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Radicactive weste disposal at Los Alamos, Hew Menico
Sy

John H. Abradens, Jr.

Abstract

Liquids and solids containing radicactive meteriasls have
been discharged or buried at Los Alamos since about 1947, The
Z.8. Geclogical Survey began studles of the general geclogy and
hydrology of the los Alamos area in 1949 and began investigations
of the movenent of water and radicactive-waste meterlals in 1957.

Los Alames is on the Pajarite Plateau which is part of the
Jemen Mountain voleanic pile. The Silerra de los Valles immediately
west of the Pajaritc Plateau and the plateau itself are disuected
by dezep canyouns that éraln eastward to the Ric Grande. The
Bandslier Tuff of Pleistocene uge cape the plateau and is coaprised
of esh-flow rocks that drape over the older rocks. The tuffl lles
uncoaformably on the Santa Fe Group of middle(?) Miocene to
Pleistocene!?} age and the Tschicoua Formation of Pliocene and

Pleistocene, i) age.



The main gone of saturation is about 80U to 1,200 feet bLelow
the land surface of most of the weste-disposgal sites in rocks of
the Banta Fe Group and the Tschicoma Formation. The gradient on
the pilezometric surface of the zone of saturation is east-southeast
avout 50 feet per mile towerd the Rio Grande.
Processed llguid radicactive wastes were discharged in the 19407s
nte dry canyons or into pits dug into the tuff, and the pits were
DEYCLY ﬁacmplﬂmvz vith grevel. Liguid wastes were discharged into
alluviun at one site. Solid wastes were dumped into pits and covered.
After about 1950 the liquid wastes, except for laundry wastes, were
treated to below off-site tolerances and discharged into canyons.
Sludges left after the treatment of wastes were placed in barrels and
mixed with cement or vermiculite and then burled systematically between
layers of fill in pits Qug into the tuff. Bolid wasles coantaining
radioactive materials also were buried between lsyers of £1ill. The
Zill over some of the pits containing sludge and solid wvastes was
compacted and mounded te prevent ponding of water.
The main discharge area after 1962 will be into Mortandad Canyon.
The movement of the wastes in alluvium and bedrock will be monitored

closely.



Introduction

Untreated chemical and processed radiochenical wastes frop
facilities at Los Alamos, N. Mex., were discherged into ususlly
dry canyons and pits, or buried in containers, from about 1943 until
about 1950, at which time plants for the treatment of liguid wastes
vare installed. The Los Alamos Scientific Laboretory took over tae
treatment and burial of wastes in 1953,

The U.S. Geclogical Survey began cooperative investigations
with the U.S. Atomic Energy Commission in 1949 of the geology and
hydrology of the Los Alamos areas in relation to the movement of
radicactive wastes on and below the land surface.

The waste-disposal studies by the Geological carvey are confined
principally to the diasposal of liquid westes because the contaminetlon
cf surface and ground waters by solid wastec and contained sludges
provably is more remote than from liguld wastes. Studies generslliy
congist of a geologic investigation, logeing of wells drilied,
collection of water, soll, and rock samples for chemical and
radiochemical analyses, measurements of water levels in wellg,
puping tests of wells, streanflow messurements, snd slte lccations
for new dlsposal areas. Studles of linited extent are made vhere

the quantities of liguid waste discharged are small.

A



iater, solil, and Dedrock samples for analysis are collected

periodically throughout most of the Pajarito Flatesu. The network

» points end areas are shwwn on figure 1. GSamples of water

Plgure l.--Map showing locetions of waste-disposal areas and

. dlld Santa Fe Ies
the sempling nebwork in Los Alsmos Ccunty} H. Mex.

\ "

are also collected regularly at four points on the Ric Crande (Pig. 2j.

the Jemey Mountain region, Hew Mexico, and sampling stations

on the Ric Grande and Rio Chsma.

