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EVALUATIOi~

OF

MO~T.::ORIXG

OF R.c'>..:HOACTOVE SOLID-WASTE BURIAL SITES

AT LO::; ALAMOS, NEH

~!EXICO

By
T. E. Kelly

•
ABSTRACT

Burial of solid radioactive waste began at Los Alamos, N. Mex.
in 1943.

Most of this waste contained a low level of radioactivity;

consequently, only limited monitoring of the hydrogeologic environment
has been done in the past.

This study was based on a file-and-

literature search in order to determine the effectiveness of these
moitoring activities.
Insufficient data are available to design an effective monitoring
program at the present time.

Various geologic and hydrologic parameters

need to be defined more accurately if an effective system of monitoring
is to be designed.
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I~TRODUCTI0:-1

In 1943 the

Cniversi~y

of California was requested to establish

a nuclear research facility at the

~os

vate institution located in the Jemez
:;. i·!ex.

Alamos Boarding School, a pri~·fountains

northwest of Santa Fe,

7his facility, subsequently nar.:ed LASL (Los Alamos Scient:.:.::_ __

Laboratory), has retained its affiliation with the University of

•

California system.

Currently (1975) a wide variety of research pro-

jects are conducted at LASL, all of which are funded by Federal agencies.

The prime agency is ERDA (Energy Research and Development

Administration), formerly the Atomic Energy Commission.
In the past, various types of waste have
reservation.

be~n

buried at the LASL

Some of these wastes were radioactively contaminated;

other waste consisted of classified materials and nonradioactive
chemical wastes.

In recent years the interest in environmental impact

and control has focused attention on these burial areas, some of which
were located near population centers.

Consequently ERDA requested

that USGS (U.S. Geological Survey) conduct an independent investigation
of some of these sites.
This investigation was conducted under contract with the Albuquerque
Operations Office of ERDA.

The study is part of an ERDA waste-

management plan to evaluate the solid-waste-burial methods in use at
several sites in the United States and to determine the suitability
of burial grounds for long-term storage of solid radioactive wastes.
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The investigation was conducted
July 1974.

bet~een

Se?tember 1973 and

No new data were collected; the study was based on exist-

ing records from the files of LASL and on data from previous investicontractcrs, incluclir,g l"SGS.

gations by

E?~~.;

visited on

v~rious

were

obs~rved

Each disposal site was

occasions and the monitoring and sampling procedures

in the field whenever possible.

The author wishes to express his appreciation for the help given

•

by various

~embers

of the Health Division of LASL, especially

LaHar Johnson, J. A. Mohrbacher, and Margaret Anne Rogers.
Two facets of data collection are necessary to adequately evaluate a disposal site.

First, on-site studies are needed to determine

the geohydrologic characteristics of each site; this would be a onetime evaluation of features which would remain constant for prolonged
periods of time.

Second, a continuous monitoring program is necessary

to trace ground-water movement and migration of radionuclides.
In some instances the term "monitoring" has been used in reference
to periodic sampling and testing of various segments of the environment
to detect radiation levels at specific sites without regard for movement.

However, in this report the term refers to a continuing program

of study and sampling that would ultimately define the rate, direction,
and concentration of radionuclide migration in the geohydrologic
environment.

8

Of the material-disposal sites
for study (fig. 1).

Six

o~

~t

r.~Jtcrials-disposal

eight were selected

the eight areas studied are considered

conventional solid-waste ourLtl sites.
areas, Area T, is a

~os Al&~os,

liqui~-waste

One of the materials-disposal

disposal operation; another of the

areas, Area D, is two subterranean chambers where

experimental devices were detonated.
Al tl~oagh the pr inci?al emphasis in this investigation was directed

•

toward solid-waste disposal areas, it is not always

possi~le

to identify

the source of contamination after the radionuclides have entered the
environment.

Also, liquid wastes and precipitation have come in con-

tact with the solid-waste products, thus causing the radionuclides to
move as a liquid waste.

Consequently many of the ·statements made in

this report pertain to the monitoring of liquids as well as solids.
The primary purposes of this investigation, as requested by ERDA,
were (1) to determine adequacy of current solid-waste monitoring systems at LASL, and (2) to determine improvements to the monitoring
program to assure that radioactivity migration from burial areas
could be detected.

It was agreed by the cooperating agencies that the

efforts in this study be directed toward the tabulation of existing
data pertaining to the immediate vicinity of the disposal sites, with
suggestions being made for the collection of additional data which
would provide the necessary background for the design of a comprehensive monitoring program.
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Figure 1 .--Location of disposal areas.
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... ,-.·/

The Heallb DLision of :....\.SL has always cLlssified the radioactive wastes

dispos~,;

the monitoring programs
the

moh~~ity

of the

:o

~round

~ave

as either solid or as liquid, and

been designed accordingly.

liquid-~aste

product~,

has been directed toward this group.

~Jin~

to

cost of the emphasis

From 1950

throu~h

June 1971 a

continuous program of licuid-waste monitoring was conducted bv the
USGS in cooperation with L.\SL and EP..:JA.

•

During this interval

several thousand surface and ground-water samples were collected
in Los Alamos County.

Samples were also collected from the Rio Grande

and several other major streams in the State.

A large number of

reports were prepared as a result of these surface-water investigations.
Most of the solid waste is considered to have a low level of
activity.

These wastes are monitored by LASL during packaging and

transportation to the burial grounds; however, no specific sitemonitoring program has been established for buried waste.
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The types of solid wastes consist of a
materials

originatin~

(1)

La~0~atorv

materials which are used
process enclosures.

variety of

from iifferent places in a given

(Fo.,.:le!:" and others, 1973, ;:; . 3).
six categories.

wi~c

i~

~.,rork

area

These i1i.lve been subdivided in'.:C1
tra~h

consists of the miscellaneous

laboratories or rooms outside the

(2)

~irec:-

trash consists of miscella:v.

''.:3

materials which are used inside processing enclosures; it is usually

•

consiiera~ly

trash.

hibher in contamination than that of the room-generated

(3) Liquid effluent treatment sludges are the precipitates

from various liquid radioactive-waste streams.

(4)

Oils, greases,

and combustible liquids are derived from various machining operations
involving radioactive metals.

(5)

Contam]nated equipment and metals

which are too large to be handled as laboratory or line-generated
trash.

(6)

Radioactive building debris includes such things as blowers

and filter housings, as well as whole buildings which have become contaminated and subsequently dismantled.
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During the era of the

:~nhattan

?reject of World

~ar

II, the

responsibility for disposal of radioactive waste was delegated to
~ilitary

personnel.

So~2=~~e

in early 1945 :::is responsibility was

delegated to the Health Gro:;p, GfR.-12 (Chemical

~fetallurgic:al

Research-12).

In 1953 c:;::i.-12 was transferred to the Health Division and assigned to
Group H-6.

Subsequently Group H-6 was

office mer:10randum from G. =... Voelz,

•

~f.

recesig~ated

Group h-1.

In an

D., Health Division Leader,

LASL, through R. E. Schreiber to H. J. Blackwell, Area }1anager, AEC,
dated April 27, 1973, the responsibility for collection of solid
wastes and management of the radioactive-waste burial grounds was
transferred from LASL Group H-1 Health Physics to Group H-8 Environmental Studies effective Xay 1, 1973.

During these numerous changes

Dean D. Heyer was Project Leader of the solid waste-disposal programs
throughout most of his career with LASL.
extended from 1946 through June 1973.

His tenure with the laboratory

J. W. Enders and others were

responsible for the actual field operations during most of this time.
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An early

descrip~ion c~

the disposal sites was given in a

L~SL

office memorandum from :ea~ :. Meyer to S. E. Russo on January 31, 19~2.
subject "Location of contaninated waste burial pits."

The memorandun

is quoted in full below:

•

"The collection an·J burial of contar.i:1.:1ted w2ste materials from Cffi.
areas was started by group C:R-12 in 1944. Letters in t~e 01R-12
files indicate that sometime in 1944 a pit located in the fenced area
between the Trailer Court and the C·1R Laundry was i-n use. \Jhen this
pit was filled two more were dug in the area now known as the General'~
Tank t\rea. Hhen these \vere filled (19l.5) three more pits were du2: in
the area between the Trailer Court and C~R Laundrv. Space in this
area was exhausted in 1948 and new pits were started at the present
location on Pajarito Road. Personnel that were attached to the C:ffi
Division during the war think that there was a small pit located on
the north side of the DP Site Road, however, records in the CMR-12
files do not confirm the existence of this pit.
"The material in these pits consists of all the contaminated waste
from CMR operations. This includes laboratory equipment, building
construction material, paper, rubber gloves, filters from air cleaning systems and contaminated or toxic chemicals. Other divisions of
the laboratory have also requested that contaminated materials and
classified shapes from their operation be disposed of in these pits.
"The contamination on materials in these pits consists of all the
types of radioactive materials used at Los Alamos. Some of the kno~~
tvpes of activity are: plutonium, polonium, uranium, americium. curium,
RaLa*, actinium and waste products from the Water Boiler. ~Jo atte:":.pt
has been made to keep the various materials separated."

