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IMPACT OFTRITillM DISPOSAL ON SURFACE WATER AND GROUND· 
WATER AT r .. OS ALAMOS NATIONAL LABORATORY THROUGH 1997 

David B. Ro~ers 

ABSTRACT 

B<.,::inning with the M:mhatt:m Projl'Ct in the 1940s .. Los Alamos 
National Laboratory ha~ utilized tritium in it.; research pro,:rams and 
ha-. discha11:ed tritium into the environment. This report document~ the 
quantity or tritium that ha. .. been disposed--either a~ liquid emuent or by 
burial in waste disposal areas-and evaluates the impact on surface 
water and ~roundwatcr of these tritium dispoS3l operations. 

Since the early 1980s. the Laboratory ha-; sharply reduced both the 
number of tritium discha~e IOCltions and the total amount or tritium 
discha.;:ed. Because or rcduc:cd dt<ic:ha~es. dilution by stream now. hi~h 
cvapotr41nspiration rotes.. and a relatively short hulf·lifc (1~~3 yr). 
tritium levels in most shallow groundwater and surface water at the 
Laboratory have decreased si~nificantly since the early 1980s. The 
Laboratory now discha~l"S tritium as liquid cmucnt only into 
Mort:mdad Canyon. from theTA-50 R.!ldioactivc Liquid Waste 
Treatment Facility. Rc~ardin~ solid waste disposal sit~. available dat.a 
SUf!f!l~t that tritium mi~rotion from these arca"i ha."i been limited in 
extent. 

Trace levels of tritium h41ve bt.-cn detected in rc:zional aquifer test 
wells beneath areas of past and present liquid emuent discha~es. 
Nonetheless. based' on 30 yr of environmental monitorin~. tritium has not 
si~nificamly impacted the re,;:ional aquifer. The maximum tritium JcvC!Is 
found in rt.>J:ional aquifer test wcUs arc onlv about .2% or the EPA"s 
20.000-pCi/L maximum contaminant levcl.for tritium in drinkin~ water.' 
Tritium levels found in water supply wells avcraJ::e 1 pCi/L. and a 
maximum of 3 pCi/L W<lS found in one 1993 sample. 
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INTRODUCTION 

Beginning with the Manh:mnn Project in the 1940s. LosAl:unos National I..abor.uory 
(LANL or the W!borntory) has used tritium in iL" resc:1n:h progrnms. The Labor:ttory ha." 
ulso disch:ll'ged tritium into the environment since the M:mhattln Project days. This 
report do<:ument.'\ the quantity ortntium that has ~):en disposed dlher.as liquid effluent or 
by buri~tl in wa.o;te disposal area."~ These disposal locations and th~: e.'\bmatcd.total trit~um 
discharges an: summarized in Tu~le l. Thi~ report also evalu:ltes the impact on surface 
water and groundwater of the."'e tritium disposal Opet:ltions. The Labor:ttOij' has 
monitored surface nnd groundw:ucr forpos..~ible contamination since 1945. Specific 
mca.'\urement.; of tritium ~lctivity in environmenml ~mples began in the: late 1960s • . 

·' . 
I 

Since the early 1980s. the ubor:ttory ha.-. sreatly reduced the: number or locations when: 
tritium is discharged to the environment. In addition. the total tritium uetivity contained 
in L:lborJtory discharge.-; has decfea.o;ed sig~ificnntly. Becau.-.c: of lower'tritium 
discharge.-:. dilution by stream no~. high c:vapotr.l.nspiration rates. :md

1

the short half-life 
ot' tritium ( 12.43 yr). the tritium activity in. most surface: water :and shaitow Clnyon• 
bottom groundwater hus f:&llcn quickly. The Lubor:uory now dischursc:s. tritium a.o; liquid 
effluent only into Mortmd:~d Canyon. from the TA·SO !Qdio:tctivc: Liquid Waste 
Treatment Facility. · · 

"' .. 

Tablt.' 1. Lm; 1\lamos N:uion:d ·tabor:Jtorv Tritium Disc han;~ Summ:u•v 

l.oc:1tlon 
Liquid Emu~:nt Dls(harJ:es.' 
TA·I , 
T Ao4S Wa.o;te Treatment Plant 
TA-53 LAMPF Ponds ' 
Omega West Re<l!;tor leuk ; 
TA-ll Wu.o;te Treatment Plant 
TA-35 Wa."te Treatment Pl:1nt 
TA·SO Waste Trcatn~ent Plant 
TA-33 Tritium F:u:iliN 
Mutcrilll Disposal Arens 
TA-33 MDA K 
TA-54, MDA Ci 
TA·21. MDA T 
TA-54. MDA 1i 
TA-SO, MDAC 

. 

Period 

194j-l95·1 
19St-1964-
1978-!9~9 . 
1956-1993 
l9S2-19t!S 
1953-1974-' 
1963-1996 
l9SS.;.I9QO 

1955-1990 
1957-1995 

. 1945-1951 
1960-19S6 
1960-1969 .. 

' . 

Estim::.ted Total' Disposed 
fin Ci. d~v~~tn 1997"') 

, .. 
' . 

1.1-23.·1' 
4.3 

90.7 
:3.1 
l4.S 

Unknown 
2S7 .1-2S8.4 

Unknown· 

Unknown 
8~0.279' 

1.: 
Unknown 

1~.~35 . 
)· 

"'Occuy co~tionl\ afrc:r c:ithc:r 1977 or 19KI u.o.c: a tritium hull'·lile ()f 1~43 yr. or 
(.lt.:cay constant ut'O,OSS7<i/yr. · · · · · 

.• 
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·,. 
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The following sections or this report provide background information on tritium and the 
setting of Los Alumos Nutimwl Lo1bormory. l...atcr sections describe urc:1s at the: 
Lubor"J.lory where tritium has been n::lca.o.;cd and provide a perspective on the extent to 
which tritium has entered surface water and groundwater. Th.: lack of impuct of tritium 
on Los Alurnos drinking water is introduced below and discussed in more detnil in a later 
section. Locations refem:d to in the text. including obscr~ation and water supply well..;. 
canyons. technical arc:~"i. and material disposal areas arc: shown in Figures 1 •. ~. and 3. 
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Fi,t:llrr :!. l..ocutimrs ofTi\s, MDtb', und ,,~/~(tCJ alluw'cJI ,r:mwrdwutcrllh~·C'n·miun M'C'IIs und :o·,,rJu(C'· 
wutrN11rmitori11g stutimrs. 

Th¢ 4uantity or a r.uJionur.:liuc i~ cxpn:l""l!d ,in tenns of the num~r or atoms that decay in 
a given time. known u." the activity of the Silniplc. 111c basic unit or activity is the curie 
(CD. defined a..; 3. 7 :< I 0 In disintc~rmions per second. This is the approx.imatc speciti~ 
activity of one grJm nr rJuium. This unit is 4uite large for ex pres:.; ins t!Ctivitics or most 
rJdionuclides foun<.l in wmcr. so small t'rJc:tions of a curie arc often used u.o; the basic: unit. 
M~;:tric prefixes are used to indicate frJc:tions of a curie. for example:. die- picocuric (pCi 
or I O· I~ Ci) or the mmocurie (nCi or I 0·1

) Ci). TI1c 4uantity of a rJ~ion.ucl ide in water is 
exprc~scd in curies per liter of water~ for example m•. pci/L. In some c:ascs. values ilrc 
st~llcd in a fonn such as 6,600:: 800 pCi/L.'whcn: the tirst number is t~e analytical result, 
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and the second number is one stanu~1rd Jcviaaion ol' the ~malvtical uncertaimv of . . 
measurement. 

E~VIRONMENTAL TRITIUM LEVELS AT LOS ALAMOS 

Tritium is a natur~llly "ccurring isotope ol' hydrogen. Tritium is produced in the 
atmosphere by cosmic rays and in rocks by dc:c~ty of' naturally occurring r:tdioactivc 
clements. Tritium is also produced by nuclear rc~1ctors and~~.~ p~1rt or the development 
and tc.:sting of nuclear weapons. Because tritium is an isotope of hydrogen. tritium 
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commonly occurs in nuture as part ora wa.tcr molecule. Before atmospheric testing of 
nuclear weapons began. tritium levels in northern New Me.·dco pn:cipit:ation were abour 
20 pCi/L (Adams 1995). This isS to I 0 times higher than the tritium level detected in the 
Los Alamos public w:lter supply .wells. B~ the: mid~1960s. tritium in· aunosphcric water 
in northern Nc:w Mexico reached~ peak revel of about 6.SOO pCi/L. At present. 
atmospheric levels in northern N~w Mc:xic~ arc about 30 pCi/L. :md ~ose in the 
Los Alamos vicinity range from 20 .to. 4SO:pCi/L (~dams 1995). . ; ... 

'·' .. 
Because: tritium often occurs :L...; pan of a water molecule. Lhe r.ue of intiltrJtion of tritium 
into the e.1rth is the s:unc as the infiltration1 rate orwatc:r. Other r:ldionudidc:s·sueh as 
plutonium·:!38 or strontium·90 in1iltr.tlc at a much slower rate. if at :li1. The: progress of 
these latter rndionuclidc:s is either halted or significantly slowed by the'chemic:J.l 
processes of adsorption (adherence to·the ~urfac:S pf soil panicles. for example) or 
pn:cipiw.tion (the formation of solid chemical phase:~). 

