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ABSTRACT 
For more than three decades, Mortandad Cnnyon has been the primnry rele:lSC 
arc:D. oftre:lted liquid radioactive waste from the Los Alrunos National Lnbor:1tory 
(Laboratory). In this survey. six water samples and seven str~ scdimc:nt 
swnples collected in Morta."'ldad ~yon were analyzed by thenmJ ionizoltion 
mass spectrometry to determine the plutoniwn and uranium activity levels nnd 
atom ratios. By mwuring the ::40PuP9Pu atom ratios. the Laboratory plutonium 
component v.ras evahmted relative to that from global fallout. Measurements of the 
rckttive nbuncmnce of :3su nnd 2J6U were ruso used to identify non-naturul 
components. TI1e survey results indicate that the Laborotory plutonium and 
ur.mium concentrations in waters nnd sediments decrease relntively mpidly with 
distance dovmstrcam from the mojor industrial sources. Plutonium concentrations 
in shallow alluviru groundwater decrease by approxim.atcly 1 000-fold wong ll 
3000·ft distance. At the Labo~tory downstream boundnry. total plutonium nnd 
uronium concentrations were genernlly within regionnl background mnges 
previously ~ported. Lnbomtory-derived plutonium is readily distinguished from 
global fallout in on-site waters nnd sediments. The isotopic rntio data indie3te off­
site migration of trace levels of Laboratory plutonium in stream sediments to 
distances opproximately two miles downstream of the Lnborotory bound:uy. 

1. INTRODUCI10N 
Mortandad Canyon has been used for 
disposnl of liquid rndioactive waste from the 
Los Alomos National Laboratory 
(L:lboratory) since 1963. Additional 
contributions of rndioactivity to the canyon 
may have occurred from wnstewater releases 
and spills from other Laboratory technical 
ru-ea.s (TAs) within the dminage. Surface 
water flowing in lower Mort:lnd::td Canyon 
enters Snn lldc:fonso Pueblo land. Becnuse of 
the location of Mortand:ld Canyon with 
regard to arcns of public access, the: rclense 

of plutonium nnd other rndionuclides is of 
concern to the Ul.borotory and the public. 
Thus. for more than three decades. the 
Laboratory's Environmental Surveillance 
Program (ESP) h:lS tested wntcr nnd 
sediment samples from the canyon floor 
(ESP 1996). The nnn.lyticnl results obtained 
from these monitoring activities ure adequate 
to evaluate bcaltll risks. However, when 
concentrations of radioactivity are low, the 
ESP an:Uytical methods do not provide the 
resolution necessary to fully quantify the 
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LaborJtory's impt1.ct on thQ environment.·· 
p:lrticularly for plutonium :md urnnium~ 

St."Uldnrd qunntimtive mc:ASurcnlents of 
plutonium nnd urnniwn (respectively. alpha 
pulse height spectrometry and cbemic:ll · 
methods) are Wlllble to distinguiSh ' · 
Laborotory-dc:rived components· in 
environmental srunples from b:1ckground.. i 

levels of these elements. Unlike other ' 
rndionuclides that nre unambiguously .. 
nssocintcd with Laborotory opemtions, both 
plutonium nnd uranium nre ubiquitous in the 
surfncc environment. and their presence at 
Jow concentrations c:umot be exclusively ; 
n:ln1cd to n single source. such ns the 
Lolborotory. Uronium is abund:lnt nnturnlly 
in soils and waters. and plutoniUm. hns been 
deposited worldwide vin global fol.lout from 
ntmospberie testing ofnucleM devices :md · 
from satellite re-entry and burnup in the · 
Earth's atmosphere. 

In this survey we nnnlyze wnterS nnd · · · 
sediments in Mortlncbd Canyon using 
spccinlized mass spectrometry annlytical : . 
methods. The "fingerprinting" ofplutoniwn 
nnd uranium by mensuring the isotopic · :· 
composition by mnss spectrometry is · 
cnpablc of distinguishing and qu:mtifYing the: 
contributions of the different soUrces of·. · 
these rndionuclidcs in n single sample (Efwd 
ct al. 1994. 1995). In addition. the mass · · · '. 
spectrometry analyses provide lower ·. · :; · 
analyticnl detection limits tlwn conventional 
methods. Both the isotopic composition and 
the nctivity-Jevel d:ltn will be u5cd in refining 
the concepts of how these co!lStitucnts ·: · 
move through the environment' :. 

2. 

. 
' ' 

ll. HYDROGEOLOGIC SE'ITINC OF 
MORTA."''DAD: CANYON 
Mortmdnd Canyon. has been the ~'Ubjcct of 
numerous hydrogeologic investigations since 
the em-ly 1960s. A number of these studies 

. were: conducted by the U.S. Geolosic:U 
Survey (USQS) nnd.swnma.:ized by Devaurs 
and Purtymun (1.985), Stoker ct nl. ( 1991 ). 
nnd Purtymun (1995). The followins te:'(t is 
bken from Punymun (1995): 

''Mort1ndad Cnnyon beads :s.long the 
western edge 'of the plnte:».u t'lt an 
elevation of about 7500 ft nnd h:1s n 
dr.Umge area of 1.8 sq mi west of the 
boundmy between the Laboratory and 
Sml·ndefon5o Pueblo. The alluvium is 
derived from ·the WC3thering of the 
Bandelier Tu.tt' and consists of silt. 
sand. :md smvcl. Pc:rcnninl surface flow 
occurs in tbc·mid.rcach of the c:myon 
with the relense of wastewater from 
TA-46 andtreo~.ted effluent from the 
treaanent pluntat TA·SO. Mort:mdnd 
Canyon is the major rele35c area for 
trentc:d rndio3ctive effiuents. The 
surface wntcr. effiuents. nnd storm 
runoffrecbDrge an aquifer perched in the 
~uviwn. Tberec~c~oruy 
sufficient to maintain an nquifer of 
limited extent The surface flow and 
wnter in the lllluvium is contained 
within the Laborntocy due to the small 
drnin:lge ~and thick section of 
unsaturnted: nlluvium. ... 