*Radium-Lanthanum
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In 1973 the Health Division Group (H-8) made a prelicina ry survey
of the radionucl ide

concentr~:ion an~

:o~position

of

so~id

waste buried

at Los Ala8os since the beginning of operation s at the laborator y in
the early 1940's C!cCurdy an:i others, 1974, p. 44).

This investi;a -

tion revealed that, in general, no records were kept until the mid1950's and that the records are "highly variable" in quality.

De-

tailed records of racionucl ide concentra tion and conpositi on of wastes

•

~ere

not kept unti: :959, however the quality of records has improved

steadily since that time.
Of the eight sites which were designate d for study during this
investiga tion, only three--Ar eas C, G, and T--have been used since
1959.

:herefore specific informati on concernin g the total number of

curies of waste are available for these three sites only (table 1).
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•

Table 1.--Radionuclide

concentr~tion

sites ns of January

of materials placed in three subsurf:H:e disposill

1973~/

Area C

Area G

Isotope
Shafts

Pits

I-"

a..

49, 13~/

I

;\rea T
Absorption
beds
Shafts

Total of all
d i •;pu::a 1 areas

Pits

Shafts

4

77' 661

-

-

J!,7,St19

3H

-

22Na

-

40

-

46

-

-

86

60Co

-

20

-

229

-

-

21,1)

9 OSr 90y

-

31

306

-

2

3,301

137Cs

-

-

6

-

2

8

233

0

-

-

5

-

7

17

uc::/

25

238Pu

-

-

15

239Pu

26

-

332

241Am

149

-

2,074

5

2,962

48

0.1

<

-

-

-

73

-

13

32

-

10

70

438

-

-

1,256

3,479

4

F ission products

-

so

-

77

-

-

127

nduced activity

-

200

-

2,458

-

-

2,658

I

~/

Hodified from Tables XIV and XV, Los Alamos report LA-5614-PH; no data giv•.•n
1>/ All values in curies, decay corrected.
~j Included isotopes 234, 235, 236, 238.

lrf.

for

i\r(•:Js .\.

•·

P,

E' or·

r.

syste m,
For those reade rs inter ested in using the metr ic
equiv alent s of

Englis~

ucits of meas ureoe nt are given

i~

ce~r~:

paren these s.

erted to metr ic u::its
The I:ngl ish units used i:1 t\1is repo rt nay be conv
by the follo wing conv ersio n facto rs:

Unit

•

To obtai n

by

~1ultiply

From

Unit

abbr eviation

abbr eviation

milli netre s

(r.m.)

0.304 8

metre s

(m)

(mi)

1.609

kilom etres

(bn)

(mi2)

2.590

squar e kilom etres

2
(bn )

(ft /s)

0.028 32

cubic metre s per
secon d

feet per mile (ft/m i)

0.304 8/1.6 09

inche s

(in)

feet

(ft)

miles
squar e miles
cubic feet
per secon d

acre -feet

gallo ns per
minu te

3

(acre -ft)

(gal/ min)

25.4

1233
1. 233

X

10-

6.309

X

10-

3
(m Is)

metre s per kilom etre

(m/km)

cubic metre s

3
(m )

3

cubic hecto metre s

5

cubic metre s per
secon d

cubic yards

0.764 555 cubic metre s

squar e feet

0.092 903 squar e metre s

(I:l"")

0.003 735 cubic metre s

(m )

')

gallo ns

(gal)
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REGIG:;n.:_ GEOii'iDI:.O:..OGIC

The Los Alamos
120

n1·

2

(310

excludi~~

tow~site

1

~~

the

2

) 1n
.

Scie~:ific
exte~t,

metropoli:a~

Laboratory reservation, approximately

covers most o f Los A1 amos County,
and residential areas--the Los AlaQOS

(1970 population 11,310), l.nite Rock and Pajarito Acres

(1970 populations 3,388).

•

SE:'TI:~G

Los Alamos County is in north-central

New :fexico, approximately 25 mi (41 km) northwest of Santa Fe .
!1ost of the Laboratory installations have been constructed on
the Pajarito Plateau (fit:;. 2) '\lhich is at an altitude of about 7, 000 ft
(2,100 m).

T~e

surface of the plateau has been dissected by many

narrow, steep-walled canyons which have been cut by intermittent
streams that drain eastward into the Rio Grande at an altitude of
approximately 5,500 ft (1,700 m).

The western edBe of the area is

bordered by the Sierra de los Valles, part of the Jemez Hountains,
which have many peaks exceeding 10,000 ft (3,000 m) in altitude.
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Not to scale.

Modified after Baltr and ot hera, 19 62,
and Bailey ond others, 1969

Figure 2.--Diagrammatic section showing generalized stratigraphic relatione, of till' Bandelier Tuff
to older rocks in the Los Alamos area.

Iff

Meteorolcgical data

~ave

bee= collected at Los Alamos since 1926.

Initially this effort was supported by the Los Alamos uoys' School and
later by the laboratory.

average annual precipitation of the

:~e

plateau is about 17 in (450 mrn) per year.
percent of the precipitation falls

duri~G

A?proximately 30 to 50
local thunderstorms i= July

and August; about 50 in (1,300 mm) of snow is recorded annually at
Los Alamos.

•

The average annual temperature is 9°C (48°F); average

July temperature is about l9°C (67°F) and the average January
temperature is -3°C (29°F).

Evaporation data are not available for

Los Alamos.
The oldest exposed Tertiary rocks in the Los Alamos area consist
of sand, silt, clay, and some interbedded gravel called the
"undifferentiat ed unit of the Santa Fe Group" by Griggs (1964, p. 20).
Spiegel and Baldwin (1963,

~.

to part of this unit (fig. 2).

39) applied the name Tesuque Formation
The Tesuque Formation is overlain by

the Puye Formation (Griggs, 1964, p. 28).

Although this unit has been

divided into two different members, in general it consists of coarse
clastics, silt, and minor amounts of basalt.
thickness is 726ft (221m).

The maximun known

These rocks grade eastward into the

basaltic rocks of Chino Mesa east of the Rio Grande and westward they
intertongue with the Tschicoma Formation that comprises most of the
volcanics of the Sierra de los Valles.

The municipal water supply for

Los Alamos is obtained from wells completed in the Puye Conglomerate
and underlying Tesuque Formation.
The hydrologic characteristics of these depostis have been described in detail by Theis and Conover (1962), Cushman (1965), and
Purtymun and

Coo~er

(1969).
20

The regional flow

~attern

of

basin is parallel to the axis of
p. 21).

~round
t~e

water in the Rio Grande

river (l:elly and others, 1970,

However this pattern is locally

~edified

of eround water from the various source areas.
ground

~atcr

areas in

th~

At Los Alamos the

flows eastward toward the rrio Grande from the source
Sierra de los Valles and higher parts of the Pajarito

Plateau (Grizgs, 1964, p. 95).

•

by the inflow

The regional slope of the potentia-

metric surface is approxinately 70 ft/rni (13 m/km) from west to east .
As this slope is less than that of the land surface of the Pajarito
Plateau, the depth to the potentiometric surface becomes progressively
greater toward the Sierra de los Valles, although few data are available
for the region west of Area C.

The average depth to the potentiometric

surface at LASL is about 1,000 ft (305m).
Soil moisture which is not retained in perched water zones
percolates do>mward until reachins the main zone of saturation, then
migrates eastward toward the Rio Grande.

According to Griegs (1964,

p. 95), streamflow measurements in the Rio Grande in dry weather indicate that the river eains 500 to 600 gal/min
per mile in the 21-mi

(34-Y~)

Bridge east of Los Alamos.

3

(0.03 to 0.04 m /s)

reach of the P-io Grande below Otowi

Host of this water probably discharees

from the Puye Conglomerate and the Tesuque Formation.
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The Puye

Fcr=atio~

is overlain-· the Bandelier Tuff, a

thick sequence of volcanic de?ostis

t~at

Griggs (1964, p. 46) subdivided the

~andelier

forms the Pajarito

Pl~teau.

into three members: the

oldest Guaje Hember, the Otowi He!!lber, and the Tshirege Member.
Subseque~t wcr~
foroatio~

may be

by

~ailey a~d

others (1969,

~ore nat~r~lly

~·

subdivided into

13) has
~~o

s~~~

that the

strati~raphic

genetical!:: equivalent men:,ers, the Ctowi and Tshirege

~!embers,

anc

eaci-1

consisting of a basal pumice bed overlain by a petrologically related
succession of ash-flow units (fig. 2).

The Otowi Hember, includin:;

the Guaje Pumice Bed, is exposed in the deeper parts of the canyons
east of Los Alamos.

The overlying Tshirege Member is a prominent

cliff-forming unit that caps the Pajarito Plateau.

The maximum

known thickness of the Bandelier Tuff is more than 1,000 ft (305m).
According to Griggs (1964, p. 47) the present Guaje Pumice Bed
of the Otowi !1ember of the Bandelier Tuff is characterized by
unconsolidated white-to-gray, rhyolitic pumice; small phenocrysts of
quartz and feldspar crystals are locally present.

The overlying

ash-flow units generally consist of a single flow of light-gray
pumiceous tuff and tuff breccia containing fragments of rhyolite and
latite.

