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Barium and High Explosives in 2 Semiarid Alluvial S

\swm.

Caiion de Valle, New Mexico

Kevin 1 Rewdy Steven L

ABSTRACT

Cuncentrutions and distribiationy of Ba, s compornent of the high
explosive baritod, and RBX (hexabiydro- |35 triniteo- L35 trigvines,
# high vaplasive, were evalusted froos 199 Lo 2802 within a semiarid
atfuvial systems in Cabon de Valle, New Mexico. A high explasive
machining facitity discharged efuent containing these chemsicaly
the cunvon frem Y31 o 196, The connectivity between aluyial
groundwater, sarface water, and sediment was specificatly addressed
to understand the distributions and dynamics of Ba and HDX in
the alfuviad sydtemn Surfuce water, growndwiter, and sediment were
shuracterized by conthrcting hydratogic smeasuremenis, geomarphic
meapping, wnd collveting samples, Burivm and RDX n sediment prefe
erentially reside i fine-grained deposits that represent thy vspended
frad redepuosited on Romdplains Tallosing chasadd sconr. However,
RIX and B show markedly different bebasiors in arface water and
allavial geowndwater becanse of contsasting geochemiond charcteriv
Hos and trapspuet mechanbuns, Barium procipitates in sodonents as
barite and witherite and readily woubs to sediment minerabs. Therefose,
sediment trapsport is an impariant cantrad e by distribution in the
canyon. Ie confrast, RIX appears tn secwr predoidmantly in the
divsshed phase, belaves conservatively, and is most significant in
gromadwater, There bou strong correlation between RDY concentra-
tions in water wiid the satweated thickness of the alfuvial aguifer.
Daring profonged wet periods, the alluvial sguifer enburges, condng
miee RDDX tn be mubifized within the attuvisd systenn Subsorfuce
processes i the sllovial sguifer are therefore most important in con-
trofling preseat RIYX transport, whercas surface processes assaciated
with fleods are most important in controlling Ba transport,

GH EXPLOSIVES are comlaminants of interest

many active and inactive installations that support
weapons production. High explosive production sites
are widespread across the United States and the workd
and represent pelential sourees of widespread high ex-
plosive contamination 1o the environment, High explo.
stves confammnalion i alse sssociated with firing sites,
but at these sites contamination is often dithoult 1o pre-
cisely locate and heteropeneously distnbuted. Muny
provious cnvironmental studies of high explosives fo-
cusced on remtedhation weehnalogies, including biodeprs-
dation {sherenmty and Hawart, 20008 Bellor, 2002 Raine
water of al 2002, Padpe of all 2005 Rinpeibore ot all
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1), Newman. and Donald D, Flickmon

2003 Ziang and Haghes, 2003 Beller on ol 2004y ;meu
remediation (5ikora ef al . 1997 Best ¢t al, POt Bhad

et al, 2001 construcied wetlands {Bext of al, [999 1 2o
vatert iron {Confort ¢t sl 20033 and mﬂmtm ed natural
Mtenuation (Pennington of al., 2001)

Tdentifying the Key surface and subsurface transpor]
processes of lgh explosive contamimabion s entical 1o
modaling transport and pm}ictiﬁg contaniinant concen:
traticns in environmentad media (Ponmington snd Bran
nop 0020 However, we are unagware of any studiex
that have focused on high cyplosives mud Ba contanina
ton in alluviad and vadose zone canvon sethings, Iy addi
tion, studies that have exantned contanunans i alluvial
canvor settings donot tvpically comsider all of the bvdro
seomorphic components {eg. surface water. groumd
water, unsaturated bedrock, and camvon bottom sotls
and sediments ). Previous studies of contaminated min.
ing sites have partially focused on hvdrologio conoes
tons between groundwster and surface water, as well
as the role of contaminant exchange botween the two
n, v Fuller and Harvey, 2000, Winde snd van der Walt,
Juindy However, these do net explivitly inchinde interac-
tinm between the unsaturated zone, canvon boeltom sed-
pmerts, snkd the surface water and groundwiator systems,
A geomorphie approach bas proven effective (v identi-
fving the sources and distribution of L’nlwm’tm;: S i
river vallevs (Rowan et al. 1993 Hudson-Edwards et
al., 2000 Marcus et al. 20010 Miller et al. 200%) amd
senar rd canvons {Katzman of alo T8 Ropeau o sl
TUOR, 20040 Ryvti ot ab, 20055 Thus, s combunation of
hvdrologic and geomorphic sampling and analysis was
thought to be a more complete way of assessing high
explosive contaminant extent. disteibution, and trans.
porl. The abjoctive of this study was o use a combinad
veomorplic and hvdrologio approach W determine the
eatent and distribution of high explosive-related com-
pounds 1 a senuanid alluvial canyon cnvivonment to
support potential remedial actions, The connectivigy be
tween groundwater, surface water, and sediment was spo
cifically addressed (0 understand the distributions and
dynamios of Ba.a component of the high explosive bari
tod, and RDX o the sfluvial system. Using this appronch,
rolationships between comtamimants i sedimuent. sutface
water, and groundwater were reveaked, This knowdedge
et also be apphied o mprove the implementation of
remedial actions in simidar contaminuted systems.