Tritium ha...; a h•llf·life of 12.43 Yf· Thi~ relatively short hall'.life combined with low 
naturally occurring levels of tritium me:ms·that groundwater isolated from the surface 
should have:~' very low tritium ~~tivicy. Groundwater that contain~ between 16 and 
65 pCi!L of tritium most likely shows the effect.~ of recent recharge. th~t is. recharge 
within the la.~t four decades (Blake: 1995) •. ·:Groundwater with a tritiu"!l activity below 
about 1.6 pCi/L is probably old and isolated from surface n:charse. The ~sc: of such 
sroundwater is more than 3.000 yr. but. there may be larse dating uncertlintie.'\ 
a...;sociatcd with small tritium activities.· Groundwater with a tritium activity sreatcr 
thun 1.000 pCi/L and collc:cted after l990.c:m only be the result of cont:J.mination 
(Blake 1995). 1 

TRITIUM IMPACT ON LOS ALAMOS DRINKING WATER 

The regional aquifer underlying ihe P.Jjarito Plmcau is the primary source of water supply 
for the L!lborJtory und for Los Alamos County. The regional aquifer is moniton:d 
annually by sam pi ins test we: lis. waccr supply wells. :md sprinss that discharse :Uons the 
Rio Grande. The test wells an: for monitoring pul-poscs onlv and arc not.part of the" water . . . 
supply system. Tr.tce levels of tritium have:: been detc:Ctl!d in re..;t wells sampling the 
rcgionul aquifer beneath areas of.pa.l\t and ·present liquid ctnuent discharses. Tritium 
levels found in w~ller suppl~ well.s an: much lower. Despite these tr.ace levels ot' tritium. 
there ha..; been no significant tritium impact on the· regional aquifer. This: conclusion is 
ba.~ed on 30 yr of env ironmc:ntaJ monitoring dat:~. The ma.ximum triti'um· revels found in 
n:~ional aquifer test wells :uc only abou~ :~of the Environmcnt.al Protection A,;c:ncy's 

I .. "• 

(EPA's) ~O.OOO·pCi/L maximum cont:unimmt level lor tritium in drinking w:uc:r. 
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The highest test well tritium level found ww.; 361 pCi/L. in Pueblo Doyon Test Well I 
during 1993. The average tritium activity in supply wells is I pCiiL. with a maximum of 
3.0 pCi!L found in Otowi-t. in 1993. 

Although only small tritium lc:vcls have been found in existing monitoring wells, concern 
over possible impact on the regional aquifer ha..; prompted the Department of Enersy 
(DOE) and the l.:lboratory to embark on an e:tp~mdc:d groundwater char:~cteri:t.:ttion 
progrJm :u Los Alamos. 

E~VIRONMENTAL TRITIUM STANDARDS 

The DOE Environmental Protection. Safety, and Health Protection ProgrJm csl!l~lishes 
conccntrJtion guides for rJdionuclidc uctivities pennissible for waters in controlled 
(closed to public access) and uncontrolled (open to public access) areas near DOE 
facilitii."S. l11c concentration guides for water are ba.'ied on DOE's rndiution protection 
standard {or public dose limit) of 4. mrcm/yr for water. The concentrJtion guides 
represent the smallest estimated concentrations for a rndionuclidc: that taken in 
continuously for 50 yc:.~rs will result in an nnnuul dose equal to the public dose limit in 
the SQth ycur of exposure. These conccntrJtion guides arc based on recommendations of 
the lntcmtLtional Commission on Radiological Protection. on the EPA's regulations in 
40 CFR 61, and on recommendations of the National Commission on Radiation 
Protection and Mc:a.'iurcments. The concentration guides arc: determined a.'isuming a 
water ingestion rJtc or: L/day. The concentr.ltion guides for w~llcr arc applicable to 
emucnt discharges and impacted surface and groundwater but not to soil moisture. 

Up until 1985, the DOE set an upper limit of 3.000.000 pCi/L for tritium activities in 
uncontrolled areas and a limit of 100.000.000 pCiiL in controlled area..;. The DOE 
reduced the conccntrJtion guide for tritium in uncontrolled ar~s to 2.000.000 pCi/L in 
1985. These rndiation protection standards were tin:.llized in 1990 by DOE Order 5*00.5. 
For comparison. the Nuclear Regulatory Commission (NRC) regulations contained in 
40 CFR I 06 also limit r.tdioactivity in.crnucnt discharges to unrestricted arca.'i. The NRC 
regulations, upplicablc since 1992. restrict tritium nctivily to 1.000.000 pCi/L. This v~1luc 
is h!!l!' the current DOE conccntr.nion guide for uncontrolled urca.'i and applies only to 
NRC-licensed l'acilitics. 

The DOE standard for tritium in a DOE-administered drinking water system i~ 
80.000 pCi/L. Otherwise. rudio~1ctivity in. the public w;1tcr supply is governed by EPA 
regulations contained in -+0 CFR 141 tEPA 1991 ), For manmade beta- and photon­
emiuing l'adionuclidcs. the <.lrinking water regulations specify concentrations limited ton 
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lc:vc:l thut would result in a 4-mrcm/yr dose calculated .according to a ~pecitic:d procedure. 
The present EPA~alcul:ucd vul uc for uitium is :o.ooo pCi/t.. The:: EPA ( 1991) proposed 
a rcvis~d value of 60.000 pCi/1... for the tritium :sctivity that would result in a J-m.n:m/yr 
dose. This higher tritium activity resulted from additional data on the health ctTccto; of 
rJuiation and<~ better understanding of the risks posed to human health by rndionuclidc:s. 

According to environmental monitoring data for the Labor.uory. the tritium activitic:~ in 
surface: w:uc:r and shallow eanyon~bottom groundwater within the Labor.1tory boundary 
have: never c:xcccdc:d the DOE's controlled nre:ltrit:um concc:ntr:ltion s'uidc: of 
I 00.000.000 pCi/L. Tritium :~.ctivitics in surface and shallow canyon~ bottom sround· 
water have bec:n below the applicnble DOE uncontrolled area concc:ntrotion ~uides of 
3.000.000 pCi/L (before 1985) or :.000.000 pCitt. with two exceptions. Thc.."e locations . . 
arc discussed below and arc shown in Figures:!. and 3. The first e.:~ception occulTed 
during the late 1960s. when the activity of tritium in ·op Canyon surface: water exceeded 
the DOE uncontrolled area limit ot' 3,000.000 pCi/L. A second e.~ception involved 
discharges from the TA·SO Radioactive Liquid Wa.o;re Treatment Facility (RLWTF). 
Tritium activities in c:ffiucnt discharges. surface w:tter. ~d groundwater in Mortandad 
Canyon have exceeded the: DOE concc:ntr.1tion guide for tritium in uncontrolled area.-. 
during two ()<:riod.o; in l976-7i and 1986.SS. Tritium levels in DPCanyon and Mortandad 
Canyon have been much lower in n:cent years. The treatment plant at;TA·:: I cc:.o.sed 
opcrmion in 1986. Oisc:harges that have occurred since: 1988 in Moltlndad Canyon have: 
h:td much lower tritium activiti~s. 

I 

ENVIRONMENTAL TRITIUM MEASUREMENTS AT LOS ALAMOS 

Before about 1970. lew specinc tritium me:~sun:mems were m:zde on environmental 
samples at Los Alamos. Inste!ld, gross alph:1 and beta mea...;un:mento,; were performed. 
An c.xcc:ption W:t'i a survey made between 1966 :md.t969 (Purtymun i9i3a). The 
dctl!ction limit for these measurements was·SO.OOO pCi/t. This survey detected tritium 
in .~urfucc water and alluvial groundwater in DP. Los Alamos. and Mort!lndad canyons. 
At the time or this survey, the US: Atomic. Energy Co~ mission concenlr:ltion guide for 
tritium in uncontrolled areas wa.~ 3.ooo:ooo ·pCi/L. · · 

After 1970. tritium mea...;urcmcnL" used the liquid scintillation technique. which ha.o; a 
detection limit of about 1.000 pCi/L. Although smaller detection limits arc sometimes 
cited. the detection limit for some samples may be even hishcr. During the early and 
mid·I9SOs. unreliable tritium mea.liuremenL'i wen: made on numerous environmental 
s:unplcs m Los Alamos. Signilic:mt airborne cross contamin:ition of environmental 
sum pies evidently occurred while they we"? being prOCC.I\Sed within the:. analytical 
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laboratory. The sources of tritium contamination included emissions from the Van de 
GrJaf generator oper:lling ncar the cnvironmcnUll chc:mistl')' laborJtorics. and 
contamination of samples caused by storage of other highly tritium-contaminated soil and 
water samples in the chemistry luborJtorics. Both of these problems :1ffectcd sample 
anulysis, und. for example. led to app~1rcnt tritium valul.!s in J9g I and 198:! of 4,000 to 
25.000 pCi/L in scverJI n:,gional aquifer wells which have not indicated such tritium 
levels before or since. 

