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Revegetation of Acid-S Soil
Materials

So, how
do I
figure out
how
much
lime I
need for
this?

1

11/3/11

Potential Acidity Estimators
for Water Quality Prediction
Acid-Base Accounting - Smith et al., 1976 - WVU
ABA is the most commonly used technique
worldwide to estimate the tendency of a given
material to generate acid soil conditions and
associated drainage. The resultant estimate is
termed “Potential Acidity”, and hopefully gives
a conservative estimate of how much lime
demand a given strata or waste will require to
fully mitigate or neutralize over extended
periods.

Acid Potential or Acid-Base
Accounting (ABA)
• Paste pH is used to estimate the active
acidity that must be neutralized as in a
conventional soil liming requirement.
• Total or pyritic-S is used to estimate the
maximum potential acidity (MPA).
• Neutralization potential (NP) is estimated
on the sample via titration with acid. NP is
primarily derived from carbonates or
other alkaline mineral surfaces.
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Acid Potential or Acid-Base
Accounting (ABA)
• MPA and NP are expressed in Tons (or
Mg) of net acidity/alkalinity (on a calcium
carbonate equivalent - CCE) basis per 1000
Tons of spoil/waste material tested.
• Conveniently, Tons per /1000 T converts
directly to tons of CCE available or required
per acre (six inches deep) for average bulk
density soils or spoils!

“Simple” Pyrite Oxidation
(Singer & Stumm 1970; Nordstrom, 1982)
FeS2 + 7/2O2 + H2O

FeII + 2SO4 2- + 2H+ (1)

FeII + ¼ O2 + H+

FeIII + ½ H2O

(2)

(Direct oxidation; relatively slow)

FeIII + H2O

Fe(OH)3 + 3 H+

(3)

FeS2 + 14FeIII + 8H2O

15FeII + 2SO4 2- + 16H+
(Oxidation by FeIII; very fast under pH < 4.5)
(4)
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Theoretical Maximum Potential Acidity (MPA)
via Carbonate Neutralization (Skousen et al., 2002)
Lime (CaCO3) or other neutralizers like Ca(OH)2 will
dissolve and react with the generated acidity (H+ and
acid metal cations) over time.
The “net result” is that 1000 tons (1 acre 6” deep) of
soil/sediment with 1% pyritic-S requires 32 tons of pure
CaCO3 (CCE) to neutralize over time.
So, For the home lawn, every ton per acre of net lime
demand (potential acidity) means you need a 50 lb bag of
lime per 1000 ft2. At 1% S, this is a lot of lime!

ABA Interpretation and Issues
Strata with net acidities in < -5 Mg per 1000
are generally regarded as potentially
toxic. Strata > 0 are presumed not to be
acid forming. Predicting between 0 and
–5 is something of an art.
ABA “assumes” complete reaction of acidforming components with neutralizers.
However, pyrite oxidation kinetics are
much faster than carbonate dissolution!
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Other P.A. Techniques
• Direct bulk oxidation with H2O2 and titration
of acid load produced (Potential Peroxide
Acidity - PPA).
• Humidity cells and incubation techniques
(Used in Soil Taxonomy for sulfidic materials
definition)
• Leaching columns (See Stewart’s leaching
columns later in this class)
• Soxhlet Reactors (Stiller and Renton at WVU)

ABA Interpretation and Issues
Carbonates may become “coated” with
Fe, Mn and other metals, greatly
restricting reactivity and alkalinity
release.
Carbonate species vary widely in their
dissolution rates and in the
subsequent solubility of their sulfate
salt reaction products.
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Sulfidic metal mine tailings
at Anaconda, Montana
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Three year-old
seeding on acid
forming refuse in
West Virginia
failing due to
excess salts, low P
and low water
holding capacity
and rooting depth.
The soil pH here
was 4.5, not
directly limiting.

Revegetation Challenges
• Coal waste is very dark in color, so it gets very
hot in the summer!
• Coal waste is usually 65 to 85% rock and is
therefore very low in water holding capacity.
• Acid-S weathering processes generate low pH
and high salt conditions simultaneously; a
combination virtually never found in natural
soils.
• Thus, we have very few native species adapted
to these sites!
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Incorporation of 20 T/Ac
lime on sulfidic coal waste
materials.

Direct seeding in Wise Co.; P.A. = -6 tons/1000 tons.

In addition to adequate lime, direct seedings need heavy P to offset
fixation losses. We also believe the P limits S oxidation and salt
evolution in these moderately acid forming materials.
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Wise Co. coal refuse with P.A. = -15 tons/1000.