BACKGROUND

Los ,»'\izmms Nutional Laboratory (LANL Y was estabe
fishied in the carly 1940s with the primary goal of ;msdm g

Abbreiations: \\‘-, altasial well b, below ground wrlace, FOC,
fractivs of organte O LANLL Los Alumios Natonal Lalwrusory SENT,
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suckear woapors, DInc legacy of these sotiatios is onviron-
mental contammabon, This sty fovused on o semilarid
canyvon within Technical Arca U TAR 6 O LANL contami-
sated witl Bigh oxplosbves (B 11 TACTS was ostube
Bshad darmg World War B for the dowiopmont of
explosive formulations, production and awchining of
explosive charges, amd the assembly and tosting of ox.
plostve components far the VLS puclusr seapons pro
gram Maost of the gh cxplosive machingg activitios
worsvomploted i the TACTE 260 Geeiline, Machine turn-
s and fgh oxplosive w asfewsicr were rotted s waste
tee PV ouddon stt:?}p’x associated with the buihding. s
toriwal %\ discharge from the sumps was routed 1ooan
outfall located on ?hc sopthern edese of a4 narros canvon
{(Cafton de Valler The outfall was uved siee 193] and
was deactivated in November 1996 Discharpe monsure -
monts fropn the carly TR0 show that relesseswere severad
aulbeon ey por vear (LANE, Z83a) Onee d
WeTe s%npncd surfuce o g the outfadl area and chane
el nto Canos de Valle was imtted 6y overland flow,
pravily In response 10 spring \n;m'mfsh and 1o mlm}'
vents aaoctted with the sumnter rainy scason. Within

Caton due Valdle just downstroim imm the outfall, ihgu
toan approxamately [0 s-dong reach of perevaial sur
fuow flow, The moan annual fow iy approsimately 0.8
Los the average depth of the active channel 18 .25 m,
amd the avernge width s approxinutely 33 m (K. 2)
LANLL 20030y The photograph in Figo 2 was aken in
June 2000 following a [hmm precipitation event, Flat
tened grasses and debris on the floodplain indicate overs
bank flonding occurred during this event,

The outfall is the pramary source of contaminating (o
the Cafion doe Valle sliovial system, slthoush character-
ration duti ndicate a secondary upsticam source from
an old Jandill that containg bigh explosives 1LANLL
gy The cutiall the dranage chanael budow the
ontfndh and the canvon botton, as well as sutface witer,
aflusead groundwatur and deep perched grousdwatr

rohuarges

S
\‘\ :
e s e " zf"‘\:
g :
g
e o e e e s 2 o L
oo B s L Catom de §alle At
o s e [SCTY {
e Ko ¢ s .
D e Saed i
T Roten o
SR beeoer
ST e

R gt oo

- e

: :\-w&wﬁw

8 R N .

S Ve e s
o g e e

21 Mexion |

Fig, 1. Locaiiug of the audy ares within LANG, New Moesions, snd
the beeations of the TA-16-260 vutfall, sbream maniloring utions,
albs b wells, i springs in Cuflon de Valle,
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are contaminated with high np Osiyve W \u 5. amhu!mﬂ
RDX. HMX xmmhu res-1LAS Fetetramiro- LS Faerrae
rocipey, TNT 124 6.rinit Ul“ll ped and I&a LANL,
20020200350 h@ Ba contamination results from a high
a'mimiw* bariol, which s » mixture of BatNOO . and
I\I s paper focuses on Haand RN wiuch tvpl
calhy i yave the lighest comamipant concentrations in the

VAfivan,

Geochemical Properties of Barium and RDX

Apmportant part ol undeetanding the hvdrogenlos
wWal wnd contammant transpoart mechanmns maolves
eviluating the chemcal amd phvacal propertios of the
contanunants and ther behadior s the evironment,

