
<,-', Table 45. Background Pore-Water Chemistry Assumed for SSL MINTEQ
A l'-o

_.-,.,- Modeling Efforta

Parameter Concentration (rag/L)
Aluminum 0.2
Bromine 0,3.
Calcium 48

Carbonate 187
Chlorine 15

Iron(+3) 0.2
Magnesium 14

Manganese(+2) 0.04
Nitrate 1

Phosphate 0.0g
Potassium 2.gb
Sodium 22

Sulfate 25
a Mec_anvaluesfromSTORETdatabaseasreportedinU.S.EPA(1992a).
b MedianvaluesfromSTORE-I"database;personalcommunicationfromJ.

Allison,AllisonGeosciences.

5.4.3. Assumptions and Limitations. The SSL MINTEQ modeling effort incorporates
several basic simplifying assumptions. In addition, the applicabi/it7 and accuracy of the model results
are subject to limitations. Some of the more significant assumptions and limitations are described

(: • "' below.

• The system is assumed to be at equilibrium. This assumption is inherent in
geochemical aqueous speciafion rood=Is because the fundamental equations of mass
action and mass balance are equilibrium based. Therefore, any possible influence of
adsorption (or desorption) zat¢ limits is not considered.

This assumption is conservative. Because the model is being used to simulate metal
desorption from the solid substrat=, ff equilibrium conditions are not met, the
desorpdon reaction will be incomplete and the metal concentration in pore water will
be less than predicted by the model.

• Redox potential is not considered. The redox potential of the system is not
considered due to the difficulty in obtaining reliable field measurements of oxidation
reduction potential (Eh), which are needed to determine a realistic frequency
distribution of this parameter. Furthermore, the geochemistry of redox-sensitive
species is poorly understood. _acdons involving redox species are often biologically
mediated and the concentrations of redox species are not as likely to reflect
thermodynamic equilibriumasother inorganic constitnents.

To provide a conservative estimate of metal mobility, all environmentally viable
oxidation states are modeled separately for the redox-sensitive metals; the most
conservative was selected for defining SSL metal Kd values. The redox-sensitive

i:• ' I._-_I
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constiWents thnt make up the background chemistry, are represented only by the
oxidation state that most enhances metal mobility CU.S.EPA, 1992a). _._

• Potential sorbent surfaces are limited. Only metal adsorption to FeOx and solid
organic matter is considered in the system. It is recognized that numerous other
natural sorbents exist (e.g., clay and carbonate minerals);however: thermodynamic
databases describing metal adsorption to these surfaces arc not available and the

potential for adsorption to such surfaces is not considered. This assumption is
conservative and will unclerpredictsurption for soils widl significant amounts of such
sorptionsites.

• The available thermodynamic database is limiting. As metal behavior increases
in complexity, thermodynamic dam become more rare. The lack of complete
thermodynamic data requires dmplificadon to the defined system. This simplification
may be conservative or nonconservative in terms of"metal mobile.'.

• Metal competition is not considered. Model sL,nulalions were performed for
systems comprised of only one metal (i.e., the potential for competition between
multiplemetalsforavailablesorbentsurfacesiteswas notconsidered).G-cneral]3,,the
competitionofmultiplemetalsforavailablesorptionsitesresultsinhigherdissolved
metalconcentrationsthanwouldexistintheabsenceofcompetition.Consequently,
thisassumptionisnoncouservativebutissignificantonlyatmetalconcentrations
much higherthantheSSLs.

Otherassumptionsandlimitationsassociatedwhh thismodelingeffor_arediscussedinRTI (1994).

5.4.4 Results and Discussion. MINTEQ modelresults indicatethatmetalmobilityis

mostai=fectedby ch_n_gcsinpH. Basedon thisobservationand becauseironoxidecontentisnot _,_,_:_

routinelymeasuredinsitecharacterizationefforts,pH-dependentKdS formetalsweredevelopedfor _;
SSL applicationby fixingironoxideatitsmediumvalueand fractionorganiccarbonat0.002.For
arsenic (+3), chromium (+6), selenium, and thallium, the empirical pH-dependent Kds were used.

Table 46 shows the SSL Kd values at high, medium, and low subsurface pH conditions. Figure 11 plots
MINTEQ-clerived metal Kd values over this pH range. Figure l0 shows the same for the empirically
derived metal K_s. These results are discussed below by metal and compared with measured values. See

RTI (1994) for more information, pH-dcpcndcnt values are not available for antimony, cyanide, and
vanadium. The estimated Kd values shown in Table 46 for antimony and vanadium arc repoited by
Bats et al. (1984) and the Kd value for cyanide is obtained from SCDM.

