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Abstract- Geochemical characterization of alluvial ground water within upper Los Alamos 

Canyon, Los Alamos, New Mexico is required for environmental investigations. Ground 

water is one of the primary pathways for migration of solutes, including 3H, 90sr. and 

other radionuclides. Alluvial ground water varies from a native ea2+ -Na+ -HC03- ionic 

composition to a Na+-ea2+-a--HC03- ionic composition, with increasing chloride and 

sodium concentrations occurring downgradient of facility discharges. Rock-water 

interactions, including precipitation/dissolution reactions of silicates and silica glass, 

control major-ion chemistry for the silica-rich solutions. Hydrolysis of volcanic glass, 

enriched in silica, aluminum. and sodium, may result in the formation of amorphous 

Al(OH)3. kaolinite. and smectite over long periods of time. Formation of these 

geochemically-reactive phases provides active surface sites for cation exchange of 90sr2+ 

with other divalent metals. Results of geochemical modeling using the computer code 

MINTEQA2 suggest that alluvial ground water is undersaturated with respect to SrC03 and 

SrS04 and precipitation of these two minerals is unlikely from a thennodynamic basis. 
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_·l J: 

~coefficient (Kd) values for strontium measured on organic·rich Los Alamos 

~~soik·and channel sediments range from 15.8 to 67.7 mllg (mean value of 35.7 
'•"- . 

ml/g))~ from 8.8 to 41.3 mllg (mean value of 21.4 mJ/g). respectively. suggesting that 

~:~is a~ solute that is partially mnovedfrom solution tluough 

-~ :~-~-~cbange. The isotope 90sr is considered to be the most imponant radionuclide for 

· ·-n*:~~ beanJSe of its low maximum contaminant Jevel (8 pCiJL) and widespread 
- .. ~=..:_:-. ~ ~- '· ... ; -

·~in~ alluvium iD upper Los Alamos Canyon. 
·,· .... 

INTRODUCTION 
' . 

• - c_ :~ cbaracterizatio of ground-water systems, including the alluvial 
. .. ..?-;_~.i~~;_:_~: .-. . . 
_ ~~~.·within upper Los :Alamos Canyon. Los Alamos, New Mexico is required as 

. . . -:~_-::~1r::--\';. . . . . . 
~·iiomne4tal .in~ conducted under the Resource Conservation Recovery 

'<~: . . :-; ~~J~!i;~;i;_;: __ !~. ~-- . . ·: . - . ~~- : . 

. -A¢~)~ permit of'Los Alamos National Laboratmy (LANL) (EP~ 1990) . 
. .- -~ -~r-~~~::f\~·::.,~ . -~-- _·_ . : ~< . . / .· 

.A~.Jn:tmd water in upper lAs Alamos Canyon is not used as as~ of water 
--< r:-~~~~~:;;~:-~~-- ~-:·_:- .. -, --~ - - : . ·. 

· $u,~~,t1Je fate and ~rt of anthropogenic solutes is of primary interest. The 
. - . .._;._.- ~ '·• -. . . . ' 

.·- .. : _ _.;:--7~~~:~~~~:··-· ·_.--::- . .:-.• . ' ·-·~~~;·; 

-· ~;}®~~14-A~ C.yott ;a shown in Figure 1. Upper Los Alamos Canyon is tbar 
' ,; ·.· :i;_.~;::t-p:_ .·. . ' . 
. '~PfLo$ AliuJlos Canyon west of the confluence with Pueblo Canyon at state road 4. 

~: :'. ~\ ~~~~:; .:. . . - ·~. 
_ DP~ is a secondary~ connected to upper Los Alamos Canyon (Fig. 1) and 

. ' ~~:~..,~as part of this investigation. Los Alamos Canyon lies on the 
. ~ .-~~f_/~--~·::i·,:,·. ., ' : ~- ~ . 

· easfiilt of$= ~.vok:anie field and the active west margin of the Espafiola basin of 
. . .__ . ~~-~;;:f~r"_;:~ . .:-- ~- _·- ; . · .. · . . . . 

-tbe'lltfat•.de rifL Upper Los Alamos Canyon has a drainage area of 26.9 tm2 and a 

. ~~~~ 19.8 faiL 
. ~-~~ · •.. ;~ -. 

: rj_fjbe ~-.r pathway in upper Los Alamos Canyon is imponant because of 

~:p(_,lice ~ $8turated ~ which provides recharge to intermediate-depth perched 
:}_ .: ~--~-·~:~1;~~;~;.::·~ .--.:_-:---~ ', ~ ~ ·_·, L 

~jlt~ OUaje Pumice bed at tbe base of the Otowi Member of the Bandelier Tuff and 
--~ --. ;(T:~-~~~:-~~·< ... , - -

the;~:f'oimati~ and possibly to the deeper Santa Fe Group sediments (main aquifer). 
•. . : ;~;-.• -7. 

~· ··-· . 

Tbe by~ogy and geochemistry_ofthe alluvium is relevant for understanding the 
. ~:.~~-)~~: 

.· ; ' . ~ ... 
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ifbeasq•ICC ~~·~: ·.Coarse-graiaed ~ sMiments- and volume of ground water in storage in 
• c ~·. 

~-'.~' 

~ .. CI ... Illi,_ Ditratt.an4 uranium have been documented in the alluvial ground 

U:$·,Al . ~·::;tan (LANl., 1995) . 
. - ~ yon 

Jdi:JIIJerj2$~-'cs· -:jqueous geochemistry of ground water within the alluvium 
<·;··. 