Beginning in about 1991, samples from springs and wells expected to have very low 
tritium activith:s were sent to the University of Miami Tritium uborJtory for a special 
analysis thut usc . ..; clcccro/ytic enrichment. The detection limit for this unulyric.ul 
laborJtory i.; about I pCi/l... The purpose or these measurements is to detect very smtlll 
amounts of tritium in w:uers isolated from the land surface or in <~reus expected to h:tve 
little tritium contaminution. 

GEOLOGIC AND HYDROLOGlC SETTING 

Gt!ology 

Los Alamos Nmional L:tboratory is loc:.lled in Northern ~cw Mexico on the P:.tjOtriro 
Plateau. which c~tcnds ca.o;tward from the Jemez ~1ount01ins 1 Figure I). The Wlbor..~tory 
is bordered on the cast by the Rio Grande. within the Rio Gr;~ndc Rift. The Pajarito 
Plateau is capped by rocks of the B:mdclier Tuff. consisting of volc:mic ash fall deposit.; 
~nd pyrocla~tic !lows erupted from the Jemez Mountains volcanic center ahout 1.:: to 
1.6 million years aso (Fisurc ~). The tuff is over 1.000 ft thick in the western p;u1 or the 
plateau and thins eastward to about :!.60 ft above the Rio GrJnc.h:. 

On rhc western part of the P01jnrito Plo.~tc:~u, the Bandelier Tut'f overlaps the Tschicoma 
Formation. which consists of older volc•mics that form the Jemez Mountains (Figure 4). 
The tuff is underlain by the Puye Fonnation conglomerJte beneath the central and eastern 
portion of the plateau. The Ccrros del Rio ba."ialt flows interfinger with the conglomcrJtc 
bene:.uh the LaborJtory. These fonnations overlie the sediments of the Santa Fe Gmup. 
which extend :~<:ross the Rio Grande Valley and arc more tlmn 3.300 t't thick. 

Climate a11d Surface Water 

R61int'•ill in the Los Alamos 01tca totu!s abnut 18.7 in./vr. and vurics ~:rcatlv with dcv~uion. . .. . 
The plateau i:-; semiarid. with ponderosa forest m higher clcvutions giving w~ty t('l pilion-
juniper woodl01nds a.-; elevation dccrcuses. The platc:1u is scp~trJICd into rin~cr mcs•t:-; hy 
canyon:-;. which cmmlin riparian vegetation 6\nu sm<~ll stre~uns tlmt for the mo"it p~trt h~1ve 
short-lived or intem1ittcnt 11ow. 
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Pcrenniul springs on the tlunks ot' the Jemez Mounmins supply bu."c: 11ow into th~: upper 
reaches or soml! canyons. but the volume is insullicic:nt to maintain surfucc: !lows a<.:ro'<s 
th..: Lubor.nory site before strcaml' are depleted by c:vuporJtkm. tr.mspirJtion. :md 
inliltrJtion. Runoff in some c:.mvons. rcsultin~ from lar.:.c thundcrstonns or hcavv . ~ - . 
snowmelt. rcuches the Rio GrJndc scvcrJl times :1 vear. EfllucnL" from s:1nitarv :-:cwacc. . . ~ 

in<..lu:o.tri~ll w~Lstc treatment plunts, and cooling-tower blowdown enter some: canyons ut 
r.ncs suflicic:nt to maintain surface llows for varvin~ distunccs. · . .. 
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.. Groundwater Ocr.u"ence 

Groundwater beneath the Pajurito Plateau occurs in three modes, two of which arc 
perched (Fi£ure 5). Perched grounuwatcr is a body of groundwater above a less 
permeable layer that is separated from :m underlying main body of groundwater by an 
unsaturated zone. The three modes of groundwater occurrence :m: (I) perched alluvial 
groundw:ltcr in canyon bottoms,(:!) limited-extent zones of intcnncdiatc-dcpth percl~cd 
groundw:ttcr whose location is controlled by subsurface changes in rock type and 
permeability. and (3) the regional a4uifcr beneath the Pajarito Plateau. These types of 
groundwater arc described in more det:lil ~low. 

Streams huvc lillcd some parts of c:myon bottoms with ulluvium ranging up to as much 
a.'i 100ft in thickness. Stream runoff percolates through the alluvium until downward 
!low is impeded by Jess pcnncablc layers of tuff. This creates shallow bodies of perched 
groundwater within the alluvium. As water in the alluvium moves down the c:.myon. it is 
depleted by cvapotrJ.nspir • .ttion and infiltration into underlying rocks. The chemic;.~! 
4uality or some of the alluvial groundwater shows the crfcct'i of discharges from the 
Labormory. 
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The regionJI Jquifcr of the Los Alamos area occurs at a depth of 1.~00 ft along the 
western edge: of the plateau and 600 ft along the eastern edge (Figure 4).: This is the only 
aquifer in the an:a capable of s~rving as a municip~ water supply. The surface of the 
aquifer rises westward from the Rio Gr • .mde-within the Tesuque N:lnnation (part of the 
Santa Fe: Group). nu~ aquifer rises farther into the lower part of the Puye Formation 
beneath the ccntrJI and wesr.c:m part of the: p!:ueau (Figures 4 :md S). Depth to the 
regional aquifer is about 1.000 ft benc~th the mesa tops in the ccnlr.ll part of the plateau. 
The regional aquifer is scpar.Hcd from :tlluvial :md intermediate perched waters by about 
350 to 620ft ofunsmurJted ruff and sc:dimentc; with low (<10%) moisture· content. 

Bcne!lth portions of Pueblo. I..os Alamos. :md Sandia canvons (c:lnvon.loc:u.ions shown in 
Figures 2 and 3). perched groundwater occurs at intennediate depths wi.thin the thick 
zone of unsaturJtcd rock (Bundclicr'!uff. basalL~. and Puy~ Fonnation) underlying the 
alluvium~ The intcnncdiatc perched groundwater occurs within the lower part of the 
Bandelier Tuff and within th~: underlying conglomerates and basalt (Figure 5). The: 
perched groundwmcr has been found at depths ranging from about 1::!0 ft in Pueblo 
C:myon to about 450 ft in Sandia Canyon. JL..; location is controlled by vari:ltions in the 
pcnneability of the rocks undcrlyins the plateau. These intermediate-depth groundw:uc:r 
bodies are formed in part by recharge from 'rhe overlying perched alluvial groundwater. 
The intennc:diatc groundwater shows radio~ctivc :md inorganic contamination from 
~boracory operJtions. 

Recharge reaching the regional :uo~uifcr from the: intennc:di:uc: perched groundwater is 
li~cly to be small in 4uantity and smali in its tritium impact. This is beeausc of the 
limited extent and small volume: of the intcnnc:diatc groundwater bodies nnd bec:tusc the 
dry rock separnting these two zones penn its only small rJtcs of groundwater now. 
Tritium levc:ls in the in:ermedi:.uc groundwarer will be detailed below.~ The high..:st 
tritium levels found in the: intcrmedi:ue perched .sroundwau:r beneath ~ueblo Canyon in 
the late 1970s were near the EPA drinking water limit or::o.ooo pCi/L.. The highest 
Ieveil' below Los Al~mos Canyon were about~% of the EPA limit in :the mid-t990s. 
Tritium levels in c:~ch of these areas have subsequently dropped off r:1pidly. The addition 
of a small amount of this sh:lllow· groundwater (intiltr:1ting from the :\lluvium or the:. 
intem,c:diate perched zones) to a much larsc:r amount of regional aquifer water would 
probably not result in a lm-gc tritium impact. · 

Perched w:.Hcr ~1lso occurs within the Bandelier Tuff at the: western tabor:1tory border 
ncar the Jemez Mountains. The: source ot'this perched water may be infiltr.uion from 
streums discharging from the mouths ofc:u1yons along the moun1:1in front :lnd underflow 
of rcchurgc from the Jt:mez Mountains. 
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ACID AND PUEBLO CANYONS 

Acid Canyon. a smttlltributury of Pueblo Canyon. was the original disposal site for liquid 
wastes gencrntcd by research on nuclear materials for the World War n Manhattan 

Engineer District atomic bomb project. From 1943 to 1951. Acid Canyon received 
untreated rodioactivc industrial ci·nucnt from the TA·I research activities. The TA-45 

tre:.nment pl:mt was completed in 1951 and discharged treated cfnucnt." that containep 

residual radionucl ides into Acid Canyon from 1951 to 1964. 

Tritium discharge estimates for TA·I and TA-45 arc shown in Tables::!. and 3. A studv of 

TA-l and TA-45 for the Fonnerly Utilized Sites Remedial Action Program (FUSRAP. 
ESG 1981) estimated tow! tritium discl'mrges from TA-l into Acid Canyon between 1943 
and April 1951 to be l 8.::!.5 Ci. The activity of this tritium would h:wc decayed to 3.4 Ci 
in l977 (and to 1.1 Ci in 1997). Discharge estimates for TA-l compiled under the 
Comprehensive Environment Assessment and Response Progrnm (CEARP. DOE 1987) 

arc about twenty times larger than FUSRAP values for TA-l (Table 2). These CEARP 

estimates arc attributed to the DOE Onsite Discharge Infonnation System datubasc:. 

