


DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed, or represents that its use would not infringe privately owned 
rights. Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any agency thereof. The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 

This report has been reproduced directly from the best available copy. 

Available to DOE and DOE contractors from the Office of Scientific and Technical Information, 
P. 0. Box 62, Oak Ridge, TN 37831; prices available from (423) 576-8401. 

Available to the public from the National Technical Information Service, U. S. Department of 
Commerce, 5285 Port Royal Road, Springfield, VA 22161. 



DISCLAIMER 

Portions of this document may be illegible 
electronic image products. Images are 
produced from the best available original 
document. 



Fate of Isolated Spills on Savannah River Site Soils 

01/06/98 

To: M. Hunter, 730-2B 
M. Wilson, 742-A 

From: M. Denham, 773-42A 

WSRC-TR-98-00008 

Page 1 of 7 

Fate of Isolated Spills on Savannah River Site Soils 

Spills of acids and bases onto Savannah River Site soils will generally be neutralized to 
acceptable pH levels by passage through the soils. Contact of SRS soils with concentrated 
acids or bases causes reactions that tend to neutralize the pH of the reagent. Initial and 
relatively rapid reactions are those that involve adsorption and desorption from surfaces 
of minerals in the soil. These are generally most important in neutralizing pH values that 
are relatively close to that of the soil. When soils contact solutions that have pH values 
vastly different from that of the soil, dissolutiodprecipitation reactions tend to neutralize 
the pH. Thus, isolated spills of contaminant free acids and bases onto the ground are 
rarely threats to the environment at SRS. 

Acid Spills 

Adsorption-desorption reactions affect pH of a solution when hydronium or hydroxyl 
ions are adsorbed or desorbed from mineral surfaces. For example, a sulfuric acid spill 
may cause desorption of hydroxyl ions because the sulfate from the acid will tend to 
exchange with hydroxyl ions on the surfaces of minerals. The additional hydroxyl ions in 
solution raise the pH of the acidic fluid as it passes through the soil. These reactions are 
relatively rapid, but are more limited in the amount of acid they can neutralize than 
dissolutiodprecipitation reactions. 

SRS soils contain several phases that may contribute to neutralization of acids and bases. 
Ferric iron and aluminum hydroxides [e.g., (Fe,Al)(OH),] and oxyhydroxides [e.g., 
(Fe,Al)OOH] are common in SRS soils. Likewise, kaolinite [Al,Si,O,(OH),] is an 
abundant clay mineral in SRS soils. The amphoteric nature of the ferric iron and 
aluminum cations allow dissolution of these minerals to neutralize both concentrated 
acids and bases. Figure 1 shows the solubility curves for kaolinite, gibbsite (Al(OH),), 
and goethite (FeOOH). The solubility increase of these minerals at pH extremes (pHX3 
and pH%) controls their ability to neutralize concentrated acids and bases. 

Acidic spills will be neutralized by reaction with aluminosilicate minerals. Figure 2 
shows a titration curve of nitric acid by kaolinite. Dissolution of approximately 340 
grams of kaolinite will buffer the pH to a value of about 1.8. At pH 1.8 the titration curve 
intersects the solubility curve of kaolinite and no more kaolinite can be dissolved. 
However, gibbsite can continue to be dissolved and the slow nucleation kinetics of 



Fate of Isolated Spills on Savannah River Site Soils 

01/06/98 

WSRC-TR-98-00008 

Page 2 of 7 

kaolinite will allow continued neutralization of the acid. The titration of an acid with 
pH=l.8 by gibbsite is shown in Figure 3. Only a small amount lof gibbsite, about 450 mg, 
will neutralize the acid to a pH of 2.30 where the solubility li@t of gibbsite is reached. 
Thus, for most isolated spills of concentrated acid, the dissolution of soil minerals can be 
expected to neutralize the acid to a pH of approximately 2.:3 or above. This does not 
account for complexing of aluminum by the acid anion. Such complexing will increase 
the solubility of kaolinite and gibbsite, and thus will increase the final pH. 