Arsenic. Y_ values developed using the empirical equation for arsenic (+3) range from 25 to 31

L/kg for pH values of 4.9 to 8.0, respectively. These values correlate fairly well with the range of
measured values reported by Battelle (1989)--5.86 to 19.4 L/kg. They are slightly above the range
reported by Baes and Sharp (1983) for arsenic (+3) (1.0-8.3). The estimated Ke values for arsenic

(+3) do not correlam well with the value of 200 L/kg presenmd by Baes et al. (1984). Oxidation state
is not specified m Baes _t al. (1984), and the difference between the emplrical-derived I_ values
presented here and the value presented by Bass et al. (1984) may reflect differences in oxidation
states (arsenic (+3) is the most mobile species).
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Figure 11. Metal Kd as a function of pH.
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Estimated Inorganic Kd Values for SSL Application C_Table 46.

Estimated Kd (Ukg)

Metal pH = 4.9 pH = 6.8 pH = s.O

Antimonya 4.5E+01
Arsenic(+3)b 2.5E+01 2.9E+01 ' 3,1E+01
Beduin 1.1E+01 4.1E+01 5.2E+01

Beryllium 2.3E+01 7.9E+02 1.0E+05
Cadmium 1.5 E+01 7.5 E+01 4.3E+03

Chromium(+3) 1.2E+03 1.8E+06 4,3E+06
Chromium(+6)b 3.1 E+01 1.9E+01 1.4E+01
Cyanide: 9.9E+00
Mercury(+2} 4.0E-02 5.2E+01 2.0E+02
Nickel 1.6E+01 6.5E+01 1.9E+03
Seleniumb 1,8E+01 5.0E+00 2.2E+00
Silver 1.0E-01 8.3E+00 1.1E+02
Thalliurr_ 4.4E+01 7.1E+01 9.6E+01
Vanadiuma 1.0E+03
Zinc 1.6E+01 6.2E+01 5.3E+02 ii ii m

I

= GeometricmeanmeasuredvaluefromBaasetel.,1984(pH-dependentvaluesnotavailable).
b DeterminedusinganempiricalpH-dependentrelationship(Rgure10).
= SCDM= SuperfundChemicalDataMatrix(pH-de.pendentvaluesnotavailable).

Barium. Forgroundw=er pH conditions,MINTEQ-estimatedK_ valuesforbariumrangefromll

to52 L/kg.Thisrange¢ortelamswellwiththevalueof 60 IJkgreportedby Beesetel.(1984).
Battelle(1989)reportsa rangeinKe:valuesfrom530 to16,000L/kgforapH rangeof5 to9.The

model-predictedK_ valuesforbariumareseveralorders'ofmagnitudelessthanthemeasuredvalues,

possiblydue tothelowersorptiv¢potentialofironoxide,usedasthemodeledsorbcnt,relativeto
clay,a sorbenzpresentintheexperimentalsystemsreportedby Battelle(1989).

Beryllium.TheIG valuesestimatedforbcrylliumrangefrom 23 to I00,000L/kg forthe

conditionsstudied.AECL (1990)reportsmediansofobservedvaluesforI_ rangingfrom250 L/kg

forsandto 3,000IJkgfororganicmatter.Beesetel.(1984)reporta valueof 650 L/kg.Battelle

(1989)_oxts arangeofK_Ivaluesfrom70 L/kgforsandtog,000L/kgforclay.MINTEQ results

formedium groundwaterpH (i.e.,avalueof6.8)yieldsa Kd valueof790 IJkg.Hence,thereis

reasonableagreementbetweentheMINTEQ-precUctedKe v_lucsandvaluesrepormdinthe literature.

Cadmium.Forthetl_reepHconditions,MINTEQ I_ valuesforcadmiumrangefrom15to4,300

L/kg,witha valueof75 ata pH of 6.8.The rangeinexperimentallydeterminedKa valuesfor
cadmium is as follows: 1,26 to 26.8 L/kg (Bees¢t al., 1983), 32 to 50 L/kg (Coughtreyet el., 1985),
14.9to 567 1,/kg(Battell=,1989),and 2.7zo 17,000L/kg (AECL, 1990).Thus theMINTEQ
estimatesaregenerallywithintherangeofmeasuredvalues.

Chromium (+3).MINTEQ-estimated K_ valuesforchromium (+3)rangefzom 1,200to

4,300,000L/kg.B=zell¢(1989)reportsa rangeof Ke valuesof 168 to3,600L/kg,ordersof
f- x
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.._ ma__de lowerthantheMINTEQ values.Thisdii_rencemay reflectthemeasurementsofmixed
_-_.._ systemscomprisedofbothchromium(+3)and(+6).The incozporationofchromium(+6)wouldtend
_'._.-_ to lowerthe Kd..Becausethemodel-predictedvaluesmay overpredictsorpdon,theusershould

exercisecareintheuseofthesevalues.Valuesforchromium(+6)shouldbeusedwherespcciationis
mixedoruncertain.