(t~ll(I:1Mio..~ .. ~·b.ed Within.P Los Alamos Canyon and it also addresses important 
r . .. • , • .~~: ~~~ 

~i~!II$Ses_ ·.· ~~PI cbe fate and transpOrt of 90sr within the alluvium. The 
. . - .··•··· 

•,' · . . ;-. 
'IIGcQtlirr. .... Mire·~ to c:olJect ground· Wiler samples and to evaluate local flow 

'§';F~'\!S.'t"·,~.,.~-- ' ·~ ~ ' • '~t< 
Wftlhddae'illlfUIViu:ll'f lad-~~ Pumice bed. using hollow-stem qer and air rotory 

' -~ l:: 

llf_,iMillel!r.O-•O!SB"I.,(f966 and 1990)and by Environmental Systems and W~ 

-1) -~~ conuactors ( 1994 ). The screen lengths in lhe monitoring 
• .r<;,>! 
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ultrapure Hct. HN03. and H2S04. depending on sampte analysis. to a pH of< 2.0. AU pound·water 

samples collected in the field were stored at 4°C until analyzed. Alk.aliniry was detennined in the field 

immediately after collection using standard techniques. 

Ground-water samples were analyzed using a variety of laboratory techniques specifted in EPA-SW 

846 (EPA. 1986). Sulfate. F-. Br·. P043·. N0:2-. N03-. and CJ- were delemlined by ion chromatography 

(lC). Analyses of Ca. Mg. Na. K. Fe, Sr. Al. SiO:z. Mn. Fe. Ba. and rrace elements were by graphite 

furnace atomic absorption (GFAA). cold vapor atomic absorption (CV AA). inductively-coupled plasma 

emission spectroscopy (ICPES). and inductively-coupled plasma mass spectromeuy (ICPMS) at internal 

LANL laboratories (EES-1 and CST-9) following EPA-SW846 protocols (EPA. 1986). Radionuclide 

activity in ground water was detettnined by liquid scintillation counting C H). electrolytic enrichment (low­

level 3H). and gas proponional counting (90sr) at CST-9 group laboratories and LANL contract 

laboratories (Rust Geotech. Grand Junction. Colorado~ University of Miami, Miami. Aorida). Sample 

duplicates, laboratory blanks. and field blanks were collected and analyzed according to EPA procedures. The 

precision limits for major ions and trace elements were generally ± 10%. 

Batch sorption/desorption ex.pcrimenrs were conducted. using 85sr as a surrogate for 90sr. on soils 

and channnel sediments collected in TA-2. TA-41. and TA-72. The isotope 85sr has a shon half life (65 

days) and it emirs a strong gamma ray at 514 Ke V that can be measured by gamma spectrometry. For each 

experiment. two grams of air-dried soil or sediment were placed in a clean centrifuge tube and 20 ml of 

solution containing 2 to 23 x I o-13 M strontium wen: added. The sealed centrifuge tube was placed on a 

shaker for at least 72 hours. All of the stock solutions were adjusted to pH 6.8 ± 0.1 by adding NaOH or 

HCI solutions. For all of the solutions. 0.01 M KCI was used as a background electrolyte to provide a 

constant ionic strength. Measurements were performed at the counting room at CST-7 using a sodium 

iodide and/or gennanium detector. Details of the adsorption/desorption experiments are provided by Kung 

(1995). 

Calculations of solute speciation. PC0:2. and solid phase saturation indices were made using the 

computer code MINTEQA2 CAllison et al .. 1991 ). with stngle ion activity coefficients calculated using the 
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naV. equation. MIN'IEQA2 QUIIItifiel. possible rock-warer and wafer-atmosphere reactions. however. 

~ resukuhouJd be illlel'pi'CUd with caution and are limiled by the scope of our understanding of 

by~ tJow coaditions (setumed ud unsaturar.cd), possible reaction mechanisms. and kinetic 

~in a clisequilit.ium-domined system. 

AQUEOUS CHEMISTRY 

· Jbis section presents a summary of the aqueous chemistry of ground water within 

~~>) ;:... tbcr a1hMum and tbe Bandelier Tuff (Guaje Pumice bed). Water-quality data consisting of 
... ;:::;.,_:._ . 

~ions. triCe ~ radiOouclides. organic compounds. and stable isotope ratios 

:':ba~~ ~at the~ since 1945. primarily on unfiltered ground-water 
·:--. -.~:~·~t~§~-r~.- ~ ~- .... --- ~ · ·· · 
:~qrp~~ff.bO:~,()co~~ moniund the effects of releases of radioactive 

·:_-·- __ ·. :~<~·;·r;~~~;~:, .·:: :" - . 
· '.eta. .... C()adPeted ~ studies in tbe Los Alamos area for the Atomic 

-.i- -~-<.---~~-~~~T~f~:~:~_: <::.<· . _. :_ · :·· ; . :-~~:~_- ·:· 
·: ~.,;~ (AEC)·~ 1949 tbrough 1969. Results of these studies are available 
.- . :_ -~~~r~.;.>f~:;~- :. --~ ·: . · . _: .. --~ 

::irJ~-~~u-attcf~ tbat arc summarized in Bennett (1990) and discussed 
,· . ::. ~_,~-- -:;;..!fi: ~;~~ -~:!. ·:·: ·. :. ·. -:. . . ~ . . . _·.J·.r~ . : 

. ->indl .. rur-~ (1990Y 1992-199$). Starting in 1970, the Laboratory initiated a fonnal 
• • ,· ' . • . ..(ol"~ I' • .. ' • . • • • 

,'~~-:~ pt011W1L 1bis monitorins program, which is required by DOE 

~;,;~~::::'· · · ·:,· · · ·-,~·~t~• i'->~ ~under the direction of the Labonuory's ESH 