At a pH of 2.3 the hydronium ion activity is low enough that neutralization by adsorption 
and anion exchange can significantly raise the pH. For example, sulfate introduced by a 
spill of concentrated sulfuric acid will tend to adsorb onto imineral surfaces. The 
adsorption process is actually an anion exchange reaction in which hydroxyl ions are 
released from the mineral surface and react to neutralize the acid. At a pH of 2.3 the 
concentration of hydronium ions is about 0.005 molesAiter . T ~ u s ,  in a spill of 
concentrated sulfi.uk acid that has been neutralized to a PI-[ of p.3 by mineral dissolution, 
the exchange of a small fraction of the sulfate with hydroxyl ions will raise the pH 
significantly higher than 2.3. This phenomenon is illustrated in the results of experiments 
on the interactions of coal leachate (similar to a sulfiuric acid solution of pH=2.1) with 
SRS soils by Anderson et al. (1 993). When pH 2.1 sulfuric: acid was passed through 25 
cm x 2.5 cm columns packed with SRS soils, the first two pore volumes of solution were 
buffered to pH>4.5. The molar quantity of hydronium ion neutralized was approximately 
equal to sulfate adsorbed to the soil. 

Hence, isolated spills (point sources as opposed to continuous sources) of concentrated 
acid will be neutralized by reaction with soil minerals. Dissolution of kaolinite and 
gibbsite will raise the pH to a value of 2.3 or above. As the acid continues to move 
through the soil, adsorption and anion exchange reactions will raise the pH further. This 
analysis is consistent with experiments on SRS soils by Hsefier (1985) from which the 
conclusion was drawn “that a strongly acidic spill will be neutralized within a short 
distance fiom the spill site”. 

To assess the travel distance required to neutralize am acid spill in SRS soil, consider a 
spill of 50% nitric acid solution having a pH of about -0.1 8. Figures 2 and 3 show that it 
would take about 340 grams of dissolved kaolinite and a minor amount of gibbsite (about 
450 mg) to neutralize each liter of acid solution to a pH of‘2.3. At 100% saturation in a 
soil with a porosity of 0.26 (Looney et al., 1987) each liter of solution would be contained 
in a unit soil volume of 3846 cm3. The mass of soil minerals in that volume would be 
about 7542 grams [(3846-1000cm3) x 2.65 g/cm3]. Ifthe soil consisted of 5 wt.% 
kaolinite then each unit soil volume would contain 377 grams1 of kaolinite. If, on average, 
5 % of the kaolinite present is dissolved fiom each unit volume of soil as acid passes 
through, then the acid must pass through about 18 unit soil volumes to become 
neutralized to a pH of 2.3. Assuming each unit soil volume is,a cube 15.7 cm on a side, 
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for neutralization by dissolution of kaolinite and gibbsite and does not consider anion 
exchange. The experimental results of Anderson et al. (1993) suggest that anion exchange 
could drive the pH to above 4 within another 16-32 cm (1-2 unit soil volumes). The 
assumptions in this analysis ire conse 
neutralization may be less. 

actual distances required for 

After neutralization of the acid, the main environmental concern is the fate of the acid 
anion. The anions of sulfuric and phosphoric acids, sulfate and phosphate, will be 
attenuated by adsorption and precipitation. Phosphate forms relatively insoluble phases 
with cations such as aluminum, ferric iron, and calcium. Thus, high concentrations of 
phosphate can not be maintained in groundwater at SRS. Likewise, sulfate forms 
relatively insoluble phases with aluminum and ferric iron, as well as adsorbs to mineral 
surfaces in acidic soils. Chloride, from hydrochloric acid, forms few insoluble phases and 
is generally less strongly adsorbed than sulfate and phosphate. Thus, it can migrate 
through SRS soils more rapidly than sulfate and phosphate. Likewise, nitrate is not 
strongly sorbed to soils, but it can be attenuated by microbiological processes. In 
addition, the concentration of anions in isolated spills would be diluted by the process of 
dispersion during migration. Thus, it is unlikely that anions of acids in point source type 
spills would become significant environmental threats. 

Sodium Hydroxide/Caustic Spills 

Chemical and physical processes affect the migration of highly alkaline solutions spilled 
onto SRS soils. Experiments on SRS soils (Fenimore and Horton, 1968: Cook, 1981) 
show that high ionic strength and high pH solutions cause dispersal of clays that clog soil 
pores, reducing permeability. Cook (1981) found that above pH of 10 there was a 
substantial decrease in permeability of H-Area Seepage Basin soils. This suggests that a 
spill of sodium hydroxide onto SRS soils would cause a similar decrease in permeability, 
thus limiting the initial infiltration of the spill to a few centimeters. 