During operation of the TA-45 trc:ttment pl:mt from 1951 through 1964. an ~ddition~l 
40.2 Ci of tritium was released (ESG 1981 ). as shown in Table 3. 

Tuhlc !. TA·I Tritium Rl'lcnses 
FUSRAP 

Period 
(dccnv to vr\• 

1943-1951 
1943-195 I ( 1977) 
1943-1951 (1997) 

Tritium 
CCi\ 
IS.3 
3A 
1.1 

Period Tritium 
fdccnv to vr\ fCi) 

1943-1951 
1943-1951 (19H1) 56.3 
1943-1951 (1997) 23.1 

'"Dec a~ ~.:orrections after either 1~77 or 19!! 1 usc a tritium h:lll'-lifc of I ~.43 yr. or 
dct.:ay ~.:onstant of 0,05576/yr. 

Tuhlc 3. TA..aS Tritium Rclcuws 
FUSRAP CEARP 

Period Tritium Period Tritium 
( dec:tv to vr) rcn ldecav to vr) tCil 

1951-1964 40.~ 1951·11}64 
1951-1964 ( 197i') 13.1 I 951·1964 ( 19H I) 10.5 
1951-1964 ( 1997) 4,3 1951-1964 ( ll)lJ7) 4.3 
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Tritium histories f'or sever.ll monitoring stations in Pueblo C.anyon :m: shown in Fi~ure 6. 
During th<: 1970s tritium activities in alluvial groundwater and surface: water iu Pueblo 
Cmyon rJnged from less than 1.000 pCi/L up to 19.000 pCi!L (DOE L979). Activities up 
to 3.600 pCi/L (ut surtbcc: water station Pueblo~ in 199~) have lx.-en observed in the 
1990s. Test Well ~ (sampling intermediate perched groundwater bene~th Pueblo 
Canyon ~It a depth of 1:!0 ft) had tritium activities of lS.OOO to :!4.000 pCi/L in the late 
1970s. with values during the 1990s of :!00 to 3.100 pCi/L. Test Well I A (also sampling 
perched groundwater •1t a depth of ISS ft) ha.~ had dectrolytie enrichment tritium 
mea...;urements of 79 to 13:! pCi/I. from 199:! through 1995. Higher v:lluc:." in Te...;t Well 
I A that rdlect analytical laboratory contamination wc:n.: measured by the liquid 
:-;cintill:ltion method in the: I 980s, up to 6.600:!: 800 pCi/L in 198~. Most mc!lsuremenL..; 
for Test Well I A during the I 9SOs were: non~ctcctions. · 

B!l.o;alt Spring lies in Lower Los AI~Lmos Canyon on Sun Ildelonso Pueblo land (Figure 3). 
This spring discharges from intermediate perched groundwater and is below the 
c:on!1uencc of both Pueblo :md Los Alamos canyons. Tritium v:.tlues for BU.'ialt Spring are 
similar to tritiurn levels in Tc:st Well I A in ~ueblo Canyor1. A hydrologic connection 
between Test Well I A and Basalt Spring was determined to exist through early studies by 
the US Geological Survey at Los Al~mos (Weir ct al. 1963. Purrymun·I99S). Electrolytic 
enrichment analyses for B~t.o.;alt Spring during the: period from 1991 to 199~ have yielded 
tritium values rJnging from 88 to 160 pCi/L. Five tritium detections U.l\ing the liquid 
scintillation technique: occurred during the 1970s and I 980s. The: high~st wa..; S 1.000 
pCi/L in 191:!:! and is probably the result of sample contamination in the: analytical 
laporJtory. Four other values rJnging from 1.600 to 5.300 pCiiL occurred between 19i5 
~nd 19S6. 

Most of the measurements for the Pueblo Canyon regional ~uo~uifcr wells during the 
I 980s were nomletections. A 1986 liquid scintillation mca...;urcment in Test Well I gave 
a value or I 0.600: ~00 pCi!L. but this measurement occun-ed durins the time of likely 
analyticallubor.uory cont:Imination of s;!mple."i. Similarly. TcstW1!!12.had a value of 
ZS.OOO :!: 1.000 pCi!L in 198:!. ln sample...; collected in the 1990s. regional aquifer test 
wells beneath Pueblo Cunvon have shown tritium detectable onlv bv clcctrolvtic . . . . 
enrichment. The exception is a 1991 liquid 'scintillation value in Test Well 2 of , .. 
1.800::: 300 pCi/L. Later clcctrolycic enrichment values show a muxir~nim of 16 pCi!L 
in Test Well 2 and 360 pCi!L in Tcsl. Well l. One measurement in Te...;t·Well..t. showed 
I 0 pCi/L. but this may have been related to .. watc:r added to the well Juring 
recondition in!!. In summury. the highest reliable and repeatable tritium mea...;uremcnts 

~ . 
from the regional aquifer bcnc:lth Pueblo C~nyon arc from Tc...;t Well t.:and arc in the 
runge: ot' 360 pCi/L. 
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DP AND LOS ALAMOS CANYONS 

ln the past. Los Alamos Canvon received treated and untreated industrial cffiucnt" . ' ' 

containing I"'Jdionuclides. In the upper re:1ch of Los Alamos Canyon there were relt.:a.'\Cl\ 

or treated and untreated r.1dioactivc: ctlluent.~ beginning with the: L.aboi-.uorv's earliest 

Manhatt:tn Project opcrntions at TA .. J (mid to late 1940s). Some rclca..;e ot: w~tcr and 

r:tdionuclides from the research reactors ~t TA-2 occum:ci includins·the.Omc:ga West 
Reactor. Los Alamos Canyon also received dischnrgc:s containing r.tdionuclidc:s from the 

Los Alamos Neutron Science: C~ntcr at TA-53. R:adio:1ctive effiucnt from an industrial 

liquid wa.•:te treatment pl~mt at TA-~ 1 entered Los Al:tmos Canyon via DP Canyon. a 

tributary. 

LAMPF lAgoons. Tt\..$3 

Los Alamos Canyon received discharge.-. containing I"'Jdionuclide.-. rro·rtl the sanitary 
sewage lagoon system at the Los Alamos· Meson Physics Facility (L.AMPF. now the 

Los Alamos Neutron Science C~ntcr) at TA·S3. The northern two of: the three pond..; 
n:cc:ivc:d rJdioactivc waste: from thc:irconstruction in 1969 (LA."ll.. 1994). The large-.t 

source ol' rJdioactive liquid wa.'ite is cooling water from the aC:celerJtor beam stop1' and 

experimental areas. The li~t beam was prcxiucc:d in 1970 (L.ANL. 199-+). so tritium was 

probahly present in the ponds t'rom that date. The: low-level r.tdi\Jactive waste stream was 

scpar.tted from the Sllnitary syst~m at TA·S3 in 1989 and directed into a total retention 

c:v~tporation ht3;oon. Total discharge of tritium from the ponds to L.os Alamos Cunyon 
from 1978 lO 1989 \\.'US approximatc:lv 187.4 Ci. The 1997 decuved activitv or this 

tritium would bl:: 90.7 Ci. This I!Stim;te is ba.'\C:d on tritium discharges' rc~rtcd in annual 

environmental survcilbncc n:pons for this period: record" forc:arlic:ryea~ arc not 
availabh:. 

I , 
' I , 

Studic.::s discussed in environmental survdllancc reports up through t98J. inc.licate that in 

most years the c.::nluent drJining from the: lugoons completely intiltr.uc:d within the: lirst 

1.000 m ol' the 3.000-m urJina):!c distance to L:os Alamos Canvon. Sui1bcc water and ... . . . 
sediment s;tmplcs collected from the dr.1imt):!C between 1979 and 198:! showed tritium ... 
activities a.-. high as 680.000 pCiiL (ESCi 1983). Tritium activities dC:crea...;ed to a 

maximum of 15.000 pCi!L in surf~tcc w:ucr'and ~0.000 pCi/1.. in sedimcn~ at the junction 

or the dr:lina!!C with Los Alamos Canvon.. . ' 
~ . 

I. 

' .. 
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Omega West Reactor, TA·.Z 

In Januul')' 1993 operators at the Omega West Reactor realized during a test that the 
reaclor cooling system wa.~ lca~ing. The reactor basc:mem flooded on an annual ba.'iis 
because of high wutcr levels in the Los Alamos Canyon stream. This nooding b<:g:m 
after surface water diversion from the Los Alamos Canyon Reservoir for irrigation was 
reduced and now in the c:myon increased. At the time the leak was discovered. tritium 
:.~ctivities in w:ttcr in the reactor buscmcnt ranged from 100,000 to 120.000 pCi/L 
(EPG 1995). The reuctor und the leak were shut down in subsequent months. 

It becumc evident that the re:.tctor leuk may have been a signilic:mttritium source in 
Los Alamos Canyon for several years following the installation of the cooling system in 
1956. If the leak occurred for 36 years. the toml tritium discharge through 199:: would 
have been a maximum of about 70 Ci. with a decayed activity to 1997 of :!3.1 Ci. This 
C!itimatc assumes that the leak began on inswllation of the cooling system in 1956 and 
occurred at an average rate of 70 gal./duy. with a cooling water trilium activity of 
:0.000.000 pCi/1... 