The conical-shaped erosional remnants, locally called

"tent rocks," are characteristic of the weathering of the ash-flow
units of the Otowi Hember.
The Tshirege Member of the Bandelier Tuff caps the Pajarito
Plateau and forms the prominent cliffs which are characteristic of
the Los Alamos area and Bandelier

~1ational

Monument.

waste burial pits have been excavated in the Tshirege.
22

All of the solid-

A study of t~2 soil e~so~ tic~ of radio~uclides by the Tshir ;e
2
~Ier.:';.::r

(lSSS).

of the Bandelier -:._if was cade by Christenson an::i others
·r;·.:-ee ra::::.crn.::..:.:.d;::;, were tested:

137 c
s, 239o..
_ _.,an d 90 Sr.

.
- 13 7
The lowest percentage reten:lon
ot
Cs by tuff was 99.6 and

to

'

re~ease

.

t~e

.
ces1vn
were unsuccess t- u1 .

atte~~ls

239 o ·
I twas f oun d tnat
'
.u 1s

tightly 6ound within the tuff but that it can be released by the addition of such ccmplexing

•

age~ts

as citric acid, versene, or soap.

Strontium-90 was not retained by the tuff as well as cesium or
plutonium, and it was much more easily released.

These data indicate

that each radionuclide has different retention characteristic s but only
three of the radionuclides comroDnly buried at Los Alamos were studied.
Also, it is possible th&t there are variatioDs

the retention char-

~n

acteristics of the tuff at different burial sites.

Therefore the

study by Christenson and others (1958) should not be considered
directly applicable to any specific burial site,
provide valuable

back~round

data •

. 23

althou~h

it does

Joi:.ti::-~

is ::.e most si6:lificant stru::c:ral feature of the

Tsriirege Ne!!lber of the Bandelier Tuff; i t also exerts a significant
control on the hydrol06Y of the burial sites.

Accordi~g

and others (1963, p. 37), joints in the tuff ran6e from
cra:.:~s

about
joi~ts

•

to fissures several L:.ches wide.
o~e joi~t
i~tersect

to Ral:z
hairli~e

The average density is

per square yard, but in many areas the individual
or are More closely spaced.

~~ny

of these fractures

are filled with sediment, caliche, or clay derived from the
of the fracture plains.

weatheri~g

Open joints have been noted in many outcrops

and boreholes, and they have been found in both members of the
Bandelier Tuff.

Baltz and others (1963, p. 41) state that

" •.•• it would be reasonable to expect .••• [that jqinting] might allow
percolation downward to the Puye Formation if water is able to infiltrate at the surface."

24

~~any

of the earlier

soil which developed on
i~permeable

:::~dies
t~e

barr:er to the

at :_;.;s .\la.r:1os concluded that the

Tshirege
do~~ward

~~ember

produced a relatively

movement of precipitJtion

(Abraha:::s anJ others, 196l, p. 145), (Purtymun, 1966, p. 17), and
(Purt~'nun,

190~,

p. 25).

the precipitation was

It was generally believed that most of

ret~rned

to the atmosphere from the soil zone

by evapotranspiration; a small amount of water moved laterally

•

through the soil," .•.. this bein: the path of least resistance,"
and into the nearby canvons where it infiltrated the more permeable
alluvium (Baltz and others, 1963, p. 63).

In those cases where pre-

cipitation did reach the unweathered tuff, Purtymun (1966, p. 17)
suggested that the ''Flat-lying to near-vertical open joints probably
will perch water and impede the downward movement of water in the
tuff, because the water is held in tension in the small pore spaces
of the tuff."
Recent work by Purtymun, (1973, p. 6) however, shows that water
which has passed through the soil profile will move in the vapor
phase, primarily along the horizontal bedding planes in the tuff and
secondarily through open joints and through the tuff matrix.
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ARE.\ A

History and conditions of burial
Area A, one of the

ol~est

used intermittently since

abo~t

disposal sites at Los Al2mos, has been
1945.

This area is located neer TA-2l,

0.25 ll'i (C.!l :::-:) east of t=:e end of I;P ?.uad and on the north
side of the Los Alarr.os Can: on.

•

T~o

structures, TA-21-107 and TA-21-108, locally known as the

"Gene:J al' s Ta.nks," are located in Area J, in addition to several solidwaste pits (fig. 3).

These structures are 50,000 gal (200 w3 )

stai:-_less steel ta::ks >Jhich •.;ere used for stori::g solutions t:.at
containe<i radior.1.1clidE.s.

Accorciing to office memorandum dated

October 30, 1973 from G. L. Voelz,

LA~-L,

the two tanks were constructed in 1945.

to E. E. Wingfield, E:'.DA,
They were buried about 8 ft

(~4

below grade and covered with an 8-in (200-mm) slab of concrete.
According to the Voelz merrorandum, surveillance of these tanks
has been minimal, however "The volume of 40,000 gallons in one tank
and 9, 000 ir. the other as well as chemical concentrations is comparal.le
tc the record data."

The amount of radioactive material in these

solutions is believed b7 Voelz to be approximately 230 grams of
239
241
Pu and
Am.
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m)

unp~b2.ished

In an
::.Jureau of
re?o rts

~li:>..:. ..,;

re?or : to LASL,

Jacq~es

Rena ult of the

~ew ~!exico

3,
and ;::.:::r c.: L;.esour::.es (\vrit: :.en ccr:li!lun., Decem ber

t~at ~oist~re

nas noved

t~rough

197~;,

the joint s in the tuff and

d throu gh the
that some rock mate rial may have been trans ?orte

fract~res.

onta l struc tures in
In seve ral insta nces desic catio n crack s and horiz
open fract ures sugg ests that mete oric wate r
Ren~~lt

•

~as

stand ing in the join: s.

mont mori l:c::i te,
also found that the joint s are local ly fille d with

a swel ling clay.

He state d that, "It is ccnc eivab le that expan sior.

apar t irrev ersib ly.
of this clay could cause fract ure walls to move
a low perm eabil ity to
The mont mori lloni te fille d fract ures will have
dry."
gases when wet and high perm eabil ity to gases when
soil that devel ops
These studi es sugg est that in many insta nces the
ent of much of the
on the Band elier Tuff retar ds the downward movem
prec ipita tion which falls on the Paja rito Plate au.

However once the

movement occu rs in both
soil mois ture has reach ed the unwe ather ed tuff,
ing plane s, and throu gh
the li~uid and va,or phase s throu gh join ts, bedd
the highl y porou s tuff.

Furth ermo re, it is poss ible that the perm eabil ity

t the year in respo nse
of the joint s and beddi ng plane s may vary throu ghou
mori lloni te.
to the amou nt of mois ture avail able to the mont
Alamos for a
Perch ed wate r bodie s have been recog nized at Los
samp led where they
numb er of year s, and in some cases these have been
1969 ).
disch arge as sprin gs (Purt ymun , writt en commun.,

The more im-

Bend Sprin g, and
porta nt sprin gs inclu de the Ancho Sprin g, Hami lton
Basa lt Sprin g.

ed
The disch arge of these sprin gs indic ates that perch

r in the zone of
aquif ers exer t some contr ol on the movement of wate
aerat ion.
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Two dis?csa:

~~=s

were originally exca?a:ed in Area A;

accordi~;

to engi:1eering dra-.,·i:-.0 ::::::G-1266 these pits \vere 125 ft (38 m) long
and 18 ft (5 m)

~ide.

A later pit excavated in April 1969 was

approxinate ly 200 ft (60
a~ou:

20ft (6 m).

=J

lon~

Subsequentl y,

aDci 80 ft (24 m) wide; the depth was
i~

LASL office memorandum dates

::ovember 9, 1972 from J. :.. . Desilets to C. A. Reynolds, subject
"Xaterials Disposal Area 'A', DP-Iiest," it was requested that the

•

excavated area be enlarged to provide approximate ly 6,000 YG.

existi~~

)

3

(4,800 m ) of additional space.
Purtymun (written conmun., June 30, 1969) described Area A as
a northward-s loping land surface on the Bandelier Tuff which breaks
into a series of benches and steep slopes into DP Canyon.

The

disposal pits were excavated into a moderately welded tuff having
a soil cover that ranges from 2 to 5 ft (0.6 to 1.5 m) in thickness.
Three joint sets are present and all of the joints are filled with
dark brown clay or gray clay.

The total thickness of the Bandelier Tuff

at Area A probably exceeds 800ft (244m).

The tuff is in the un-

saturated zone; the top of the saturated zone in the Puye Formation is
at about 1,150 ft (350 m) below the surface.
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Previo~s monitori~3

activity

The amount and type of radioactive waste, which has been buried
at Area A and the level cf activity of the waste is not well documented.
Abraha~s

pits

(written commun., February 1963) reported that the disposal

contai~ed

polonium and uranium wastes.

I~

LASL office

memora~d~D

from D. D. Meyer to C. :;. Christenson dated January 4, 1971, subject

•

"Volume of transuranium

was~es

buried at Los Alamos," Meyer reported

that in the first two pits " ..•• the main radioactive material buried
was polonium.

There may have been a trace of 239 Pu."

The latest pit

(1969) contains Pu contaminated waste material removed from DP
during the rehabilitation work.

t~est

Furthermore Meyer estimated that the

amount of waste buried at Area A was 12,500 yd

3

.