~iff' .. ·•· ' . . ~PiJi~Siilce 1~1; ~and IIIOIIitoriDg dala bave been published annually by 
~~~{7{>-~·; ~ ~· ·.~- ':·, ·-:--~1'.-,:.~~\-~- ~- -~ . . --~ 

~;''~ . <-rma:q:=a-.::.-.. istlryotNatJveGroundWater 
·i.~~·,:_.:·.· .· :;~,'s~-~--~-

~~r~:."!· 1c - • • .• 

... -~:-··;. 
~": ;:..:.·: 

····: 

·; ?~~~Upper lAs Alamos~ the quality of ground water in both the alluvium and 

... ~Lbed iS~by JS and two observation wells. respectively. The locations 
. -_ ·!:~;~fft::~-~~-·-.. ·>< ~· ·. < ·-
of~~ are shown in Pia. 1; infonnation regarding the construction of most of the 

· ~j~ ~by Puttyuiun (:1995). Ten of these wells were installed as early as 1966 as 
. ..~·-:~~;~·k.¥t·::·-· ~ -: ·_- -.. < -~ 

pait<)f:ijj; I..abOratmy•s surveillance program; the other seven were installed at TA-2. TA-21, 
·::":~- .::-:_-;.. .. _ -~.. .. " . _:. 

TA41~:~ TA-62 in 1993 and ,J994 for the Environmental Restoration (ER) Project. 



Longrrure et aJ. p. 6 

Alluvial ground water generally is oxidizing based on both measurable dissolved 

oxygen concentrations greater than 3 mg!L and the presence offe203 and Fe(0H)3 in 

aquifer material derived from the Bandelier Tuff (Broxton et al .• 1995a). Dissolved organic 

carbon (DOC), however, occurs in the 1 to 5 mgC/L range. in the form of low-molecular 

weight organic acids produced by the decomposition of forest liner (Longmire. 

unpublished data). These hydrophilic and hydrophobic organic acids may contribute to the 

localized reducing conditions in the alluvium, although oxidizing conditions prevail in 

alluvial ground water. The anions of organic acids are known to be complexing agents 

capable of binding with dissolved metals (Stumm and Morgan, 1996~ Stevenson. 1994 ). 

The ability to fonn metal-organic complexes potentially influences the fate and transpo:t of 

metals and radionuclides (Stevenson, 1994). 

Native ground water in the alluvium has a Na+-ea2+.HC03- ionic composition 

with an average TDS concentration less than 120 mgiL {LANL, 1995). Observation weU 

LAO-S serves as a background well for upper Los Alamos Canyon and is located near the 

western boundary of the Laboratory (see Fig. 1 ). The concentration of chloride measured at 

LAO-B is approximately 7 mg/L (Fig. 2). which is similar to chloride concentrations 

measured at the Los Alamos Reservoir (LANL, 1995). Activities of 3H measured at LAO­

S are less than 65 pCiiL. which is within the range of rainfall and snowmelt (Adams et al., 

1995) and background springs (Blake et al., 1995). Observation well LAO-C. located 

west of TA-41. serves as a background well forT A-2 and T A-4 J. Ground water from 

LAO-C contains higher concentrations of major ions than ground water from LAO-B. 

Native ground water in the Gauje Pumice bed also has a Na+-ca2+.HC03- ionic 

composition with an average TDS concentration less than 200 mg!L (Table I) (LANL, 

1995 ). Concentrations of calcium and bicarbonate are higher in the Guaje Pumice bed 

relative to LAO-B. Observation well LA0-1-1.1 serves as a provisional background well 

for the Guaje Pumice bed and is located at the eastern end of TA-2 (see Fig. 1 ). The 
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concentration of chloride measured at LA0-1-1.1 is less than 2 mg/L (Fig. 2, Table 1 ). 

which is lower than chloride concentrations measured in the alluvium (LANL, 1995). 

Concentrations of trace metals are less than 0.1 mg/L. Activities of 3H measured at LA0-1-

1.1 are less than 3 pCjJL, which suggests that the Guaje Pumice bed is recharged by 

meteroric water west ofTA-2 possibly within the Pajarito fault system and Rendija 

Mountain fault zone. 

Anthropogenic Sources Impacting Ground Water Quality 

Ground water collected from LAO-I has a ea2+ -Na+ -a--HC03- ionic 

composition (Fig. 2) and TDS contents ranging between 165 and 280 mg!L from 1984 to 

1990 (Fig. 3). The influence of road salt and other sources of sodium and chloride on 

alluvial ground-water compositions can be seen by comparing the compositions of water 

from LAO-B (upgradient from any such sources) and from LAO-l.ln general. 

concentrations of sodium and chloride increase along the ground-water flow path in the 

alluvium contributing to the increase in IDS content (Fig. 3). A sharp decrease in TDS. 

however, occurs between observation wells LA0-3 and LA0-4 (Fig. 3). Observation well 

LA0-4 is completed in the alluvium and weathered Bandelier Tuff (Purtymun. 1995). 

Geochemical modeling using the computer code MINTEQA2 (Allison et aJ.. 1991) 

suggests that the change is not due to the precipitation of any saturated mineral phases; 

therefore, the decrease may be the result of mixing alluvial ground water, characterized by a 

higher TDS content (LA0-3), with ground water from the Bandelier Tuff (the Otowi 

