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Introduction

The threat of increasing dryland salinity in the Western Australian wheatbelt has led to
increased usef deep open drainage systems to control shallow groundieatels. The
geochemical riskassociated with deep acidic drainage include the potential to release metals
and other elements amwlloids, harmful to the flora and fauna that inhabit receiving areas.
Assessment of these risksquires consideration of éhbiogeochemical and mineralogical
processes in the soils and sedimesftehese complex systems. Consequently, this paper
presents a sampling program in a large catchiern River catchment) to:

¥ Develop a robust field sampling program and experimexgpioach to characterise the
soil, sediment, mobile colloid and waters in both the drains and receiving playas.

¥ Develop detailed and generic conceptual models that encapsulate variewstsoil
processes to:

b Assess impacts of deep open drains on theygtah, export and fate of leachate
andsecondary minerals on receiving environments.

B Recommend generalised principles that lead to implementation of Obest
managemenpracticesO for ameliorating identified categories of degraded drain
sediments and soils.

Materials and methods

Sediments and soil materials were surveyed at 19 representative acid drain sites (January
2005), 8receiving lake sites and 6 reference lake sites (February 2006) in the Avon
catchment. At each sitehe following materials (over 308amples) were described and
sampled: sulfidic materials, sulfurinaterials, gels, salt efflorescences, salt crusts;riotn

crusts, and soils (drain batters; and naturaltgurring salinesodic soils on the edge and
adjacent of the drains). Specialis&boratory analysewere conducted on selected sub
samples from each site using geochemical (XRF and t@iRgralogical (XRD and scanning
electron microscopy) and chemical methods to determine woi@eochemical and
mineralogical processes were takirigge in the drains and receiviegvironments.

Results and discussion

All the descriptive field information and laboratory data was stored in ebasbd datbase,
which was specifically designed as a framework for the acquisition, collation and
communicéon of allinformation (Baker and Fitzpatrick 2005; Fitzpatrigk:/. 1996).

Drain water salinity and acidity

Most drains were typically very saline at the time of sampling (January) with specific
electricalconductance (SEC) in the range BI0 dS/m (aproximating TDS of 38 to 64 ppt).
Low pH waswidespread, with more than half of the drains sampled in October 2004 being
less than pH 3. DraipH decreased during summer, probably due to oxidation of ferrous iron
in groundwaters, irominerals in sedimentand/or evaporation. Results indicated two broad
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groups of drain pH andalinity. The pH was lowest east of a line from Dalwallinu to
Dumbleyung (pH less than 3.5) anhighest (pH greater than 6) in the western and central part
of the Basin, though thereane few draindlowing in this area. Only a few sporadic high pH
(alkaline) samples were collected from drainghia eastern areas. Data show that in most
eastern drains with a low pH (less than 4.5), ir@yminium, cobalt, copper, zinc, lead,
uranium ad a range of other trace elements and rare ekthents were elevated.

Drain mineral environments

Several materials were generally present within the drains and were used to indicate different
geochemical process zones. These materials broadly corsigfesm the original excavated

base of the drain): unconsolidated saturated sediments including sulfidic materials,
monosulfidic black oozessulphuric materials, saturated gels and precipitates, salt crusts
overlying saturated sediments and saltstsin the capillary zone above the drain waters. Not

all materials were present within all draif@r example, in recently constructed drains (<3
years age) or drains with little sediment input, theees little sedimentation and therefore
minimal sediment mfile development, gels and precipitatdfie main materials and key
processes that these indicate are discussed in the following sections.

Sulfidic materials

Sulfidic material occurred in almost all the drain sediments (Figures 1b & c) as a thin
horizonlayer (5to 10 cm thick) representing a pool of stored acidity, that could contribute to
drain water acidityseasonally or in aged drains. The sulfidic material mostly consists of
accumulations of iron sulfideninerals, one of the end products of the pescof sulfate
reduction (i.e. the use of FO2D instead of O2 during microbial respiration). Sulfate
reduction is a natural process that occurs in virtually aldtaas. However, the quantities or
thickness of sulfidic material that accumulate in tharg is afunction of many factors. The
key requirements for high rates of sulfate reduction and swfidamulation are: (i) a high
concentration of sulfate in surface or groundwater, (ii) saturated irosaitshand sediments

for periods long enougto favour anaerobic conditions, and (iii) the availabilifylabile
carbon to fuel microbial activity. Saline groundwaters in the wheatbelt generally cguitain
high concentrations of sulfate and ferrous iron. Thus, drains that intercept saline gmundw
should be expected to accumulate sulfide minerals in their sediments over time, especially if
they arepermanently flowing or waterlogged. Two forms of iron sulfide minerals are of
importance from aenvironmental point of view: monosulfides (FeS) pydte (Fe&). Soils

and sediments rich imonosulfides tend to be very dark, of low bulk density and soft.
Monosulfides can react rapidiyninutes to hours) when they are disturbed and exposed to
oxygen (Sullivan et al. 2002). Pyrite wilend to occur & more discrete crystals in the
sediment matrix and will react more slowly wheisturbed (over days to years). Layers of
sulfidic material also occur in receiving lakes. If flustoed of the drain as floodwaters scour
drain channels, the sulfides will idise and may become acididowever, in some drains the
ubiquitous presence of carbonates of calcium, magnesium and sodivainisediments and
banks may neutralise drainage acidity. The extent to which this occurs, howelerendent

on whether thearbonates remain in contact with the acidic waters and are not armétired
precipitates or buried.