Since the 1970s. shu !low alluvial groundwater wells upstream of the reactor hud shown 
tritium levels mngins from I 00 to 3.700 pCi/L (Figure 7). At a well immediately 
downstream from the reactor (LAO· I). tritium levels were variable with a mc~m value of 
15.000 pCi/L (maximum of 85,000 pCi/L). After cessation of the lcuk. tritium levels in 
downstrc~1m surface water and •tlluviul groundwutcr I"Jpidly fell to ncar the detection limit 

of the liqui~ scintill<~tion method for tritium anulysis. roughly 1.000 pCi!L (ESP 1996). 

Within the intcrmcdi:ltc perched groundwater at a depth of31S ft beneath Los Alamos 
Canyon. Environmental Rcstor:nion Project Well LADP·3 showed a tritium level of 
5.500 pCi/L in I 993 (Broxton 1995). LADP·3 is locntc:d about two miles downstream of 
the Omega West Rc:lctor but upstream of DP Canyon. The tritium level in LAOP~3 had 
declined to I .470 pCi!L by early 1995 (LANL 1995) and fell further to 890 pCi/L by late 
1996 (P. Longmire. personal communication. 1998). A second intcnnedi:Jte-depth well, 
LAQJ .. I.l found a maximum of :!.3 pCi/L of tritium at u depth of 295 ft in 1995 (LA1\1. 
1995). This well is located about :!.000 ft downstream from the Omega Wc::.'\t Reactor. 
The r.tpid decline of tritium activities in Well LADP-3 is attributed to cessation of the 
rc~tctor -leak. 
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Omega Wc!st Reactor, and u\0·1 t's clownslt'fUm uftltc rracwr. 

TA-21/ndustrial Liquid Waste Treatmc;ll Pllznt, DPCan.von 

An industrial liquid \va.•ne treatment plant that served the fonnc:r plutoniu~·procc:ssing 
facility at TA·21 discharged effluent con mining rJdionuclides into DP Canyon. a tributary 
to Los Alamos Canyon. from 19S: to 1986. Mer 1986. the treated effluent wa..; diverted 
to the RL\VTF, About 36 Ci or tritium (dec1y correcred to t9i7) were n:le:~sed from this 
plant between i 952 and 1977 (Table 4 ). Figures for tritium discharges from 1978 
through 1985 were compiled from annual environmental surveillance report.-.. 

In the late 1960s. tritium activities in DP Canyon surface water (Figure 8) rJnged from 
170.000 to 4,860.000 pCi/L (Purtymun 1973a).: During the same: period, alluvial 
groundwater tritium activities in L.os Alamos Canyon alluvial groundwater wells LAO-~. 
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T!tlllt' 4. T..\.:1 Tritium Rclc!ISL'S 

Period Tritium Period Tritium 
ldecnv to vr) fCn ( decn v to vr) rcn 

OriJ;:inal Study FUSRAP CEARJ> 
1952-1977 (1977) 36.0 195::!-ILJ~I ( 19H 1) 30.7 
1 QS~-1 Q77 1 19Q7) li.R 195~-11.1~1 ( l QL)7) t :!.n 
This Study 
IY7~-I\JM5 6.5 I\JX2-19HS ~.I 

Jll7~-lQX5 ( Jl)l)7) ::!.9 JQH~-19X5 ( 1997) 1.4 
Total 
.IY52-19XS (I 997) 14.7 195:!-19HS (I L)97) 14.5 

LA0-3. and LA0-4. lotatc:d below the connucncc: with DP Canvon, ranccd from below " ... 
the detection limit (50.000 pCi/L) to 860.000 pCi/L. The tritium levels in DP Canyon 
surfac¢ water and Wells LA0-1. LA0-3. :md LA0-4 have dc:crc:lscd di"Jmatically since 
disch<~rgc from thcTA·ZI trc:rlmcnt facility halted in !986to less th:m :!.000 pCi/L. 

Test Well 3 is a regional-aquifer-monitoring wellloc:ucd in Los Alamos Canyon just 
below the: intersection with DP Canyon. Between 1993 and 1996, tritium measurements 
using electrolytic enrichment have shown a maximum vuluc: of 53 pCi/L. This indicates 
that some recent recharge has reached the region:.. I aquifer at this loc~ttion. Other regional 
uquit'cr wells are located in lower Los Alamos C~myon on Pul!blo of San lldcfonso land. 
Tritium result~ for these wells arc discussed in~~ Iacer .'iCCtion. 

TA-35 WASTE TREATMENT PLANT 

Tritium operations were carried out at TA-35 from 1953 to 1974. A wastewater trc:utmcnt 
plant opermc:d there from 1951 until 1963 when theTA-50 RLWTF became opcr-Jtional. 
The cflluent from the TA-35 plant wus discharged to :1 brJnch of Mortandad Canyon. but 
only limited rc:co1·ds :..rc avail~1b!c regarding the amount of dischurgcs that may have 
occurred. Numerous spills and accidental disctmrges were associated with the wuste 
treatment pl~rnL and rc~1ctors :rtthc site. R:1dio:1ctive contamination resulting from 
TA-35 discharges has been reported in Mortand:td and tribuwry canyons (DOE 1987). 
Because tritium mcm;urcmcnL-; did not become routine until uboul 1970. any impact or 
TA-35 discharges would h•tve been obscured by subsequent TA-50 discharges into 
Mortandad Canyon. Tritium released in liquid crnucnts muy have been subsl!lntial. 
considering the nature ol' operations at TA-35. Surveillance rcpons indicate. for example. 
that 3,130 Ci of tritium were released Lo the atmosphere from TA-35 during 197!. 
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MORTANDAD CANYON AND THE T,\.$0 RADIOACTIVE LIQUID WASTE 
TREATMENT FACILITY 

The Laboratory now discharges tritium as liquid efnucnt from the RL\VTF only into 
Mort:mdad Canyon. The: RLWTF began operations in 1963. Tritium is not rc:mcwed 
from the waste stream by the treatment process at the: RLWTF. In order to c.lccrc:asc the: 
amount of tritium in the efOucnt, the LaborJtory plans to sir:nific<tntly reduce: the quuntity 
of tritium flowing into the RWLTF beginning in the summer of 1998. 

Mortandad Canyon has a sm;~ll dminugc: ttrc:a that hc:aus at TA·3. The TA·!iO efllucnto.; 

infiltrate the stream channel and maintain a saturJtcd zone in the alluvium extending 

about :..:. mi downstream from the: outfall. The ea.'itcrnrnost extent of satur.aion is on· 
site. about I mi west of the boun<.lury between the: Labor:ltory :md the Pueblo of San 
lldcfonso. Continuous now of surf<.~cc water along the dr.1inage has not been obs~rvcd to 
reach the Pueblo of San lldcfonso boundary since: studies began in the c:.trly 1960s 
(Stoker 1991 ). Table 5 lists the total tritium discharges from theTA-50 plant. Fi~urcs for 
tritium disch01rges from 1978 through 1996 were compiled from annual environment;.~! 
surveillance reports unc.lthe Work Plan for Mortandad Canyon (LANL 1997). 

The average unnualtritium <~Ctivity in theTA-50 effluent between 197:! and 1995 was 
945.000 pCi/L. with a rn:1ximum of 4,688.000 in 1976 and a minimum or 41 AOO in 1995 
(Figure 9). Tritium activities in Mortandad Canyon surntce water below the outf:tll have 
avcmgcd m :!6:!.800 pCi!L over the same period. ranging from 4.:!60.000 pCi/L (one 
value of 8AOO.OOO pCi/L) in 1987 to a nondetection in 1988. Average annual :.til uvial 
groundW!ltCr O.tCtivitics between 197:! !IOd 1995 have r:mgcd from one value or 
I 2.000.000 pCi!L at MC0·3 in 1987 to a nondctection at MC0-3 in 1988. with an 

· :.1\'emge or :!:!4.000 pCi/L. The: mean alluvi<tl groundwater tritium uctivity for :.Lil stations 

from 1990 through 1995 was 52.900 pCi/L. 

Tnhlt• 5. TA-50 Tritium Rt•lt•uw' 
Period Tritium Period Tritium 

( dt!C!l\' to nl tCil ( decwv to \'r) tCi) 

Ori~inal Study DOE 1979 CEt\Rl, 
1963-1977 ( ll)77) 251.1 1963-l<lX I ( l9X I) 296.7 
1963-l<lii c IQ()i) X~.~ 146:\-llJ)o( 1 r 1447) I~ l.ft 
This Study 
197!-:-1996 396.3 l~l\2-1996 :!KSA 
I QiX-1 Q9ft c I Q9i) ~06.1 li.)X~-lllt)(, ( 1997) I 65.S 
Tom I 
1963-1 ~96 ( 1997) 2XX.4 1963-19% (I ~~7} Zl-:7.1 
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Test Well 8 is u regional uquifcr test well located below the RL\VTF outfall in 
Mon:.mdud Canyon. Possible detections of tritium in Test Well 8 occurred in 1976 
(~.100:!:: 300 pCi/L) and in 1982 (9.1 00 ± 600 pCi/L). These mcasurcmcnlll were done 
by the lic.tuid scintillation method, and the second one occurred during a period of likely 
:.malvticallaborutorv contumination. Results of clcctrolvtic enrichment measurc:mcnL..; . . . 
carried out from 1993 through 1996 have rJngcd from S to 88 pCi/L. 

