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Ro.dioo.cti·.;~ ·Haste disposal at Los Al&-nos, Neiti Me~ico 

By 

John H. Al.lra.:iJ.aus, Jr. 

Abstract. 

Liquids and r~lids containing radioactive materialG l~vc 

been discharged or buried at Los Alamos since about 194::::. 'i'he 

:r.s. Geological Sarvey began studies of the general geclocJ a~£ 

hydrology of the I.os Alamos area in 1949 and began investigatior:.s 

of the mover1ent of wter and radioactive-waste ns.terials in 195·;. 

Los Aln.mos in on the Pajari to Plateau which is part of the 

Jeme3 Mountuin vo~'.canic pile. 'i'he Sierra de los Valles ir:nedia.tely 

\vest of the Pa.:iar:~to Plateau and the plateau itself a:-e dis3ected 

by deep can;;ons tl1at drain eastwrd to the Rio Grande. The 

Ba...'1d•:!lier Ttlff of Pleistocene v.ge capo the plateau and is CO!nl"Jrisecl 

of ash-flow re-eks that drape over the older rocks. The tt:.ff lies 

unco:J.forme.bly on t.he Santa Fe \..IrOLl'f of middle(? ) Hiocene to 

Pleistocene~?) age and the Tsch~,_c.::cn Formation of Pliocene and 

Pleistocene(i) age. 
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The main zone of saturation is about Boo to 1,200 feet below 

the land surface of most of the waste-disposal sites in rocks of 

the Santa Fe Group and the Tschicoms Formation. The gradient on 

tr.e piezometric surface of the zone of saturation is east-southeast 

about 50 feet per mile toward the Rio Grande. 

Processed liquid l~dioactive w.astes were discharged in the 194o;s 

into dry canyons or into pi te dug into the tuff' 1 and the pits were 

pe.rtly backfilled with gravel. Liquid wastes were diacharged. into 

alluv"ium 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 buried systematically between 

layers of fill in pits dug into the tuff. Solid wastes containing 

radioactive materials also were buried between layers of' fill. The 

fill over some of the pits containing sludge and solid wastes was 

compacted and mounded to prevent ponding of \Tater. 

The main discharge area after 1962 will be into Mortandad Canyon. 

The movement of the \Tastes in alluvium and bedrock will be monitored 

closely. 
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Introduction 

Untreated chemical and processed radiochemical ,.Jastes from 

facilities at Los Alanns, N. 14ex., were discharged into usually 

dry canyons and pits, or buried L't'l containers, fron about 1943 u..'1til 

about 1950, at which time plants for the treatment of liquid wastes 

were installed. The Los Alamos Scientific Laboratory toolt. over the 

treatment and burial of wastes in 1953. 

The U.S. Geological Survey began cooperative investigations 

with the U.S. Atomic Energy Commission in 1949 of the geology and 

hydrology of the Los Alamos area in relation to the movement of 

radioactive 'mstes on and below the land surface. 

The waste-disposal studies by the Geological Survey are coni'ineQ 

principally to the disposal of liquid wastes because the contamination 

of surface and ground waters by solid wastes and con~~u1ed sludges 

probably is more remote than from liquid wastes. Studies generally 

consist of a geologic investigation, logging of wells drilled, 

collection of water, soil, and rock sanples for chemical and 

radiochemical analyses, measurements of water levels in wells, 

pumping testa of wells, streamflow measurements, and site locations 

for new disposal areas. Studies of limited extent e.re made .,.There 

the quantities ot liquid waste discharged are small. 
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Hater, soil, and bedl"'Ck samples for analysis are collected 

periodically thmug..'l-lout nost of the Pajarito Plateau. The netlrork 

of sa'Tlpling points and areas are shOim on figure 1. Samples of 1-1ater 

Figure l. --1-iap s:P.owing locations of \m.ste-disposal areas and 

the sampling net1rork in Los Alamos Cour1ty, N. !tlex. 

are also collected regularly at four points on the Rio Grande (fig. 2). 

Fls"Ure 2. --Generalized map of the physiographic features of 

the Jemez Mountain region, Ne-w Mexico, and sampling stations 

on the Rio Grande and Rio Chama. 

Airborne wastes have not been studied in detail by the Geological Survey. 

A systematic sampling program was started about 1956, and a 

period of intensive stmple collection lasted from July 1957 through 

July l9;J)i, after >-'hich the program wan reduced and sampling \1BS done 

on a less intensive and a more selective basis. 

Investigations of the rnovewent of water and radioactive materials 

o.fter disposal into canyons and into pits are under>m.y. Special 

eq_L~ipacr..t and methods ',.rere developed to aid in determining the physical 

and chemical processes involved in movement of '\m.stes through alluvium 

and through consolidated rocks such as the Bandelier Tuff. These 

studies, combined ,.;i th an expanded program of general geology and 

hyccrology, should deter.mine if, how, and where radioactive materials 

1aove when placed on or in the ground in the Los Alamos area. 
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This report describes only the methods and places of disposal 

of radioactive wastes and of sewage at Los Alamos. Twelve waste

disposal areas and their construction, type of '-~aste involved, 

manner of disposal, and special problems are described and three 

sewage-disposal :plants cliscussed (fig. 1). No at·ten>,Jt is made 

herein to interpret the studies. This report on w~stes ana waste

disposal s:. tes precerles a se1·ies of x·e:ports in prepa1·ation on studie:.; 

of -.~-aste movement. 

LQs Alamos is on the Pajs.rito Plateau \-l"hich is part of the 

Jemez ~·1ountain volcanic pile (fig. 2) . The altitude of the plateau 

ranges from 7,8oo feet on the vrest side to about 6,200 feet on the 

escs;·~hent at the Rio Grande on the east side. TI1e altitude of the 

Rio Grande in \fuite Rock Canyon is about 5,500 feet near the north 

end and about 5,;00 feet near the south end. 
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The Sierra de los Valles immediately "t.'est of the Pajarito Plateau 

and the plateau itself are dissected by deep canyons that drain east

southeast-ward to the Rio Grande. The walls of these carzyons are 

steep and at some places vertical, and the relief along some of the 

large canyons is 8oo to 1,000 feet. Generally, the gradient of the 

canyon floors in the upper, or western, reaches is steep, and bedrock 

is exposed bet\.;een patches of thin alluvium. In the lower reaches 

of !lOst of the canyons the gradient is relatively flat and the 

alluvium may be 50 or '!:lore feet thick. The relatively undiasected areas 

of t.~e plateau bet,.;een the canyon form finger-like mesas that extend 

east-southeast~~rd. A sandy-loam soil, weathered in place (Staritzky, 

1949, p. 4) and ranging in thickness from 3 to 8 feet, is on the 

central and weste1~ parts of the mesas. Along the edges and in the 

eastern parts of the mesas, little or no soil is present. 