Member or the Guaje Pumice Bed) with a lower TDS content, for example LADP-3 and 

LAOI(A)-1.1. 

Ground-water samples collected from LADP-3 east ofT A-2. which is completed in 

the Guaje Pumice bed, are characterized by mixed-ion composition where Na+, Ca2+. 

HC03-. and Cl-are the dominant species. The TDS concentration in this ground water 

ranges from 182 to 229 mg/L (Table I). Ground water sampled from LADP-3 is enriched 
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bl.cNCJmte.ID4 $9diWn relative to LAO-B ancL except for chloride and sodium. is 
: . ~~· .:/ 'J.~ .. "-•. . . 

·,·. : ,.. **MIYiSUIUiar to iJluvial pouad water collected from monitor well LAO-I (Fig. 2). 
~ ·-' ·<·, ': 

\l·::;I.:;C ;~] . . ~ suggests that alluvial ground wa~ is !ttbargin8 

;;~:.··""""'·:·.,.,., ·beet In additiOn. 3H was detected in samples from LADP-3 at activities 

?Ukai®l~>et. il. (19flblJteacnted a volumetric-mixing curve of CJ· for the Guaje 

L~~'"!UUIII-ttADP:.l) :fUld auu~JrOUDd water (LA0-1 >· Chloride is a conservative species 

OJJimlll~·..g.wmcr flow and concentration decreases of chloride 

~tii$Jafe~J~bceltlritfolts:taay deaase along tbe ground-water flow path due to this 

=--·•Qibm Jf« ltfais·flbaD& curve include a CJ· concentration of 1.0 mgiL 

~-j·~-~"'·Jpoo!Dd warer in tbe Guaje Pumice bed {LAOI(A)-1.1) 

••·C;t:l~:eat-!ll:~ti4.5 mgiL. )()"2.74 M) in ground-water samples collected 

;;J~~m.~'2.''y8aft..{l9.01!1~1f91 ). Alluvial monitoring well LAO-I is located 

and is considered to represent alluvial ground water 

•.jljlj}l{ilf:~-~:J ... Il,east ofTA-2. Chloride concentr.ations in LADP-3 were 

ttc1~~:liil\ lil~lleQtl.,...l993 (Table l ). Results of calculations by Broxton et 

3':ir.dii'NIIicUJollllatknill*l ground water {Broxton et aJ.. 199Sb ). Chloride 

!IOit*ll•oect:RMISed -~December 1993. suggesting that the volumetric mixing 

r..iiifol;.., .• illili .. fi~ttJH~t"PPlml'lfMbed ground waters is decreasing. For example, this 
i>" 

ua•~~~e~·· · . .o 34·~ calc:ulated from tbe December 1994 analytical data 
. , ~; ' ~ ·:..r \·. 

x, :-:· 
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Distributions ofRadionuclides and Trace Elements in Alluvial Ground Water 

This section presents a discussion of selected trace elements and radionuclides 

found in alluvial ground water in upper Los Alamos Canyon. Downgradienr from T A-41 

and TA-2, the measured concentrations (as activities) of 3H and 90sr. the concentrations of 

major cations and anions, and some trace metals (chromium and uranium) in alluvial 

ground water generally are above the natural background or regional fallout levels observed 

at Los Alamos Reservoir (LANL, 1995). Reference to state and federal maximum 

contaminant levels (MCLs) and to the Department of Energy (DOE) calculated derived 

concentration guides (DCGs) for ground water are only for comparison purposes because 

alluvial ground water is not used as a .ource of water supply in upper Los Alamos Canyon. 

Concentrations of chromium at LAO-I increase by a factor of 12 (0.012 mg/L) 

above background samples collected from other monitoring wells west ofTA-2 (Fig. 4). 

Potassium dichromate (K2CJ'207) was used prior the mid 1970s as an anti-corrosive agent 

for the cooling water at TA-2 , which is located upgradient from LA0-0.9 J and LAO-I 

(LA.NL. 1995). Under moderately oxidizing conditions and near neutral pH values that 

prevail in the alluvium and the Bandelier Tuff in upper Los Alamos Canyon. chromium is 

predicted to be stable as CrOH2+, Cr(OH)2+. and possibly Cr042- based thermochemical 

data provided by Rai and Zachara (1984) and Brookins (1988). Being only slightly 

charged. these species would not be expected to be strongly adsorbed onto mineral surfaces 

within the alluvium. The lack of strong adsorption could account for the elevated 

concentrations of chromium observed in ground water at LA0-0.91 and LAO-I. 

Chromium concentrations in LADP-3 are elevated above those measured in LAOI-1.1 

(Table 1 ). suggesting that chromium is not significantly adsorbed onto mineral surfaces 

within the Bandelier Tuff. The MCL for total chromium is 0.1 mg/L. and no analytical 

results of ground-water samples collected in upper Los Alamos Canyon exceed this 

standard. 

•' 

.', 
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' ~ . .., ' 

P'OQDd.witer~·calculated to be in equilibrium with both silica glass and 

)Ut ~with respect to aistobalite (Fig. 8). Thermodynamic 
·. . :.: :' ?; · .. _~::r": 

emtau.ed:#t ~A2 show that silica glass bas a slightly lower 
. : • ··::rA·. 

M>~.silic;!JRCipitate (1()-271 M) and the glass is less reactive than 

~ V~ glass is abundant in the Bandelier Tuff (Broxton et al. 
.. . . .: .. ·. ····· 

~·of detritus in tbe alluvium. Amorphous silica glass and 

Uld ~il.,.j.~t adsorbents for radionuclides (such as 90sr) found in 