3

(10,000 m ); this

estimation was based on the volume of the pits rather than the actual
volume of the waste.
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ARE.\ B
Histc~y

T~:<::

a

c:st::~bli.sh:~a.:nt

~emora~dum

The

~~a

co~2i:io~s

~urial

of a burial pit at .\rea B was requested in

fran David Dow to Col. C.

exc~vation,

o~

~hich ~as

~.

:yler on

~uly

5,

19~3.

to re?lace the burial pits at Area A, was

to be located along the south side of DP Road.
Little

•

infor~ation

pertaining to the quantity and type of

radioactive waste buried at Area B is available.
data were presented in a LASL
D. D.

~1eyer

me~orandum

The only definitive

dated January 31, 1952 from

to S. E. Russo, subject "Location of contaminated waste

burial pits."

In this

~emorandum ~eyer

stated that all the early

burial pits including Area B contained waste contaminated with all
the types of radioactive materials used at Los Alamos.

These included

plutonium, polonium, uranium, americium, curium, actinium, and waste
products from the "water boiler."

According to this memorandum, ":Io

attempt has been made to keep the various materials separated."
In a LASL memora::d·Jn dated January 4, 1971 from D. D. Heyer to
C. W. Christenson, subject "Volume of transuranium wastes buried
at Los Alamos," it was e.stimated that Area B "actually contains
very little plutonium.

At the time they were in use,

Pu was scarce

and only that which was present as contamination was buried.
would estimate that the entire pit area contains no more than

100 grams of 239 Pu."
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I

The

r~eccra:1d:..:r1

rror: ::2-y:r tc

the contaminated waste from

from air

buildi~;

cleanin~

dated Ja.-.. ~.lary 31, 1952 def.:..:1sG

:~e

''7:-.e material in these pits consists of all

type of waste as follmvs:

equipment,

~~sso

c:3 operations.

This includes laboratory

construction material, paper, rubber gloves, filters

systems and contaminated or toxic chemicals.

Other

divisions of the laboratory have also requested that contaminated

mate~~als

and classified shapes from their operations be disposed in these pits."

•

The exact dimensions of the disposal pits at Area B are unknown.
The original memorandum suggested that the excavation be 15 ft () m)
wide and 300 ft (90

m)

long (fig. 4).

In a later memorandum it was

suggested that the excavation be 12 ft (4 m) deep.

It is believed that

a series of pits were excavated in Area B instead of a single pit.
Purtymun and Kennedy (1966, p. 8) reported that the excavated area was
about 250,000 ft

2

2
(32,500 m) and a depth of about 20ft (6 m).

This disposal site was last used in late 1949 or early 1950.

It

was then covered by about 3 ft (1 m) of tuff that had originally been
removed from the excavation, and subsequently about 60 percent of the
pit was paved with asphalt.
ownership and control.

This paved area remains under

EP~A

It is used, however, by residents of Los Alamos

County for storage of trailers, boats, and automobiles.

The area on

the east end of the paved area has not been improved.
The geologic environment of Area B is assumed to be similar to
that of Area A; no geologic investigations have been made.

Depth to

the aquifer beneath Area B is approximately 1,200 ft (366 m) below
land surface.
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~onitnring

Prev:>·>

A number of invest!=
of Area B to

determine~--

by the buried waste.

':l~n~

.:h·tivitv

have heen

:i'L' ~~~~·rolJndi::.:

l>.na~·:ses

con~ucted

in the

virinit~

ar<:>J has been rrnt;JminateC:

of :-ooil and water t2k.•n frn:J s, 1rf 2ce

samples within the area ~n 1947, 1953, 19~4. and 1957 (writteG :oM~~~.
Abrahams, 1963) have cor.~istently shown that the radionuclide concentrations are well below

•

t~e

maximum permissible concentrations (:!PC)

as outlined in AEC Manual Chapter 0524.
Abrahams (written

co~~un.,

1963) re?orted that soil samples

were collected in June 1955, "a short distance downgradient in the
canyon south of the pit ..•. "

The hitihest concentration of cross

alpha in these samples was 48 (d/m)/E (cisi~tegrations Der minute per
dry gram).

The exact location of this sampling point was not documen-

ted, and members of the Health Division now (1974) believe that this
sample was collected near the outflow point of discharge from an old
laundry facility where contaminated clothing was processed.
Purtymun and Kennedy (1966, p. il) drilled 13 test holes around
the outer perimeter of the area.
(8 m) to 50ft (15m).

These ranged in depth from 25 ft

The maximum gross alpha measured in soil and

rock samples from the holes was 1.2 (d/m)/g and maximum gross beta was

l2.6 (d/m)/g.

Most of the moisture profiles illustrated in their re:_:>ort

show that the soil moisture generally decreases with depth, then remains
constant below an average depth of 23ft (7 m).

A beta-uamma survey of Area B was conducted on September 16,
1966 by \l. F. Romero, H-1.

No appreciable readings above normal back-

ground of 0.07 mR/hr (milliroetgens/ hour) was detected.
34

lher2 ha~c be~n s~~2r2l cave-ins on the asphalt i~ the parki~g
area of Area B indicating that some co~paction and settling of waste
~as

occurred.

~.'ilbur ~~:orkm.::m

In an office memorandum dated
to D. D.

~feyer,

~ovember

10, 1971 from

one such cave-in was documented.

The meno-

randl:m stated that at S:C~ ?·T"'· on ~:ovenber 10, 1971 two monitors were
sent to the county trailer parking lot to check out a reported
of :'-e asphalt parkinz area.

•

cave-i~

An area approximately 5 ft (1.5 m) in

diameter and 18 in (460 nm) deep was surveyed using alpha and beta
counters.

tlo alpha contamination was detected and the beta count was

bacl:ground.
Vegetation samples were collected on October 24, 1973 by
ilayne Hanson at several sites where clover, yucca, and grasses had
penetrated the asphaltic cover.
concentration.

These are to be analyzed for tritium

However, the analyses were not available as this report

was written (1974).
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Histor7 and conditions of burial
::ast~
avail~~:~

disposal Are'! C ·.-:o.s est3.blishc:d in
space

i~

Area 3

~as

being exhausted.

>~ay

1948 1-1hen the

The site is located

on the north side of Pajarit0 Road and east of its intersection

•

wi~~

Pecos Drive.

TA-50, one of the principal waste-processin g plants,

is located

the north side of Area C.

o~

In a LASL office mer::orandu:n dated January 4, 1971 from D. D.

~feyer

to C. W. Christenson, subject "Volume of transuranic wastes buried
at Los Alamos," i t was estil':'.ated that 118,000 yd 3 (94,400 m3 )
of waste were buried in Area C.

Much of this waste, however, was

classified material which was not radioactive.

The last disposal

trench was filled by mid 1959; however, the chemical pit in Area C
continued to be used until at least July 1, 1964 and the last disposal
shaft was not sealed until 1974.
The amount of radionuclides that are reported to be buried at
Area C are given in table 1.
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T

Abrahams (written
t~ff

on the Bandelier
:wo

pro~inent

co::-.::~·..:::.,
a~c~t

is

are fi:leJ wi::h
~isposal

3 to 5 ft (1 to 1.5 m) thick at Area

c.

vertical joi::t ?atterns in the tuff are oriented about

60 degrees to each other.

The

1963), reported ::hat t::e soil profile

sedi~ents

S?acing of

:~e

najor joints, most of which

or altered material, is about 10ft (3m).

site is at the

~ead

of Ten-Site Canyon which is a short

tributary to Mortandad Canyon, one of the major drainageways in the
area.

The

approxi~ate

depth to the main aquifer beneath Area C is

1,000 ft (305m).
According to Engineering Drawing ENG-Rl264 dated December 22, 1970,
a total of six pits were excavated for disposal of radioactive waste
(fig. 5).
(~2

Pits 1, 2, 3, and 4 were 610ft (186m) long and 40ft

m) wide; depth was not given.

110 ft (33 m) wide.
of 43,783 yd

3

Pit 5 was 705 ft (215 m) long and

It had a maximum depth of 18 ft (5 m) and a volume
3

(35,026 m ).

quadrants of the area.

These pits occupy most of the two east

Pit 6, located in the northwest quadrant of

Area C, was 505 ft (154 m) long and 100 ft (30 m) wide; maximum depth
is approximately 25ft (8 m) and volume is 34,894 yd

3

3
(27,915 m ).

Prior to 1958 all waste chemicals, as well as a large quantity
of nonradioactive classified waste, was intermixed with the contaminated
waste in Area

c.

However due to the fire hazard, this practice was

discontinued and chemical and classified waste were processed separately.

A special pit was excavated in Area C for disposal of uncon-

taminated chemical wastes (fig. 5).
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.,_

--;

Dispo~~:

of

tig~-ac:~~ity ~as:e

(~aterial contaminate~

to a

~rea:~~

degre e than usual :abor atory trash ) in boreh o:es 2 to
3 ft (0.6 to 1

m)

in diame ter and as much as 25 ft (8 m) deep was first
propo sed in 1962.
Subse quent ly 107 of these dispo sal wells or shaft s
10 to 25 ft (3 to 8

rn)

rangi~6

in depth

deep were bored and uti:iz ed in area C.

frc~

~astes

were prepa ckage d in small conta iners and then lower ed
into the dispo sal
shaft s.

•

\men each shaft was full, the hole was cappe d with concr
ete.