The Bandelier Tuff of Pleistocene age caps the Pajarito Plateau. 

It consists of ash-fall and aSh-flow rocks that are draped over the 

older rocks, filling the lows and smoothing out the topography of the 

older rocks. The Bandelier Tuff consists of three members. In 

ascending order they are: the Gua.je Member, an ash-fall pumice and 

water-laid pumiceous tuff; the Otowi Member, a friable ash-flov tuff; 

and the uppermost Tshirege Member, a series of ash-flo\r tuffs with 

one thin water-laid bed near the top. 
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1'be Tshirege Mer;:~ber is moderately resistant to erosion, but it 

contains open joints and has many small vertical and horizontal joints 

filled vii th ·Heathered material or sediments. The joints may intereonnect 

to the top of the Ot.m.ri 1-'lember. The Tshirege has an average porosity 

of 4o-50 percent and an average permeability of only 1 to 6 gallons per 

day 1)er square foot. Pore spaces are small. The ion-exchange capacity 

of the tuff ranges fro~ about 2 milliequivalents per 100 grams near the 

curface to about half a milliequivalent per 100 grams at a depth of about 

20 feet (Weir and others, in preparation). The tuff is approximately 

75 percent Si02 . 

The Bandelier lies unconformablY on the Santa Fe Group of middle('!) 

Hiocene to Pleistocene(';) age and the Tschicoma Formation of Pliocene and 

Pleistocene('?) age (Griggs, 1955, 44-57 and 72-76). T4e Santa Fe is 

subdivided into the ~esuque Formation (Spiegel and Baldvin, in press), the 

Totavi Lentil, and the Puye Conglomerate in ascending order. The general 

stratisraphic relations of these rocks are shown in figure 3. 

Figure ).--Diasra~tic cross-section sho\rlng generalized 

ctratisraphic relations of the Bandelier Tuff to older 

rocks in the Loo Alamos area. 

Alluvium in the canyons consists of materials eroded from the 

SJ.erra de los Valles a.nd the sides of' the canyons on the Pajarito Plateau. 

It is thin in the head\ro.ters of the canyons, and cozmnonly bedrock if> exposed; 

it may be hundreds of feet \dde and as much a.o 8o feet thick in the lower 

parts of the canyons. £v1ost of the alluvium is sandy and contains cobbles 

and boulders, and it is considerably more permeable than the Bandelier Tuff. 

Small bodies of perched ground. '1-iUter occur oeasonally in the alluvium in 

the thin upper partG and perem1ially in the thick lo,.;er parts in most canyons. 
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The geology and hydrology in the Los Alamos area is complex, and 

the movement of water is kJlOw'll onl~· in general. Interpretation of 

the movement of \-later through the zone of aeration is complicated 

by the different rock types and by the structure of the rocks. 

Pre-Bandelier faul tL1g and jointing also complicate the interpretation 

because the !•ate and direction of movement of -.re.ter and. nuclides would 

be considerably different through jointed. and faulted rocks than it 

would be through the pore space of solid-roclc Wlits. 

The zone of saturation, or main aquifer, lies about 8oo to 

1,200 feet belm• the land surface of most of the waste disposal sites 

in rocks of the Santa Fe Group and the Tschicona. Formation (fig. 3). 

The so:.1..rces of recharge to the ;main aquifer in the area are not knmm. 

The gradient m1 the piezometric surface of the main aquifer is east-

southeastward townrd the Rio Grande about 50 feet per mile. 

The a~~ual_precipitation ranges from about 20 to 25 inches alone 

the extreme w·estern part of the plateau to about 12 to 15 inches at 

the Rio Grande. Most of the precipitation occurs during the winter. 

Vegetation is predominantly ponderosa pine, juniper, and grasses 

(Isaacson and Lovald, 1935, p. 3). Pinon and ju..Yliper t;row, generally, 

on the eastern part of the plateau and merge into pine, which 

predominates in the "Hestern part. Pine gro>-rs farther east in the 

canyons than on the surface of the plateau. Deciduous trees and 

shru1)s are cormnor: ir:. ti1e na.rrov, deep, western parts o:f most canyons. 



Acknovledger.Jents 

Data on the quality and quantity of liquid wastes contained 

in this :~eport \{ere obtained from a letter de ted April 30: 19(52, 

:f'roli1 C. V. CtJXistenson ar..d J. P. Hutchinson of the Health Division 

of the Los Alamos Scientific Laboratory. Huch of the data on the 

sclid-d.isposal areas ·Here obtained by personal CO:wr:l\.u-U.cation from 

John Enders a."ld Dean 1-1eyer, also of the Health Di·,:-ision of the 

I£_,::; Ala:nos Scientific Laboratory. Detailed information en some of 

the clde:::· disposal a1·eas 1vas obtained from 1.)ersonncl ·,.;ho r..ad. "'Orl:ed. 

in these a.reas. The location ani surface area. of !:" .. ru.1~/ of t..'"le 

<lispcsal pits \re:re obtained from drawings nu.":lbered ENG-4-102 and 

ENG-n 185-190 of the Eneineering Division of the Los Ala:.:1on 

Disponal of radioactive '-tastes 

Ha.dioecti ve •-~astes dis;posed to the ground at los Alar:los consist 

Of SOlids, liquids, and slud[.;es. The types and quantities Of 'Hastes 

huve char..ged 1rith time at some areas) a."ld the techniques of disposal 

have e·.rol ved from crude U.!1Controlled. dl.llllJ?ing to controlled burial or 

<lischurge. In early disposal practices solid wstes contaminated 

iJith beta ~~l gamma eoitters were sometimes dQ~ped into a scrap pile 

nea:· the various laboratories, and both solid and liquid wastes ;Jere 

;lur:1ped out,side buildings or down sink drains during emergencies. 