Specific properties include the degree of saturnon, the
potential forjon exchange (Ba) or sorption (g RDXN
st natural organte carbon o Ba on dlays, iron oxides,
o manganese oxidesioamd the potential for natural bio-
remuediation (LANL, 20034, 200050y,

RDX

The l"i[‘f’\ health advisory lima for RDX oy drink
g water b 2 0 e LT OUSEPA L0000 This it s guae
s, highlighting the importance of understunding hos
cavironmenial conditions will affect the stabibiny amd
transport of RN The high speciic gravity of RDIX
indicates that maost of the RDX particalates from high
cxplosive machining were likely deposited near the TA-
16-260 outtall and former setthng pond, rather than carried
wfo Caton de Valle, This is consistent with contaminam
conceptration data thit show localized rones with high
explosive concentrations in the outfall area of a fow
woight porcent (LANLL 1999 20035 L Such high congen-
irations have not been observed i Caton de Valle
fLANL. 2083a ) The solubility of RDX i relotivedy high
ibotween 42 and 60 myp 10w 257070 dhavton ¢t all
PORT Card and Awtenricth, 1998 and sarface wate
aind slluvial proundwater comcentrations m the canvoy
are typieally two o more orders of magmiude Tower
shan the solubifity Hmit, supgosting thal most of the
transport into and esprecialiv within the canvon woin the
dissodved phase.

Dissobved high eaplosives i groundwater waill parte
tion hetweon a soluble and a sorbed phase. The dissolu-
tion rate of high explosives s dependent on surface wea.
temparature. and mizing ne. Ina bench-top study, the
diffusivity of RDX in witer was determined o be 2.0
o em s (hyneh et al 20021 Once i solution, RIYX
will interact with particle<in the cw ;wn altuviam. Parti-

clos derived Trom the tocal rhyolitio ! bedrock . dacitie
vidcanic vocks from upstream, and ummu of Tocal sois
(i part derived from eolian inputy, are prosent within
the alluvium, RDX has been found 16 bave s low sorp-
fion capacity for sediments (Singh et al. 1998 Shere-
mata et ad 20010 but w higher sorpuon capacity for
argamic C fhavion e al. 19871 Thus, the amount of
ROX adsorption will Largely be controfled by the samount
of orgame O in the sotls and sediments (Lavion et al.
TURT Y Ahimnm the fraction of organic ¢ (FOCY m the
Conon de Valle altuviom was not measured. POC dita
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Hartom has snolimity for ads uzmzmzuz\d tyvs, oxides,
and hvdrous ondes. with Terature values for cquilib-
riggs sorption o ticiems o mgi rangg ap o 28K mi
g Vb amd Chan, P79 Clay comtent inthe Une-greained
foodplain sediment in Canon de Valle averages abowt
il The fincegrained sedinent deposits i Caon de
Viadle contain the bighest contanunan inventories, indi-
cating that the clav content of the fine m; sarticle sbee frae-
B may Do amportant wy aflocting e distribution of
Bo tLANT L 200% Bartwn sorption on vhn ad oxide
punvraby oveurs byoon oxchange sad chemisorption,
with sorption on clvs primarily through on exchange.
Purthermore. Ba sorption on clay s thought o be irre-
versible ander natural conditinas. Consequentdy on ox-
change of Ba on podursd clay can serve s a0 scn
of mmmohilizng Ba ooy retardiog as movemoent m the
coviromment. Pifferences between the chonmond behave
fors of Ba and DX provide a ratonale for distnbuions
of metals and orsamice chemicals By the Canon de Valle
alluvil svstom

METHODN

PRON concontratons i wal sodimoent aad
: satodd frorn Do 2000 withon the Capon
foatlval et Sucacd water, allieoal groundwaier,
chemnebsed i sils, anad fkn vi; E' s seskiionts wers ol
aterizeed sl 'u;m Stoeb-kmedong react of canvon dowasiveam
fros il TA Hactiny, Surfuc w.s{zr«zmi atiuviat prownd
witer wery Characterized by conducting stream discharge pro-
files, nwtplling shollony athevial wolls, and coliest: fg sampies
for amstysess Actve chanme! sedunents and Hoodplan sed
ments wers Charactonzed b mapping Jepositional sniis e
termtring sediment thicknesoand iR

Huavam sy
WY WOy

iy

i3

SR IE TN

volume, und volfeciing sa
phos for analvas Chomeat dadis were analveed by modis type
sk vonnoctions etween difforent medin were evadvated. De
Labs o] those samplng sod moisurenient achivilies g pro
sicdoed Il