SANDiA CANYON 

Daw from surface water stations in Sandia Canyon suggest that TA-3 sanirury waste 
water discharge into the canyon m:ly have: beet'l a tritium source up until the early 1980s 
(Figure I 0). Surfucc water now in Sandia Canyon is dominmc:d by c:fnuent from TA-3. 
Tritium histories for the three stations arc very similar. suggesting that the tritium in 
surf:u:c: wutcr had the same source for all stations. The tritium might h:1ve cmc:rc:d the 
TA-3 sanitary system because of inadvertent cross connections between industrial and 
s:miLary scw:1gc lines. 

TA-33 TRITIUM Ft\CII..ITY AND MATERIAL DISPOSAL AREA K 

TA-33 was the site of a high-pressure tritium facility from 1955 until late 1990. 
Accidental tritium releases over the years contumin:uc:d th~ tritium facility septic system. 
sumps, and cooling water outt1ow. These wa."tc streams were collected in a shallow pit 
and septic tunks designated a.~ MDA K (LANL 199~a). No available records document 
the curie content of these rclc:tses (DOE 1979). 

Tritium In Sandia Canyon Surface Water 
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Airflow that wa.~ p;t~scd through the tritium facility to prou:ct personnel' wa.~ discharged 
through stucks. For a perspective on the qt.ia~tiry of tritium involved at this f01cility. the 
n:sulting estimated release of tritium to the: atmosphere each year was 2.000 to 6,000 Ci. 
Another estimate: suggests that 60.000 Ci of tritium wen: n:lca..;c:d to the :ltmosphc:n:: by 
the facility between 1955 and 1970 (LANL 1992:1). · 

Tritium activities round in soil moisture and veget!ltion samples at MDA K (rJngins from 
7.200.000 to :!:!0.000.000 pCi/1..) arc largely :mributed to atmospheric n:lc:ases. One 
borehole drilled at MDA K found a tritium uctiviry of82.000.000 pCi/L. in soil water in 
the unsatur.ltcd zone at a depth of 99 ft. At a depth of 175 ft in this borehole. a tritium 
activity of9.100,000 pCi/L. wa." found (LANt 199~). 

MATERIAL DISPOSAL AREA G (TA-5-1) 

Material Disposal Area 0 is the: primal')' solid rodioactive W:t.'\tl: disposal and retrievable 
stonlge arc:1 used at Los Alamos since 1957. MDA 0 is located on ames:~. top. with 
Pajurito C:myon to the south and Canada de:! Bucy to the north. E:~ccpt for retrievable 
transur.mic waste. most wmae has been pl:.ced in lined and unlined pit.; and shafts. 
V:tri:Hions over time in record keeping regard ins disposed wa.~te make: accurnte 
dctennination of disposal quantities. difficult. A 1979 estimate (DOE 1979) of total 
rJdionuclide content of materials placed in subsurface disposal and stor:1sc: through 
December 1976 (decay com:ctc:d to .1976) included I ~.853 Ci of tritium at An:a 0 
(dc:c:~yed to 40.605 Ci in 1997). Additional estimate." of tritium disposed of at MOA 0 
(Hollis 1997) :tre given in Table 6. 

A study of tritium migr.uion from the disposal shaft" at MDA G (Purtymun l9i3b) found 
that tritium activities within the: mesa at distmccs or 40ft from the: shaft." re:iched 
10.000.000 pCi/L. at :1 depth of about 20 ft. At distances of I 00 ft from the: shaft~. · 
tritium activities of 10.000 pCi/L wc:n: found. Tritium activities in surfacc·seil moisture 
near a shaft rJnged from 1.1 00,000 pCi/L within 5 ft of the shaft to 30.000 pCi/L :1t a 
distance: of l 00 ft. Vegetation samples had tritium activities r.1ngin:; up to value." of 
101.000.000 pCi/L and 17.700.000 pCi/L. 

Tritium ha.'\ been t'ound at levels up to SS.OOO pCi/L in moisture contained in sediment 
samples collected at nine stations surroundins·MDA G. 'Tritium :lCtivitiedn :lllcast 
!5 sample..; collected between 198~ and 1996 have exceeded 5.000 pCi~ ·Between 1985 
and 1996 no tritium had been detected in alluvial groundwater in P.Jjarito .Canyon to the 
south of MDA 0. nor between 199:! and 1996 in Cailada del Suey groun~watc:r to the 
north. 
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1957-1~70 

1971-9/ZS/SS 
9n6/XH-1995 
I~S7-IIJ95 

PiL;; Shan ... 

Total di.'ipo•wd 

:.7 
6.~1 I 

t 9.1 
6.:33 

Decayed to De~ycd to 
194)7"' Tntul di!;poowr! r '>?7* 

0.6 34,000 7.545 
3. 76o soo.ooo 4N4.Jn 

17 .I 430.000 3~4.624 
3. 771'1 1.264,000 S76.SO I 

•Represents upper limil value. as cnrin: amount dispo~d is presumed ro have 
dcca~Jc:d from end of dhposal period. 

MATERIAL DISPOSAL AREA H (TA-54) 

Material Disposal Arc<~ H was originally intended to receive uncont~1minatcd cla.'\sificd 
waste:, which was placed in nine: sh;~l't.; between 1960 and 1986. R:rdioactivc w:~stc 
including weapons components was placed in each of the shuft'i, and tritium :1pp:m:ntly 
migrated from the sh:1fts in the 1960s and c:1rly 1970s (LANL 1991b). No records exist 
regarding the quantities of r.tdioactivc m:neri:1ls that were disposed of at MDA H. 
Tritium data were collccrcd during the drilling of ~haft 8 in 1969 (Acby 1969). Tritium 
activities in soil moisture at40 ft in Shaft 8 were :!..000.000.000 pCi/L (LANL l991b). 
Surface soil moisture tritium activities rc~tchcd 3.000.000 pCi/L. In 1973 during 
excavation of Shaft 9. tritium activities up to 1,700.000.000 pCifL (at a depth of :!.5 ft) 
were found. Surface soils hud tritium levels up to 78.000 pCi/L. and vc~cmtion 
contained activitic~ up to 3.400.000 pCi!L (J. W, Acby in Purtymun 1994. LANL t99:!b). 

MATERIAL DISPOSAL AREAS 1' (TA-21) AND C (TA-50) 

Accord ins, to !979 estimates (DOE I 979), 4 Ci of tritium (dccny corrected to 1976, and 
decayed to 1.2 Ci in 1997) were placed in adsorption bc:ds nt MDA T (at TA-2 I) between 
19~5 and 1951. Between 1960 and 1969. :.1bout 39.186 Ci of tritium (decay corrected to 
1976. u.nd dec:tycd to I :!.,835 Ci in I 997) were buried in pits :.1t MDA C. located at TA-50. 

TRITIUM LEVELS IN LOS ALAMOS WATER SUPPLY WELLS 
. . 

The Los Alamos public w:1ter supply w.:lls arc loc:ucd in three liclds. The wcllliclds 
include the Guajc Well Field. located off site in Guajc Canyon on US Forest Service: 
land~ non.hcasl of the Labomtory. ~nd the on-site Pajarito Mesa and Otowi well lields. 
The Guajc Well Field conmins seven wells. five of which had significant production 
during 1996. The live wells or the Puja~"ito Mesa Wett Field arc located in S:mdia and 
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P:~jarito canyons and on mesa tops

1 
between th~se canyons. Two new w';.tc:r supply wells 

were comple:u:d in 1990. These me the: fir.\t wells in the Otowi Well Fic:ld. and the wells 
. . 

were designated Otowi- I :md Otowi...j., ·· · · · 
~ . 

The Los Alamos Well Field. located on Pueblo of Sun lldc:fonso lands ea.~t of the 
LaboratorJ in Los Alamos Canyon. has not been used ror Los Al:.mos water supply since 
199 I, Four of the wells were turned over to the Pueblo to be: usc:d as wat~r supply or 
monitoring wells. The: rcmainins four wells in the field were plugged in 1993. 

The Guajc Well Field is off site and not lo6t~~ ncar nny potential contaminant sources. 
Some of the wells of the on-site Pnjarito Mesa ·and Otowi Well Fields ancfthe otT-site 
former Los Alamos Well Field are loc:.ucd ncar or downgrJdic:nl from pOtential 
contaminant sources. including the triLium SOUrces diSCU/\Sed c::lrJic:r. . . 

•· Otowi- I is in Pueblo Canyon. downgrJdient from the: formerTA·I and TA-45 
rclca:-;e:-;. 

• Orowi-4 is in Los Al~1mos Canyon, below 'relc:1ses from TA~2l u.nd the. Ome~a Wc."t 
Reactor. 