The conte nts of each shaft were record ed and the cappe
d hole was :hen
marke d by a numbe red stake .
90
of
sr.

One hole was used exclu sively for dispo sal

Nearl y all the waste burie d at Area C was in the solid
state .
The great bulk of the burie d waste is labor atory trash
, much of which
is consi dered to be "susp ect" rathe r than prove n to conta
in conta minants .

In many cases this mater ial was packa ged in corru gated
paper

carto ns for conve nienc e in trans porta tion and buria l.

Accor ding to

the recor ds only a few drums of conta minat ed oil or other
lubri cants
have been burie d in this area; Fowle r and other s (1973
, p. 5) state
that these "are frequ ently mixed with a sorbi ng solid
" such as vermi culite and burie d as a solid .

However it could also be assum ed from

this statem ent that some liquid s have been burie d at
this site, presumab ly in steel drums .
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After each pit had

bee~

filled to capacity with waste, it was

backfilled to ground level with tuff.

There has been subsequent

settling of this fill so that some pending of surface runoff is
possible.

Area C is within the confines of a small drainage area

which would tend to channel runoff across the area rather than
away from it; however, no attempt has been made to determine the
amount of precipitation which has infiltrated these pits.

•

Some precipitation probably has infiltrated to the depth of
burial, however no information is available to determine the effects
I

of this soil moisture on the contaminated waste.

The direction of

movement and concentration of radionuclides in the ground
unknown.

Studies by Christenson and others

(19~8)

water~

provide some

general information about the acsorption characteristics of the
tuff, but detailed studies of samples from Area C are not available.

40

A~~ 1

Previous monitoring activity

No

con~i~ui~g Gonitori~g opera:io~s

have been conducted within

the confines of Area C :o determine if radioactivity has =i6raced
from the burial pits and its subsequent

move~ent.

In April 1971 a

total of 12 test holes were drilled to depths ranging from 5 to 25 ft
(1.5 to 8 m) prior to construction of a meteorological tower in the
southwest quadrant of Area C.

•

The results of the drilling are

summ~

rized in LASL office memorandum dated April 28, 1971 from W. D. Purtymun
to V. J. Stephens, subject "Results of test drilling and penetration
tests at Area C."

Accordong to the memorandum, the cuttings were

monitored and no radioactive contamination was detected.

However the

t.ower is topographically higher than the disposal ·sites, and it is
unlikely that contaminants would have migrated a significant distance
upgradient.

A monitoring survey of the land surface by the Health

Division near the tower site also failed to reveal any contamination.
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EVALUATION OF MONITORING OF RADIOACTIVE SOLID-WASTE BURIAL SITES
AT LOS

~~OS,

NEW MEXICO

Open-file report 75-406
Prepared by the U.S. Geological Survey
in cooperation with the Albuquerque Operations Office
of the Energy Research and Development Administration
August 1975

The results of a stuciy using honeybees

(~

rnellifera) as an

indicator of environmental radiocontarnination are given in Hakanson
(1973, p. 46-47).

It was found that the honeybees from Xortandad Canyon

contained tritium levels as much as 230 times the levels in effluent
water readily available to the hive.

Hakanson stated that "This is

worrisome because there is very little evidence for the biological
concentration of tritium.

•

The alternative, that the bees were obtaining

tritium from a source other than the effluent water, is also troublesome because such a source has not been located."

Subsequently

s~hiager

and Apt (1974, p. 28) postulated that the high level tritium source
for the Mortandad Canyon bees was the white clover which is very abundant in Area C.

Additional study of the honeybees is planned.

42

AREA D

Area D (fig. 6) consists of two abandoned subsurface chambers
located 1.8 mi (2.9 km) east of the security gate at TA-33.

They are

located in a bunker area on a topographic point of Pajarito Plateau
overlooking Ancho and White Rock Canyons.
Chamber HP-4 was never used; HP-6 was contaminated by the detonation of chemical explosives containing radionuclide tracers.

One LASL

•
employee reported that polonium was the contaminant but the specific
isotope was not identified; Abrahams (written commun., 1963) reported
that the chamber contained 238 u.
A description of the original chamber was obtained from ENG-3,
LASL:

"Built on Contract HT (29-1)-Gen 481, Contractor R. E. McKee.

Started 8/23/48.

Completed 10/15/48.

Lab Job 174.

Reinforced con-

crete construction octagonal shaped, 18'-0" x 18'-0" x 16'-0" high
with a metal door; 30'-0" below grade."
"Destroyed by experimental shot approx. Dec. 1948."
Chamber HP-6 was opened for inspection in 1952.

During the 1952

inspection the chamber was found to be contaminated with polonium.

A

charge was detonated to close it, and the resultant small crater backfilled with tuff.

A summary of the use of HP-6 was given in LASL

memorandum dated 4-23-52 from Chas. D. Blackwell to D. D. Meyer, subject "Excavation and shot in Chamber 112 at 'Hot Point'."
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km)
This dispo sal area is locate d within TA-33 about 1.2 mi (1.9

south of the gate and guard post.

The site is on an outcro p of

(18 m)
the Tshire ge :!ember of the Bande lier Tuff approx imatel y 60 ft
north of the rim of Chaqu ehui Canyon.
Few data are availa tle relati ng to the establ ishme nt and
use of Area E for waste dispo sal.

•

This area was establ ished for

dispo sal of waste that was genera teu in Techn ical Area 33 which
is locate d on the periph ery of Los Alamos and a consid erable
ted
distan ce from the other buria l sites (fig. 1). The waste genera
and
at Area E was not the respo nsibil ity of the Health Divisi on
as
no record s of the waste were availa ble during this study; and,
far as Group H-8 can determ ine, there are no record s.
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In 19El LASL eQployee

P~rlow

Russ described the area as having

4 pits, each about 6 ft (2 m) deep which were ~sed from early 1949
through 1955 (Abrahams, written commun., 1963).

He estimated that

the pits contained a total of several hundred kilograms of

238

u.

About 80 percent of the usable volume of the pits had been backfilled
in 1961.

The undated engineering drawing ENG-R3644 shows that six

pits were excavated at the site, as well as one underground chamber

•

identified as structure HP-29 (fig. 7).

Pit 1 is shown to contain

miscellaneous polonium beryllium fired targets.

This pit reportedly

contained 240 curies of radioactivity and was inactive in July 1951.
210
Po. This excavation was
Pit 2 reportedly contained 60 curies of
not used after July 1950.

Pit 3 probably was a hand-dug hole in

wnich a 5-gallon container was buried in September 1951.
contained "Beryllium dust immersed in kerosene."

This can

Pit 4, listed as

active on the drawing, was a miscellaneous "hot"-material dump.

De-

pleted uranium and tungsten alloys of polonium may also have been
buried in one or more of these pits.

The contents of Pits 5 and 6

were not given; possibly they were never used.
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Figure ].--Disposal Area E.
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No geologic investiga:ion has been made at this site.

A

brief reconnaissance of tje area indicated that although the
Bandelier Tuff is weathered at the surface, the soil profile is
thin or absent in the

i~ediate

vicinity of the disposal area.

The absence of a well-developed soil profile is due to the topographic location which ex?oses the tuff to surface runoff from
adjacent slopes and the strong wind currents from nearby White

•

Rock Canyon.

Joints in the tuff are numerous and well exposed

at the surface.

Basalt of Chino Mesa displays prominent

columnar jointing in Chaquehui Canyon directly below Area E.
Doe Springs, which has been periodically sampled (Purtymun
and Kunkler, written commun., 1969), is located at the mouth of
Chaquehui Canyon where it joins the Rio Grande approximately one
mile east of Area E.
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AREA F

This solid-waste burial site is located on the north side of
Twomile Mesa Road about 1.3 mi (2.1 km) east of the security gate.
Two areas appear to have been excavated (fig. 8), and both are
evident on aerial photographs dated

~ovP-mber

1, 1960.

Records of the type and amount of radioactive material that
might have been buried in Area F are not available.

D. D. Meyer

(oral commun., 1973) believes that this area was set aside in 1946
for the one-time burial of wastes from TA-6, contaminated with
90
137
sr and
cs. The sources probably were electronic devices,
possibly glass tubes.
In a memorandum dated May 15, 1946 to Division and Group Leaders,
subject "Disposal pit at TD Site," N. E. Bradbury suggested that "An
obsolete material pit for the disposal of classified objects and
shapes had been prepared at TD Site (Area F) where such material will
be made secure by burying.

This pit will be open until 1 June.

It

is urged that divisions and groups 'clean house' of obsolete, nonusable, but classified material by the use of this pit."
Area F was found with considerable difficulty only after
H. Hidy, ENG-1, provided information about benchmarks which were
located near the disposal area.

Several fence posts arid a strand

of barbed wire indicated that two separate areas originally had
been enclosed by a single-strand barbed wire fence.
near Twomile Mesa Road was about 44 ft square (4 m2 ) ;

A small area
ther~

was no

indication of the excavations except that the soil profile had been
disturbed and there was a sparsity of vegetation.
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In 1973-74 Margaret Anne Rogers. LASL, attempted to contact
the different individuals who were associated with the burial of
waste in this area.

!he investif.ation was largely unproductive

owing to the lack of available records and the wide dispersal of
these employees.