:r ... :i..quicl wastes wc:-e at i'irGt discharged t.mtreated into canyono, into 

u.n.clersround. ctorage Jw.mw, or into pits filled 11ith gravel. 
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S:.:1c:e about 1950; w.iid ,,.,ustes consistil\-3 of laboro.torJ or 

bu::.ldi11¢G) have been i)tl!":Led. in pits. Small articles ure sealed in 

;>lto.stic bass o:r cardboard cartons for handline befor•c ::;m:ia.l, and 

l.a::-ce i tens, such as buildings, commonly are bu:t·ned. The pits are 

1'illed to lund- surface grade by covering each laye!· of 1:aste id th 

sever8.l feet of fill. 

'l'he total volume of solid wastes added. to the :p:Lt.s each year ~en~""- liy 
no.~> increased as sho;m by tlle following fi&>Ures. 

(Fro1:: records of the .Los Alamos Scientific Laboraticr-J) 

1947 through 1953 1,500 to 2)000 cubic yards ( estin.atc) 

:::'is cal ~lear 19:!4 3:8oo cubic :yards 

f'iscal :lea!11 1955 2,:J)O cubic yru.~d:;; 

fiscal year 1956 2,500 cubic yards 

:tis cal yea:t· 1S)57 3,200 cubic yards 

fiscal year 1958 3,100 cubic ya1~s 

fiscal year lS~59 4,191 cubic ~/a:r:-J.s 

fiscal ~tear 196o 5,551 cubic :rards 

fiscal year 1961 6 422 ) cubic yo.rds ( )_,671 ccu1 iec) 
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Liquicls ccnta.in:Lng chemical and radiochemical wastes in 

suspension or in colution w.a.y pass t:b..rough the rocl;: onto which 

they are discharged. The potential contaJ:lina.tion hazard to 

underground. 1mter ic minimized at Los Alamos by treatment, dilution1 

o:.~ containment of the liquids. A large percent of' the re.dioacti ve 

:.om: are reraoved from the liquid vtith resins or by l)recipitation. 

T!1e treat:nent ma~l end. with sludges, in which radioacti':e mate::.·ial 

ic concentrated, or conce...'"ltrated on the resins. Sludges are nixed. 

uith c~ent or venniculite, nealed in 55-gallon drw:1s, o.nd buried. 

Hecins are usually d.rtEJmed directly ·Hhen they can no longer be 

:::ec;enerated. The supernatant liquid is reduced to off-site 

tole.:.nnces, or below: by no:rmal decay or by dilution before it is 

cl.i.sc!--.n:·~;ed intc can.yonc. Small quanti ties of \las tee too lm; to :;c 

ne<::.sul·eG. are somet:...-:1es discharged into canyons from several reacto::' 

E:nall quanti ties of rad.ioacti ve wastes a:::e released to the 

a:C.:-:;.osp11ere in gaseous form "through tall stacks e.t nevera.l sites O'' 

II 



;v'aste-disposal areas 

Haste-disposal areas are numbered 1 through J2 on figure L 

~·7ithin ar,;y particular disposal area., some sites or types of disponal 

have been abandoned and replaced -.d.th newer methods Ol' pits. Gone 

disposal sites, used during the early days of vorl{ at Los Ala'nos, 

rune "been used since about 1950 on a greatly reduced basis. There 

is no special significance in the order of' number of the disposal 

areas. The older, partially abandoned, areas are discussed first, 

then the al:'eas with both old o.nd netr disposal areas, followed by ne·1; 

disposal areas or areas with little or no problem:::; of waste disposal. 

Ind.ividual disposal sites within a large disposal ares. are designatecl 

by mwberc to identify each plot Y-'10Vn or suspected ~GC contain or tc 

?la\'C contained redioacti -_,e materials. 

A'::.·ro 1: T-..'0-Mile Meoo burial area 

Area 1 consists of t'hro Gr.lllll fenced shallovT disposal si tez dUe:; 

throUGh the soil mantle into the underlying tuff near the center of 

sec. 20, T. 19 N., R. 6 E. These sites vere used durir..g the early 

194o's for the disposal of solid wastes. Some containers with beta.

gamrJa emitters are reported to be buried here, and it is not k."lown a·~ 

·.;hat depth the containers are buried. Reliable records of the ty>,t>e 

or anou."1t of radioact.i·,re material that might have been disposed. of 

in Area 1 are not e. vuilable. 

Site 1-1-S) about 2,000 oquo.re feet, is on a level surface of 

the plateau. The sandy Goil cover about 2-3 feet thick sho·.,;s little 

indice:t.ion of eronion. 
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an area o~ about 50)000 s~uare feet. A r:;antle 

c::: sand.;y neil e.bo~t 1-2 feet tr..ick overlies the Tshirege l·1er.1ber. 

':.'2l2 su..-:-:face slope::; gently north\·:ard. and contai.-1.s a sr;arse vecetat::ve 

cover of clump smss. Sheet erosion is evident upon this surface, 

anc~ a small iJa8h has 1)een cut at the ~-rest end of the fenced area. 

Bloci:.y tuff \r.i. th no o.ppru·ent joint pattern and a north·ward slope of 

less than 5 percent crops out betveen the fenced area and the south 

:Co:~:: of Two-Hile Ca.r;yon a ftN hundred feet nol~th. A :.:;hallow-divers~.c:: 

t11at, tir.:~e, might exhur:le and scatter material ::s radioact.ive. 

sec .. 15, T. 19 N., R. 6 E._, 

Since then, the area has been used p:·::.r:.a:-ily an e. pl,e-.cc 

\:.c. ::le"'.:.on.ate hiGh explosi vcs that contain o:Lly sma.ll quanti ties o:': 

Est.:Lraa.t.es on the q_u.antities oi' :~:adj.oact:i.v::.:t~ 

c,::' ·::.he liquid a."ld. coli<i >re.Gtes placed L'1 the a::.·ea. are not available. 

~nlf-life of' :2.2 dc.ys a11d conta.inin{; 

::..:~1;_;u:titics we::·e buried at Gite 2-1-L ir:. ntairG ... ess-:::>'~eel to.nks e.nii 

·~~he liquict 

-,.us·cc then -w-as leached lvit.h an o.cid. in co·/ereC. conc:.·c·ce lined p:l.t.E 

\!hic:h Here open-bot.tor:1e-2. in the e.lluviu.T. in Bayo Ca;:.:yon. 

