). This canyon is confluent ~,}ith Los Alamos 

Canyon a short distance downgradient from the disposal pit. At the 

confluence the floor of L')5 Alamos Canyon is about 400 feet belO\o1 

the surface of the mesa. 

8 




o 2 3 4 	Mil ..,I 

I'1gu:re l ....)hp of 	the 1£>8 Alamos area showing location of 

contami Dated· waste pit • 
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Bou from Los Alamos Sci.ntific Laboratory Engin••ring sheet N.IO-E. 7 

Figure 2. --Map of contamio.atloD waste pit Dear Technical Area 21 (DP-Weat) showing locatloDJI 

of teat hole•• 
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I 

Expansion of laboratory facilities and increased growth of the 

cOUlDUnity" of Los Alamos has caused 1.1 re-c\'aluation of present land 

use to determine if the land is be ing ut il izecl in the best poss ible way. 

It was proposed by the Los Alamos Scientific Laboratory and the r.s. 

Atomic Energy Commission that a part of the filled-in contaminated 

waste pit, outside the radius of 1,050 ieet irom TA-21 (an area approved 

for commercial property), he leveled, filled ~qhere necessary, and sealed 

with asphalt, and used for a storage arC3 for trailers and boats. Also, 

the land adjacent to the pit could he utilized for commercial use. 

A joint study, requested by the En~~ineering Division, LASL, and 

the Construct ion ant! Na intenancc Branch, AI;;C, \-jas made by Group H-6 

of the Los Alamos Scientific Laboratory and the W3ter Resources Division 

of the U. S. Gcological Survey to determine if seepa~;e of tvater from 

precipitation had caused migration of radioactive contaminants from 

the pit into the adjacent soil and tuff. The study was confined to 

an area slightly within and considerably beyond a radius of 1,050 feet 

from Technical Area 21 (fig. 2)--an area approved for commercial 

property. 

Thirteen test holes ranging in depth from 25 to 50 feet were 

drilled in the vicinity of the outer edges of the waste pit (fi~. 2). 

The log and moisture content of the soi.! and tuff penetrated by the 

test holes are sho'tvt1 in figures 3 through 15. S(lrupies of soil and 

tuff were collected durin~ drilling of the holes and were analyzed by 

Group 11-6 for radioactive contaminatior. The results of these analyses 

are shown on tables 1 through 13. 
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MOISTURE CONTENT, 
LOG PERCENT BY VOLUME 

o 5 10 15 20 25 30 
0 

5 

10 

W 
U 
<t 15 
LI.. 
a:: 
::::> 
en 20 
0 
Zl­
<tw 
...J UJ 25 
3:LI.. 

Oz 
...J­
W 30 m 
:I: 
I-
a.. 3' 
w 
0 

40 

45 

50 

Soil, light 
brown 

T u f f, 

ligh t 

gray 

~ 
~ 

, 
r\.,

c{ 
( 
I 

) 
Tuff, I)

grayish J 

white t 

I 

Location: Project grid, 1195 + 13, Bl32 + g"( 
IBte drilled: 2-7-66 
Al.t1tude: 7,,19O.feet above mean sea level 
Depth: 50 .feet 
Diameter: 4-inches 

Figure , .. --Log aDd :moisture content o.f soil 

and tuf'.f' in test hole DPS-1 

l2 



• 

W 0 
U 
<t 
LL. 
a: 5:::> 
(/) 

0 

• Zl­ 10<tw 
..JW 

I.i. 
3: 
OZ 15
...1­
W 
(]) 

::r:: 20 
I-
a.. 
W 
0 25 

MOISTURE CONTENT, 
LOG PERCENT BY VOLUME 

o 5 10 15 20 25 30 

Soil,light
brown 

T u f f, 

I igh t 
groy 

VI 
I r 

I ----~ ! III 
i / 

II I II !II I II I 
I 

I 
! I 

1 

Ii, 
I I

I I 

\ I 
iDeation: Project grid, B94 + 78, El30 + 56 
Date drilled: 2-7-66 
Altitude: 7,191 feet ahove mean sea level 
Depth: 25 :feet 
Diameter: 4-inches 

F.1gure 4.--lA>g a.Di moisture content of soil 

and tu:ff' in test hole DP8-2 



MOl STU RE CON TEN T, 
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Table 8.--Radiocher:>J.cal analyses of soil and tuff frOr;! test hole DP:3-8. 