Alrvorne wastes have not been studied in detsil by the Geologiecsl Survey.
A systemetic sampling program was started about 1956, and a
vaeriod of intensive sample collection lested from July 1657 through

after which the program was reduced and saumpling vas done

on o5 less intensive and a more selective basls

investigations of the movement of water and radicactive materieis

tigposal into canyons aand into pits are undervey. Special

¢ oand methods were developed to ald in determining the physical

and chanical processes lovolved in movement of wastes through alluviun
and through consclidsted rocks such as the Bandelier Tuff. fHhese
gtudies, combined with an expanded progranm of general geology and
hydrology, should determine if, how, and vhere radicacitive materials

move When placed on or iz the ground in the Los Alamos aves.
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The Slervs de los Valles immediately west of the Pajarito Platesu

andl the platesu itself are disgected by deep canyons thaty drain east-

outheastward to the Fio Crande. The walls of these canyons are
steer and al some places vertical, and the reiief along some of the
large canyons i 800 to 1,000 feet. Cenerally, the gradient of the
camyon floors in the upper, or western, reaches is steep, and bedrock
1z exposed bebtween patches of thin alluvium. In the lower resaches
most of the canyouns the gradient is relatively flat and the
alluviuz may be 50 or nore feet thick. The relatively undiscected areas
of the plateau between the csuyon form finger-like mesas that extend
east-southeastvard. A sandy-loam soil, weathered in place {Staritzky,
1343, p. &) and renging in thickness from 3 to 8 feet, is on the

te of the mesas. Along the edges and in the
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eastern parts of the mesas, litile or no soll is present.
Yhe Bondelier Tuff of Fleistocene age caps the Pajarito Flateauw.
It conzizts of ash-¥all and ash-flow rocks that are draped over the
ol@er rocks, filling the lows and smoothing out the topography of the
iogr rocks. The BDandelier Tuf? consists of three members. In

oyrder they are: ihe 2usje Meuber, an ash-fall pumice and

water-laid puniceous tuff; the Clowi Member, s friable ash-flow tuff;
2ad the uspermost Vshirege Member, a series of ash-flow tuffs with

one thin walter-laid bed near the Sop.



Uhe Tchirege Herber is nmoderately resistant to erosion, but it
contains open Joints and has many cswall vertical and horizontal Joints
filled with veathered material or sediments. The joints may intercounect
to the top of the Ctowi Member. The Tshirege bhas an average porosity

50-50 percent and an average permeability of only 1 to 6 gallons per
day wer square foot. Pore spaces are small. The lon-exchange capacity
of the wuff ranges from about 2 milliequivalents per 100 grams near the
surface to about half a milliequivalent per 100 grems at e depth of sbout
25 feet {Yeir and others, in preparation). The tuff is approximately

L

ek v g <
{5 percent 5il,.
fora

The Bandelier iies unconformebly on the Santa Fe Group of middle(:)

ocene o Pleistocene{.) age and the Techicoma Formation of Pliocenc and

Pleistocene{?; age {Criggs, 1955, Lh-57 and 72-76). The Santa Fe is
' VDAEES, ’ pe
\

subdivided inte the Tesuque Formation {Spiegel and Baldwin, in press), the

J

Jotevi Lentil, ané the Puye Conglomerate in ascending order. The general

elations of these rocks are shown in figure 5.
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sure H.--Diagrammatic cross-sectlon shoving generalized
sbtratigraphic relations of the Bandeller Tuff to older

rocks in the Los Alamos area.

Aliuvimm in the canyons consists of materials eroded from the
Sierra de log Valles end the sides of the canyons on the Pajarito Plateau.
It i3 thin in the headwaters of the canyons, and commonly bedrock is exposed;

it may be hundreds of feet wide and as much as 30 feet thick in the lower

bs of the canyons. Most of the alluvium is sandy and contains cobbles

iders, and it is considersbly more permeable than the Bandelier Tuff,

end boulders,
sercued grouand tater occur semsonally in the alluviwa in
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The geology and nydrology In the Los Alarcs area is complex, and

nowe only dn zeneral. Interpretation of

pe) N

e
n

¥ e - - -
the wovensot of water

the movenent of water through the zone of aeration is complicated

v the different rock types and by the structure of the rocks.
Zre-Pandelier Taulitiig and Jjelubting alsc complleate the interpretation

-

Lion of movement of water and nuclides would

—_—
T e g % S - K
vacouse the rate and dirsc

e congiderably different thro jolnted and faulted rocks than it
L

ey

wculd be thrcugh the pore space of solid-rock uniss.