Chromium (+6).Chromium (+6)Kd valuesestimatedusingthe empiricalpH-dependent

adsorption relatio-_ range from 31 to 14 L/kg for pH values of 4.9 to 8.0. Battelle (1989) reports
a range of 16.8 to 360 L/kg for chromium (+6) and Baes and Sharp (1983) report a range of 1,2 to
1,800. The predicted chromium (+6) Kd values thus generally agree with the lower end of the range
of measu_d _ra[ues and the average measured values (37) reported by Baes and Sharp (1983). These
valuesrepresentconservativees_matesofmobilitythemoretoxicofthechromiumspecies.

Mercury (+2). MINTEQ-estimatedKd valuesformercury(+2)rangefrom0.04to200 L/kg.

Thesemodel-predictedesfimamsarelessthanthemeasuredrangeof322 to5,280L/kgreponedby
Battelle(1989).Thisdifferencemay reflectthelimitedthermodynamicdatabasewithrespectto
merc4w/and/orthatonlythedivalentoxi,l_onstateisconsideredinthesimulation.Allison(1993)
reviewedthemodelresultsincomparisonm themeasuredvaluesreportedby Battelle(1989)and
foundreasonableagrec_nentbetweenthetwo setsofdata,giventheuncertaintyassociatedwith
laboratozymeasurementsandmodelprecision.

Nickel.MINTEQ-estimamd I_ valuesfornickelrangefrom16to1,900L/kg.Thesevaluesagree

wellwithmeasuredvaluesofapproximately20 13kg(mean)and 12,2to 650 L/kg,reportedby
Coughtrey et al. (1985) and Battelle (1989), respectively. These values also agree well with the value
of 150 IJkg reported by Baes ct al. (1984). However, the predic'_edvalues are at the low end of the

_.. range reported by the AECL (1990)---60 to 4,700 L/kg.

( ","' Selenium. Empirically derived Kdvalues for selenium range from 2,2 to 18 L/kg forpH values of

8.0 to 4.9. The range in experimentMly determined Kdvalues for selenium is as follows: less than 9
L/kg (Coughtrey et aL, 1985), 5.9 to 14.9 L/kg (Battelle, 1989), and 150 to 1,800 L/kg (AECL,
1990). Baes _t al. (1984) reported a value of 300 L/kg. Although they are significantly below the
values prcsenmcl by the AECL (1990) and Baes et al. (1984), the MINTEQ-predicted Kd values
correlate well with the values reported by Coughn'ey e_ al. (1985) and Baxtelle (1989).

Silver. TheKdvalues estimated for silver range from 0.10 to 110 L/kg for the conditions studied.

The rangeinexperimentallydeterminedKe valuesforsilverisasfollows:2.7to33,000L/kg(AECL,

1990),10m 1,000L/kg(Baesetal.,1984),50 L/kg(Coughtreyetal.,1985),and 0.4to40 L/kg
(Ba_elle,1989).The model-predictedKd valuesagreewellwiththevaluesreportedby Coughlzeyet

al.(1985)andBattelle0989) butareatthelowerendoftherangesrcpormdby AECL (1990)and
Baesetal.(I984).

Thallium. Empiricallyderived Kd values for thallium range from 44 to 96 L/kg for pH values of

4.9 to 8.0. Generally, these values are about an order of magnitude greater than those reported by
Battelle (1989)---0.0 to 0.8 L/kg - but are well below the value predicted by Baes et al. (1984).

Zinc. MINTEQ-estimated Kd values for zinc range from 16 to 530 L/kg. These e_maxed Kdvalues

are within the range of measured Kd values reportedby the AECL (1990) (0.1 to 100,000 L/kg) and

Baes et _d. (1984) (0.1 to 8,000 L/kg). Coughtrey et al. (1985) reported a I_ value for zinc of

greater than or equal to20 L/kg.
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5.4.5 Analysis of Peer-Review Comments. A peer review was conduct¢dof the _1
model assumptions and inputs used m estimate Kd values for SSL application. This review identified _",J
several issuesof concern, including:

• The chargebalanceexceedsanacceptablemarginofdifference(5percent)inmostof
the simulations. A variance in excessof 5 percent may indicate that the model
problem is not correctly chemically poised and therefore the results may not be
chemicallymeaningful.

• The model should not allow sulfate to adsorb to the iron oxide. Sulfate is a weakly

oumr-sphere adsorbingspeciesand, by including the adsorptionreaction, sulfate is
removedfromtheaqueousphaseatpH valueslessthan7 and iSpreventedfrom

participating in precipitalJon reaction at these pH values.

• Modeled Ka values for barium and zinc could not be reproduced for all studied
conditions.

A t¢chnlcalanalysisoftheseconcernsindicatedthat,althoughthesecommentswerebasedon true
obsm-vationsaboutthemodelresults,thesefactorsdo notcompromisethevalidityoftheMINTEQ
resultsinthisapplication.TiffstechnicalanalysisisprovidedinAppendixM.

®
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