·~race 
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Radioactivity of' as much as about 20 mrjhr (milliroentgens 

per hour) at 2 feet were found on the surface soil near the tanks · 

and leach pits and near some old laboratory sites in August 1961. 

Radioactivity "Within the covered leach pits was high. Samples of 

the alluVium collected near those pits in July and August 19.56 

contained the follo~ng activity: 

(Counts per minute per dry gr,wm-

analyses by the Los Alamos Scientific Laboratory) 

Gross Gross Gross Depth 
Strontium alpha beta gamma 

Surface 1.4 37,270 39 3,120 
12 inches 1.9 5,1!6o 10 719 
20 inches 2.1 6J770 20 818 
30 inches ·5 22) 4 18 

45 inches 1.9 250 8 45 
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Two f:.ring pads at site 2-4-L were used e:rtensivel~;' :.n the 

past ·out 1.;ere used only occasionally in 1961. In the late 1940's) 

the pads were ".-.'Sshed <:ith ·water and swept after each s..~ot. The 

''ash ";Tater seeped into P.atural surface and artificial drainage in 

the elluvium) and the s1-1eepings 1-1ere dumped at site 2-5-S. 

Hadioactivity of the' pads '\.:as about 2 mr;hr in 1961 arlCl could not be 

reduced by \m.shing. A sample of soil collected in June 1956 from 

one of the drainage channels that had received ,.~a.sh "'.·~t.er from the 

::_mds contained 31,260 c;o;'dry g (counts per minute per Ary gram) of 

gross beta, 10,040 c;r:1;dry g of gross gamma., and 3)+70 c1o;dry g of 

stror...tium. Some del.r:i.s from the shots undoubtedly fe:.l en fue wallc 

in the upper part c::" Bayo CanyoD and some activity ~ic.:.:;::e._: L:.to the 

alluvia]_ material 1~· the canyon. 'l'he canyon is j()0-1;:.::·:· feet cleep e.", 

A sa':l:ple of so~l collecte l in June 19;.6 from t,he .:~::~~ <:.rea at 

site 2-;-s contained nc c;ross beta and 10 c;m,~th~::,. g ol crot~s ga.Ill!;1.a.. 

T:'1e wastes in the fl.u.rcp -;,;ere bu.rned during 19~7 1-1hich l)rcbably 

d2.spersed so:::1e of the acti·.;ity into the air. The ashes ":ere dumped 

site 2-3-S since 1957. 

Starti!"~ in 1957 solid wastes were placed in ~its in area 3 on 

the plateau. In 19(51, radioactivity at site 2-3-S neasurect about 

normal backg:::-ound count, vThich is C.vl to 0.03 ::1r;:b.r <dth se7eral 

spots being as hie;h as abou~.- 0.6 mr;hr. 
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A J:JS.rtially filJ.ed vood-lined open-bottomed pit about 6 feet 

by 8 feet square and 6 feet deep in the alluvium at site 2-2-S 

contained activity of as much as 10 mr;hr in 1961. Liquid wastes 

drained directly into alluvium through the pit bottom. !llOstly 

solid ,.Jastes -~~ere disl)()Sed in ~aJ.is pit. 

Area 3: Pajari to burial pi te 

Area 3 is on a mesa in theE~ sec. 22, T. 19 N., R. 6 E. The 

surface of the mesa slopes gently eastward. Ten-Site Canyon heads 

a short distance northeast of the pits. The soil cove:::i!1(; the tuff 

is about 3-5 feet thick. The canyons about 1~000 feet north end 

scut..'l of' the p:~ ts area are about lOJ-150 feet deep. 'I'Ve prominent 

vertical '-io:!..nt pc.tterr!s in the tuff are oriented abou"'.:. 60 dec;:·ee:; 

to ee.ch other. Spacing of the major joints, most of ·,;hJ.ch are :!'ille~: 

vith sedinents or altered naterid'l: is about 10 feet. 

TiJO rectangular disposal pits are 100 feet by 600 feet b:..r 20 feet 

deep at site 3-1-S, atrl four snell rectangular dicposal pits each 

4o feet by 600 feet by 20 feet deep are at site 3-2-SL. Shafts 2 feet 

in dianeter and 12 to 20 feet deep betveen the pits in Area 3 do not 

have a site number. Shafts 2 feet in diameter a11d 20 to 60 :feet dee1) 

\!ill be constructed in tuff u.uring 1962 or 196 3 at site 3-3-S for 

dis?Qsal of I!laterials ·,-rhich are slightly contaminated. The pits 1;ere 

rJostly filled with '-Taste a.~ backfilled by 196o. The fill probably 

should be compacted o.r:.d n.ou..'1ded to minimize er"'uion and pending of 

water on i tc surf'ace. 
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A record of rad.ioo.cti ve \ro.stes placed in Jvl1e p::. ts and holes 

cince 1954 ho.s been kept; ho;"ever, records prior to 1954 are 

inconplete. The t.otal activity of solid 'm.stes buried in the area 

ca,1not be estimated. The ·,iest pit in area 3-l-S >:as filled with 

about 10,000 cubic ;yurds of 1.mste between February 1956 and the end 

c1~ 1959. A building containing several grams of plutonium ws buried 

in the east pit in area 3-l-S in 1957 along idth same machinery. 

Sludgec from treat~ent plants contain gross-alpha activity7 

sho:::--'.:,-lived beta- and gamma-emitting isotopes, and some strontium-9\). 

Plutonitua and americium sludges are mixed with vemiculite or cement 

in 55-gallon druns and buried. 

Baril.lil! and lanthanum wastes are placed in steel casings and 

buried in the 2-foot dia."tleter holes. 

Area 4: Technical Area. 33 

Area !} is in sees. 19 and 20 1 T. 18 N., R. 7 E., and sec. 24, 

T. 8 N., R. 6 E. The surface of the plateau at site 4-1-S slopes 

c;ently t,o Chaquehui Cr-•. 11yon about 20 yards to the soutll. The soil 

is thin and supports little or no vegetation. The joint pattern of 

the tuff is variable, and the joints are not prominent or 1)ersistent. 