' ' ' 

· on-.site migr.ltionofwntcr-bomc 
. contaminants woUld most likely occur from 

the downwnrd .Percolation of effiuent to 
deeper groundWater or from stonnwater 
runoff. Depth to·the sruulow groundwater 
rnpidly mcrcnseS downstn::11n below well 
MC0-4. DepthS' to'· water in wells tested for 
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this survey range from npproxim::ucly 3 ft ttt chests :llld transferred to the Mass 
well MC0·4 to 36 ft at MC0·6 to 42 ft at Spectrometry Laborotory under full chnin-
MC0-7.5. 1nc: mnin aquifer for Los Alrunos, of-custody procedures. 
which is in the Puye and Santa Fe 
Formntions, underlies the canyon tloor by Strenm sediment snmples were collected 
approximately 900 ft. No ~tur:ltion has trom transects across the active strea:nbed 
been found between the base of the alluvium channel at the Q .. to 3-cm (0· to l·in.) depth 
nnd the top of the main aquifer (Baltz et al. using clcnn-wropped clispo~ble plastic: 
1963). Streamflow off·site occ~ very scoops. Emphasis was on collecting the finer 
infrequently. Streamflow nt the Laboratory's grnined materials, avoiding collection of 

: eastern boundruy in Mortand!ld Canyon has organic matter. cobbles, :md pebbles. The ... . ' been continuously monitored since 1995 sediments were poured into labeled 250· or ... 
(USGS station 08313204). In the two years SOO-ml polybottles. 
of record. there has been no recorded flow .... 

,I (Shaull et al. 1996a, b). Each of the five alluviw monitoring wells ... . .. . 
srunpled in Mortlndad Canyon nre equipped •i ... ill. METHODOLOGY wit.i dedicated Teflon TM bladder pumps. I' 

SAMPJ..I:'IJC PROCEDURES The equivalent of three casing volumes of ·~ 

Samples ofsurfnce water. shallow wnter wns purged from each well before 
''t groundwater. and stream chllMcl sediments collection of the groundwater smnples. This 

were collected for this survey, All water purging wns done to collect representtttive 
samples were collected on-site at the wnter samples by removing nny stagnant 
Lnborotory. while sediment samples were wntcr from the well casings. Water wns 
collected both on-site and off-site. The pumped directly from the pump discharge 
surface wnter srunple was collected at Gaging tubing into labeled SOO·ml poly bottles. The 
St=1tion 1 (GS-1 in this report. USGS station surface water sample at Gaging Station 1 
08313200). Streamflow at this location is was hand dipped from the flowing stream 
typically dominated by discharges from the using a clean poly bottle. Samples were 
TA·SO treatment plant. located acidified with nitric :u:id within three hours 
approximately one-half mile upstream. Five of collection. The ncid prevent~ the actinides 
groundwater samples were collected from from adhering to the walls of the container. 
shallow wells completed in the c:myon The protocol used to SUlbilize the samples 
bottom nliuvium. Sediments were collected for this study is comparable to the protocol 
from the active stream channel nt seven used by the EnvironmcnUll Protection 
locations. Agency (EPA). All of the wnter samples 

Samples from the least contnminnted lower 
were submitted for nnalyscs ns whole 
(unfiltered) samples. t portions of the wntershed were collected at 

different time periods than the samples 
SAMPLE PREPARATION AND A.llllAL'VSES collected at the most cont:uninated locations 
Environ:nental s:unples collected for this near the T A-50 outfall. New disposable latex 
study were submitted to the Los Ahunos gloves were worn by snmplins persoMc:l at 
Clean Chemistry and Mnss Spectrometry each location. All sampl~s were st11red in icc 
L:lborntory for thermal ionization mass 
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spectrometric (TIMS) analyses. Most of the 
actinide :1ctivity levels and all of the :1tom 
rntios reported in this report were derived 
from the TIMS :111alvscs. !lHpu activitv . . 
levels were analyzed using alpha pulse 
height speetromcuy by the Environmental 
Chcmistl)' Group. The procedures for 
TIMS analysis of uranium :md plutonium 
were developed by the Mass Spectrometry 
Laboratory nnd are described in detlil in 
Efurd et al. (1993n). The TIMS annlyses 
procedures are briefly summarized here. 

TIMS analyses sample preparation and 
mass spectrometry o.re both pc:rfonned in 
classa 100 c:lc:m rooms spc:cifically designed -' 
for ultr1l·low·level cnvironmentnl :Jetinide 
analyses. During the sample prcpurotion. 
sediment and soil samples initially m"C 

digested with ultm-pure ncids. Both waters 
and soils are then traced with precisely 
known amounts of reference stmdards. 
sep4r.ltcd into elements by :mion exctmnge 
chromatogrophy. and c::Iectropl01ted on ma..-s 
spectrometry filrunents to produce: an 
ioniz:ltion source for TIMS analysis. The · · 
filnment is then inserted into a thenn:U 
ionization mass spectrometer th:~.t me<!S~s 
the relative nbundnnce of the isotopes of 
interest comp:ll'Cd \l.ith the reference 
st:mdnrds. 