Surlace Water Dischurge Measurements

P Curion de Valig %imzu ey B8 sanpng stiboes fadetified
as e Profie (8P 2 trongh SPIny exmblished along
Pt kmostraich of canvon ii*zsn P Surfacs water deehirge wias
saluuhied using stape moisuremuonts e portably Parsball
Pamie of swery measered divooty by colloctng water s sl
Brated-voltme vontamer and measuvmyg the contamer B
with o stopwateh i addstion o the stroam profie location.
taey spwires, Buraing Diroumd sprong and SWS sprme o were
sl monttervdl The nwan sy discharge it 2 |
s e Barming Grosmd sprtngand B3« T Tor WS sprimg,
panging staton hokd puramwiors cischarge, pH
duvinity and temporstog ol guarteriy o e
sponne fo specifie Teow ovents

EEREHEE

WTy

Adhsvial Well Measaremenis

Four shusbiow allsnv! wolb 1AW
P97 aned are destenated AW throug ¢
sclocated o0 moupstream of the TA O cutfall amd mi -
siecat of e secondary Comtamirad soasre fromy the ofd
fapd 2 AW i doonted tramedintely downsiroany of the con
Haenoe of the AN optfall and Cadoen do Valle, AW.3
PAGG m ddowstremm of the antfall and dowisiroum
aned Burnmg Gronsed sprigs. AW e lovaied sp
f dosretroa s fromm the outall Tho averaw

ywere dyibled o aiu falt of
iAW 3 Fie AW

i Loeite
ol SWSO

proantehy

hvdraudie gradiont oapprosimately 03 o botweun i
hs i ot mmw wulls tLANL, 2003hs Al well wore sdnilied
o total depth o approsimaiedy 2om bas amd s

E?n‘ sochiment-tudf intertace, The wellsare Soor
pobyvinet chlonde and sereened in the bottem
{he camvon bottom allaviim i composad predominnely o
caarse sands and gravels witl some secondary Bl s sm%\ sl
sits fn dune 199y cach well fwith the xeopiam of AW
copped with a battoryepowered dats fogger 1o condimssandy
rocond water wvel conductvity osd tomperatun:

cruvned avroes

pnUiey

Eiemmterval

R IO

Analytical Methads Tor Water Samples

Vire samplos wore coliovtod followmg BPA protecols and
wory analvrod al offsge abonnories for slkalimv, anions and
porchiorate, Dretals, stlrabe arsd anrms miinogen sedopes, s
fovet it Invdroges motopos oy iotopoes . voliutihe orzaniy
vosspsaamds, ot urmrnn, high < wls'«u\-w ad Bhigh caphe
save Preaskdows producto secl as anino- 2o diosrotatuenc b
aminad h-maz%:;msiucm{f I hesshydros nitrose- L8 dintros
fA S marme OMNNY bowshvlro ] Sdinitress-Sonttrec 18 S ann
wrine (DNNE and %n'- «1:%.2:};«\-- EladimtrosoSeniire L3S trapsing
NN Dno samplos wore vodlovtod and anadvecd G
semrvedarihy orgaroe compounds AT samplos were uniiterad
with the exception af samplos By metaly anadysss which
chisded Bodh o fierest st an ontillored sample. Uinly Baoand
RN vosults are dscueast i the papey

RN

Sediment Investigations

Sediment mveshigations focused on characterizing the cone
comtrations, distribution, and doventory of Ba aad RDX
segdiment deprsits o Hoodpdans aed on ahandoned dumm;\,
awd i identifving spatial and tomporal x;%;‘é;mm%a i e
anabvies i conrsor-gradned sedimoen mothe active Chanmet
Foriy active channe] samplos were colladtod i "Nh adorg 35
b of channe! bofore dischurges ooy Ue A T 260 oatial]
were dscontinued, and nime of o bsoalons ware ros tm;m d
w20 Cressmornhig uans i the bottom of Caion de Vadle
wore mapped and samplod i 999 o charctarize the eocur-
renee ond detribution of eontamnants aoross the width o the
camven bogtonn particaiarly oy finesramed sechmont deposals
autside the actve channel Soal pits wore dag in cach
Pl s te deormnge the ety and tackaess of sodimuent
dopuosiiy that ety mitiad relesses o the 1A TG 268 oant
falt Ome or more davers Trosgy cach soil pelwore soroened for
Fausing Xoray Taoresconce DXRE midvasos, amd asadsar ol
tiese favers wore wreened for REIX wsing Dok muniinonseas
B A st of thwreened Bver wors thegy sabisrnd foe
attesity kabsorstorn anabias, with thorr sumber and ooations
determined usmyg shatisiral mothods o onspne accuraty ot
prstes of contaminant inveriory. Reprosentatng sedinwi
sanples wery enlloviod s sabyand oo vaeks goomerpli
wril, Approvmately 13 ke o Cidion doe Valle waos supped
dowpstrgar from e TACIS I curtadl sapplemented by
addionat mvestmiuon upstreany, and Dold sorconimg was
completed o total of 3 samples @ 23 lacatbions Hurty of
those sapples were anudyzed for ligh explosives mctals, and
particle -stze distribution, Dats on contmminant vonventyation
wore eombined with ditis on the sren, dessity, and averane
thickness of sedimunt indhiforent geomurphic units to ostimaly
cantaminant mventorn in asenes of roesches and ovaluate the