Rogers (oral commun., 1974) concluded that if

radioactively contaminated material is present at Area F, it makes
up a very small percentage

Of

the volume of various classified

materials that were buried there.

It is also possible that a

small amount of conventional high explosives may have been buried
at one of the sites at Area F.
According to informal documents in the files of ENG-3, a
number of pits were dug on Twomile Mesa during the years 1949
through 1951.

However the exact location of these pits was not

given, and there were several active Technical Areas on Twomile
Therefore it is unclear whether any of these were excavated

Mesa.

in Area F.
Area F is located on a rather level surface of the Pajarito
Plateau where a sandy soil about 2 to 3 ft (0.6 to 1 m) thick has
developed.
Canyon.

The north boundary of the area slopes toward Twomile

Exposures of the Tshirege Member in this canyon indicated

that the joint system is similar to that at Area C, however no
detailed geologic evaluations have been made of this site.
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,.

-·

Approximately 120 ft (37 m) northeast of Area F was evidence
of an elongate trench abcut 30 ft (9

~)

wide and 300 ft (91 m) long.

A spoil bank is located along the south edge.

Nearly the entire

length of this trench showed evidence of settling and a dense growth
of grasses and other plants, including small pines, are growing in
the shallow depression.

There is evidence of considerable sheet

erosion on the north side of this trench.

•

There were no signs

warning of radiation hazards or indicating that the area has been
used for disposal of radioactive waste.
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AREA G
History and conditions of burial
A part of Mesita del Buey was designated Area G (fig. 9) in
195~

after most of the available space in Area C had been utilized.

The area was selected by LASL because it was relatively isolated
from populated and Technical Areas, and it was sufficiently large

•

to meet the anticipated disposal requirements for 10 or more years.
As the result of a geological reconnaissance made on December 7, 1956,
at the request of ERDA, the U.S. Geological Survey presented a general
summary of the geology of the mesa and possible locations for disposal pits in a letter from C. S. Conover to Robert Dunning, ERDA,
dated December 14, 1956.

The U.S. Geological Survey investigated
a burial site in a letter

the possible use of Mesita d

fr~om~~F~.~C~.~K~o~o~p~m~a:n~,~U~·:s~.~G~e;o~i~o~~~_._.~~~~~~~~u.£Q~~~SL.__.
dated June 30, 1965.

Subsequently all the disposal pits excavated

at Area G have been examined by a geologist of the U.S. Geological
Survey or of LASL.
The method of solid-waste disposal at Area G depends upon the
physical state of the waste, amount of radioactivity in the waste
product, and the type of radionuclide.
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ttl

By early 1971, a total of 11 pits had been excavated in Area G.
The solid waste was placed into whichever pit was then in use.

How-

ever an ERDA Immediate Action Directive (lAD) AEC-IAD-0511-21, dated
March 20, 1970, requires ERDA wastes contaminated with transuranic
radionuclides (TRU wastes) be segregated and that wastes containing
more than 10 nCi/g (nanocuries per gram) of transuranic nuclides
must be packaged and stored.

•

The method of segregation was outlined

in an office memorandum dated April 26, 1971 from J. W. Enders to
D. D. Meyer.

3

Pit 8 was used for the storage of 55-gal (0.2 m )

drums containing sludge from liquid-waste treatment plants.

Accord-

ing to L.A. Emelity (oral commun., 1974) this dewatered sludge
contains 60 to 70 percent water.

In 1971 this waste was considered

by the Health Division to be retrievable.

Pit 17 was used for storage

of plutonium contaminated boxed waste; Pit 12 is now used for disposal
of crated plutonium-contaminated hardware.

Subsequently two additional

pits, 7 and 24, have been excavated for burial of low-level transuranic waste and low-level uranium waste; Pit 9 and trenches A and B
are used for retrievable storage.
The volume of radioactive waste buried in Area G is approximately
3 annually.
8,000 yd 3 (7,200 m)

Although the records describing the

solid waste generally do not provide data on the curie concentration
of the waste, the radioisotopes and approximate weights are given.
Data compiled by McCurdy and others (1974, p. 44) for Area G are
given in table 1.
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Approximately 80 disposal shafts have been drilled in Area G
since 1967 (fig. 10).

Most of these shafts are 2 or 3ft (0.6 or

0.9 m) in diameter and

bet~een

20 and 25 ft (6 and 8 m) deep; sorr.e

of these have been lined with concrete.

Four bored shafts are

6 ft (2 m) in diameter and 60 ft (18 m) deep; these shafts were
used primarily for the disposal of packaged tritium-contaminated
wastes.

•

In an office memorandum dated July 5, 1973 from J. W. Enders

to J. E. Herceg, H-8, subject "Current disposal practices for T2
(sic) contaminated material," it was estimated that from January 1967
through June 1973 the curie count of tritium buried at Area G was
69,963.

This represented a volume of 513.5 ft

3

3
(15 m ) of waste.

Mesita del Buey is an elongate mesa sloping _gently toward the
southeast and bordered by relatively deep canyons.

The soil cover

along the axis of the mesa is about 2 ft (6 m) thick.

The soil

thins toward the canyon& where Tshirege tuff crops out.

According

to Purtymun (1966, p. 11), the Tshirege is about 95ft (29m) thick
at Area G.

Numerous ash flows comprise the Tshirege in this area,

and in several pits a pumiceous zone marks the contact between
separate tuff units.

Also exposures of tuff on the canyon walls

bordering the mesa indicate that each ash flow has different weathering characteristics.

These weathering phenomena

proba~ly

are due

to degree of welding and amount of pumiceous material within each
ash flow.
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Three major joint systems were mapped at Area G and the joint
frequency averaged about l joint per 7-ft (2.1 m) length of pit
exposure (Purtymun, 1966, p. 13).

However in exposures of tuff in

Pajarito Canyon which borders the area, the joint frequency appears
to be much greater.

Thus it is possible that the unweathered tuff

exposed in disposal pits may be considerably more jointed than is
evident in the pits.

,

In November 1973, Jacques Renault of the New Mexico Bureau of
Mines and Mineral Resources examined disposal Pits 7 and 24 which
has recently been excavated.

A summary of his findings was given

in a letter to M. A. Rogers, H-8, dated December 3, 1973.

Renault

reported, "Field relationships, microscopic observations, and X-ray
mineralogy demonstrated that the fracture fillings exposed on the
walls of disposal Pits 7 and 24 are due to alteration of the
Bandelier Tuff by meteoric water.
tion:

There are three zones of altera-

(1) an upper zone of caliche filled fractures, (2) an inter-

mediate zone of fractures filled with mixed caliche and montmorillonite, and (3) a lower zone of montmorillonite filled fractures.
In recent times water has been stationary in some of the open fractures
that indicate (1) water can gain access to the fractures, and (2) some
of the fractures are plugged at depth.

Porosity of the caliche filled

fractures appears to be less than that of the monmorillonite filled
fractures."
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The Tshirege Member of the Bandelier Tuff is underlain by
volcanic deposits of the Otowi Member and the Guaje Pumice Bed;
these two lower units have a combined thickness of about 160 ft
(49 m).

At Area G the Bandelier overlies the Puye Formation and,

at a depth of about 300ft (91 m), basaltic rocks of the Chino
Mesa.

Although perched water i

resent local

water-bearing deposits are located at a depth of about 900 ft

•

(274 m) below Area G.
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Previous nonitoring activity

Miscellaneous studies have been conducted at Area G whenever
there was evidence to indicate that radioactivity had been released.
On two different occasions fires have started in waste stored in
disposal pits at Area G.

Following each fire the area was monitored

to determine the extent of airborne contaminants.

•

Water samples

were collected from Pit 8 after runoff from heavy rains accumulated
in this pit.

The analyses of these samples were not completed as

this report was written.

Several holes recently were augered in the

bottom of Pit 8 for future use in determining whether radioactive
contaminants will migrate downward through the disturbed tuff into
the bottom of the pit.
A hole that was augered into the top of Pit 1 produced cuttings
containing 297,000 pc/ml (picocuries per millilitre) tritium.
pit was covered in about 1960.

This

Records show that little or no trit-

ium was buried in this pit.
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During the course cf installing additional disposal shafts at
Area G in 1970, a number of
of tritium.

sampl~s

were found to contain high levels

Subsequently a drilling program was initiated to define

the limits of the tritium-contaminated "plume."

Purtymun (1973)

showed that the contaminants had migrated about lOS ft (32 m) to the
west in a period of 5 years and the vertical movement may have been
considerably more.

•

The areal extent of the plume was not traced to

its limits, but it seems likely that the contaminants would have
reached the outcrops of tuff along the walls of Canada del Buey
on the north.
The Los Alamos Scientific Laboratory has never had a specific
geologically-oriented solid-waste site monitoring program.

Since

July 1, 1973 a number of special studies have been initiated by the
Waste Management Section of Group H-8 with the objective of providing
better assurance of isolation of solid waste from the human environment.

61

LASL has proposed

t~at

a routine environm ental monitorin g

program be establish ed around all waste burial or storage areas.
This will include the following actions:

Obtain data on general

dust loadings of the atmospher e resulting from waste-bu rial opera:ions.

~igration

and dispersio n of moisture through filled pits

and the surroundi ng tuff will be evaluated .