• PM-~ (Pajarito Mcsn 2) is upstream of the·TA·54 disposal areas (MDA"' 0. H. and I..). 
• PM-4 is l<><:atcd on a mesa downsr~m orrC!ea."'cs from the former Rover Project at 

TA-46, ·· 
• PM·S is loc:.tcd on a mesa downst!'C!lm fro~ the. RLWTF disc:hal'l!c i~~o Moltlndad . . .. . ~ . 

Canyon. . . 
• The welts of the former Los Alamos Well Field are downstream from former effluent 

discharges at TA-l andTA-45 in:PucbloCanyon.:md fromTA-:andTA<!J in 
Los Alamos and DP canyons. 

111e screened intervals in the water supplv wells r:m!!e in height from ~00 to 500 frin the - ' ' : ~ ... . . 

Guaje Well Field and 1.200 to 1.600 ft in the:Pajarito Mesa· and Otowi w~l tields. 
Samples collected from these wells thus repre.'iC::nt :.tVC:rJgc: compositions for W:.tler drown 
into the: well screens from a large portion of the subsuii';~cc:. Tritium vatu~· for 
electrolytic enrichment s:.tmplc:/\ collected from-the Ouajc: Well Field in 1991. and 1992 
averJge less than I pCi/L. Tritium activities in:sample.'\. from OLowi-4 in 1.993 similurly 
averJge to about I pCi/L. Finally. samples from-tht: Pajarito Mesa Well Field~~ollc:ct~:d 
between 1991 and 1994 have tritium activities _that avcrJge lc::!':-t than I pCi/t. This 
;lVCiJ£C omits .one sample for PM-3. collected ori 5/19/93. which was c:onuuninatcd in 
the analytical labor:ttory. · · · · ' 

.,• 

The highest tritium level measured in ·,1 water supply wei! ~t Los Alamos WU;O: an 
electrolytic enrichment tritiu~ me~lsun:mc:ntor~o pCi/L. from the PM·3 warcr.supply 
well in 1993. This mca...;uremcnr w:~s Jaterdcterinined to have resulted from·· · 
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contumin:.lli(m in the ~m~!yticallnhorawry. The avcr:.~gc of six other s<tmplc:s collc<:tcd 
from P~-3 in 1993 ;md 1994 was 0.17:!: 0.29 pCi/L • 

Wells in the former Lo~ Al:unos Well Field h~1vc shown tritium levels up to 63 pCi/L. 
found in LA·I A in 1993. Other maximum tritium levels were 1.6 pCi/L in LA·I B. 
13 pCi/L in LA·1. ;md I pCi/L in LA-5. A shallow household well in Lower Los Alamos 
Canyon on S•m lldcfonso Pueblo hm.l tritium levels r.m~ing from I 00 to 143 pCi/L during 
the 1990s. Although dow'nstream of potential L•1boratory tritium sources, these reginnal 
aquifer tritium levels arc within the range of values observed in prccipit:uion over the 
p:1st few <.leca<.lcs in northern New Mexico. 

The US Department of Hc:llth & Human Services Agency l'orTa:'(iC Substances and 
Disease Regist:-y (ATSDR) evaluated the tiJCe levels of tritium that were found in Lns 
Alamos and San lldcfonso Pueblo water suppl>' wells. Regarding that now-discredited 
measurement in PM-3. the ATSDR said (US Dep;1rtment of He;llth 1.~ Human Services 
19~5). 

"it should be emphasized that 20 pCi/L is only 1/1.000 of the present EPA 
drinking water limit and 3/10.000 of EPA's proposed limit for drinking 
water. ATSDR considers w:uc:r at these drinking water levels to be safe for 
human consumption. The 20 pCi/L is orders-of-magnitude below :1 level 
that would present a health h;1zard to individuals drinking this water. In 
a<.ldition. this concentration is one 10 two orders of magnitude less than !he 
minimum dctc:ctabl~: limit of the recommended liquid scintillation 
couritin~ method used bv the EPA." .. . 

CONCLUSIONS 

Beginning with the Manhattan Project in the 1940s. Los Alamos t'ationul Labor:.ilory h<~s 
utilized tritium in its research programs. The L:1boiJtory has also disch:trgcd tritium into 
the environment since the Manh~ltt:.ln Project days. This tritium disclmrgc has occum::d ~1s 
liquid cfl1ucnt discharges into canyons and by burial in solid waste disposal arcus. Since 
the early 1980s. the Laboratory hus sharply reduced both the number of tritium disch;1rgc 
locations and the tot:1l amount of tritium dischurgc:d. Because of reduced dischurgcs. 
dilution by stream now, high cvupotranspirution r~lles. and u relatively short half·life. 
tritium levels in most shallow groundwater •md surface: water at the Laboratory huvc 
<.lccrcascd signitic•mtly since the early 1980s. The exception to this trend of dccrc:L-;cd 
tritium levels is Mortundad Canvon. which is the site of the onlv current radioactive . . 
efnucnt discharge at the Labor~1tory. Nonetheless. tritium levels in Mortund:.~d c~myon 
have also decreased sh~1rply since the 1980s. The L•lbOI'atory intends to signilic•mtly 
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decrease the amount of tritium sent to the RLWTF during 1998. thus reduc:ins the 
qu:tntity of tritium in cffiucot entering Mormndad Omyon. Rcgnrding solid W'L~lc 
disposal sites such a."' MDA 0. available surface and subsurface data suggest that tritium 
migrJtion from these areas has been limited in c.~tent. 

B:~...,cd on nearly three decades of environmental monitorins daw.. tritium activities in 
surface and shallow canyon-bottom groundw:ucr wit.'lin the uborJtory boundary have 
never exceeded the DOE's controlled area tritium concenrrJtion guide or l 00.000.000 
pCi/L. Tritium activities in surface and shallow canyon·bottom sroundwatc:r have: been 
below the: applicable DOE uncontrolled are:lconc:entl':ltion guides of 3.000.000 pCi/L 
(before 1985) or :!.000.000 pCi/L, with two exceptions. These exception:; occurred as a 
result of pa.~t discharges from rodio:1ctive liquid wa...,te treatment facilities at TA·21 (into 
DP Canyon) and at TA·SO (into Mort:mdad Canyon). Tritium levels in DP Canyon and 
Monandad Canyon have been much lower in recent years. The treatment plant ut TA-21 
ce:~..,c:d opcrJtion in 1986. Discharges that have occurred since 1988 in Mort:lndad 
Cunyon huve had much lower tritium activities. 

Trncc levels of tri\ium have been detected in regional uquifer test wells beneath area.~ of 
pnst :.md present liquid efl1ucnt discharges. Noncthc:lc:ss, based on 30 yr of environment.:.ll 
monitorins. there has been no signilicunt tritium impact on the rcsion:\1 aquifer. The 
maximum tritium levels found in regional· aquifer tc.~t wells are only about1% of the: 
E?A·s :0.000 pCi/L maximum contaminant level for tritium in drinli.ing.watcr. The 
highc.'it test well tritium level found was 361·pCi/L in Pueblo Canyon Test Well 1 during 
1993. Tritium lc:vcl~ found in water supply wells avc:r..1gc I pCi/L. with a ma.ximum or 
3.0 pCi/L found in Otowi-4 in one 1993 sample:. 

ACKNOWLEDGMENTS 

This work wa." supported by the Environmental Surveillance Prosr..1m at Los Alamos 
National Laboi"Jtory. The dab on which this report is ba..,ed were collected a." u result of 
the foresight of Bill Purrymun. who csmbHshed many of the water-quality· monitoring 
programs at Los Alamos. Alan Stoker and Fr.1."er GofT initi:lted the trJce-level tritium 
rnC!Isurc:mcnL"' th:n shed new light on hydrologic connectivity at Los Alamos. I 
appre~iate the, helpful reviews and discussion provided by Bruce Gallaher. Dennis 
Armstrong. Alan Stoker. and W;~yn'e Hansen. 

David B. Rogc:rs 

.. ... 

.. .. 



.. . 
'. 

•• ·.· 
REFERENCES 

Adams 1995: Adams, A. I., F. Goff. and D. Counce. "Chemical and Isotopic Vari:uions of 
Prccipit<.~tion in the Los Alamos Region. New Mexico;· 35 pp •• Los Alamos National 
Labor.nory Report LA-12895-MS. February 1995. · 

Ac::by 1969: Memorandum from J. W. Ac::by toW. R. Kennedy dated Novcmber21. 1969, 
p. 19-1 in Purtymun. W. D .• "Source Document Compilation: Los Alamos lnve.\\tigmions 
Related to the Environment. Engineering. Geology. and Hydrolosy," Los Alamos 
~ational Laboratory Repon. LA-11337 -MS. March 1994. 

Blake 1995: W. 0. Blake. F. Goff. A. I. Adams. and D. Counce. "Environmental 
Geochemistry for Surface and Subsurf01cc Water.; in the Pajarito Plutcau und Outlying 
Area...;, Nc:w Mexico," Los Alamos Nutional Labor.ttory Report LA-12912-MS. 
!'vh1y 1995. 