The TIMS :umlyscs procedure t\llows for the 
quantific:1tion of the isotopic composition of 
the plutonium in the srunplc, for example, 
:"0Put!l9Pu. Measurement of the :•oput:l9pu 
ntom rntio in samples C4Ul be used to 
distinguish the global fnllout component 
from the Laboratory component(s). The 
following urnnium isotopes are detcmlined: 
:J4U. !]$u. :36ij, nnd ::lllu. The :JBU/::S$u 

atom ratio c:m be used to distinguish the 
naturally occurring urnniun1 from its 
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anthropogenic:dly produced components. 
Le .. enriched uranium and/or depleted 
uranium. The enriched nnd depleted forms of 
uranium result from the processing ofnatur.ll 
uranium to selectively inere:lSe (ordecrense) 
the nbundnnce of::l'U relative to :.'KU. 
Enriched umnium i~ processed umni um 
contti.ning more than 0. 72 ntom percent.. thr: 
natur:ll nbundnncc of:J~U; depleted uranium 
contnins less than 0. 72 percent ::s~u. The 
abuncbnce of:J'U in highly enriched 
ur:utium may be greater thnn 90 percent. 
while the ::ssu nbundance in hishly depleted 
urnnium may be on the order of0.2S 
percent. The ~~~u isotope does not e.xist in 
nature and its presence uruunbiguously 
indic:ttes nn m1thropogcnic component. The 
23t.u isotope is formed. through c::.xposu.re of 
::s~u to o neutron source. 

IV. RESULTS 
Tnbles 1 through 6 present tbc results of the 
nn.Uysis of the six wnter smnples nnd seven 
sediment samples from Mortandad Qmyon. 
The smnple numbers in T~ble A-1 in the 
AppendiX are the :llphanumeric sequences 
used by the Mnss SpectrOmetry L:lbor:ltory 
personnel to uniquely identify encb snmple. 
The :1tom rotios were measured bv TIMS . . 
nnnlysis. The standard deviations of the 
ntom rJtios are at the 1 sigma level. These 
standru'd cievi:1tions propngnte the errors 
3SSO<:inted with mensuring the count rote of 
ench isotope and the: mc:lSurement 
b:lckgrounds. Da.m. have been c:orrec:ted for 
processing blanks •. The unccrtlinty 
nssoeiuted with me:lS\U'ements of the 
processing blanks is included in the 
uncei'Ulinty tenn reported for the atom 
mtios. The stnndard deviation does not 
include nny errors nssocintcd with smnple 
inhomoseneity. The plutonium nnd urnn.ium 
uctiviry levels were determined by 



mu!Liplying the number or moms or cuch 
isotope per liter or gram measured by TIMS 
analysis by the appropriate half-life and 
decay constants. The uranium mass 
equivalent concentrations were dctcnnincd 
by multiplying the number of atoms by the 
appropriate specific activities. 

::..oPU/:J9Pu ATOM RATIOS 

The primary source of plutonium in most 
locations in New Mexico is global fallout . 
from atmospheric testing of nuclcru' devices. 
Areas surrounding the Laboratory may 
conUin plutoniwn from global fallout or a 
mixture of Laborotory-relnted plutonium and 
global fallout. The plutonium concentrntions 
and isotopic composition of global fallout 
vruics from location to location. Krey and 
Hardy (1976) measured the 240PuJ239pu atom 
ratio in globo.l fnllout to be 0.176 with n 
sundru'd deviation of0.014 and ranges from 
0.12 to 0.2 t around the world. In two 
separate studies, Efurd ct al. (1994, 1995) 
measured 47 soil samples from locations in 
Colorado believed to be representntive of 
global fallout. The 240Pu/239Pu atom ratios in 
the Colorado swnples ranged from a low of' 
0.143 ± 0.006 to a high of 0.183 ± 0.073. 
Efurd c:t al. C99S) concluded that the most 
representative ~40puJ2:19pu atom ratio for the 
Denver area was 0.169 :!: 0.005. Studies to 
evaluate the r~gc in 240puJ:::l9Pu atom ratios 
in global fallout at Los Alamos are not 
complete. For this study, it is assumed that 
the 240Pui23"Pu atom rotio of 0.18 ± 0.02 
represents global fallout at Los Alamos. 

Environmental SMlples with 240puJ:J9Pu 
atom rntios significantly lower thml global 
fallout usually indiC!lte the presence of a 
non· fallout component of plutoniwn. There 
!li'c: multiple potential sources of Laboratory­
related plutonium in the Mortandad Canyon 

s 

drainugc sysh:m. Thus. the isotopic duw 
may not immediately yield the specific 
source of the non-fallout component. 
without extensive c:nvironmentnl sampling or 
knowledge or site-specific operations. 

The ::40Pu/239Pu atom ratios for the 
Mortandad Canyon srunples are compared 
against the ratio ranges for _global fallout in 
Figure 1. and I isted in Table 1. The figure 
illustrates for each stntion the calculated 
atom rntio plus its three standard deviations 
uncertainty (oppro:-timate 99 percent 
confidence intervn.l, 3 sigma). Snmples with 
higher activities of plutoniwn gencrolly yield 
more robust mem;urements of the isotopic 
ratios. i.e., lower uncertainties. If the upper 
limit of the mtio plus tJ.ncertainty is lower 
than the global fallout ronge. then the data 
indicate the presence of a local source of 
plutonium. Figure 2 displays the 240Pu/239Pu 
atom ratios in a map of the d.rnirulge system. 