spatial distribution of contaminants,

tn addtion © the peomorphic chamcerizaion desenibed
abwve 17 sedument amd soi ssmplos wore alse analyzed using
seanming clociron puorosoopy (SEM and NRE Polishod thin
Prown pratn mounts and Cooated for amabiss

SR

S weere Calt
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Pho obyedteve eof the SEM anaivses wis to ook for ovidence
st Bapreogutation iy the Canvorosodimients,

RESULTS
Dunng the study pertod from 1998 (0 2000 the aver-
age annual procpitation was 373 mun. approsnnately
FOG mvme budow a longterny average of 470 mum for the
site (Bowen, {Ush

Aluvial Groundbwater

Pise-series plots of RDX and Ba concentrution data
from alluvial growdwater samples collected w Canon
do Valle fromy TR o 2002 are shows in Fle. 3A and
S Several key points are upparent from these plars

¢ RDX trends are genvratly stable wo slightly decreas.
ing with time, with occasional periods of higher
concentration. However, AW-2is an exception, and
she highest concentrations of RDX were measured
i samples from AW.2 st down gradient of the
A TH260 putiall

» RDX concentrations o samples rom AW do-
vated the greatest distance downstream from the out-
fudld are consistently fyipher than AW and AW,
wmdicating that that there is no down canvon trend
of devrcasing concentration,

¢ Barium concentration trends through Hme are gens
erally stable. with AW showing a shight decreas-
ing trend, Periods of bigher concentration are mosl
fikely associted with the redistribution snd mobili-
zation of Bam the svstam.

s The highest Ba concentration (conter of miss) wins
observed i AW 3 downstream of Burning Ground
spring and wpproximately at the midpoint of the
study arca. The Ba voncenttrabons ol spring waler
are tvpically bolow 300 pe L7 which is fower than
aftof the alluviah well values. The lowest concantrae
o of Ba s observed m AW-10 apstream oo the
outfall, toflowed by AW.4,

RN and Ba concentrations in AW g8 a function
of saturated thickness between 1998 and 2002 are shown
in Fig. 44 and 4B. For Ba there does not appear 1o
b i correlation between the saturated thickness and
concentration, but for RDIX astrong positive correlation
15 evident (R = 0.3y, This contrast indicates different
bohuviors for Ba and RDX in the alluvial svstem, with
mobihity of RDX increasing with rises in the alluvial
water table. The natural conditions do net favor RDX
degradution and RIDX appears 1o be gquite mohile in
resporise o scasonal massture inputs. The vadose zone
serves as o continued source of RN, Flashing of the
vadose zone may mobilize RDX by releasing stored
ipventory, The flushing of the vadose rone does not
divectly aftect the concentration of Ba i the alluviad
svstem, The high concentrations and presence of Ba
minerals i the sediment butfer changes in Ba concen-
tralions i water.

{

AT

LAY N e

Surfuace Water

Rosults for Ba and RIDX conccotrations for @ high
flow and a low-How event are shown in T 3A0 5B,
6 and BB Those two cvents were salectod bocansg
thy were representaiive of the trends observed during
other siremn profile sampling evens, These figures
~howe altoviad grovedwater, spring. oud surfaee wato
contaminant concontratimes, and sucisce discharge as o
furetion of disdance from the TACTH 2nt ottall, Thyee
of the tour vears during the study pariod had below
average amiual preapitation: only 2 of Fisirenn profides
ware conrducted under high How conditions. The fottowing
gencrabyations can be made regarding surfaee water vone
costrations and how they differ from alluvial grounds
witer conventrations (Fi 5 and fk