This will include in-

stallatio n of access tubes for measurem ent of soil-mois ture profiles

•

and the collectio n for radiochem ical analysis of moisture and cutting
samples from each test hole in a burial pit.

Access tubes were con-

structed at pits 7, 8, and 24 by March 1974.

The moisture balance at

or near the surface of filled disposal pits will be studied.

Vegetatio n

on the filled pits will be sampled to determine whether or not any of
the contamina nts have migrated to the surface and are being absorbed by
plant tissues.
LASL has also proposed that

~

major effort be made to deter-

mine the soil propertie s and activity concentra tions directly under
and around each waste-dis posal pit.

62

AREA T
History and conditions of bur'ial
This disposal area (fig. 11), which is within TA-21, is located
on the west side of Area A near the east end of DP Road.

It is the

oldest active disposal area at Los Alamos.
Initially Area T was established to dispose of liquid waste,
and it was used for this purpose from 1945 until about the middle of

•

1952.

Four pits were excavated about 120 ft (37 m) long, 20 ft

(61 m) wide, and about 6 ft (2 m) deep.

The pits were filled with

about 4 ft (1.2 m) of sand, gravel and boulders, and a berm was constructed around each pit.
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Effluents were released through a distribution system into

.

Pits 1 and 2, and through overflow pipes into Pits 3 and 4.

The

amount of waste released into the pits from 1945 to 1952 has been
estimated to range from 2 to 3 million gal (7,560 to 11,340 m3 )
per year.

The concentration of plutonium in the effluents during

this period has been estimated at 60 counts per minute per millilitre; the average fluoride concentration, which was derived from

•

hydrofluoric acid, was about 160 mg/1 (Christenson and Thomas, 1962,
p. 258).

3
In addition, 10,450 gal (39m ) of effluent highly concen-

trated with ammonium citrate, an efficient complexing agent, was
released into the pits from June 1951 to July 1952.

The plutonium

concentration of this waste averaged about 7,000 counts per minute
per millimetre and the fluoride concentrations were about 200 mg/1.
The pits were not used from 1952 through 1964.

However between

January 1965 and 1967, Pits 1 and 2 received an average of 74.3

3
thousand gal (280.8 m ) per month of low-level radioactive effluent
from treatment facility DP-East.
A new method of waste disposal was initiated in May 1968.
Radioactive sludge was mixed with a cement slurry in a pub-mill
operation and pumped into a series of holes that were bored within
the unused part of Area T.

Each hole was 8 ft (2.4 m) in diameter

and bored to a depth of about 60 ft (18 m) whenever possible.

How-

ever due to zone of reworked boulders which made augering difficult,
a number of these holes could not be drilled to the 60-ft (18-m)
depth.

The holes were bored on 12-ft (4 m) centers (fig. 10).

These holes were bored by employees of the Zia Co. under the supervision of the Health Division of LASL.
65

In an office

memorandu~

dated August 20,

~969

from C. W. Christenson

to D. D. Meyer, subject "Status of waste disposal to pits at
Building-257," the disposal operation was described as follows:
"Various wastes such as the neutralized americium, 'strip,' alkaline
fluoride, and plant sludge are being mixed with cement in a pug-mill
operation and the slurry is being pumped to deep holes on the site.
This procedure was started on May 1, 1968."

•

The gross alpha activity of the feed is monitored and reported
. 1ent 239 Pu.
as equ1va
238 Pu, 241Am, 235 U and

However t h.1s i nc 1 ud es act1v1ty
. .
d ue to 239 Pu,
II

probably other a 1 pha em i tters. II

"The wastes contain some mixed fission products, mostly strontium
and cesium ••.•
·~he

bathyspheres are usually placed three to a layer and are

located at various depths in the pits."
containers of very

high~activity

These bathyspheres are

waste that are placed in one of

the active boreholes and then covered with 'cold' (nonradioactive )
concrete.

Each borehole is filled to within 2 ft (0.6 m) of the

top, then capped with cold concrete.
Thirty-three boreholes have been utilized since this method of
disposal began; the maximum depth of a hole was 67 ft (20 m) and
the minimum depth was 15ft (5 m). Slightly more than ·3,000 yd 3
3 .
(2,280 m ) of concrete-sludge mixture has been buried to the
present (1974).
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The disposal area is situated on the flank of a mesa capped by
the Tshirege; there is a

~oderate

slope on the land surface across

the disposal area toward nearby DP Canyon.

Two lithologic units of

the Tshirege can be distinguished in this area.

The upper unit is

a light brownish gray, moderately welded tuff which is broken by
numerous joints.

Most of the joints are vertical or near vertical.

The lower unit is a light gray tuff that is not as densely welded

•

as the overlying unit; jointing is less common in the lower unit .
These two units are separated locally by a zone of reworked tuff
including cobbles and boulders of latite and some pumice.

The re-

worked tuff has an average thickness of about 10ft (3m); the top
of the zone ranges from 10 to 20 ft (3 to 6 m) below land surface.
Boreholes constructed since about 1970 have been examined by a
geologist of the Health Division who was lowered into each completed
hole on a boatswain's chair suspended from the augering rig.

Lithologies,

J

structures, and other geologic feathres were noted and samples were
collected from the walls of the hole for geologic and radiochemical
analysis.
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On September 18, 1973 the author examined Hole 55 in this manner.
It

~as

noted that the

~alls

of the hole

~ere

coated

~ith

pulverized

tuff during the boring process making examination of in situ
rock difficult.

Ho~ever,

~all

numerous joints were obvious throughout the

total depth of 66 ft (20 m) although none of the joints were continuous
from surface to total depth.

At a depth of about 20ft (6 m), a

•
brecciated zone was apparent
as 6 in (150 mm) in diameter.

~hich

contained loose fragments as much

When several of these fragments

dislodged, a sizable void developed.

~ere

This vertically oriented brecciated

zone may have resulted from augering action near the intersection of
two joints.

It was not related to the reworked tuff zone noted in

some of the holes.
Roots were found in joints at depths of more than 15ft (5 m).
According to Purtymun (oral commun., 1973), after the visual examination of each borehole, the interior is coated with asphalt.

Cement

slurry containing radionuclides is then pumped into the hole.

After

each operation, the pumping system is flushed with water into another
borehole.

The wash water is allowed to evaporate or infiltrate, and

this borehole is later used for sludge disposal.
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Previous monitoring activity
Several attempts have been made to determine the extent of
contamination outside the actual disposal sites in Area T.

In

1961 a caisson 30 ft (9 m) deep was constructed near Pit 1 and horizontal holes were cored beneath the pit.

Christenson and Thomas (1962)

concluded from the study that plutonium had penetrated to a depth of
at least 28 ft (8 m) in the tuff beneath the pits; this penetration at

•

depth takes place mainly along joints.

In a 1967 study, Purtymun

concluded that although most plutonium is retained by adsorption in the
upper 20 ft (6 m) of the tuff, some may move to greater depths through
open joints.

He calculated that during the period August 1961 through

January 1967 there was vertical penetration by liquid waste of about
28 ft (9 m) near Pit 1.
Attempts to drill holes adjacent to the slurry-filled disposal
holes have not been very·successful (Purtymun, oral commun., 1974).
Periodically samples are collected from the concrete produced
the pug-mill operation.

Various tests are conducted to determine

different physical characteristics including leaching.
data are available which describe the findings of these
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No published
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The methodology for burial of radioactive solid waste now used
by Los Alamos Scientific Laboratory has gradually evolved in response
to various Federal, State, and internal demands for safety.
demands have greatly increased in recent years.

These

In general, the level

of activity in waste has been closely monitored prior to burial, how~

ever
t

Littl~

emphasis hasAbeen placed on post-burial monitoring.

Con-

sequently a conclusion of this investigation is that currently (1975)
there are insufficient data available to design an effective monitoring
program.
In order for buried waste to become a contaminant, the radionuclides
in the waste must become capable of migrating into the biosphere.
This would occur when one or more of the following conditions are met.
1.

The waste must be either soluble or suspendable in water.

2.

There must be aa adequate source of water enterin8 the

burial trenches so that the waste will be in contact with water.
3.

The geologic media must be sufficiently permeable to allow

water to move away from the burial site.
Any effective monitoring program would need to evaluate flow
patterns and rates of nuclide transport.
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As used in this report, the term "monito ring" refers to a continuing program of study and sampling that would ultimat ely define
the rate, directio n, and concent ration of radionu clide migratio n.

In

order for a monitor ing program to be complet ely effectiv e, it needs to
be based on well-de fined geologi c and hydrolo gic paramet ers.
Alamos these paramet ers have not been adequat ely

-

At Los !

--defined~Therefore,

I

the general discussi on below conside rs possible studies that would

•

provide informa tion that could be used to more accurat ely define
geologi c or hydrolo gic paramet ers and outline s prelimin ary steps in a
monitor ing program as defined above.
Test holes could be drilled to the main aquifer at each disposa l
area for obtainin g detailed litholog ic and geophys ical logs.

All

drilling would need to be conducte d with extreme caution , using air
whereve r possibl e, to minimiz e the problem of sample cross-co ntamina tion.
Each hole would need to be planned to obtain the maximum amount of hydrogeologi c informa tion.