Monosulfidic black ooze

Monosulfidic Black Ooze (MBO) is readily observed in the surface sediments of most drains
(Figures1lb & c) and in receiving laked'he high nutrient environment, especially at the
edges of drains antthe activity of algae and micrarganisms cause reducing conditions to
develop and the formation dfack, smelly iron monosulfides and other sulfides. Erosion of
organic rich topsoilsral influx of saline groundvater, with low redox potentials (reducing),
into the drains are also likely to contribute MBO formation. MBO is very reactive if
exposed to oxygen, but provided that the materials rear@mic and undisturbed they are
relatively nonreactive.
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Figure 1 Schematic crosssection or hydrotoposequence (b) through a drain showing acid
sulfate soils with orange crusts and gels (a and d) comprising mostly of Fe
oxyhydroxides (akaganZite:! -FeOOH) and Feoxyhydroxysulfates (schwennannite:
FeBO8(OH)6SO) in surface waters overlying soil horizons consisting of: (i) reddish
sulfuric material (pH <3.5), soft and sandy in Profiles 1 and 2, (i) black sulfidic
material (pH >4) friable and sandy clay in profiles 1, 2 and 3, (iii) greyislgleyed sandy
clay and (iv) yellow matrix with red mottles, hard, sandy clay. White salt efflorescences
occur on the sides of the drain in profile 3 overlying a mixture of uniform black,
sulfidic material and monosulfidic black ooze, which in turn overlieamottles of black,
sulfidic material in a yellowish-greenishgrey to olive mottled clay.

Sulfuric materials — including gels and precipitates

Subaqueous soil horizons and sediments in some drains and receiving environments are
highly acidic(pH <3.5) and bydefinition classify as Osulfuric materialsO according to Isbell
(2002). Acidity carform through several mechanisms e.qg.:

(1) by iron hydrolysis reactions (e.g. (Mann 1983) or ferrolysis (Brinkman 1979) when
anoxic groundwvater containing dissolved ferroum®is exposed to air and ferrous
ions are oxidised to the ferrions, which reacts with water to form orarg®wn
precipitates, gels or crusts of feraryhydroxides, releasing free hydrogen ions in the
process.

(i) When sulfidic materials are drained amxpesed to air, they oxidise and produce
sulfuric acid(e.g. Dent & Pons 1995). If the amount of acidity produced exceeds the
buffering capacity of wateand sediments, acidification occurs. Prior to draining,
materials that can cause acidification by sl@fioxidation are called sulfidic
materials. Once sulfidic materials are drained, they may transformsulfaric
materials.

In the WA wheatbelt drains, the dominant source of acidity appears to be the acidic, oxidised,
ironrich shallow groundwater discharmj to the drains (where the water is acidic prior to
drainage)though formation of secondary minerals in the drain sediments provides additional
pathways of acidtorage and release.

Mineral precipitates and gels present in the drains are indicativeeoifispgeochemical
conditions occurring (or having occurred). The occurrence of bright yellow natrojarosite
mottles in some of thelay-rich sulfuric horizons are indicative of acid conditions in the pH
range 3.54. Similarly, theoccurrence of orange caled mottles, gels and crusts (Figures 1la
& d) are indicative ofschwertmannite and akaganZite, which form from the oxidation of
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ferrous iron in acid conditions e range pH-%. Many of these minerals occurred in drains
above the groundwater level, indting that there is a store of acidity in soil profiles that
could contribute to future, if not current drainagedity. The minerals also present a reactive
surface that can alter the solubility of trace metals in drenage waters. Saline and
subageous soils with sulfuric material also occur in receiving plabasa showed that the
gels and sulfuric materials contain elevated trace element concent(apensically Al, Cu,
Pb, Cr, Pb, Zn, Mg and rare earth elements).

Soluble sulfate/chlorideontaining minerals in efflorescences were also identified. These
sulfate/chloridecontaining minerals play important roles in the transient storage of a number
of components (Na, Ca, Mg, Ba, Sr, Cl, Br, | anddsO’hese minerals can detach soil
particles dung crystal growth and degrade drain walls. They will also dissolve during
rainfall and contribute to theformation of saline monosulfidic black ooze in drains and
receiving environments, and hence plagriéical role in water quality. We established that
minerals in the drains are indicative of rapidhyanging local environments and variations in
Eh, pH, rates of availability of S/other elements amthperature (e.g. burning). As such,
these minerals are indicators of se#ter processes operatingtiese environments.

A set of generalised principles that led to implementation of the following Obest management
practicesO for ameliorating identified categories of degraded drain sediments and soil types
have beemecommended:

¥ Drains need to be designeddamanaged to minimise turbulent flow velocities, to
minimize flushing of precipitates and gels (frequently containing trace metals) and
disturbance of sulfidisediments (being a store of acidity and trace metals). In particular,
entry of surface watersdm catchments to the drains should be avoided without measures
to contain flow velocities.

¥ Drain design to maximise hydrological residence times and formation of precipitates
willcontribute to maximising retention of trace metals within the systems.

¥ Managenent of trace metal mobility and acid release will need to be considered when
maintenance cleaning of sediments from drains is carried out. This might include mixing
of sediments with alkaline drain spoils, placement within depressions on drain spoils
(allowing drying and containment but contact with alkaline spoils) or collection and
containment in a siteithout risk of offsite impacts (i.e. outside of a surface flow path).

¥ Accumulated vegetation in drains (e.g. roly poly residues) is best removed amsing
excavator particularly where large compact accumulations of materials occur in
conjunction with ironprecipitates. Burning of residues can result in the formation of a
cemented iron plug that caignificantly impede flows.
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