The 240PuJ239pu atom rotios of the water 
samples rnnge from a low of 0.066 ± 0.007 
at MC0-4 to highs ofO.l 14 ± 0.032 at 
MC0-6 and 0.093 ± 0.080 at MC0-7.5. All 
the water stations except well MC0-7.5 
incUeate n significant component of 
Laboratory plutonium. assuming that the 
ronge of global fallout is accurately 
represented in Figure: 2. Fnctorin& in 
uncertainty. the 240Pu/239Pu ntom ratio at 
MCO· 7.5 may be as large as 0.172. which is 
indistinguishable at the 99 percent 
confidence level from global thllout (Krey 
1976). The 240Pui239Pu ato:n ratio in the 
sample collected at the surface water station 
GS·l is similar to that from the groundwater 
at MC0-4, the closest well to GS·l that wns 
sampled. 
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Figure 1. Comparison or Mortandad Canyon plutonium atom ratios with the range 
for global fallout. . · 
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Tnbie 1. Plutonium Atom klitios 

CiS·1 
MC0-4 
MCO·S 
MC0·6 

MC0·7.S 

Atom 
Rutlo 

~·Pu/~Pu 

0.06b 
0.076 
0.085 
0.114 
0.093 

Atom 
Ratio 

lMPuf~u 

Si.:m• 
(%) 

3.6% 
1.2% 
6.5% 
9.3% 
:!!:1,7~ 

Sigma· 
(90) 

A·S · ;'-0 oru .. ~:~ ... L,t~!4"''•&,·~·,;..•.rT1ND';,\ 
... '\,~fr.l I ~:./ 4/ ... ,i!4 ..... ;11~\1H~..l;J.~~,..;:l,V'~~ 

M'I'C 0.094 :., 7% . 
A·7 0.163 4,6% 
A·S 0.139 S.2% 
A·9 

A·lO 
A· II 

Atom Ratio Sh:ma . 
UIPuJl·'"Pu (~). 

0.003 8.4'h; 

Aloan Ratio Si,;ma 
u•Pu/n-pu (%) ·. 

0.003 

Note: Atom l'lltio, shaded lllld mlll'ked with UNR are consld~ to be unrnolvcd due \o ~e greater W!Cei1Ainr,' or the 
mcuurcmcntsot very low concentmtions (appro"im11tc 99 percent conOdence lntetYIIl, 3 !llgma) •. , 

Along the ~ch from well MC0-4 to: MCO- · : .. 
6. the 240PuJ239pu rntios in groundwater 
appear to grndually increase toWill'd!i the 
fallout r.mgc. The specific cause is ' 
. undetermined. but some possibilities include: · 
ch:mging isotopic ratios in Lnborntoey 
. sources over time (Penrose et a.l. 1990) or 
the dilution of the Laboratory isotopic · 
signnture through the nddition of global 
fallout plutonium to the groundwater~ either 
rotur.Uly by infiltration processes or : · 
rutiticitllly through the: drilling of the , 
boreholes (i.e .• mechanically carrying fallout 
plutonium from the surface downwnrd to the '· 
groundwntcr zone), Additional :malyscs 3Dd . · 
field work would likely have to be conducted · 

· to detenninc the ClUSI: in this :tpparent shift .. 
in isotopic ro.tios. 

.. 8 

=•~:39Pu ratios in sediment stations A·S, 
A•9, :md A·l 0 were unrcsolvnble at the 99 
percent confidence level due to the large 
uncertainties in the individunl isotope 
rnensurcments. =.copu actiVity levels at these 
locmions arc nw or below analytiC3l 
detection limits. :.topU,I~'i>u rutios o:.t stations 
IVITC. A·S, and A·l l indicate a non-globnl 
fallout component of plutonium. Factoring 
in: the uncertainty. tbe':.0PuJ:39pu rntio a.t 
station A-7 is in~ble from global 
fnllout. The dnta incticntc off-site migration 
ofi.:lborntory plutonium as mellSUl'ed in 
stream sediments to approximately State 
Route 4 ncar station A-8: Both the isotopic 
ratios and the llctivity:levels indiC3tc: the 
presence: of only trace·: levels of globa.l fallout 
plutonium downstream of State Route 4 to 
station A-ll at the Rio Onmdc. The 
Labomtory eomponentofplutonium 



indicated at station A-11 nlongsidc the Rio 
Grande appetl.l'S to be derived from a 
different source than Mortandad Canyon. 
The Laborotory plutonium was most likely 
introduced to the Rio Grnnde at an upstrerun 
location, most reasonably via Los Alamos 
Canyon. and deposited in the flood plain 
area near the confluence with Mortancbd 
Canyon. 

:JijUfl5TJ A:"lD :J6U/::J~U ATOM RATIOS 

The atom rntio of 238U to ::~su in natllr.illy 
occurring uranium is a constant 137.8 (Efurd 
et al. 1993b). This ratio in Mortandad 
Canyon waters r::mged from 84.2 to 138.2 
(Table 2). The most upstream of the water 
~ples (OS-1, MC0-4, MC0-5. MC0-6) 
measured in Mortandnd Canyon were 
enriched in 235U, reflecting Laboratory 
influences. Waters analyzed from wells 
MC0-7 and MC0-7 .5 showed rntios 
consistent with naturnl uranium. As shown 
in Figures 3 and 4, this recovery to rutuml 
abundance at well MC0-7 occurs ncar tile: 
confluence ofTen Site Canyon. 

The ::~ 11uPJsu atom rntio in Mortand:~.d 
Canyon sediment samples r:mged from 136.1 
to 144.5. All of the samples td1ect naturnl 
compositions except for station A· 7. which 
is depleted in ~~u. Lnborotory-derived 
uranium is generally not identifinble in 
sediments by onnlysis of the 238UPJ~u atom 
ratio, presumably becnuse the sediment 
contains abundant naturnl urnnium trot 
obscures the anthropogenic signatures. The 
overall spread in the sediment 2311Up:uu 
atom rntio is much smaller than for the water 
samples. 