E;:.-;:plos:::1es imroL-::.nc; radioactivity 1-Tere fired in the 194o's in 

})i tc and on pads i!~. the south and east ?arts of: the area. '.~antes 

1:cre dispOsed of loe:all;y because of the great distance to centralize:.c 

dispocal l)its. Ct-:.:-rent dislJOsal problei:ts, greatly reduced in scope} 

are centered in the 1restern :;art of' the area.. 
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Fm1.r pits, each abo;.:t 6 or 7 feet deep: comprising e. total area of 

about 5,000 square feet uere used from earl;}' 1949 tr ... t·oug..IJ. 1955 and conta:L."1 

an estimated several ht.L!!ired kilograms of u:ra.niu:::-2~.8 (Ha.rlov Russ 1 1961; 

oral comr.ru.n.ication) . About 8:) percent of the useo.bJ.e volume of the !Ji ts 

ho:;e teen bac1:filled.. The fill probably shotJ.lt:. be co:Jpacted and mounU.ed 

to mirli."nize erosion a.'11d pending of 11ater e.roll.l"1d the pit.s. 

Shafts about 12 feet b:: 15 feet square and 50 feet deep ivere co:1r;tructecl 

i!·< tuff". The wulls were lineu with "WOod, ml.d about 2 feet of concrete ,,'as 

:_Joured on the floors. One shaft was constructed at site 4-1-SJ one at site 

!.;.-2-S; and tvo at s~.te 4-3-S. Explosi ·.·es contc..:LniDG u.ran5.um-2)8 ver·c fired 

at sites 4-2-S and 4- 3-S. The nhafts Here lo.;.:;t u:.;cd about 1949. Tb.~· vere 

opened for inspection in 1954 and then backfilled '\fi th tuff. 

Several firing 1Jru1s at ::>ltes 4-1-S o.nd 4-2-S co:1J.:.nin some uraniu:·.:-2~2. 

Site 4-h-S is u target into which pZ"'ject.ilc[~ co;.l"caining rnd.ice.<.:·::.::.v12 

~::nteriuls 1-rere fired. T'.ne to.reet ic cut into a cinder cone on top of the 

:e--arth ;vall of Chaquehui Car>-0'0n. Tu:ff abutts the cone on the veot ~iJ.e and 

ueathere into blocks; it contains fe1-1 joints. 

A pit about 10 feet squnre and dug into the tuff a.1.;out 5-10 feet. at 

site l~5-L was used to dispose of solutions conta~inated with triti~: frow 

lJ:jQ tb.rou::;l1 1959. SurJplec o:r- tu:ff' o:Yt.ained seve:"'.l feet beneath tl:.c :Pit 

.~:-:. lSi 57 di.d r-..ot cor.;t.e.in measurable amounts of. t.ri tiur:1. Another })l t a-~ 

discharged in 1961" The soil cover at these c5.tes i1> th:i.n. 

'l''\vO emergency releases of liquid containinc l)lutonium were uashed into 

a r.;eptic t.a."'1l.-c less than )0 .feet; f'rom the :10rth \JUll o:::' Cbaquehui Co.!zym:. 
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Al"ea. 5 : Mesi ta O.el Buey 

and Canada de Bue~r e.nd extends about l 3/l; miles through 

sec. 36, T. 19 N., R. 6 E. and sec. 36~ T. 19 N., R. 7 E. The 

s·..:.rf'ace of' the mesa at Area 5 is relativel;'/ sm::>oth and slopes 

gently so·,rtheast;.rard. towv.:r-0. the canyons paralleling the mesa. The 

soil cover ala:~ the axis of the mesa is about l to 2 feet thick 

'but thins toward the canyons. The tuff crops out on the mesa alor,g 

the canyo.:!s. Rrosio::J. c:f the soil is slow because of the small 

drainage area. Vegetation is mostly clUJJlp grass, small caci, a.11d 

pinon and juniper trees. 

P.:re2 5 is ~-,c be a long-term disposal area. The U.s. Geological 

Survey cooperated with the Atomic Energy Commission in the selection 

of the area and recommended that disposal pits be no closer than 

50 feet to the canyons: be no more than 50 feet deep, and that 

open join"t;s in the pits he sealed with fine-grained material. 

The al~ec. 'vas selected because it is relativel;y• isolated and 

probab!.;.' is large enou.gJ:. :for disposal of solid wastes for 10 or 

r.10re ~rears • 
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The disposal p~.ts at wi ten 5-1-S and 5-2-S vere dug in 1957 

These pits: •~hich are 100 feet by 6oo i'eet 

square) 2";) to ?/:) feet deep, l:'.nd :!J.a·:e a. ra..-np on each end (Enders, 

1960, p. 153)> are dug :L'1 tuff. Among the first ite-a.s burned a.nd 

bu.ried. in these pit!;. were buildings containing tl.!"lmo'lr.: quan.ti ties of' 

plutor~iU!:l, uranium, and mixed fission products. 'I'l1.e }?it at cite 

5-l-S >~as filled to cal-~acity and about. 60 percent of' the pit of 

dte 5-2-S 1m.s filled by the r:!J.ddle of 15'162. E::;tin1D:'.;,cc for ·,;astes 

(From ::cecords cf the Los Alamos Scientific LaboratorJ) 

1959 4,8:;8 cubic y·ardc 

15:60 5,m cubic ya..""ds 

1961 7:170 cubic yard :c. 

1962 3 .. 976 cubic yard.G I 1 co~ 
I . ..._ov hnl.:') 

'l"'nree shafts 6 feet in diameter and 6o feet deep 11ere coru:truct,ed. 

:.n tuf·f· at site 5- 5-S durirl8 1~1arch 15160 for unconto.L~iD.eted classific: 

Area 6: DP - \·lest 

one of the oldest disposal a.reaG in continuous use e.t 

Lo:: . .!Ua."nos, lies Dontly in the S...; sec. 14, T. 1) N., R. 6 E. The 

forr.!ation) fabrication; a.t"1Cl :::ecovery of l)lutonium nete.l (Christenson) 

also 
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A pit du.g into the tuff at si.te 6-1-S ilas a.n o.::ea of abet:.~ 

The south side of the pit is about-. 100 feet 

fro:n a cc.n;yon that, 0 ,., 
.J..io.} tributar,y to LoG Alamos Canyon. The ..........:.:.. 