Depth Mlteris.l Gros.:; alt'lba 
(f<:et) { 

1 I 

./r./ ,;,1­

0- 2 SoL: 0.6 

2- 5 SoL:'. t:" 
'..1 


5-10 Soil and .4 

T'..J.ff' 


10-15 Ttff .3 


15-20 Tuff .4 


20-25 Tu,.ff' .4 


25-30 Tt;.ff .1 


30-35 Tu:f'f .6 


35-40 ':i."J.ff .2 


40-45 ~\~ff' .4 


45-50 Taff .4 


3r':·ss " eta- ;?a.~:r.la. PlutonLll~ 
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I' ..: I,: • 1.,1 I / • if(J.,,, 1,./ .. )­

5·) 

4·9 

5.3 

3.6 

2.2 

1.3 
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.l.Yo.i..J.5-10 .4 ~i. 7 < .4 < .5 
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r-.. .;:t.£\15.. 20 ... ...c.• .!. ·5 3·7 < .4 < .5 
r-. i1.....--:a 
.1....1..:.. ...2C-25 .j 1.0 < .4 < .5 

II Disilli:;'C[;.!"<::'.tions per r:inute per cra..1i..
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i8.0l~ 10. --?adioche:::,ic~l t:..n.s..l.:,rS~J 
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Table ll.--Rs.diocher.:ical analyses of soil an1 taff from test ::,)2.-::: DP'-ll 

Dcpta Nate:::-ial Gross e.lpl·~,. (1ro3:::. ~)'~u;..- .:a.r·tz"...s. Pl-"ton2Jr... U:::9.l:i~1.::! 
(fcc,,) , ! . 1/'J ~ /~:: /n,/ ..,))- t, L', ,.;)- ' " 

-/ 
I 

,l/r../ ... )- U,,".l .1.­" 
e- 2 GeE 0.3 2.1 <0.4 <0.5 

2- 5 30il and 
T-lf:' 

.6 4.0 < .4 < ·5 

5-10 Txt"f .4 1.3 < .4­ < c:­
• ,I 

10-15 t"!'\, 1 ~":\.!:'t 
.1..1,A,_':" • -i 1.9 < .4 < .5 
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40-45 ?u.f'f ·9 2·7 < .4 < .5 
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" ... ' DiGlnt "!crations per rdnut,-; p'''r G::rar-, • 

2'-' 
~!i~' reoC!'9..r:..3 per Gl'atl . 



Table 12.--Rad10che~cal analyses Qf soil and tuff from test hole DPJ-12 

Depth Natr:!rial G:t'J;:;:; a2.T'lha Gros.:: beta-::;al:!!::.s. P:iutoni:.:.:;::: Ura!l2U!!l 
(fe~t) , : . , l 1 ! ,21I ____________________~__,_m~,.~__________.~,.~,_._.~__________~,~~._.~.~.,___-______ J~~ 

0- 2 Soil 0.3 1.2 <0.4 

2-:; C'0i1 2..n2. .4 < .4 < .5 
Tuft' 

5-10 .4 .4 

10-15 l'i.tff .3 1.0 < .4 < ·5 

15-20 Tuff .4 .0 < .4 < .5 

20-25 Tui'f .5 ).0 < .4 < .5 

25-30 .8 ·9 < .4 < .5 

30-35 Tt.:.f'f .4 .6 < .4 < -,2 • 

1/ Dislnt~cIT.tions per :~inut0 per Cr<'J:'l· 
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- Description of soil and tuff 

The light-brown clay soil cover of the mesa is derived from the 

weathering of the underlying tuff. The granules and sand-size 

particles of the soil consist mainly of quartz and sanidine crystals 

and fragments, and a few fragments of 1atite or rhyolite. The clay 

minerals making up most of the silt and clay fractions are 

montmorillonite and illite (Staritsky, 194~). The soil is generally 

thickest along the axis of the mesa and thinnest toward the edges of 

the canyon where the tuff is exposed. Near the pit the soil thickness 

ranges from 2 to 6 feet. 

The rhyolite tuff underlying the soil is the Tshirege Member of 

the Bandelier Tuff of Pleistocene age (Griggs, 1964). The deepest 

test holes (depth 50 feet) penetrated only the uppermost :ls:lflow. 
the 

The light brownish-gray and/light-brown tuff (both partly weathered) 
crystal 

mE composed of quartz and sanidine crystals and/fragments in a light 

brownish-gray or light-brown ash matrix that is in the process of 

breaking down into clay by weathering. A few rock fragments of latHe 

or rhyolite are present. Pumice fragments are weathered to light­
the 

brown or light brownish-orange clays. The light-gray and/ 6rayish white 

tuff (both unweathered) consist of quartz and sanidine crystals and crystal 

fragments and a few rock fragments of pumice and latite or rhyolite in 

a gray ash matrix. The gray ash matrix contains pores that are 

capillary in size. 
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Numerous joints slightly open to closed,occur in most of the 

ashflow tuffs. The majority of the joints are near vertical although 

a few are nearly horizontal. Joints terminating in the soil 

zone are filled with brown clay. 