r • •.. ' •. · ,-~""- • 

et~isa(iflheir net negative surface clwJe above pH 2 (Stumm and 
. ·~-:· '\ ··-: ~ :·: ..... •• ·.': f-~·· 

~:~a;;~u areas relative to crystalline silicates. Calculations 
--~··.~ ~ .:J~~·~:-~.· ~-~;J:~:-.· 

~ ptilad:,. is oversaturated with respect to sanidine and other 

·~~~;~in the Bandelier Tuff (not shown in Fig. 8). 

~·di.t ~oftbe ~ silicales found in the Bandelier 
~ ,_. {. ·:~~,~.-. 

·. . ... · ··: :· .t;. : -_.,,.,.and subsequent deposition me not in equilibrium with 
. >r..:~~~ . : .. '~-~~-~~--

; br(c;mqr,e~taSSJ values are ~r than 0.5. Alluvial ground water 
_-· -~-I~:·._ -_.-_ ~ .·_ -~~~~-)~-~-:. 

~ v/itb:~ lO amorphous Al(OH}) along the ground-water flow 
•« . . . . ..... ~. ·,_ 

rinJ~~ 8). This phase is tbennodynamically predicted to 

···-;--hydrolysis of aluminum-rich volcanic glass. with a 

It :~A;~ 16 wt.% SiDl (Broxton, unpublished data) present in 

~iii ··~·lh, following reaction: 
:M.!•--. ~--~.· 

,:·.;. -· 

rista'C:(~~ Al(OH)3. which include its pH at point of zero . . '~ .:."; 

~~ ariclM.oraan. 1996) and its large surface area. should enhance 

~·~~~ear.ueutraJ pH conditions. At pH values > 5, 
-~: .· ~·::~~~~:· 
taeaati~f~ace charge sites available for cation exchange. In 

~i J~ glass and amorphous Al(OHh may enhance the: 

• 



Activities of 90sr in alluvial ground water are shown in Figure 5. The highest 

activities of 90sr occur in ground-water samples collected from monitoring wells LA0-1. 

LA0-2. and LA0-3, which imply that TA-2 and TA-21 are contaminant sources for 90sr. 

Higher activities of 90sr were observed in the middle to late 1970s and early 1980s 

(LANL. 1981 ); activities of this radionuclide decreased slightly in the early 1990s 

compared with earlier values (LANL. 1995). Downgradient ofTA-2. 90sr activities have 

been elevated above background in alluvial ground water for the past several decades 

(LANL, 1995). Most recent sample analyses show that activities of 90sr are generally 

decreasing with time, and activities of this radionuclide in alluvial ground water presently 

range from 2 to 50 pCiJL. The DCG (drinking water) and MC' ~for 90Sr is 8 pCi/L. 

Maximum activities of this radionuclide shift downgradient to the east over time, illustrating 

migration of this contaminant plume. 

Tritium. in the fonn of tritiated water (HTO) is a mobile species in ground water 

and is expected to migrate at the same rate as ground water in the alluvium and other 

saturated zones. Tritium has a half-life of 12.43 years. Its residence time in the alluvium is 

expected to be less than that of 90sr, which is adsorbed and. therefore, retarded in 

migration rate relative to that of water including tritiated water. Tritium activities have been 

above background (relative to those in observation wells LAQ..B and LAO-C) in all wells 

downgradient from T A-41 and T A-2 since 1966 when the monitoring wells were installed 

(summarized in Bennett, 1990; EPG. 1990; EPG. 1992-1995) (Fig. 6). Releases of tritium 

resulted from a leak in the cooling water system delay line at the Omega West Reactor at 

TA-2, which is discussed in detail in EPG ( 1995). Tritium activities fluctuate in 

observation wells farther downgradient (LA0-2. LA0-3, LA0-4, LA0-4.5, LA0-5, and 

LA0-6) (Fig. 6). Facilities at TA-21 have discharged tritium into Los Alamos Canyon via 

DP Canyon, probably the result of a leaking tritiated water tank at the tritium facility 

(LANL. J 981 ). During the rrtid-1960s. tritium activities were greater than 200,000 pCill.. in 
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{·/"" '}j~\:.. ·~ =: . ·~Qfb.olinite andspctite which are found as minor constituents in glass-rich 
~-- ,::y· '~- -~-~~-~-.-;_-~~-~:7;~:~~1~~~;,~; .. ~-~·-.:-_· ... ·.;. - _,·_ . . ::~:~ 
· · -::··· ~ ·. : ··.·-;; ·'-~O(miflaridelier Tuff(Broxton et al., 199Sa; LANL, 1995). 
· • \~· . ,. ··~ ~~~t~i?;W; .. ~·::~; , ;, : ... _. , · ; : 

·X~}~;~~?~iati~ ushig ~A2 suggest that total dissolved strontium, consisting 
·:·: ... i)-\.' . . .. ·_,,_ 

.. -.· .'·. with very small concentrations of90Sr (50 pCiJL is 
• •M ~-:, 0 \~-~ 0 ~: < ~.:_• 0 • --~·' ._".\·(~~----.-.: .~~~ ~-

.,;C((8WI*lt'to'l0:!~..4)d~~). in alluvial ground water is stable as Sr2+ (Fig. 9). The 
. '. _, .. ·. ' .. · .: ~ ·--

.: . . . . . . , _is;. above a pH value of 9.6 based on MINTEQA2 results 
v ••• .>,.:... ~ 

W:1llred~:c1 to be undersaturated with respect to solid 

tiifili~iili~;j_,··~--~~es (Fig. 9) and precipitation of these two minerals is 

~ .. ---t~•.,•t:-~raches equilibrium with barite (BaS04) along the 

tli-~Daft~·:alrlU~V,irelative:ly insoluble (Ksp = t()-9.98 M. Allison et al.. 

ppm of dissolved barium and sulfate, respectively. to 

.,..$JJ1.iQO;>P,Ptj~taticm of strontium with barium, as Bat.xSrxS04, 