The source for the depleted uranium nt 
station A-7 might be nir deposition from 
dynamic testing in the southern portion of 
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the Laboratory (Becke:- 199:!.). The pattern 
of dam is not consistent with water 
deposition of the depleted urnnium from 
upstrerun sow-ccs.lfthe depleted uranium 
was transported to station A-7 by w:1ter, 
sediments upstream and cioser to the 
Laborntory facilities would tend to be more 
depleted than nt sution A:i, :1 trend that is 
not observed in tile dat.:t. Moreover. the 
water samples collected up~"tream nrc 
isotopically enriched in :::J5U, rother than 
depleted. 

The presence of23&u in the water and 
sediment srunples collected at Mortandad 
Canyon and the non·naturnJ :::JIIupl'u atom 
rntios in the samples indicate that 
:mthropogenic urn.nium is present As 
s\11llmWed in Table 3. the presence of 
:mthropogenic uronium is indicated in the 
waters at GS·l. MC0-4, MC0-5. and 
MC0-6. and in the sedimcnlc; collected at 
the uborntory boundnry at MTC and 
station A-7. These non-naturnl isotopic 
char:1cteristics may prove to be useful in 
future work to distinguish Mortandad 
Canyon urnniwn from other sources. 

ACTIVITY LEVELS 
Plutonium activity levels are shown in 
Table 4. Totnl plutonium (23R·!J~:ltto.l•lpu) 
:lctivity levels in the wnters rnnge from 0.04 
pCi/L to 12.5 pCiJL. Plutonium activity 
levels in waters decrease rapidly below the 
TA-50 outfall. declining by approximately 
three orders of magnitude over the: 3000-ft 
disU1nce between wells MC0-4 and 
MC0-6. Plutonium is evidently being 
diluted or progressively removed from the 
water column in tbe downstream direction. 
probably by adsorption onto the aquifer 
matrix. All of the plutonium activities D.n: 
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Table 2. Uraoium Atom Ratios 
Sample Jl<U Dtpltltd (ll) AI om Sl,&ma Atom Rallo Sf,&ma .\tom Rallo Sigma 

Prtstnl or Enrichul Rallo ('k) UIUJ'"U ('k) UIUJ"'U (~) 
1 (El 111U7 u•uJlHU 

GS-1 Yu E 0.0101 2.88~ O.QI03 1.9~ 126.3 0.35~ 
MC0-4 Yes E 00135 1.82'.1 0.0193 0.9'.\ 8-U 0.3S'k 
MCO-S Yes E 0.0127 152'.1 0.0148 1.1'1: 112.7 O.JS% 
MC0-6 Yes E 00130 1.16~ 0.0149 l.O'.l 111.2 O.JS~ 
MC0-7 0.0088 2.86'.1 r:.-J-:ilbOJ.}.[J~'Si~~JJ:·t-NR~ 136.8 0.40'.l L .. ~-§11000': .. ~-;.fiM~~l-/~'ut.r 1 MCO-U O.OOU 22S~ - .•.. •. ·--- J.-~ •... -- 4 •. · .•.• :IS 138.2 O.JS'.l 

A-S 00071 1.6/n tr.9Jm.:wt.~!:{@:"J ~:-:J~·Vi~R~ 131.5 0.35'1: 
MTC Yes 0.0079 381'.1 0.000-t 20.5'.1 JJS.S 0.39'1: 
A-7 Yes D 0.0071 1.47% 0.000} IJ.~ IUS O.JS'k 
A-S O.OOH 1.99'1: jfi~~~:!J~l~~l!i 138.S O.JS'k 
A-9 00076 2.S9% ~!JV ~· fQ ~L~VNR' 113.1 O.JS'k 
A-10- 0.0075 2.l9'.l> 

,,.!11~ ii~t~1i~~:~~ 
136.7 0.35'.1 

A-ll O.OOH 1.89% 138.8 0.35'.1 

NC(c: A ICc! rl!ics 1b~ ~ muteJ with tmR asc cero.!HertJ CG t-e ur.rcsohcJ de~ CG de yutu t.:l)(tf.ttly or ~c ceasurcmc,-,u M 'uy lc-..-
conccr.lu.tions (9? ruccnc cocf>kou: it:lcn •1. ) sivna) 
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Table 3. Summar-y Interpretation of Isotopic Data 

Sample: l.nbomtory Pu l)(IU Prc5c:nt7 Deplr::ed (0) or anrichc:d (E) 
lndia~ll.'d? l.,,U7 

tQU.., cnnrtdPncl'l l'l'l,._ rnntidri!Cf'l 11141., contid""',..' 

Water~ 
CS-1 

MC0-4 
MCO·S 
MCO.() 
MC0·7 

MC0·7.S 

Sediments 
Mon.nndnd ® MCO·l3 

(A-S) 
MTC 
A·7 
A·8 

Morumdad <iP SR4 
(A·9) 
A·lO 

MortMdad @ Rio Crnnde 
(A• II) 

Yes 
Yeo; 
Yes 
Yes 
Yc:s 

Unresolved 

Yes 

Yc:s 
UnrcM~IYed 

Unresolved 
Yes 

below the Department of Energy (DOE) 
Derived Concentration Guide (DCG) 
limits for public exposure. Although the 
shallow groundwater in Mortnndad 
Canyon is not used for consumption. a 
comparison indicates that only the 23'i>u 
activity in well MC0-4 exceeds the 
DOE plutoniwn DCG limits for drinking 
water' sy!-1-tems (1.6 pCi/L vs. the DCO 
of 1.2 pCi!L; DOE 1990). 