Chemical reactions that neutralize the pH at the spill site would begin to occur during 
initial infiltration and would continue over time as the spill site was leached by rainfall. 
By stoichiometry alone the pH of a 50% sodium hydroxide solution is approximately 15. 
At this pH and with exposure to atmospheric CO,, calcium and magnesium carbonate 
could precipitate by the reaction: 

Ca"2(Mg'2) + C02 + H,O = CaCO,(MgCO,) + 2H' 

This reaction would decrease the pH if sufficient calcium and magnesium were available. 
Strom et al. (1994) reported that an F-Area soil contained 0.0123 meq/lOOg of 
exchangeable calcium and 0.09 14 meq/l OOg exchangeable magnesium. Assuming a soil 
porosity of 30%, then a total of approximately 6.5 meq of calcium and magnesium are 
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available for exchange with sodium per 1 liter pore volume. Thus, much of the base could 
be neutralized in a short migration length during leaching of the spill site. 

Other base neutralizing reactions may also occur. Langton (1 985) found that exposure of 
soil to saltstone caused dissolution of kaolinite and precipitation of hydrated sodium 
aluminum silicates, Braney et al. (1 993) found that calcium hydroxide solutions passed 
through sandstone were neutralized by precipitation of hydlrated calcium silicate phases. 
These reactions are very similar to those that occur during the curing of Portland cement. 
Because of the similarity in chemistry, saltstone and portland cement provide good 
analogues to the spills of concentrated sodium hydroxide. 'Thus, it is likely that the long 
term environmental impa'ct of an isolated sodium hydroxide spill would be similar to that 
caused by injection of grout into a soil. 

Aluminum Nitrate Spills 

Though the exact nature of the spilled aluminum nitrate solutipns is unclear, there should 
be no environmental threat associated with these spillls. A 34% aluminum nitrate solution 
would have a pH of about 3.3, and thus would not be hazardoqs because of low pH. The 
nitrate associated with these solutions would have the same fate as nitrate associated with 
nitric acid spills. It would be diluted by rainfall and dispersion and some would be 
degraded by biological processes. As pH is raised by dilution and reaction with soil 
materials, the aluminum would precipitate. Thus, these spills pose no danger to the 
environment. 

Potassium Permanganate Spills 

Potassium permanganate is a relatively strong oxidizing agent. In soils it will react 
predominantly with organic matter to produce carbon dioxide! potassium ions, water and 
solid MnO,. Surface soils contain abundant organic matter because of vegetation. Looney 
et al. (1990) found a median total organic carbon concentration of 644 pg/g in SRS near 
surface soils. Thus, a 6% solution of potassium permanganate1 spilled onto such soils will 
be degraded before infiltrating deeply into the soils. 

Alcohol Spills 

Small spills of alcohol do not pose a danger to the environment. Alcohol is miscible in 
water and will become diluted during migration. In addition, low molecular weight 
alcohols are readily biodegraded in soils. 
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Figure 1: Solubility curves for gibbsite, goethite, and kaolinite vs. pH. Sohbility expressed as the log [MI 
where [MI is the total dissolved concentration of the metal ion (AI(1II) or Ee(II1)) in units of mo1esAiter. 



8 

Fate of Isolated Spills on Savannah River Site Soils 

01/06/98 

3 

I -- 2.5 I-- -- 
2 - -  ---- 

1.5 I- 
I 
0. 

0.5 ' I  

W SRC-TR-98-00008 

Page 7 of 7 

0 50 100 150 200 250 300 350 400 450 500 

grams kaolinite 

Figure 2: Estimated titration curve of a 50 wt.% HNO, solution (initial pH4..18) by kaolinite. Dashed 
line is the solubility limit of kaolinite. 
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Figure 3: Estimated titration curve of a solution of HNO, with pH=1.8. Dashed line represents solubility 
limit of gibbsite assuming solubility limit for kaolinite at pH = 1.8 (340 gramshiter) has been reached. 