Effects of 5 T/ac Lime plus 25
T/ac Papermill Sludge on
Acidic Coal Refuse
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Direct seeding results after 3 years with lime, high P and 35 T/ac
biosolids and acid/salt tolerant seed mix. The tall plants are native
annual invading into the plots.
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Coal Waste Revegetation Criteria
Daniels et al., 2000, Agronomy Mono # 41

• Where liming is practical (PA < 50 T/Ac and
slopes < 25%), direct seeding is feasible with
heavy P (300 lb/ac) and mulch applications, and
via the use of acid/salt tolerant species like
Festuca rubra, etc.
• Additional organic amendment with biosolids or
composts is highly recommended at > 35 T/Ac,
incorporated.
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Coal Waste Revegetation Criteria
Daniels et al., 2000, Agronomy Mono # 41

• Coal refuse materials with PA > 50 tons
per 1000 will require soil or spoil covers
of up to 2 feet depending on acidity.
Adding a lime “blanket” at the refuse/soil
contact significantly decreases the
thickness requirements.

Wise Co. coal refuse with P.A. = -15 tons/1000.

Effects of 5 T/ac Lime plus 25
T/ac Papermill Sludge on
Acidic Coal Refuse
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Pb/Zn smelter slag site in Katowice Poland in 1994. Materials
were 3 to 10% total-Zn, > 1000 ppm water soluble Zn, and > 90
ppm water soluble Cd.

Non-acidic Pb/Zn tailings in Poland with EC > 5
mmhos/cm and water soluble Zn > 1000 mg/L.
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Application of waste lime (partially neutralized
CaO from acid water treatment) and biosolids
to site per prescription by Daniels, Stuczynski,
and Chaney.

Biosolids application at 150 to 300
tons/acre (N leaching not a concern here!)
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Site in spring of 1995 following fall seeding with acid/salt tolerant
grasses. Salty area in left rear had EC > 16 mmhos/cm!

Reverse view of same site in June 1996. Salty area is now in
foreground after being capped with 15 cm of waste lime plus
300 tons per acre of biosolids and reseeded in fall of 1995.
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View of treated vs.
untreated Welz;
nothing more to
say?

Former Doerschel plot area torn up recently. Note salts on a very
wet rainy day. When this stuff dried out, the entire surface looked
like it had snow on it. Note Tom’s new ride.
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Species trial plots with 2x biosolids plus lime.

NRCS Flood Structure
on Tributary Of Potomac
Cr. Waters discharging
here in February 2002
were pH 3.5 with 10 ppm
Fe, 40 to 50 Al, 150
sulfate, etc.
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Summary and Conclusions
• Acid-S soils and related materials pose
profound revegetation challenges and
water quality risks worldwide.
• You must assess the total acid producing
potential of these materials to adequately
develop a revegetation protocol. The
term for this is potential acidity.

Summary and Conclusions
• High lime rates coupled with heavy
loadings of organic amendments have
been successfully employed on some very
nasty materials!
• Our stock of utilizable plant materials is
very low. To date, we have identified a
number of tolerant grasses and a few
woody species, but no legumes.
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An Integrated Approach
to ID and Remediate Acid
Forming Materials

Evaluate Site vs. Available
Mapping
• Use Orndorff & Daniels’ general maps along with
local geology maps where available to predict
“relative risk”.
• Mapping may not be available for all areas, but
it’s better than “digging blind”!
• We (or anybody with decent GIS skills) could
generate county level mapping, but would need
$ to do so!
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Sampling Protocol for “Risky Areas”
• Run total S on all strata that are gray/dark
and/or less than chroma 2 color.
• Sample to determine changes in depth
within a given strata. Also need to sort out
lateral variance.
• If total-S is > 0.25%, run potential acidity.
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Options for Potential Acidity
• Virginia Tech – We run PPA test for $35;
UK runs it for around $20.
• Commercial Labs – Many commercial labs
working with the mining industry run a
standard EPA procedure called “acid base
accounting” for $100.
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If you’ve got it, what do you do?
• Avoidance? May not be possible based
on corridor location!
• Bulk blend lime with acid forming material
upon placement in fills at PPA predicted
levels.
• Place ASS below water table or seal from
atmosphere – difficult.

Revegetation
• Immediately place and incorporate lime
where possible on exposed cuts. Mining
experience has shown that if lime is
placed with 48 hours, acid generation is
greatly curtailed
• Adopt a soil amendment revegetation
strategy for the specific materials, taking
low pH, salts, etc., into account.
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Water Treatment?
• Wide variety of options available which
also vary widely in cost.
• Chemical treatment is simplest, but has
considerable long term maintenance
costs.
• Varying wetlands work to varying extents.
• Regardless, you better plan for it!
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