Water moving through the soil zone to the tuff moves more readily 
into 

into the tuff than/the clay filled joints as the tuff is more permeable 

than the clay. If water should move into an open joint, the extreme 

dryness of the tuff and capillary pores cause the water to be 

rapidly absorbed into the tuff that forms the jOint face. 

Joints impede the movement of water because the 

water in the tuff is held in tension \<lithin the small pore spaces and 

the joints form breaks in the capillary pores through which movument occurs. 

The total thickness of the Bandelier Tuff underlying the mesa at 

the disposal pit exceeds 800 feet. The tuff is in the zone of 

aeration; the zone of saturation is at a depth of about 1,200 feet 

below the surface of the mesa. 

The fill material, covering the solid wastes in the pit, is 

composed of a mixture of soil and tuff. TIle tuff is being altered by 

\veathering to silt and clay. The thickness of the fill material above 

the wastes is unknown. 
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Distribution of mo isture in soil and tuff 

Annual precipitation on the Pajarito Plateau is about 18 inches. 

Although water not removed by surface drainage infiltrates into the 

soil, the downward movement of water is impeded by th.; dense trans it ion 

zone between the soil and tuff. Li~tle if any water from precipitation 

moves into the underlying tuff, except in areas where the natural soil 

cover has been disturbed (Abrahams and others, 1961). Thus in the waste-

pit area it is possible that moisture may have moved downward through 

the fill, thence downward and laterally into the tuff due to capillary 

action. Movement of water through the tuff is slow. 

The moisture content in the soil and tuff adjacent to the walls 

of the test holes drilled around the waste pit ~vas determined with a 

neutron-scattering moisture probe and with a portable electronic scaler. 

The scaler readings were converted to moisture content (percent by 

volume) from a calj.bration chart. The holes were sealed after 10g.;in8 

to avoid char.ging the conditions. The logging interval was 1 foot in 

the soil zone and 2 feet in the tuff. The moisture content of the 

soil and tuff, from normal infiltration of preCipitation, decreases 

with depth. Significant increases of moisture content with depth in 

the tuff. probably indicate lateral movement. 

In the soil zone the moisture content range~from less than 4 

percent by volume (DPS-I0, fig',12 and DPS-13, fig. 15) near the 

contact of the soil and tuff to 35 percent (DPS-12, fig. 14) above 

the contact. The moisture content of the light brownish-gray and 

light-brown tuff (weathered) ranged from 8 percent to 27 percent by 

volume (DPS-12, fig. 14). The moisture contert'of the light-gray 

tuff was generally less than 10 percent in test holes pentrating this 

unit. 
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the test holes L1dicatC's l:loisturc LO,:t0r:t ::cn\.;r-,l~y dccre[ise.~ -.Jit'; 

depth. The moisttlre cantcnt of the> .:;oj 1 and tuff in fi,,~ test c'01..25 

de l..-cJ.::;cd frC'n lor:d SU1:[.:\CC t,) depth.? b-::t\IiCe,1 12 and 2f.~. feet. < test 

holes DPS-l (d"'. J). DPS-Z, (ii...·~, lJr::-:, (ii.. 7), r S-' (ii. ), 

a::{: DPS-7 (fir. C,)' then increases :::li)":tly. 'elf -.lcistur\.: 1.:1C;:·::,:-O" 

at these depths ran;cs fram:2 pcn:cnt :-.;· ..·oll,:;;(' ([IPS-i) to i FE'i-(:\~.-t 

TI1.'i::tur£ r::m~':.:, 10$5 thdll 20 perce"t I,-.: ·cO~l.!F.·::'. :rbc cff~ctivc porosity 

of the tuff ('oi": space avai] able to tC'['1smit V;Jtc:.c) is c:,ti:-.lat.::d from 

laboratory dctcrmirlO.tion of similar tuff to r:.ll1i;C bct\..;cc~ 35 to 40 

pcrcei~t by voluMe, thus rnoi::;turc is heim; 'TIo':'.:'d by capill;:ry actio!:, cr:d 

the tuff is not SC1turate~ . 

• 


41 




- } 

Distribution of radioact ivity in soil and tuff 

3Gil and tuff. 

fc·..:t, u..:p·.mdin:; on t:)~ thh:kn(!ss of C:1L: soil zon~; ho~-1Cvcl'~ each hole 

~va; ";:J.mpl~d i:-: L~l(; Lui": at i'ivu-iouc int..::r·J.1.Ls to total d~ptll. The. 

::)...i:':lpics (soil and tulf) 1.J'·...!r..:l analyzed for :':;l'O";..i alpha and ;:;ross b..:lta 

v '. 

radio::lctivity lroc' •. r) d/:.;/::; to t:?G ...:i::/ " 

of waste dispo~al (t~tic l~). 

analyzed had a sli;:1tly 11 

taken at dept:,. 

0: t mat~rL.l~. 
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