Total plutonium c:JR+::I'}Io:Z40.241Pu) 
nctivity levels in sediments ronse over 
two orders of magnitude from 
approximately 0.001 pCi/g to 0.06 pCi/g. 
238Pu :md 239+240Pu concentmtions in 
sediments are considerably below the 
Screening Action Levels (27 nod 24 
pCilg. respectively) used by the 
Laborotory•s Environmental Restoration 
Project to trigger possible further 
investigations or possible clcm1up 

Yes 
Yes 
Ye.o; 
Yes 

Yet. 
Yes 
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E 
E 
E 
E 

D 

nctions (ER 1997). The combined 
=:~c;.240pu activity levels at ull of the 
sediment srunpling locations nrc: within 
the: range: of regional background levels 
(upper limit .. J.023 pCilg) established 
by Purtymun et al. (1987) using dlpha 
pulse height spectrometry. 

The total uranium (::14•23'·:.3~:.3RU) 

activities nnd equivalent mnss 
concentrntions are reported in Table 5. 
Toto.l u:'tmium activities in the waters 
range from 0.3 to 3.6 pCi/L (equivalent 
to 0.4 to 4.9 IJ.g/L). In contrnst to 
plutonium. there is a slight increase in 
uro.nium levels downstream from wells 
MC0-4 to MC0-7. The levels, 
however, sharply decline by a factor of 6 
in the 9SO·ft distance between wells 
MC0-7 and MC0-7.5. The cause of this 
decline i~ ur.dctcnninca but it mny be 
related to inflow of more dilute water 
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Table4. Plulooium Atth·it,- l.evels" 
mpu Sfr;ma mpu Sigma ''"Pu Sigma Wpll Sigma 

Walus I!CI/L {~} I!CI/L ~%} I!CI/L ~~} I!CIII. C'kl 
GS-1 0_46S II% O.ISS 1.2% 0038 1.9% 

MC04 1.308 7.8% I.S88 0.3% 0.441 1.1% 9.190 8.-t'k 
MCO-S 0.071 39% 0.048 IA'k O.o!S 6.4% 
MC06 0.012 2SO% O.OIJ 2.9% 0.006 8.9'k 
MC0-7 0.012 ~ 

MC0-7.S 0.031 81% 0.006 4.4% 0.002 28.4% 

"'Po Sigma mpn Slcma 140Po Sigma "'Pu Sigma 
Scdlmruts [!Cifg (~) [!Cflg (~) I!CI/g !%! --· _ [!CIIg C~) 

A-5 0.005 40'~ O.()()(H S.l'l: ril!li-~h:;,~tt.:~r~7~~1-:t,~~;!!Pt..' 
'MTC 0,001' -· 

-·~ Q.0096' 0.8% 0.0031 
... 

'2.6% 0.0..74 27.6<:~:' 
A-7 0.019 16<:1: 0.0066 U% O.Q03? 4,3% }).~::_Q-9{6~ ;;-,,_ < · hM~~-!_:~! ~' 
A-8 O.O).S 20'k 0.0012 1,3% 0.0006 .S.l% 

_ A-9 .. 0,003 33~ Q,OOQ4 -. ·. _8.7%. 
t:>.<-·-·- .• _., ..... ; :\ __ .'H_, ..... -.. - ---~ . mum .. ",/~. -a ~--am: . . · -~-~~:;:~·afnr·~ifi} -- --A-10 0002 S()'J, 0.0003 23.4\\- .. rr!.. . ..,.: ____ ,:._:_,..L .... ifi---~---'~:.1.~v. __ ........ 1, .. ~-.-- ~ .... ·: -; 

A-ll 0.006 11% 0.0018 1.9% 0.0001 8.3% "'';_,_p,()J)~ :;_-,_ ~ ;,•.214~~' ~-;~or:.-· 
---
N~: A<li>ili k\th !ohoJ<d ll\J marl<d "i~O, BDL au <onsidercd Co be below Wl,ti<al ddc<tioo limirs {approximlle 9? rt:tc<nt t<'lllid<r~e inltn11.) sigma) • "'Pu ar..al)sis r<•fom:td usinz alpha fUI~ b<igl>l sp«ltom<lry. All od-.cr I!Lll)-.es petform<d using TIMS. 



Table 5. Uranium Adi\-i~· Lenis 
n•u Sigma mu Sigma .,.u Sigma "'U Sigma Tot.al U 

Waltrs pCI/1, {~) pCI/1. {~) pCI/L {~) pCIIL {~) Con~. 
fl, 

GS·I 0.1982 2.9% 0.006-t 0.3~ 0.0021 1.9% 0.1279 0.2';! 
MC0-4 1.3867 1.8\t 0.03.56 0.3% 0.02{16 0.9% 0.4726 0.2% 
MC0-5 1.2766 l.l'k 0.0319 0.3% 0.0155 2.7~ 0.6200 0.2\t 1.947 
MC0-6 1.9.S82 

·-·~ 
o.o.sn 0.3~ O.OH-t I.O'l- 0.96U 0.2% 2.998 

MC0-7 1.92-B 2.8~ 0.0155 0.3~ ~.:o.m ~,-·_.:S[.5~X' 8Di.. • 1.6270 0.2\t- 3.627 4.9 .,,'3- ~·,t;;.~ .. ·u.·~~,J.s~·.{ 
MC0-7.5 0.3282 22% 0.0137 0.3% !·j -· .. /-i;: .. t.~t .. ~ _;~~ ---~~ 0297~ 0.2';! 0.639 0.9 

.,.u Sigma "'U Slgm:. •"u Sigma mu Sigma Tot.:al U .\cthity Tot.:al u 
Scdimrnts pCi/g (~) pCI/g ('k) pCI/g (%) pCI/g (~) pCI/g Cont. 