!J.:.. u ,. .. m.o 

:..'E.lecl bet'\·Jeen 19Lf) and 1947 ilith solicl 1~re.s.J~es !'j(}Stl~r fron DP site 

The surface of the naterial 

t.he :.o::J-i'oot interval. on the south slope "'GO\lard ".:.he t:.~ibuta.ry can.;yor:. .. 

:2:ne l.JO-fcot inter .. ~.:re..J_ is, partl:y grass covered o.n.cl CC11·t,ains some 

:.;·~~:'i'a.ce of the }:•it' c fill m1.l'!. exter.d across t.hc naturul nurfuce 

The tuff, ,.rhic:: c:;.-o~:<.:. out o::: the 

L .. quiclD u:~e at site C-2-SL. ~'he pits contain }>lutoni.u:m and Ul"o.n::.'Jr:1 

Liqu::.C.s i"'..a\·e not ·,)een added to the storac;e tanlcs since abou".:; 

'::.'he le'<el c'' the radioactivity in these tankc) checl:ed in the 

1/ 



Site 6-;~L consists of "~hr-ee intercon.11ected. pits 200 feet .Lor..s> 

25 feet 1.;r1de: and C. feet. deep. The pits ,,.e::.·e dug into the tu.f.f alone 

the Gouth edge of a finger mesa adjacent to a tributar;:y- of Los Alamos 

filters and 1·1e:.·e filled to a depth of abo:..tt 5-6 feet 1:ith large 

grave: at the bottom a:1!1 le.ye:n:; of S!"..a.ll grovei; coil; e.nc.l tuff e.boYc:. 

Con:.>eq'-lently; 
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The activity in samples of tuff collected beneath pit 3 in 

June 1957 was as follo-ws: 

(Counts per minute per liter--

analyses by the Los Alamos Scientific Laboratory) 

Gross Gross Radioactive 
Depth 

alpha beta· strontium 

5 feet 2.2 ll 

10 feet .8 5 63 

15 feet 1.1 8 76 

I 

From 1945 to 1955, samples were obtained occasionally of the 

waste-water dischm·£e from the launary for radiochemical analysis. 

Starting in 19~5 2 a weekly radiochemical analysis was nade from a 

composite of se.mpleG collected dail:y during normal operation of the 

laundry. Data in table 1 show that plutonium accounts for about 

one-third to one-lmlf of the grosa-nlphn activity and that rndio

acti ve strontilun accounts for a.b::>ut o•1e-tenth to one-twenty-fifth 

of the gross-beta activity. 

Discharge of waste to the three pits Uli ~:S.I. ti;i o• 3-L ceased in 

1961. The pits probably should be backfilled to prevent w-.:.ver from 

pondinc in the pits tc n level that t!.1e '-'alls would be breached and 

the contents drained into the nearby c~·on. 
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Table 1.--Average of weekly composite samples of raw waste disc b&.l-g:cc into 

pits from laundry at Los Alamos, 195'; through 19601 site 6-, ... L 

(Analysis by Los Alamos Scientific Laboratory) 

Gross alpha Plutonium Gross beta Radioactive 

(counts per (counts per (counts per strontium 
Year {count's per minute minute minute 

per liter) per liter) per liter) minute 
per liter) 

1955 1,907 655 

1956 1,920 763 

1957 1,282 539 25,682 563 

1958 861 412 16,621~ 1,898 

1959 i,244 715 3,o88 234 

1960 2,313 1,053 22,636 887 



Site 6-l•-L consists of four pits 100 feet long, 20 feet wide, 
~- ---

and about 6 feet deep located between the axis and the north rim of 

a. finger mesa. The pits are dug in tuff. The pits are am:>ng the 
I 

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 a depth of l1 to 5 feet. The pits were used from about 194 3' to 

about the middle of 1952, at which time a YnSte-treatment plant was 

put into operation. A strong solvent, such as hydrofluoric acid in 

plutonium vrastes, may have reacted with the tuff' along joints in the 

floors a~d walls of the pits and caused some of the joints to enlarge. 

The average concentrations of~ fluoride and plutonium discharged into 

the pits was 160 parts per million and 60 counts per minute per 

milliliter respectively (Christenson and Thomas, 1962, p. 258) in 

the 191.3-52 period. 

Flow of waste water into these pits probably averaged about 

2 to 3 million gallons annually from 19113-52. The wastes flowed 

into a distribution box, then presumably flowed from the distribution 

box into pits 1 and 2, and through overflow pipes into pits 3 and lt, 

respectively. Reportably more water moved into pits 1 and 5 tharl 

moved into pits 2 and ':, and at times some of the pits became 

clogged and overflowed, the overflow movir~ northward towards a canyon. 

The radiological ,quality of the raw waste discharged into the 

pits from 191~3-52 is probably siinilar to that now entering the waste

treatment plant at site 6-5-L. The pits probably sl~uld be backfilled 

to prevent vrater from ponding in the pits. 



O:)c::·s.ticn ci' t:nc treatment plant at site 6-5-L bega."1 in 1952. 

Host o.:..· the 1uci.ioact:L·te ions from pla.'1t ·'"1astes o.re precipitated 

The J.iquicl O.eri ved f:--or.: 

fc::-: se·:eruJ_ hours or days fm.· control analysis and. the~: :en dische.rceu 

Chemical ;rosteo, such as' the 

h:;rcl:·o~'luo:::-ic .s.cid used in. processing the plutoniur-1, o.:r·c neutralized. 

and e..lso diGc:iw.rged :i.nto the canyon. 

'I'he ap~rox~-:JC.te \'olurne o:f -wastes processed at the plant rumooll;, 

Tbe highest 

.~' ... -.,·,~-· -... \~~·. 

t.};.at l;..as beer: ~~:-1 opel"'Bticn cince Jan.u~~ J .. 95J.. o.n:.l "..·rl:lich discb.a:. ... gec 

l ()r.;! 
-/ ... ·-; 



Table 2.--Vol~e of flo~ into the treatment plant, and the 

concentrations of the influent and effluent of gross alpha 

and plutonium, sites 6-h-L and 6-5-L 

(A."lalyses by the Los Alamos Scientific Laboratory) 

Gross alpha Plutonium 
, 

Volume Influent Effluent Influent Effluent Total 
~thousands (thousands of: ( cou~r'cs ~er (milli- (counts per equiv. 