~\lliii~IJ.bn~..Q~:~:•l«J:e;~QJe~rimc=ntaJ results reported by Felmy et al. ( 1993). 

same crystal structure and show complete solid 

;.?!~~~~~·-•tudret,'a04:~ized materials commonly have variable Ba-Sr 

~1:£R-.Ja·r.t·· ~~~: 1 i~ Future work in this area will have applications to 

~f~;~{c;y, :' ·~~=~::::~::n=~tium 
- ' ... ' : : . . .. __ ,-~-

1~~'"./::~:'M~~~.~r.: ••·· .. ·• 
::;~- •· , .· · ·. . . ,<,:::::.ttesult5'Qf ~bemical nlOdeling infer that rather than precipitating as a 

;~f~k:·:Ji,,j~~ ~. ~poMbly ~arion exc~ge ~oos wi~ 
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~l#..Jia!D);alei·~ ti.um observation well LA0-2 (in DP Canyon). Tritium 
.· ·-" 

_· ~have decteased since the 1960s (Fig. 6). 

-~-•:. iR generally within the microgram per liter Q.lg/L) range 

bMve~~:r. concentrations of this solute that are elevated above 

~lieim&ar.-.:~~s_~E;:A~o-B and LAQ..C occur in ground water collecred from 

~UIIG"~Au-~ (Fig. 7). Elevated concentrations of uranium have 

_.Q-,.,.:J $8mples collected in DP Canyon (LANL. 1981 ). These 

IP.C:amt4tm and Los Alamos Canyon confluence, because 

a;.alhlVIiaJ ground water. Concentrations of uranium in 

. below the EPA Ma.. of20 J1SIL and the state of 

_rate is substantial (274 mlyr, GalJaher. 1995), it is 

·a complete flushing of 90sr, chromium. uranium 

. upper Los Alamos Canyon bas not occwred. These 

... , •• m the sediments and alluvial ground water in upper 

~••:KJ suggest chat residual releases may occur from 

were performed with tbe computer code 

aalytical results obtained from filtered (less than 

•JIU .. I'Itelttli!lliescollected in 1994. The purpose of the calculations 

~~l~~~~~~~~taltion reactions and to determine speciated fonns of 

~illf~~~~~~ saturation index (SI) is a measure of the degree of 

solid phase in water [SI =log to {activity product/ 
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--- ~ ~--:--· ::.,:·.~~ ~~i~~-~;-_~:_ ~ ... ~:-

.: :~~~~ ~ts incbxfing ~organic matter. amotphous solids, and clay mineraJs. 

· .. :s~~~ly ~;for exchange sites with other divalent and monovalent 

· .. :~{~1s CJ2+azui' ~. Na+, and K+. In addition to cation exchange, radioactive 
.. :··: .>:~;:·~~{~:;f;:< .{:,~:· ;_· . ·_ . -. · .. ·;_<:··· 

· ·,· ~~ ~c~ and mixing partially account for the decreased activity 
~ ... ~~.,:;_"..J.'_S....,... .~ • ~ • :..- -

·. ·-~ ~~~'l)ong the ~Waier flow path in the alluvium in upper Los Alamos 
<_;_.-<~::~~~-:.- . ,· 

·...:_~::.-

. ·. .: • . . '.. '.J,; 

··~De dle ~of uranium, MINTEQA2 (Allison et al. 1991) was 
:~· -~ ._,_·- .. • .... ·: :.:~~-:': 

-~~.U .. it .. · _stable~ species of this solute. Calculations suggest that uranium 

a~Dit. ~t~ .s.~~)22- with small pereentages of u~co30 between 
: ,. :-.. _ .. ~---- ·_ ~,<::· ·~--:-~-~:~£-~~:- .. 

<Fil~:lO). 1bcse two U(Vl) species )ave been shown 
• c .-;·"'• •• 

· •·. .-:~:o,lly:~Jly onto mineral surfaces (such as kaolinite, smectite, 
... '- . _··:_·,~·~_.-::··~:_~,_· .. ;:.;~:.- .. 

. · · '·- · · ~~~jnd solid organic matter) at near neutral and higher pH 

~-~--·" ~cp£~~(Hsi and I.agmuir t98s; waite et a1. t994). smectite, 
~i~:S~.L" ' · _-· :, ·.· :· ·. . ; 

. ~ ~iji~ amounts (less than 2 wt. %) throughout the 
..... ' ' ..' . _:: . ·;~:~: 

ndf.llbmttc·m· ·-at, ,tf.)Sa) and alluvium. Smectites with a large surface area 

,,.=c,::•o:~,·lfjij';~"-·, •.· ·'*~ ~ ~~~-!'• 1996) are highly selective for adsorbing cationic 

. . .. . ·• , ·l~).~ ... ic oxybydroxide and magnetite and its alteration 
' ' -~··· ~:-·:- · ... ~ .. ~ . . - ~~ :·:--- -\~:-~~-~- . 

::••~Mid~·.ll$. · hCDiatite;-~ within tbe vapor phase portion of the Bandelier Tuff, 
-...... ·~- ~~-.-:7' ·:_~--~·_,:,,. 

'MV011ftilildtY. · _,icJr.~ -~through surface complexation (Waite et al., 1994; Hsi 

-~~~~~r·,l. ~; Ho·~ ~ 1986). Since only partial adsorption of this species to 
·' ·'" 

otDiDOl.Jatrf.sjS ~~ v.tji&g uranium concentrations are observed in alluvial 
,._ '" . . . . -~ ' . ~ . : 

~t~·f:·}:>~·;> . ···t:·-~;.;i:(l· dlc~s.ter 
)::~':;~~-~(-;·: . 

. ;;;,·~> · ·· .i,;:.~~ . SO...,ON EXPERIMENTS 
;s~; :~;t~~:·_.,.. ~ , .:~~$:;~" .- .. ·. \ .. :- .. _ F.> ••• ;_~t 
r~~:::'?<l5-. :: ·. • .. :; .. ·~;~·1~:~~for strontium were conducted on 20 soil samples and 

..... _· . .-,. ·-·. -·;_ ~->;:.~?-~;)~>:;~_:~'·\_-·-~ :_~:\~----- :~~ .. ~--;--~ __ ~.: __ \:;·:_ 
.... ' :·.; ::i!~~~~~iment_sample.s.co1J~in TA-2. TA-21. and TA-41, upper Los Alamos 
•,• /· • ' ..... : : <~-·,' ~ ,::. :··\~.r·~~~~~~~-;~-~ ~' .. ,::· ·~<·~~• :;~>~--:> -~ -~ • .•'·:J_ ": '., :_'. ·/~-~:·~·~: 

':-~r.: .,_ <ean~~~l'"). ~O#~~riments were conducted after the sorption 
: _. -~,~~; ;:~\;)~~: .. - . :. . ··:··.~---· 

.. :: ~-- ',_ .· -.-\. ··-.; -~ .. 
':·-"_; 
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/ ·- .. ·-··. ..-. 

!
~--. ·, . . :.> ... . ~.: .. . , 
,, ..... 7 r--~ " I ~"" 