« RN concentrations in groundwatar were ngher
fup to 759 pe L7 during the Jugh flow cvent than
during the low flow evernt,

* RDX concentrations in surface water wore highey
{up to 1530 pg L Y during the high Bow eventand,
unhike oo flow event data, dhid not shose decroasing
concentrations downstroan,

+ During low Jlow, RIIN concentrations weve rela
gvely low, with the bighest concentranons oo
curring msurface water nvary the 1A A 280 outfadl
Below Buring Ground spring the concentrations
were <025 pp b

« The RDX data shew higher RDX concentrations
i surface water during spring snowmelt comsditions,

» Bartum concentrations are consistenmtby dower i
surface water than in alluvisd groundwater. Concen
trafions i surface water are relatively fnsensitive
to hish ve fow How conditions

# Based on the Ba concentratiors, surtace waler and
albuvind proundwater do nol sppesy Loomas extens
stvely untid near AW

s Swrface discharge measurentents suggest that dur
g low flow condmons, the stroam foses srbu
witer showrestream of Buramg Gronnd spring. How
ever.during high flow conditions there is an sppar-
et paning reach begioning approamately U658 m
down gradient.

Average Cafion de Valle RDX
and Barium Trends in Water

To summapze the tronds in water data dounng the
study penind, the study area was divided foto reaches,
angd average concentrations were caleulated for cach
ricach, The reaches are as follows (A apstresm of TA
o260 ctfadl, (1) outiall 10 Bursing Ground spring,
(£ Burming Ground spring contluence to SPY and (1))
SPH through SPI The springs, alluvial wells, and sur
face water monitoring stations for each reach are Histed
i Table L

o further mvestigate contamimant trends and the po-
rentid relationships between alluvial geoundwirter and
surface water, average Ba and RDX concentrations for
vach reach were valoulatod and plotted & o function o
shstapce [rom the TASIO 200 ongfall (Fip. 7N and 713y
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o
g Phe following generahratens van be made based on & Average Bucomeentrationsin alhwviad proandwaler
g these graphs moreasy down canvon 1o approsamately 05 km
from the ol then deerease 1o the fnal reach,

FooAverage RDX concentration in alluvial ground.
waler s Jower than m surface water. Thie w8 in
conttrast o Bao which b bigher o the alluvigd
proumbwates

2o Average RN concentotion in both the surfuce
anad altuvial wroundwater follow the same tronds
down canvon. peaking near the TA-T0-2060 oattall,
decreasing down canvon and then slightly increas Average Ba and RIDX concentealions oy the uctive
g al the finat reach, channel sedmnonts and ine-prmned Hoodphban sedi

The Ba contor of mass s near AW-3

4. Average Ba concentration in surface water follows
an opposite frend, decrcasing dowse canvon, then
slightly ncreasing o the tinal reach.

Sediments
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A RDX Concentration vs Water Level
AW-4: 1998-2002

than iy the active channel, consistent wath sorplion onto
fise particles and preferentiad redeposition onto fleod-
plains during Hoods, Comparison of Ba and RDX in
the active channel sediments in 1996 and 2002 shows a
dramatic Jdedrense o thelr concentration near the TA-
H-200 outtall following the cossation of discharges
[,

Anabyses of sedunent sumples from Cadon de Valle
reaches wore used to estinte average Ba and RDX
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3 ments as a function of the distance from the outfall are concentrations i each geomaorphic unit in these reaches,
& presented m Flg, 8A and 8B, Higher concentrations of These cstimates were combined with data on the arew,
é” both By and RDX are found in fine-graimed sediments donsity, and average thickness of sedimaent in differem

geomorphic umits O estimate contannnant imventory i
cach reach. The sediment reaches roughly corrospond
o thy water reaches, The partial noncorrespondence is
because of different empbases during the course of the
proqect. The characternstios of the sedimont reaches sre
fisted m Table 2.