&!.&___ 
A·S 0.2761 1.7'-f 00125 0.3% ~ ·. ~oow : .. _;(m:•~~~::-~Dt.'~ 0.2701 0.2'1- O.SS9 0.8 

MTC 0.4691 3.8~ 0.0206 03'-l 0.0002 lO.S'k 0.44St 0.2% 0.9lS 1.3 
A-1 0.7436 1.4\t 0.0335 0.3~ 0.0003 13.0Ck 0.7631 OZ\t 1.541 2.3 
A-8 0.8J8l 2.()--J: 0.0391 0.3~ •· ···-· "' --m.~ ...... r-·---, 0.8.SJ6 0.2% l.,;,o.oooo:._,;,,·._ ~"·;;"BOLl UJI 2.6 
A-9 0.3627 26'k 0.0166 0.3% i! "'MQ'S;J'l'' lM;:...-i~BfiC! OJ621 02% 0.711 1.1 -. 0 J.. • -. -1 :.-~· ... i.iil'~ a:·.~; ......... tf~·BOO' 

A·IO O.S361 2.4'-t 0.0247 O.J% ·' ~ I{'''• ;69.3~ ., ' ,, 05312 0.2'k 1.())2 1.6 <:t~60Q{ ~~-~-"'4_f 6• ~t~~ ... 8,e;. 
A· II 0.8J.H 1.9'1- 0.0389 O.J'l- '£. '· _ ',:;J,·(1 . ___ ~::r; .. ~. 08501 0.2'l- 1.72-t 2.6 

1\otc. DOL • t<low lnll)tiul &tcctioo In cb 11 J sipn• tm<<I'Uinty (9'ne toc.r.Jcncc) 



from Ten Site Canyon. :J6U is found in 
detectttblc concentmtions at all of the 
water stations. except for wells MCO· 7 
nnd MC0-7.5. All of the total ur.mium 
c:oncentr.l.tions shown in Table: S ore 
considerably below the EPA (1996) 
proposed drinking water limit of20 J.l.s/L . 
and the New Me.'Cico ground w:1ter 
stlndnrd of5000 J.Lg/L (NMWQCC' 
1995). 

Tow urnnium activity levels in sediment 
s:unples r.lllge from 0.6 to 1. 7 pCilg (0.8 
to 2.6 JJ.g/g). !36U is found at two 
st:ltions. MTC at the bound:lry and A-7. 
in conccntmtions slightly above 
detection limits. All of the urnnium 
concentrations in sediments are less tbnn 
or within the naturnl background 
concentr:ltion r.mge of 3 to 11 J.LS/s · 
previously cstnblishc:d for regiorml 
strcrun sediments (Purtymun ct nl. 1987) 
nnd for the Bnndelier Tuff. parent 
materiru for stream sediments in 
Mortnndnd Crulyon (Crowe c:t al. 1978. 
Longmire et n.t. 1995). 

V. DISCUSSION AND 
CONCLUSIONS 
Based on the avnilnble d3t:l. the following 
conclusions~ mnde concerning · 
plutonium :md urnnium in the water Q.'ld 
sediment samples collc:ctcd at 
Mortnnd:ld C:myon. 

1 :•opuJ~o... t · · d' •'--. · ru a om rnttos m 1cate uw.t 
alluvial groundwater. surface water, 
:md strc:un sediments below theTA· 
SO outfall contnin n component of 
Laborntoey·dcrivcd plutonium. The 
waters below the T A·50 outfall hD.ve 
:"

0Pu/ZJ9Pu atom rntio~ that tend to 
cluster between 0.07 to 0.10, in 

·.·\·,. .. 
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contrast with typical' rntios of0.16 
to 0.20 resulting from global fnllout. 
This Laborntor:N·elated plutonium 
isotopic signature L" reflected in 
strenm sediments mnnv miles 
downstream of the mnJor Laboratorv • 
sources. 

2. The d:ltJ. indic:lte otT-site ,.migr:ltion 
ofLaborntory plutonium to 
npproxi.matc:ly State Route 4, as 
mc::~Sured in stream Sediments. Both 
the isotopic rn.tios and the activitv 
lc:vcls indicate the presence: of oniy 
trace levels of global fullout 
plutonium downstrCnm· ofStnte 
Route 4 to De3!' the: Rio Gr:mde. This 
pattern supports the interpretntion 
tbnt a Lnborntoey component of 
plutonium indic:1ted ·in stre:un 
sediments u.Jongside 'tbe Rio Gr.mdc: 
is most rensonnbty denvc:d from n 
different source th:Ul. Mortmdad 
CLmyon. The Laboratory plutonium 
wns most likely introduced to the 
Rio Grnndc: at nn upStream location. 
most rensonably via Los Alnmos 
Cnnyon. :md deposited in the tlood 
plnin area nr:m' the cOnfluence with 
MortaDdad Canyon.: 

· 3. fJpstrcnm of the eonfluc:nee with Ten 
Site Canyon. waters in Mortandad 
Canyon are enriched in 235U and 
contU.n detectable lc:vc:ls of:l!itJ. n 
non-Mtut':ll fonn ofunuuum. The 
ur:ullum isotopic signature in this 
reneh is highly unique. 'Below the 
confluence with Ten Site Can von. 
only natural abund:lnce ofthe. 
urnnium isotopes is found in the 
wnters. Most of the Sediment 
samples contnin predomin1111tly 

. ' 



muunl uranium. In contrast with 
plutonium, the Laborntorv-relnted 
uranium signatures (enriched in :J5u ) 
in the water upstream ofTen Site 
Canyon arc not reflected in 
downstream sediments. This is 
evidently because the sediment 
contains abundant natural uranium 
that obscures the anthropogenic 
signatures. Depleted uranium was 
detected in a stream sediment sample 
collected on San lldefonso Pueblo 
lands near the Laboratory boundary. 
The source of the depleted uranium 
is undetermined. The total uranium 
concentrations in all of the stream 
sediments tested are within the range 
reported for the Bandelier Tuff, 
parent material for the stream 
sediments in Mortandad Canyon. 