~~~~~:(~, · ··!,·.·~were completed. Sorption coefficients (Kd) for strontium ranged from 15.8 to 

: :{t1'} .,; . ·· . : · 67.~i~~~ ~ a mean value of 35.7 ml/g, for the soils and from 8.8 to 41.3 mllg, with a 
:'~_·: -~~-<·.·: !'· ..•. - . . : __ · 

_· ~-~of 21.4 mllg~ for the channel sediments (Kung, 1995). The Kd is the mass of 
. '~~~·~' ::?.?$~~~~:~~~-~./ ·'i~ 

1 
•• - ~ • .~ • ,. 

· ~;(irems Qf strontium} per mass of adsorbent (grams of soil or channel sediment) 
-~~;..·:-:_~~-·:;.·5·:·. . -

,~:?~1;~;/ ~·.; -:. ~ :_ . . , : pet:_~ ·coocentratiOn of adsorbate (grams/milliliter). Stronuum adsorption (calion 
-~~~F>:-;;· . · ·· · . ··~'t:::-;f . ·.. -~· 
~(:;:}.;;.'·' -:- · · . - .·--~P) onto ~-Alamos~ soils and channel sediments was found to be strongly 
'tij"'' ' .. , .. ;._-·, : -· . ·;' ,,: . ;~,-.-· ' .,. 

~~l:i~:·':T: · :;· __ . ::. · ~~t OIJ.~ Otganic. (Fig. 11) and less dependent on clay-sized material for 

-~~~.-.-~-sediment~· Solid organic matter occurs as surface coatings on 
· ;· ,,._, .. · .. -. . ~llinders the availability and reactivity of additional 

.~~~J~~ l)J.Cilt. on clay~. Tbe Kd values for strontium. measured on a 

"~~·"''·· .· ·:- · . . .. _:~~.chan~ sediments exposed near state road 4 containing small 

ami:QI1t$.~'SP!id·. -~iematter'-!<-1 weight percent), range from zero to 10 mVg (Fig. 1 1) 

i-:r;~~\\. c, 
-./~_ .. :{''. ,., ·, 

'·!"~· 

\· <. -:. -.~~~~~~·~·"~)~This-~ in strontium sorption capacity of the organic 

J)O(>M!Q!Ur.,aQf .-:dttat;t~IIS_ftear -road 4 suggests that the mobility of strontium will be 
- ' :... ~ -~~ . 

--~j!n.'~~n-poluon9!upper Los Alamos Canyon. Because the Kd values for 

M.l~QI;~~··~:J-.Cir·.:: ;~Sons and ~ts, different Kd values should be used rather than 
. . ... .;~~ r 

' .;;;: 
~-~-~~-(~ng.l99S). tJDs suggests that semireversible cation exchange is the 

~' - c, 

preJ«J.r:IJdiQIP~ ~~than specific adsorption (surface complexation) 
~~~~·~:: ~·'· ~ 

~~>~,}: J . _ A·· · . ~~ adsotbents. Cation exchange involving strontium 

·~.\t;-!. · .. · . , _catf~~-~,by the. tO~ reaction with solid organic matter consisting of 

'h'l·: ,· ... ~~~groups: 
+ Sr2+ = + Mel+ 

.... 
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where Me represents a divalent metal such as Ca2+ or Mg2+. Complexation of metals 
A. ·, 
..... 

including strontium with solid organic matter OCCUI"S at a large number of different reactive 

~·with binding affinities ra.nJing from weak forces of attraction (water bridge) to 

f~ of highly stable comdinate linkages such as. a chelate (ring) structure (Stevenson. 

1994). Results of the sorption experiments show that soils containing higher amounts of 

solid orianic matter will remove strontium from solution to a greater extent than organic­

poor dJ!nnel sediments. Sorptioo coefficients for strontium in the alluvium are expected to 

be ~than those of the soils. because of lesser amounts. of solid organic matter . 

. · · An avet'ap retatdatiou factor (Rf) for strontium in the alluvium can be 

~using the average Kd value for channel sediments by the following equation: 

Rt= 1 + 12Xd,.= 1 + <1.42 &fcm3)(21.4 mliJl = 102.3 
D 0.30 

wtJm.e p is ~bulk density (Rogers and Gallaher, 1995} and n is the effective porosity 
.. · ... 

(Gallaber, 1995). Using an averap-ground water flow velocity of 274 m/yr for the 
. ---~->;,i ·(:~~ ·:. . 

aDuvfi.siJHGalJaberJ 1995), stroiUium is predicted to migrate at an average rate of 2.7 mlyr. 

At tbi$t*. in the 53 years since 1943, when the first reactor was constructed at TA-2, 

s~it.'diSclwged at that time should have migrated 143m (469ft) by the present day . 
. ,: .. · -.-. . . .. 

This,~ is smaller compan!!d to the wide-spread distributions of90sr observed in the 

· alluVium: in upper Los Alamos Carlyon (see Fig. 5). There are several possibilities 
:~-,-- ~ . -

~f· foitbiS ~ between fseld observations and experimental results 
.... -.-- ,. '~ -. : 

'.· -~- l.··~~---- ~ 

~~~mobility. Aqueous solutions containing 90sr were discharged to Los 
~--~-:~<::- . : 

Ala~:¥~ DP creek. which contain small amounts of solid organic matter. These 

cbana~i-aents ate cbaracterized by small Kd and Rr values for strontium enabling a 
. ~- ·,_ . ,, . ~-- , ' 

faster ~ifation Qf this radionuclide in active drainage channels. Through surface-water 

transpOt('~spended sediments containing adsorbed 90sr are carried along the drainage 

c:ba'mlols ~a line source for strontium distributions in upper Los Alamos Canyon. In 

_'.•· 
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addition. colloidal transpon of 90sr may increase the dist'ibution of this radionuclide in 

alluvial ground water. 

CONCLUSIONS 

The ground-water pathway is one of the primary mechanisms for migration of 

solutes including 3H, 90sr, and metals in upper Los Alamos Canyon. Surface water 

infiltration creates a saturated zone in the alluvium of upper Los Alamos Canyon within the 

Laboratory boundaries, which is longitudinally and seasonally varying in extent. AIJuvial 

ground water varies from a native ca2+.Na+-HC03- ionic composition to a Na+-ca2+-eJ­

-HC03- ionic composition, with increasing chloride and sodium concentrations occurring 

down gradient of facility discharges. 