Tie zone of saturation, or main aguifer, lies sbout 300 o
1,200 feeb below the land surface of most of the waste disposal sites
the Santa Fe Group and the Tschicome Formation [ fig. 3).
The pources of recharge o the main aquifer in the ares are not kKnow
Tne gradient on the plezcmeltric surface of the maln squifer is east-
scuneastward toward the Rio Grande about 50 feet per nile.

Tie annual precipitation ranges from about 20 toc 25 inches alor,
the extreme western pert of the plateau to about 12 to 19 inches at
Toe Hlc Grande. Most of the precipitation cccurs during the winter.
Vegetaticn is predominantly pondeross pine, Jundper, and grasses
{Iseecson and Lovald, 1935, p. 3. Pincn amd juniper grow, generslly,

the plateau and merge into pine, wnich

Pine grows farther east in the

P N A o [ G & - 1} R - e 1
aos ol dae pratesal. Deciduous trees and

Sy i ; PSRRI S < T
SRIAs are comucn Lo The narry Wy Ued

western parits ¢f nest canyone.
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A partially filled wocd-lined open~boticmed pit aboui & feet
by & feet squere and O Ffeet deep in the alluvium at zite 2-2-5

a*‘

contaired ectivily of as much s 10 mr/hyr in . Liguid wastes

drained divectly inteo alluviwm through the pit bottom. Mostly

solld wastes were dispesed in this pit.

Arem 3: Pajarito burial piis

Arem » iz on a mese in the Er see. 22, . 19 4., R. 6 E. The
of the mesa slopes gently eastward. Ten-Bite Canyon heads
g shert distance northeast of the pits. The scil covering the tull

iz aboub 35 feet thick. The canyons about 1,007 feel north and

souta ol the pits ares are about 100-150 feot deen. Twe prominend

i %4

s ey i gy A e ] g o AT et N A0
vartical Jjoint patterns in the tuff are criented about 60 deygrses
Lo each cother., Spacling of the mejor joints, most of wuhich are Iilled

witih zedinenis or altered mater¢a¢, iz about 10 feet

Two rectangular disposal pits are 100 feet by 600 feet by 20 feel
deep at plte 3~1-8, and four small rectangular disposal pits each
40 feet by 600 feet by 20 feet deep are at site ~2-SL. Shafis 2 :
in diameter and 12 to 20 feet deep between the pits in Ares 3 do not

have & site pumber. Shafte 2 feet in diameter and 20 to OO Test deeyn

will be constructed in tulf during 1962 or 1963 at site 3-3-8 for

@

s.)

disposal of materials which eres slightly contaminated. The pits -
mostly filled with waste and hackiilled by 196C. The £ill probably
nf

nonld be compacted and oounded to mindmize erosion and ponding

L) By P
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Area 5: Mesita del Buey

B - P T NP Ko N o
alongeie area on & mesa betwesn Pajarite fanyon

TRV 25+ Y ..

2/t miles through

=

and Cenade de Buey and extends about
sec. 36, T. 19 ®., R. & B. and sec. 36, T. 19 K., R. 7 E. The
gurface of the mesa &t Area 5 is relatively smooth and slopss
gently scutheastward toward the canyons parallelinc the mesa. The
soll cover along the axis cof the mesa is about 1 to 2 feet thick
ut thins toward the canvans. The tuff crops oubt on the mesa alorns

he cantons. Brosion of the goil is slow hecause of the small

drainaze arsa. Vegstation is mostly clump grass, smaell caci, and

aze
plnon and juniper trees.