4. Total plutonium and uranium 
activit)' levels in all the waters and 
sediments collected for this survey 
are less than Screening Action Levels 
used by the Laboratory's 
Environmental Restoration Project to 
trigger funher investigations or 
possible cleanup n.ctions. Although a 
Labomtory component of plutonhun 
is identified in off-site stream 
sediments using mass spectrometry, 
at most off-site stations the net 
increase in rodioactivity over 
background levels would be difficult 
to recognize using conventional 
analytical techniques. Total 
plutonium concentrations mcn.sured 
in stream sediments ~t the 
Laborntory boundary nrc 
approximately 0.06 pCi/g higher than 
in downstream stations that appear 
to be wu.ffc:c:ted by the Laboratory. 
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S. Plutonium activity levels in waters 
decrease rapidly below theTA-50 
outfall, declining by approximutcly 
1 000-fold over the 3000-ft distance 
between wells MC0-4 and MC0-6. 
An equally dramn.tic decline in ::~6U 
concentrations occurs over the 
I 000-ft distance beMeen wells 
MC0-6 and MC0-7. 

VI. RECOMMENDATIONS FOR 
FUTURE WORK 
I. Additional testing of sediments on 

Luborntory and Snn Ildefonso Pueblo 
lands is needed to add confidence to 
the conclusion of off-site migrntion 
of Laboratory plutonium. 
Rcs:unpling should be performed at 
the same sediment locations as in this 
survey. This verification sampling is 
needed to minimize the possibility of 
sn.mplins or Laborntory nnalysis 
error. An effort should be made to 
establish venical profiles of 
plutonium ratios in both the active 
channel and the adjacent overbank 
deposits. 

2. Sediment sampling should be 
conducted in Mortandad Canyon 
up~1rcam of where liquid rndioactivc 
effi uents from TA-SO enter the 
canyon. In Ten Site Canyon, both 
shallow groundwater (if present) and 
stream sediments should be swnpled. 
These results may help delinente the 
principal source of plutonium nnd 
W"Jnium in the wn.tercoursc. o.nd help 
e:<plain the water qu.a.l.ity chrulge 
between wells MC0-6 and 
MC0-7.5. 
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.3. To investigate the source of depleted 
uranium in lower Mortand:~d C.1nyon · 
sediments, soil sampling should be 
conducted on the mesas tops and 
slopes adj:1cent to the canyon. If 
depleted uranium is identified in 
these :ll'eas. then deposition by 
rurbome processes is the probable 
tr.lllspon mechanism. The soil 
samples also should be analyzed for 
plutonium isotope ratios to evruuatc 
the mngnitude of air transport of that. 
element 

4. The unique uroniurn isotopic 
signature ofw:1ters upstrerun ofTen 
Site Canyon may help future st'Udies · 
distinguish Morat.nd:1d Canyon 
waters from other sources. In 
particular. deeper groundwnter 
should be tested using ultro-<lean 
sampling techniques. The detection 
of enriched u.ranium or 23~ in deeper' 
zones of S:lturation \\ill indic:1te :t 
hydroulic coMection with the 
Surf:lCC. 
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APPENDIX 

TABLE A·l. SAMPLE TYPE AND SIZE 
Plucoalum Uranium 

Sample Sample .Mass Spec. Sample Size Mass Spec. Sample Size 
Location Tue Sam~Jt Dale Sam~le ID ml o.- gm Sam~le ID ml or gm 

GS·I SurfaJeWJ~ 6-23-9-t 11910 200) 11897 500 
MC0-4 ~'*' 6-ll-94 119D 200) 1191S 500 
MCO-S GI'Oinf14 '*' 6-23-94 11924 200) 11916 500 
MC0-6 Grotnfv. '*' 6-17-94 nns 20CO 11917 500 
MC0-7 GI'WldwliiN 6-27-91 2(00 11911 500 

MC0-7.5 <imn.J-,.~ 6-21-9-1 11926 20CO 11918 soo 
Ma"tvdld@ ~I 7-27-9-1 12JIS Sl.4 119.S1 2.1 

Ml'0-13 
(M) 

La1xnlay sroimcnt 7-27-9-1 12101 36.1 11960 1.8 
Banlary 
Trans.xt 
(MTC) 

A7 Sediment 7-17-94 12101 43.8 U.SJ6 2.1 
M Stdi."'ltr.l 7-27-94 12174 46.S 12Sl7 3.2 

Mcnmdad@ Sediment 6-01-94 llQIJ 48.1 11&80 2.0 
SR--4 (A9} 

AIO ~Ill 1·21-94 12102 4S.l 11961 u 
Moonhl ~Ill 9-27-~ 12668 38.9 12SlJ J.S 

@ Rio (irat>de 
(All) 
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This report hDS ~n reproduced directly from the 
best nvnilablc COP)'. 

It isnvnilable to DOE ~~nd DOB contrnctora from 
the Office or Scientific and Tc:chnicallnfonnation, 
P.O. Bo~62. 
Oak Ridge, TN 37831. 
Prices an: avnilablc from 
(615) 576-8401 • 

It is 11vnilablc to the public (rom the 
National Technicnllnfonnation Service, 
US Department or Commerce, · 
S2&S Port Royal Rd. 
Springfield, VA 2:!616. 
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