Year of counts per nunut l/ grams) minute..d/ to 
gallons) minute l/ per li tel'- ) per lite~ plant 

per lite!'- ) (mg) 

2,68_5.0 
.. 

58.2 8,781 8,781 1952 35 35 

1953 l1 1 0l:3.f 1:21 L-,.., 
;;JC 92,378 79 ~,378 

195h :;;: ')06 p __;,,_c. ._. 187 73 33,560 93 37,836 

1955 2 )891!. 5 218 ll6 30 ,oo11 97 36,555 e 1956 3 ,8ol.l 9-:) 60 18,490 59 23,683 

l0C:::7 
·"-'I ~,?12-9 ~:;A " ~ ....... , 65 11· ,883 65 21,03C 

1958 2,658.8 l63 611 2),9!i9 62 38,017 

1959 2 ,h96.1; 236 111~ 3~·,532 98.8 56,541 

lo<r, 
./~'- 2 ,291[ .j_ 626 310 81,159 223 ~427,829 

1961 •;) LlOO 0 
'-·) .· •L 661 695 99,151: 639 173,938 

l) v7eighted average 

y Includes 1.~);1 gra7JlS d' plutonium 238 



Discharge into Acid Can~ron is esti1nated to have been about 

10,000 gallons ds.il~' bet-.;een 19ii6 a..'Tld 1951. The volume of discharge 

generally increased from 1951, i.rhen records vrere started, to 1961 

(table 3) • Wast.e -~.;as l~eleased. f·rom the trea",;;me~1t plant during 

each ,.,orking day in slugs of 15,000 to 20,000 gallons each. 

Acid Canyon is a deep "V" shaped ce.r:yon cut into the Tshirege 

Member of the tuff. It has a steep gradient aud contains \late:::· only ,. 
during f'lood.flm-;, spring s:no-.nnelt, a..'ld during discharge from the 

pla..'1t. Acid Can:J'DZ1 dischcrgec into Pue'blc Ca..o:.;)"On, vrhich has e. lareer 

drainage area and generally contains a small s ... .:;rc~l uhich originates 

at a sew:;:ge-treutment plant upstream. The trea·eoent plant in Area 7 

pro·bebly will be replaced in late 1962 or ec.rly 196.3 by u ne\1 plant, 

vrhich will disc!w.rge \·mstes into the up})er par-.:. of M::Jrta11dad Canyon. 

The radiological quality of the raw wastes entering the plant 

and of the treated -wastes discharged from the plant is sho"'n in table ;.. 

Most of the radioactiv-e ions ore precipitated il!to sludges which are 

de-•re·cered before burial ut Area 3. Tne liquid >·Tastes are discharged 

at approxinlately one-ter~th of drinkirJg-water tolerance. Regular washing 

of contaminated ve~licles, through 1957, in the parkir..g lot at Area 7, 

and a spill of sludge in the parking lot apparently did not add measurable 

radioactivity to the canyon. However, a."l accidental discharge of sludge 

from the :plant, in Noverr~ber 1958, increased the gross alpha of' the 

surface material in the stream channel for a period of several months. 

Repor-'..;edly, the radiological quality o:f the raw waste discharged 
I 

into the canyon before l951 ;,res similar to that entering the treatment 

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

ranges betveen about 6. 6 and 11. 8 . 
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Table ).--Volume of flow into the treatment plant, and the concentrations 

o:f.' the influent and effluent of gross alpha and plutonium, Area 7, 

(Analyses by the Los Alamos Scientific LaboratoJ:s) 

Gross alpha Plutonium 

Volume I Influent j; Ef'f'luent Influent h E:f'fluent 
Year (thousands (~ COU1'1tS per ( cmmts per {milli- ( counts per 

of minute minute grams) UJinute 
gallons) per liter) per liter) per liter) 

l 

1951 1~,009-7 2 ,38o 95-8 539-3 95.8 

1952 7,538.9 1,8Lr5 1:2.8 745.7 1!2.8 

1953 6,9()0.0 11,900 105 1,9h0 1.~9 

1954 10,730.0 3,300 222 2,600 60 

1955 10,1-128.7 2,670 167 1,029 61.5 

1956 10,653.1: 2,100 113 7911 29.0 

1957 11,538.5 3,58o l25 11 !.129 22.6 

1958 10 ,37il. 5 !1,920 151, 1,567 26.2 

1959 11,619.4 7,250 160 3,577 30-9 

1960 10,850.5 13,200 123 5,296 71 

1961 13,962.3 9,767 195 5,686 111.6 

I 
if Weighted averages 



Area 8: Ten-Site 

Area 8 is in the E! sec. 22, T. 19 N., R. 6 E. and is at the head· 

of a small flat-bottomed canyon tributary to Ten-Site Canyon. Clay, 

about 3 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 amount~ of radioactive barium and 

lanthanum containing same strontium-90 impurities. The treated 

supernatant liquids are discharged into the tributary canyon. 

Operations in the early 1950's consisted of the storage of 

radioactive wastes in four 501 000-gallon tanks for several months 

prior to their discharge into the tributary canyon. 

A summary of waste discharged froill Area 8 from January 1956 to 

January 1, 1961 (except December 1959 to June 131 1960) is shown in 

table 4. The first phase, January 1956 through February 1957, consisted 

of ion-exchant;e processes with resins, which were later made a part of 

regular plant operation. The resins >Jere regenerated and the sludges 

buried in Area 3. The second phase, FebruarJ 195'T through November 1959, 

was a series of pilot plant studies for the removal 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-gamma aour·c.es occurred in February 1956, 

when a storage tru1k overflowed. 

The quantity of water discharged to the canyon is relatively small. 

The average discharge of radioactive material is about one-tenth of the 

off-site tolerance. 
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'i'able J~."·-Vo1um."! or flov ancl Ct)!1CC;£t.:r:tl.'l.i:i.Onf'· or G:t'::;:·;:~ llcLn. n.nrl racTi0::d:.ronthun d:i.::>charged into n canyon 

j.n Area 3J <TmnJ.rn-y J.<X>6 through November 1959 ancl June 1), 1960 to .January l, 19(11. 