Ags estimate of the totsl mventory of Ba ny near
surface sediment deposits i Cantoat de Valle was muade
By using avalable data and extrupolnmg to nonsgapled
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reaches, A total of shout 21000 ke of Ba s estimated
e have hees n sedimont i the stady reaches in 999,
Abet 627 v ostmated 0 e been stored i e
erained sedunent dopostts cutsike the active channel
about 1% i the active chanpel and the remainder
i coarse-gratned deposits o abandoned channel unts
Upmdvean of the TA 1A 260 omfall the Ba concentre
tion i Hine-grained sediments was elovated, but wis
thyee o four times Iower than downstream of the outiall

Deswristronm of the TA-I0-260 outfall, the bighest Ba

mvertore was n line-graned sedimens, The owest in-
vestory was i coarse-prained active Chanmg b sedumenis
hig 9 and 9

Protadded SEM and MR wadvsis of sediments cod
fectod 1 Cation de Valle showed the prosence of solid
phase Ba, Harlu ocourred promandy s sitherite har
wim carhonate), typaeatly with pronounced dissolution
feptares {Tig TOA and HIBL o as barite (harium sul-
fute ), which tonds 1o form secondary procipitation rims
on individun! sediment grains (Fig 100 and 10Dy
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RIDX wy near-surfaee sedimonts fodlows o symbay aund spondingly has higher Ba concentrations than the sur-
as Ba.o with the nghest inventory i the (ne-grained face water, The surfuce water i markedls difforent with
sedmments peakimg in the msdesnvon reach {Fig 1A the towest Ba concontrations al the rndoanvon rowh
Compared with Ba, relatively lile REX s present in The alluvial groundwater sod the surface water do nist
pearsurtace Ciion de Valle sediments, Ap proximately appeat W0 thoroughly nux untl the fower reacls near
5 kg of RDN was estimaded 1o reside i the canven AN A remperature anomaly bas also boen observed
sediment i PRI and neost of the RDX occurs iy fine- in this reach, with an input of warmoer water observed
erained sedimont i the cooler months and an mpat of cooler watey ol

served i the warmer months, Temperadure bas prosen
DISCUSSION to be g good diagnostic of vmmsdxx Aater input in oiher
studios of ;*mnmhxam’ surface water exchange (Cone

Archival records wnd process knowledge, supporicd stantz o al, 2000 Oxtober and Navakowski 200023
bounalviical dats codlected 1n they study, jodiiate tha Actditmonaliy, duning high tlow perods the stream agpe
the TA-T6- 200 outfall 18 thoe primury souree of Ba and poars o gain in this :

RIPX 1 the watershied, ’,\ﬁg?pin‘{}ik‘ﬂix\f by additionst up- Barium procipatates mm S the surfaee water and allu
stream contaminant roleases from the ofd landBll In viad grosmdwiler ax barite or watherite ard this s fikeh
v abtuysd proundwater, the highest Ba conventrations more proneussad dunng freguent dry peoods, Banie
arc m thy mideanyon yeech, The slluvial prowsdwater should be relanvely insoluble once it s tormed. but

has fonger contuet times with the sedunent wd corre witherite i refatively soluble and may redissolve during
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wot periods or during pH ochanges, causing temporal
variability i alluvial groundwater Ba concenirations,
Mhe pockmarked witherites shown s Figo 1A are con-
sistent with this interpretation. The prosence of Ha min-
erals iy the sediments along with sorbed Ba partially
butfers fhuctuations of Ba concentration i surface wae

Talde 3. Sediment reaches,

Shdpoint ticapee from

Surfaor waier ation

ter. but mare dramatieally buffers fluctuations of Ba
copcentiation in the alluvial groundwater. Surface water
Ba concentrations wore hgher upstream of the enliall
This correlatos with higher Ba inventories found in the
avtive chanpel sediments upstroun of the owitl and
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bution of B in the study ares sodiments shows ovidenen
of Ba baing mobilived i the channel by scour during
focds, Followed By the redeposition o the sisponded
loadd of overbank Hoodwaters on Hoodplains,

ROX 10 Catons de Valle showed clevated concentras
ton spikes near the outfalb following wet periodds, RIDX
resides in paet in the vadose zone associatod with arigi-
mal infilration of offfuent and s mobiiized during wet
periods wher the water table rises and groundwater flow
rates increane. Bocause there is po apparent difference
betweern RIIX trends in the surface and altovial proond-
water, RN s bikely conservative s this alluvial svsteny,
which s comsistent with s geochenucal characteristios
and explaims why there s oo high concenirtion down
canven at AW-4 The alfuvial provedwater has Jower
RIIX concentrations than the swrfese waler ong possi-
ble cxplanaton for thes trend bs that the Organic material
withm the hvporbot zone could bd RDX v o il
trates to the allovnd groondwater. Orpanie matter s
been observed broaccumuebite an the hvperhie rone

tlones e ab, 19951 wd the hyporhbeic zone bas aha
been the location of swrface water and groundwater
sxchange, with the direction of floaw often changing duly
{Winde and vany der Walt, 20043 The lateral hvporheie
arca has been observed to vary by as much as 30%
during the course of a vear i a semiarid environment
{Wroblicky et al., 1998 This zong s very dynamic tBiksey
andd Gross, 20007 and oan also be a contanumant sink
fFuller and Harvey, 20000 Winde and vary der Walt, 2idy