Area 5 18 to be a long-term disposal area. The U.S. Geologlcal
Suevey cooperaved with the Atomic Energy Commission in the selection
of the area and recommended that disposal pits be no closer than

50 fest to the canyons, L2 no more than 50 feet deep, and that

apen joints in the plis be sealed with fipe~grained material.

The aren was selected because it is relatively isolated and

probelly is large enough for dlsposal of golid wastes for 10 or

more Jears.
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The activity in semples of tuff collected beneath pit 3 in

June 1957 was as follows:

{Counts per minute per liter--

analyses by the Los Alamos Sclentific Laboratory)

Gross Gross Radicactive
Depth
alpha beta strontium
5 feet 2.2 il —
10 feet .8 5 63
15 feet 1.1 8 76

From 1945 to 1953, sampies were ovtained ocessionally of the
wvaste-water discharge from the laundry for radiochemical analysis.
Starting in 1955, a weekly radiochemical analysis was oade rom a
camposite of sumplies collected daily during normald cperation of the
laundry. Data in table 1 show that plutonium accounts for aboutb
cne-third to one-nalf of the gross-alpha activity and that radio-
active strontium accounts for about one-tenth tc one=-twenty-fifth
of the gross=beta activity.

Discherge of waste to the three pits 2o sibe o»3-L ceased in
1961. The pits prebably should be backfilled to prevent weter froum
ponding in the pits o & level that the wvalls would be brewcied and

the contents drained into the azarpy canyon.
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Table l.--Average of weekly composite semples of raw waste discherge: intc
pits from laundry at Los Alamos, 195 through 1960, site 6=3-L

(Analysis by Los Alamos Scientific Laboratory)

Gross alpha  Plutonium Gross beta R::igzﬁzi;e
ver  (comtager (comteper (comierer (cousta per
per liter) per liter) per liter) per ;:2::}
1955 1,907 655 - -
1956 1,920 763 - -
1957 1,282 539 25,682 563
1958 861 4i2 16,624 1,898
1959 1,24k 715 3,088 23k
1960 2,313 1,053 22,636 887

Z3a_




Site 6~h-L consists of four pits 160 feet long, 20 feet wide,
and about & feet deep located between the axis and the north rim of
a finger mesa. The pits are dug in tuff. The pits are among the

b

. oldest used for disposal of liquid wastes at Los Alamos and, as at
site 6-3-L, were backfilled with layers of gravel, soil, and tuff
to & depth of 4 to 5 feet. The pits were used from sbout 1943 to
about the middle of 1952, at which time e waste-treatment plant was
put into operation. A strong solvent, such as hydrofluoric acid in
plutonium wastes, may have reected with the tuff along jolnts in the
floors and walls of the pits and caused some of the Joints to enlarge.
The aversge concentrations of'fluoride and plutonium discherged into
the pits was 16C parts per million and 60 counts per minute per
milliliter respectively (Christenson and Thomes, 1962, p. 258) in
the 1543.32 period.

Flow of waste water into these pits probably aversged about
2 to 3 million gallons annually from 13943-52., The westes flowed
into a distribution box, then presumsbly flowed from the distribution
box into pits 1 and 2, and through overflow pipes into pits 3 and h,
respectively. Reportebly more water moved into pits 1 and 3 than
moved into pits 2 and &, and at times some of the pits became
clogged and overflowed, the overflow moving northward towards a ganyon.