Broxton 1995: Broxton, D. E •• Longmire, P. A .. Eller, P. G •• and Flores. 0., "Preliminary 
drilling result..; for bore holes LADP·3 and LADP-1· at Technical Are:.~:! I. Los Alamos 
Sational Labor.1tory. New Mexico," in Broxton, 0. E. and Eller. P. 0 •• cds., "Geolosic 

studies ut TA-::?.1", Los Alamos National L:.~boratory Report LA-1::?.934-MS (1995). 

DOE 1979: US Department of Energy. ''Final Environmcntul Impact Swtc:mc:nt. 
Los Alamos Scientific Laboratory Site. Los Alumos. New ~exico," DOEIEIS-0018. 
December 1979. 

DOE 1987: US Dcpanmc:nt of Energy. "Comprehensive Environment Assessment :.and 
Response Program, Pha...;c: 1: Installation A.'\scssmc:nt. Los Alamos National Lolboratory.'' 
DrJft. October 1987. 

EPA 1991: Environmcrywl Protection Agency, "40 CFR Part'\ 141 and 141; National 
Primary Drinking Water Rcgulmions: Radionuclidcs: Proposed Rule.'' Fc:dcr.JI Rcgi!'.tcr. 
v. 56. no. 138. p. 33050-33117. July 18. 1991. 

EPG 1995: Environmenwl Protection Group. "Environmental Sur.reillance ar Los Alamos 
during 1993," Los Alamos Nutional I.Jbor.ttory Report LA .. l :!973-ENV. Los Alamos. 
New Mexico (October 1995). 

··.· 

,_ 

:.~, .. 
'-J ., .... 
·' 

~·· 
·-J . 
·I 

·'· 

.. ~ 

..,;.., 
') -... 
' -.. 
s 
~~ 
.1 ,. 
0 
C' ~I 

. .. 

··, 
1 .. 



ESG 1981: Environmental Surveillance Group ... Radiological Survey of the Site of a 
Fonner Radio<.~ctive Liquid W<l.o;tc Tre•umcnt Plant (TA-4S) and the Effiucnt Receiving 
Areas of Acid. Pueblo, and Los Alamos Canyons. Los Alamos. New Mexico. Final 
Report.'' Lo~ Alamo~ National Laboratory report L.A-8890·ENV/US Department or 
Energy report DOEJEV.OOQS/30 (May I 9~ I) •. 

ESG 1983: Environmental Surveillance Group, .. Environmcnbl Surveillance at 
Los Alamos during 198~ ... L.os Alamos National ~boratory Report t.A·9762-ENV. 
Los Alamos. New Mexico (April 1983). 

ESP 1996: Environmental Survc:illancc: Progmm ... Environmcnt:ll Surveilhmcc at 
Los Alamos during 1994.'' Los Alamos National ~boi"Jtory Repon LA·l304i ·ENV. 
Los Alamos. New Mexico (Julv 1996) • . 
Hollis 1997: Hollis. D .. E. Void. R. Shuman .. K. Bird:>cll. K. Bower. W. Hansen. D. Krier. 
P. Longmire. B. Newman. D. Rosers. and e:~.Sprinser. ••Perfonnanc:e A.ot~..;ment and 
Composite Analysis for Los Alamos National Labol".dory Materi:d Disposal Area o;· 
Los Alamos National l..abor.ttory Report LA-UR·97 ..SS (Report 540..0 13. r.:) 
(March 1997). 

LANL I 992a: Los Alamos National Labor.uory. "RFr \\oork Plan for Oper.tblc Unit 
ll~ .. Lo~ Alamos Nation~tl Labor.uory Report LA-UR-91·n5 (Muy 1991). 

LANL 199~b: Los Alamos Nation:\! Ltlbor:ttory. "RFI Work ~tan for Opc:rnblc Unit 
114S,"los Ahtmos N•uional Labor.Hory Report LA·UR-91..SSS (May 1992). 

l.ANL 1994: Los Al~mos National Labor:ttory ... RFl Work Plan for Opernble Unit II 00. •• 
Los Alamos National uborJtory Repo~ LA-UR·94-1097 (May 1994.). 

l.ANL. 199S: Los Alamos National L:tborJtory. ''Ta...;k/Site Work Plan for OperJble Unit 
1 049-Los Alamos Canyon and Pueblo Canyon."L.os Alamos National t.aboratory 
Report LA·UR·9S-::!OS3 (November 1995). 

LANL L 997: Los Alamos National L.abor:ttory. "Work Plan for Monandad Canyon. •• 
Los Alamos National Laboi"Jtory Report LA-UR-97·3~91 (September t997). 

Punymun 19i3a: Punymun. W. D .. "Regional survey ol' tritium in surft~c:e and ground 
water in the Los Alamos mt~a. New Mexico. August 1966 through May 1969," 8 pp •• 
L.osAJamos N:uional LaborJiory Report LA·S234-MS (April 1973). 

,.. 30 

. .. .. 
• • ... 

·' 



.. . .. 

.. . ... 

--~~-~ -~----~--~-----~ ---

Purtymun 1973b: Purtymun. w. D .• "Undergrouncl movement of tritium from solid-waste 
stor.tge shaft~." i pp •• Los Alamos National LaborJtory Report LA-5~86-MS. M~ty 1973. 

?urtymun 1994: Purtymun. W, D .. "Source Docum~nt Compilation: Los Alamos 
lnvestig:ttions Related to the Environment. Engineering, Geology. :tnd Hydrology;· 
Los Alamos N~ttion:.tl L:.tbor • .llory Report LA-12337-MS, March 1994. 

Purtymun 1995: Purtymun. W. D .. "Geologic :.tnd hydrologic records of observation . 
wells. test holes. test wells. supply wells. springs. :tnd surfncc: W:.ttc:r stations in the: · 
Los Al:.tmos area," 339 pp .. Los Alamos N:uion:.ll LaborJtory Report LA-11883-MS. 
J:.mu:.u-y 1995. 

Stoker 1991: Stoker. A. K .. W. D. Punymun. S. G. McLin. and M. N. Macs, .. Extent of 
saturation in Monandad Cunyon:· 135 pp .. Los Alamos National Laboratory Report 
LA-UR-91-1660. 1991. 

US Department of Health & Hum:m Services. Febru:.try 14. 1995. "Health ConsulUltion 
on Tritium Conwminmion in Area Groundw:.Her Wells, Los Alamos, New Mexico.'' 
Agency for Toxic Subst~ncc:s and Disease: Registry, Division of Health Assessment and 
Consulwtion. Federal Facilities Assessment Br.mch. Energy Section, Atlantn. OA. 

Weir 1963: Weir. J. E .. J. H. Abrahums Jr .. J. F. Waldron. and W. D. Purtymun, •"The 
hydrology and the chemical and rJdiochemical quulity of surface and groundwater at 
Los Alamos, New Mexico. 1949-1955.'' U.S. Geological Survey Rcpon. prepared in 
cooperation with the Atomic Energy Commission and Los Alamos S~icntilic Laboratory. 
For administrative release only to the Atomic Energy Commission. April 1963. 

31 

'• -'/ 
I!.. 
•') 

. ..:.. 
... 

. .. 
~ ... l 

.. 
1 
9 

. .. 
, ...... 
. · .. .. · . ' .. 
.. , 

'·' . ! '·. 

!. ' ' 
• .. ! 

. .. .. 

. . . , 

··~. . . •, 
. ' •' . . ,, 
.... ,. 



• . . 
• . ... 

Thi!\ report h:~' be~n rcpnlllucc~ uirectly l'rnrn the 
~M :JYail:~bl~ cnpy. 

It i11 avt~ilt~blc IU DOE :mu DOE cunrr:11:rors frnm 
rh~ Ottic.:c uf Sdcnriri~· ;mu Tt.-chnil:ul Jnti>mtution, 
P.O. !ltiX o~. 
Oak RiuJc!c. TN :mo I. 
Prices arc :tv:tilublc frorn 
( 6151 S76-X-lU I. 

It i~ avui!ublc to the publk fru111thc 
Nmu111:~l Technit::JI lnli•rrn:~riun Scl'\'it:c. 
US Dcpanment uf'Curnmt!n:c, 
SZSS Pun Roy:tl Ru .. 
St,tin!:lielu. Vt\ ~616. 

... 
r ..... 

'} .... 
'"' ..:.. 
• 

c.: -·· .::; 

~ .. 
G 
9 
• .. , 
"" 0 

") .... 
J~,. .... 
? ,_ 

,·~ 

~ 
t""l 
~, .. 
.!. ,. 
n 
':) .. 

0 



• 0 

< 
' ... , 

,o 

··: 

' . 

.. 

~ -., ..... ~ 
0 r"' 
ZC> 

::D:f . r-' 0 ~ .,0 
0 N -~ 
~ --...t· 0: ~~0 rr· -:X CD ) :K:. 

CD OOJ c - CP 

"' 
>«> ..... o. 
0~ 
< 

Los Alamos 
N AT I 0 H A. I. :L:A B 0 R A 'I' 0 R V 

l.os Alamos, Now Mtxico 8i'S4S 

I' 

I . 

,· 

.. 

· .. 
0 0 
. ' 

., 

. '' 

,. 
r'•· 

.. 

·-· ,, ,, • .. .. 
• 

• 0 .. . ... 