Subsurtsce samples of tdl collected from borehndes
at the TA-Te-200 outtall contamed concentrations of
RODX ofupto 1200mg ke 7 (LANL 198y Phgh concens
trations of RN could reside o voleanic surpe beds
and fractures withie the (Wl as well as the tuff aatiiy
(LANLL 2531 Durmy dry periods the RDX s no
robitized. and with the Jow organic Cin ! and gener-
ally oxdizmg conditions, theve & lttle opportunity fos
Brologioatly detven dogradation. s antiapates] that
residual bigh explosive comammation in the vadose
zoras will comtinge fosorve s insonree Ior contamination






A Wet Conditions

Percolating water and
runotfin the vadose pone
srtercep and mobihze A

RIIX to the canvon, i
Sarge Hods ol ®RiPY e B
H
o /
Tatt marn with R15X Stored RIIX is flushed e ;
altuviad apuifer via surface and i
) subsurface runofl
Feagtuses wih Kk i

{‘“‘ RIYXY and harium in Hloodplain E
i1 deposes can be redhstrbuted
i1 during flood events or fateral
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bank erosion.
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Fig, HL 0% Daring wet conditions, sech ay spring spsvmelt or prolonged precipifation eveats, sesiduad BDX b Busbed through the vadise
rone and wwvidd system. RDX R stored o fine-gratned sediments in the canvon bottom and in the 1ot mateix, sorpe boedse and fraciores.
Maore flow paths are active during wet periods, and some of these flow paths may bypass the aluvial groundwater and vater the vircam
channel directly, Buarie will remain insoleble while witherife can dissolve Tollowing doflux of fresh water. (83 Under doy comditions HIFX &
isalated in unsatprated Tineprained sediments and the vadose zone. R the atlio iy dries switherite angd barite precipitate,

during tmes of bigh water tables, divectly remobihizing pandts, 1 can be w magor component of spring runodf i
andfor dissclving sobd-phase Ba meraly and supplving this environment with istedlow gecountimg for as much
them 1o the chamnel inerflow Gsubsarface runotl) can s 0% of snowpack spow water cgiivalent. and some

abser hooan paportant process for motalizing contami tames greatly excoods surfine runot! onsan annual basis
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IWileow ot alc I L Mucropore flow along oot chan-
neds s a primary control on merfiow generation i these
cindromments, having @ brpe affect on Qow dypanices
and water chomntre (Nowman ot al., 1995 20043, bor
example, there appears o be an rnportant wates Confent
throshold that when crossed. creates farge monsises i
dissofved spevies concentrations in ouerflow (Newman
et uh o TUINE Such water content thresholds may
he mmportant controls on cortaminant mobility in the
Canton do Valle vadose zone,

These vanous fow mechanisms can impact the <y
nammies of RDX sransport through the hllstope 1o the
allavial aquiter. RPN o ;wuwi.n is mob tmd from
the vadose zone during perlods of high flow and high
water tables. n fabotatory column studics. RDX was
showrn to be highly mobile under saturated conditions
{(Ringelberg et al, 20031 Barium exists at relatively high
concentrations in both water and sediment and scems
1o precipitate and dissolve throughout the canvor,

b

CONCLUSIONS

Burium and the high cxplosive RDX display complex
spratial and emporad vanations inosurface and near sor-
tace medio in the stady arca. :\izhnugh refeased from
the same location over roughiv the same time pering,
the differing geochennead dmnuicr;x fres of these cone
taminants case marked differences in their mobihin
and disribunon. both at the surface and i the vadose
come. Barium is primarily associated with sediment par
ticles and redistributed by Hoods, whereas RDX s most
significant as a dissolved component in alfuvial ground.
water. Remobilivation of RDX in the allovial system
also pateatially provides a continuing source for traps-
port to deeper growndwater zonus, T this cnvironment.
remedintion allermatives tor RDX should specifically
address high How and high water table conditions be
cause this s whon the highest conventrations and corre-
spunding highest mass How rates occur. By Tocusing on
the interrclutionships of sediment, surface water, and
groundwidor. an impresed anderstanding of contami-
mant fate and vansport i achieved, in turo feading (o
anampraved basis for designing and implementing re-
modial actions to reduce the impacts of contaminants
o the envitonment,
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