The,radiological.éuality of the raw weste discharged into the
pits from 19:3-52 is prchebly similar to that now entering the waste-
treatment plant et site 6-5-L. The pits probably should be backfilled

to prevent water from ponding In the pits.
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Table 2.--Voluge ol flow into the treaitment plant, and the
concentrations of the influent and effluent of gross alpha
and plutonium, sites 6-4-L and 6-5-1

(Analyses by the Los Alamos Scientific Laboratory)

____Gross alpha Plutonium )

Volume Influent Effiuent Influent | Effiuent | Total

Wthousands| (thousands of (counts per (milli- | (counts per | equiv.
Year of counts per minut Y, grews) minuter&/ to

gallons) minute 1/ per liter~) per lite plant

per liter~') (mg)
152 2,682.0 t 582 35 8,761 35 8,781
1953  h,0h3.€ hal P 92,378 79 92,378
1954 5,026.8 187 73 33,560 93 37,836
1955  2,36k.5 218 116 30,00 o7 36,555
1086 3,801.1 o 60 18,450 59 23,683
s L,712.9 £2.5 65 1,383 65 21,0%C
1988 £,658.8 167 & - 25,549 62 8,017
1959 2,h96.4 %6 118 B2 ,552 8.8 56,541
105G E,2Gh.1 626 510 82,189 223 E/u27,829
1961 z,:88.2 €61 595 99,15k €32 175,938

/ -
1/ Vielghted sversge

a/ Imcludes 1.1:1 grems of plutonium 238
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Discharge into Acid Canyon 1s estimatod to have been gbout
10,000 gallons daily between 1546 and 1551, The volume of digcharge
generally irereased from 1551, vhen records were siarted, to 1951

table 3). Waste was released from the treatment plent durlng
each working day in slugs of 15,000 to 20,000 gallons eackh.

Acid Cenyen is & deep "V" shaped canyon cut into ti.c Tshirege
Member of tl?e tufT. It has a gteep gradient and contalios water only
during floodflow, spring snowmelt, and during discharge from ithe
plant. Acld Cauyon dlscharges into Pusble Canyon, which hes a larger
drainage area and generally coctains a smell streem which originaies
et a sewege-treatment plant upstream. The treawment plant in Area 7
probably will be replaced in late 1962 or esrly 19635 by a nev plent,
wilch will discharge wastes into the upper part of Mortandad Canyon.

The radiological quelity of the raw wastes entering the pleant
and of the treated wastes discharged from the plant is showa in teble 3.
Most of the radicactive ious are precipitated into sludges which are
de-wetered before buricl at Arez 3. The liquid wastes are discharged
at approximately one-tenth cf drinking-water tolerance. Regular washing
of contaminated vehicles, through 1957, in the parking lot at Area 7,
and & splll of sludge in the parking lot apparently did not add measurable
radiocactivity to the canycn. dowever, an accidental discharge of siudge
from the plant, in November 1958, inereased the gross alpha of the
surfece material in the gtream channel for a pericd of geveral months.

Repor’tedly,\ the radiological quelity of the rawv waste discharged
lato the canyon Befcre 1951 was similar o that entering the treatment

plant during the period 1951 through 1961. The pH of the rew wastes

renges between about 6.6 and 11.8,
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Table 3.~-Volume of flow into the treatment plant, and the concentrations

of the influent and effluent of gross alpha end plutonium, Area 7,

(Analyses by the Los Alemos Scientific Laboratory)

Gross alpha Plutonium

Volume !, Influent /, Bffluent | Influent l, Effluent

Yezr | (thousanis (g-/ counts per (E/ counts per (milli- (‘g/counts per
of minute minute grams) minute
gallons) per J;iter)‘ per liter) per liter)
\ 3

1951 4,0C9.7 2,380 95.8 539.3 95.8
1952 7+53G.9 1,8L5 k2.8 45,7 42.8
1953 £,500.0 1,900 105 1,00 ho
1954 10,73C.0 3,300 222 2,600 60
1955 30,428.7 2,570 167 1,029 £1.5
1956 10,8535 2,100 113 79h 29.¢C
1957 11,538.5 5,580 125 1,429 | 22.6
1556 1C,374.5 h,520 i5h 1,567 5.2
1955 11,619.4 7,250 160 3,577 3C.9
1960 16,850.5 13,200 123 5,296 71
1961 1%,062.3 9,767 195 5,686 111.6

A/ Weighted averages
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Area 8: Ten-Site

Area 8 is in the Ej sec. 22, T. 19 N., R. 6 E. and is at the head
of a emall flat-bottomed canyon tributary to Ten-Site Canyon. Clay,
about 5 feet thick in the channel of the tributary canyon, is weathered
in place from the Tshirege Member of the tuff. The treatment plant
in this area processes large amounts of radiocactive barium and
lenthamum containing some strontium-90 impurities. The treated
supeynatant liquids are discharged into the tributary canyon.