(Analyser:: by the Lo:: 1\lr.r'.tos f,cienM.fic T.abon1.tory) 

( "'nl1ons) j pH minut0 l!Cr minute per minute) minut,e) 
u miJ~i-liter) liter) 

Dat,cr; 

·---·--·-----------~------.. J- ------ _. .. -----·-· 

,Tnnua.ry 1956 
through 

Fel'nuary 1957 

Hnrcll 1957 
t.hrough 

Deer.t1bcr 1957 

,January 1958 
throtl(:",h 

DecemlJer 1958 

,Tanuary 1959 
through 

November 1959 

1~3:3,600 

lt:0,570 

370,755 

5(:>0' 23'+ 

~ 

~; 

+-------·--·---- ____ .,.. ________ .. _____ ..... _ .. , 
a.. 

!/3J.78 X 1010 a.., 10 
-!J· 8.95 X 10 

<t.. 

~10.81 X 1010 

tL 10 
.:j;J 6 . o8 x 10 

~ -
~ 14.£39 X 10;-J 

June 13, 1960 L::_ a... 4.. 
through 719, 359 -i/ 2. 6 -iJ 685 · 

_January~ 1961 __ _I ~. 
_12.75 

dt, 

~/Wei{:,hted av-e!'a(.~es 



Area 9: Qnega and OWR (Omegs. West Reactor) Sites 

A:rea 9 is in the swt sec. 15, T. 19 N. , R. 6 E. Liquid and 

airborne wastes from the operation of' two reactors in Los Alamos 

Canyon are discharged here. Coolant water containing induced 

activity with a short half'-lif'e is discharged into the stream 

chEL~"1el et s~te 9-1-L. Several curies of' short-half'-life chromium, 

zinc, and antimony from the ion-exchange column of the OWR (From 

records of the Los Alamos Scientific Laboratory) are dumped 

periodicall:,r into the stream channel at site 9-3-S. Materials vere 

clea."1ed <!llarterl:r from the trap of a stack at site 9-2-S. Until 

early in 1961, the wastes were dumped on the alluvium on the floor 

of the ca11:ron. The~,r contained an avera.ce of about 12 uc (microcuries) 

of cesium137 and iodine131 . 

Area 10: Teclmical Area ~9 

JQ·ea 10 is in the NWi sec. 3,7.18 N., R. 6 E. It was an 

active experimental site in 1960 and 1961, and it is expected to 

be used again in late 1962 or early 1963. Some plutonium is present 

but the extent ce.nnotbe estimated (Phillip Belcher, August 30, 

1961, oral communication). 
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The Geological Su...""Vey cooperated with the Atomic Energy Commission 

in the selection of the area and. conducted and extensive geologic and 

hyd;.."I"'logic stud:,r concv.rre;rt. ~lith const:rrllcti6n. Approximately 55 to 60 

holes 6 feet in diameter ive:'e augen:!d into the Tshlrege Member o:f the 

Bandelier ~uff' to ~ rr~i~J depth of 110 feet. Tnree test holes, drilled 

to depths ra1gb.g between l,'f09 a.."'ld 1,821 feet, entered the main aquifer. 

The water levels in these wells range between 1,001~ and 1,172 feet below 

the mesa. In addition, nume::·ous small-diameter holes within the site 

and adjacent to the site 1-rere drilled for the collection o:f samples a11d 

for the study of the mva":lent of water 1-ri tr.J.n the tuff. 

f,:rea 11: Mortandad Ce.r~~ron 

Area ll is ir. the NW-k sec. 22, T. 19 N., R. 6 E., moGtl:.r in Mortandad 

Canyon. Liquid wastes treated to below off-site tolerances w-lll be 

discharged :from e central waste-treatment plan~c into a ca.njron t;ributa.ry 

to MJrta..11dad CanJron. This plant will replace the treatment plant of 

Area 7• 

The Geological Sm--ve;y· :::oopereted i>li th the Atomic EnergJ· Con:nnission in 

the selectio:: of l-:res. J.2 ~md co.!1ducted and extensive geologic and. h;:,'drologic 

study. One deep ·Gest uell i:.cJ t.he main aquifer \·ias drilled and several 

series o:-:' uells vrere cl:rilled to measure the rro.te~ level in the alluvium in 

-'che cal1yon, to collect sa.'U"Ples, e..::~d to measure the :rrt.c:i.sture content of the 

alluvium and underlying rock. The alluvium in the upper pa.!'"'c of the canyon 

is thin and contains mar-lY" "boulders 1-,ut tr.Ldens and thickens down the ca....'"lyon 

(Baltz and others, 1.)<6z::; ~-'. :,c,o) • The ::uve;r:e:~-'.:; of "'.i"G.ter il:. the alluvium and 

into the underlying tuff is ·beiP.g followecl so ~chat tl1e step-by-step movements 

of va.stes can be :fcllovred i'roD their sou.:rce. 
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Area 12: Pajarito 

Area 12 is in the NEt sec. 55 and the NWt sec. )6, T. 19 N., R. 6 E. 

in Paja.rito Cenyon. The canyon floor is flat and consists of gravelly 

alluvium 20 to 25 feet thick. Small quru1tities of ~astes are discharged 

here occasionally. 

Sewage-disposal plants 

Sewage is discharged from the Pueblo, Central, and Sandia 

sewage plants. These wastes generally are high in phosphates and 

nitrates. Pueblo and Central sewage plants discharge into Pueblo 

Canyon, and the Sandia plant discharges into Sandia Canyon., During 

the Ya.rm months, about 90 percent of the se'Wage from the Pueblo 

sewage plant is pumped onto the golf course for irrigation. For 

several yea:t·s in the mid-1950's, part of the sewage from the Central 

sewage plant ~~s pt~d to the main power plant for cooling pu1~oses 

e.nd then discharged into Sandia Canyon. The discharge creates small 

streams in Pueblo and Sandia Canyons. Discharge from the Pueblo 

sewa~e plant averages about 9 million gallons monthly and from the 

Central sewage plant about 4 million gallons monthly. Data are 

lacking on the discharge from the Sandia. ;;.c\-m~e plant. 

Sewage from isolated technical aroas generally is discharged 

into local tile systems which are entrenched in tuff • 
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