The holes would help delinea te zones of perched

water and variatio ns in litholog y.

Any observed perched water zones

could be further delineat ed by addition al drilling .

All holes could,

be drilled and complete d so that they can be used as monitor ing wells.

Additio nal drilling , based upon data obtained from the above. could
be designed to more accurate ly define the depth and configu ration of
the potentio metric surface beneath the Pajarito Plateau .

Special

emphasi s could be placed on explora tion along the western margin of
the Plateau in the vicinity of the Pajarito fault zone, and in possible
areas of recharg e.
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Variations in lithology of the Bandelier Tuff are believed to be
important factors in infiltration and runoff of precipitation.

There-

fore, detailed geologic maps of each disposal site would be useful in
predicting the most likely zone along which radionuclides might travel
in the subsurface.

The geologic mapping would need to include the

depth, thickness, and variations in the caliche zone.

Inasmuch as the

strontium ion is frequently found in association with calcium, the

•

principal cation of caliche, a detailed study of the caliche might
, provide information relating to the migration and deposition of
strontium waste.
The ion-exchange capacities for rock samples from each burial site
could be determined using those radionuclides that have been buried at
tr.e respective sites.

These studies also could include an evaluation

of the "source materials"--the types of fluids in which the radionuclides
are entrained.

Large

sc~le

measurements could be made either in field

tests or large-batch laboratory tests because conventional laboratory
ion-exchange capacity measurements do not necessarily relate well to
field-scale problems.
A study could be made to determine the feasibility of constructing
horizontal or angle holes beneath selected waste-disposal pits.
Cuttings or cores from these holes would be retained for radioactive
by-products exaaination.

Repeated radioactive surveys might then be

made in such holes if provision could be made for trackinn the sonde
alonn the axis of the hole.
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A field air-?ermeability test could be considered
regional formational permeability values.

i~

order to

obtai~

The location of test wells

for such a test as well as the instrumentation needs of such studies
would require ver; good control on the geohydrology of the area to
obtain meaningful results.
Although none of the above would independently provide adequate
information for establishing a monitoring system, it would be possible

•

to design a reasonably adequate monitoring program when all of the
types of data indicated are available.

However, a fail-safe monitoring

program would be impossible to design until the microhydrologic
environment of each disposal area is known in detail.
Currently (1975) Los Alamos Scientific Laboratory is collecting
and analyzing a large number of samples from various springs, test
holes, and municipal wells.

This program needs to be continued.

Also, those springs and wells that would provide additional data on
the radiochemistry of water in perched aquifers near the disposal areas
could be added to the monitoring program.

The sampling methods and

frequency need to be reviewed and modified as additional data become
available.
Attempts could be made to obtain soil moisture measurements from
the bottom of the disposal pits.

Soil moisture profiles could be run

at frequent enough intervals, perhaps monthly, until the seasonal
fluctuations can be predicted with reasonable accuracy.
moisture could be sampled and analyzed for radionuclides.
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The soil

In those areas whe=e the quantity and physical nature of the
waste are questionable or unknown, site excavations and exhumation
studies could be made.

It may be discovered that some sites need

little or no monitoring or that

so~e

sites are of critical concern

and need some immediate and intensive attention.
Those types of deep-rooted vegetation, such as white clover,
that are growing in the disposal areas and making the contaminants

•

more available to the biosphere need to be eradicated.

Vegetation

which has established itself on some of the burial sites could be
sampled on a regular basis in order to determine which radionuclides,
if any, are being released to the biosphere through plant uptake.
An evaporation station could be incorporated with the already

extensive climatological station now in use at Los Alamos.

Although

evaporation is considered to be a major factor in water loss from
precipitation on the Pajarito Plateau, there are no evaporation data
available at present (1975) to substantiate this.
A berm could be constructed around the upslope side of each
disposal pit.

This would reduce surface runoff into the pits such

as was noted during the summer of 1973.
In addition to the above, certain specific steps need to be
taken to provide remedial action or input that would make a monitoring program more effective at a particular burial site.
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The contents of t=-:e ''General's Tanks'' at Area A could be sampled
and analyzed.

rne tanks themselves could be checked for physical

condition and corrosion.

~ven

if it is found that the tanks contain

fluid at the present tice, it is still possible that some leakage could
have occurred.

Therefore, it is important that monitoring installa-

tions be constructed regardless of the present condition of the tank
contents.

•

Several test holes could be augered near the perimeter of the
tanks.

Samples could be collected at 5-ft (1.5 m) intervals or less

for a minimum depth cf 50ft (15m).

The samples could be analyzed

for plutonium, nitrates, ammonia, or pH, any one of which would give
an indication of leakage from the tanks.

If it is determined that

leakage has occurred, additional drilling could be conducted in order
to define the rate and distance of movement.

Monitoring could con-

tinue as long as the contaminant s continue to move.
Considering the lack of information available relative to the
amount and type of waste that has been buried in the disposal pits
of Area A, site excavations and exhumation studies need to be made.
In addition, it would be advisable to auger several test holes around
the area.

Samples could be analyzed for both plutonium and polonium.

Inasmuch as liquid contaminant s have been emptied into DP Canyon which
borders Area A on the north, the auger holes should not exceed 75 ft
(23 m) in depth so that the contaminant s from the two sources would
not be confused.
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Cert ain step s need to be taken in orde r to bett
er eval uate the
pres ent cond ition of Area B with resp ect to
pote ntia l migr ation of
acti vity .

Test hole s could be auge red aroun d the perim
eter of the

area to a dept h of appr oxim ately 100 ft (30
m) and samp les colle cted
at 5-ft (1.5 m) inte rval s.

Thes e could be analy zed for vario us radio -

mucl ides that may have been buri ed at this site
.

•

Data from both the

pave d and unpa ved port ions of the disp osal pit
woul d serv e as a valid
comp ariso n for the effe ctive ness of a rela tive
ly impe rmea ble cove r on
a disp osal pit. Furth ermo re, these data could
be used in conj unct ion
with those colle cted by Purty mun and Kennedy
(1966 ) in orde r to dete rmine the amou nt and rate of migr ation that has
occu rred with in a
spec ified leng th of time .
Beca use the hydr olog ic char acte risti cs of the
Band elier Tuff
are poor ly known, it is diff icul t to deter mine
samp ling meth ods that
woul d be relia ble indi cato rs of the tran spor
t of radio nucl ides away
from Area c. Hope fully the hori zont al drill ing
prog ram and eval uatio n
of the tuff perm eabi lity woul d prov ide infor mati
on whic h woul d be
usef ul in esta blish ing a mon itori ng progr am
at Area C. Shou ld thes e
type stud ies prov e unsu cces sful, a vert ical
auge ring prog ram could be
impl emen ted arou nd the perim eter of the area
, espe ciall y on the nort h
and east boun darie s.

76

In addition to these exploratory drill holes, a series of moistureaccess tubes to facilitate neutron logging would provide data pertainin£
to the movement of soil moisture near the disposal pits.

Ideally these

would be constructed at different depths and at different distances
the pits.

The location and depth of these holes would be dependent upon

the information obtained from exploratory drilling.
could be installed beneath the pits if possible.

•

fro~

Also, access tubes

Continued monitoring

of these holes would provide data on seasonal fluctuations in soil
moisture.
Studies of ion-exchange capacities of the tuff could be made of
samples collected from Area C; those isotopes most commonly buried at
this site could be used in the studies.
An effort needs to be made to determine the nature of the radio-

nuclides in the chamber utilized at Area D and this information be made
a matter of record.
the chamber.

Also, at least one test hole could be augered near

Sufficient samples could

be collected and analyzed to

ascertain whether or not radionuclides have migrated away from the
point of detonation and to determine the areal extent of the contamination.
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The lack of a soil profile and the topographic location of Area E
are both conducive to invasion of the disposal pits by precipation
and runoff.

Furthermore, the close proximity of Chaquehui Canyon pro-

vides a ready discharge point for ground water.

An effort could be

made to ascertain the amount of radioactive waste that was buried at
Area E, the quantity of activity involved, and the isotopes.
excavation and exhumation would be helpful.

•

Site

Several auger holes could

be drilled near the area and rock samples could be analyzed to determine whether they have been contaminated by radionuclides.
Seemingly no records are available describing the type of waste
that was buried at Area F, however, it might be possible to determine
this by contacting various persons that were active at TA-6 at the time
this burial site was in use.

Considering the small amount of waste

that apparently was buried at Area F, it might be possible to excavate
the waste and transport it to another active burial site.

This has

been done previously at several other sites at Los Alamos.
If the type of contaminant and location cannot be identified, a
number of test holes could be augered along the flanks of the pits.
Samples could be analyzed for beta-gamma emitters.

If contaminants

are found, additional drilling could be done to define the depth and
areal extent of contamination.
AD extensive augering program could be undertaken to define the
limits of tritium migration from the disposal-shaft field in Area G.
The "plume" of tritium could be traced to its fullest extent and
monitoring could continue indefinitely.
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T~e lo~g

history of

li~~id

waste disposaL near Area T probably

would preclude differentia tion of the liquid and solid waste contaoi~ants.

Therefore, the

~orizontal

drilling and air-permea bility

tests Mentioned earlier, would need to be concluded prior to establishment of a monitoring program at Area T •

•
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