Operations in the early 1960's consisted of the storage of
radicactive wastes in four 50,000-gallon tanks for several months
prior to their discharge into the tributary canyon.

A summory of waste discharged from Area 8 fram January 1956 to
January 1, 1961 (except December 138359 to June 13, 1960) is shown in
table 4. Tre first phase, January 1955 through February 1957, consisted
of lon-exchange processes with resins, which were later made a part of
regular plant cperation. The resins vere regenerated and the sludges
buried in Area 3. The second phase, February 1957 through November 1393,
was e series of pilcot plant studies for the removel of strontium=-89
and 90. Both processes were used in the plant after June 13, 1960.

In addition to the normal discharge of treated wastes into the canyon,
a spill of relatively high beta~gomma sources occurred in February 1956,
when a storage tenk overfloved.

The quantity of water discharged to the canyon is relatively small.
The average discharze of radiocactive material is about one-teuth of the

off=gite tolerance.
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Area 9: Quega and OWR (Omegs West Remctor) Sites

Arem 9 is in the SWi sec. 15, T. 19 N., R. 6 E. Liquid and
airborne westes from the operation of two reactors in Los Alamos
Canyon are discharged here. Coolant water containing induced
activivy with a short half-life 1s discharged imbo the gtream
channel ot site 9-1-L. BSeveral curies of short-half-life chromium,
zine, and antimony from the lon-exchange column of the OWR (From
records of the Los Alamos Scientific Leboratory) are dumped
periodically into the stream chamel at site 9-3-3. Materials were
cleaned uarterly from the trap of a stack at site 9~2-3., Until
early in 1961, the wastes were dumped on the alluvium ou the floor

of the canyon. They contalined an aversge of about 12 uc (microcuries)

.13 .. 131
of cegium 31 and fodine 2 .

Area 10: Techmical Avea 4G

Area 1C is in the W sec. 3,718 §., R. 6 E. It was an
active experimental site in 1960 and 1961, and 1t is expected to
be used agedin in late 1662 or early 1963. Some plutonium is present

but the extent cannot be estimated (Phillip Belcher, August 30,

1961, orul commwicaiion).
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Area 127 Pejarlis

Arez 12 is in the NE} sec. 55 and the NV sec. 36, T. 19 N., R. 6 E.
in Pajarito Canyon. The canyon floor is flat and consists of gravelly
alluvium 20 to 25 feet thick. Smnll guantities of wvastes are discharged

here occaslonally.

Sewage-disposal plants

Sewage 1s discharged from the Puesblo, Centrsl, and Sandia
sewage plents. These wastes generally are high in phosphates and
nitrates. Puesblo and Central sewsge plants discharge into Pueblo
Canyon, and the Sandia plant dischargee into Sandia Canyon. During
the werm months, about 90 percent of the sewage from the Pueblo
sewage plant is pumped onto the golf course for irrigation. For
several years in the mid-1950's, part of the sewage from the Central
sewage plant was pumped to the main power plant for cooling puiposes
snd then discharged into Sandia Canyon. The discharge crestes small
streams in Pueblo and Sandia Canyons. Diacherge from the Pushlc
sevwage plent aversges about 9 million gallons monthly and from the
Central sewage plant aboui % million gallons monthly. Data are
lacking on the discharge from the Sendis Zewn e plant.

Sewage from isolated technical areas generally is dischariged

into local tile systams which are sntrenched in tuff.
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