Downgradient ofT A· 2, activities of 90sr and 3H have been elevated above 

background in alluvial ground water for the past several decades. Analyses of most recent 

samples show that activities of 90sr in alluvial ground water range from 2 to 50 pCi/L and 

are generally decreasing with time. Maximum activities of this radionuclide shift 

downgradient to the east over time, illustrating migration of this contaminant plume. 

Results of calculations using MINTEQA2 suggests that strontium is stable as Sr2+ 

in alluvial ground water, which is undersaturated with respect to solid strontium sulfate and 

carbonate phases. Thus sr2+, rather than precipitating as a stoichiometrically-pure phase. 

probably undergoes cation exchange reactions with solid organic matter and other 

amorphous and crystalline phases. This process panially removes 90Sr from solution. 

Sorption coefficients (Kd) for strontium. measured on Los Alamos Canyon so~ls and 

channel sediments, range from 15.8 to 67.7 mllg. with a mean value of 35.7 mJ!g. for the 

soils and from 8.8 to 41.3 mJ/g, with a mean value of 21.4 ml/g, for the channel 

sediments. Strontium exchange was found to be strongly dependent on solid organic matter 

and less dependent on clay-sized material for all soil and channel sedimenr sampJes. 

Because the Kd values for strontium vary for the soils and sediments. different Kd values 

) 
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,:-_··: ····• ·: : . 

shOUld~be used rather than one single value in transport calculations for alluvial ground 
.. ··: 

water·· Additional sources of90Sr occur in DP Canyon, which increases the distribution of 

thlS.tad.ionuctide within active drainage channels. Colloidal transport and surface water 

. . ~ piooably are imponant factors that contribute to the 90sr distributions observed in 
~· ': .• • .-4 

uPI)er'Los Alamos Canyon. 
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FIGURE AND TABLE CAPTIONS 

Figure 1. Ground-water sampling locations in Los Alamos Canyon. 

Figure 2. Water-quality data for Los Alamos reservoir, the alluvium. and the Guaje Pumice 
bed, upper Los Alamos Canyon. Los Alamos~ New Mexico. 

Figure 3. Total dissolved solids content in alluvial ground water, upper Los Alamos 
Canyon. Los Alamos, New Mexico. 

Figure 4. Chromium concentrations in alluvial ground water, upper Los Alamos Canyon. 
Los Alamos, New Mexico. 

Figure 5. Distribution of90Sr activities in alluvial ground water, upper Los Alamos 
Canyon, Los Alamos, New Mexico. 

Figure 6. Distribution of 3H activities in alluvial ground water, upper Los Alamos Canyon, 
Los Alamos, New Mexico. 

Figure 7. Uranium concentrations in alluvial ground water, upper Los Alamos Canyon, 
Los Alamos, New Mexico. 

Figure 8. Saturation indices (Sl = logl()activity product/solubility product) for alumina and 
silica phases in alluvial ground water, upper Los Alamos Canyon, Los Alamos. New 
Mexico. The computer code MINTEQA2 (Allison et al., 1991) was used for the 
calculations. 

Figure 9. Activity versus pH diagram for the Sr-S04-HC03-H20 system at 250C for 
alluvial ground water, upper Los Alamos Canyon. Los Alamos. New Mexico. 

Figure 10. Uranyl in LAO-B. alluvial ground water, upper Los Alamos Canyon. Los 
Alamos, New Mexico. Log molality uranium= -8.4 and log molality HC03· = -3.1 at 
9.20C. 

Figure 11. Correlation between strontium sorption coefficients {Kd) and percentage of 
solid organic matter for soils and channel sediments. upper Los Alamos Canyon. Los 
Alamos, New Mexico {Kung, 1995}. 

Table 1. Sununary of selected analysis on filtered ground-water samples. Guaje Pumice 
bed, intermediate perched zone, upper Los Alamos Canyon. Los Alamos. New Mexico. 
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Well LADP-3 LADP-3 LADP-3 LAOI-J.l LAOI-1.1 LAOJ-1.1 

Dale 04126195 12116194 12101193 05111195 02116/95 11117194 

Analysis-8 

AI 0.05 0.03 0.21 0.51 6.40 0.31 

B 0.03 0.025 0.04 <0.010 0.010 0.014 

Ba 0.03 0.02 0.02 0.02 0.02 <0.01 

Ca 10.2 7.76 11.7 6.37 4.03 1.63 

Cl 35.1 21.1 46.8 1.01 1.04 1.49 

Cr 0.007 0.005 0.003 0.001 0.002 0.001 

F 0.18 0.12 0.38 0.14 0.13 0.18 
Fe <0.01 <0.01 0.13 0.19 0.76 0.11 

HC03 56.8 60.1 65.0 60.4 56.3 51.0 
K 7.56 6.33 8.70 5.46 6.04 3.62 
Mg 3.06 2.44 4.08 l.J9 1.01 0.37 

Mn 0.03 0.03 0.44 0.03 0.07 0.06 
Na 25.2 22.9 33.8 13.4 14.5 18.6 

Nl4 0.22 0.09 0.32 0.05 0.05 0.39 

NO) 1.10 0.73 1.21 1.32 <0.02 0.96 

pHb 7.44 6.87 6.62 7.32 7.29 1.05 
Si02 59.7 54.1 42.8 67.8 95.9 64.4 

so4 5.93 4.78 12.8 l.88 2.23 4.t8 
Sr 0.08 0.06 0.13 0.05 0.04 0.02 

Zn 0.04 0.67 0.16 0.05 0.06 0.13 

msc 205 182 229 160 189 148 
3Hd 1472 1849 5974 2.01 2.30 0.77 

a. All analyses are in mg!L. except where noted. 

b. Standard units. 
c. TDS is total dissolved solids. 

d. Tritium activity is in pCi/1.. 




