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abstraCt

Mineralogical characterization of the precipitates developed in passive systems treating mine-
polluted waters is an essential tool to fully understand and control the removal processes taking place in 
these systems. In 2008, after five years of operation, a section of the permeable reactive barrier (PRB) 
at Shilbottle, Northumberland, was subjected to a low intrusive/non-destructive solid sampling. These 
solid samples were mineralogically characterized by XRD, ESEM-EDS, and sequential extractions. 
In addition to the solid sampling, 44 water samples obtained in the PRB from January 2004 to August 
2009 were used to study the mineral stability of some selected phases in these waters. It was observed 
that the main iron phases in the PRB were those associated with mineral phases typically developed in 
non-reducing environments (schwertmannite and goethite), while the presence of a significant amount 
of pyrite was also observed. The low residence time of the water within the PRB (from 10 to 40 h) 
appears to be the reason for the absence of a more reducing and less acidic environment in the reactive 
substrate. An increase of residence time in the PRB, by increasing reactive mixture porosity and resiz-
ing the PRB, changes in the reactive material employed (smaller limestone grain size and inclusion 
of zerovalent iron) and changes in the PRB design (isolating top layer and forced homogeneous flow 
upward through all the reactive material) are proposed for future reconditioning of the system. 
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introduCtion

Inorganic water pollution caused by water-sulfide interaction 
in mining districts is a world-wide environmental problem. These 
waters, also referred to as acid mine drainage (AMD), are charac-
terized by high metal concentrations (Fe, Al, Cu, Zn, and Mn in the 
order of mg/L as typical main constituents and a wide set of minor 
elements such as As, Pb, Ni, Cd, Cr, and Co among others, in the 
order of µg/L), high sulfate concentrations, and low pH. 

AMD affected water remediation can be addressed by two 
generic approaches: active or passive treatment. The latter 
is generally preferred for abandoned mine sites due to lower 
costs, greater sustainability, and because active treatment may 
be impracticable/inappropriate at these sites, which are often in 
remote and/or scenic upland areas. Many different passive treat-
ment options have been developed to remediate surface AMD, 
including: (1) anoxic limestone drainages (ALD) (Cravotta and 
Trahan 1999; Robbins et al. 1999); (2) reducing and alkalinity 
producing systems (RAPS) (Jage et al. 2001; Mayes et al. 2009); 
(3) compost wetlands (Jarvis and Younger 1999); and (4) dis-
persed alkaline substrates (DAS) (Rötting et al. 2008a, 2008b; 
Caraballo et al. 2008, 2009b). However, where discharges do not 
emerge at the surface (e.g., contaminated groundwater plumes) 

passive treatment is typically restricted to the use of permeable 
reactive barriers (PRBs). 

One definition of a PRB is “an engineered treatment zone of 
reactive material(s) that is placed in the subsurface to remedi-
ate contaminated fluids as they flow through it” (Environment 
Agency 1998).This technology was first deployed at full scale 
to remediate chlorinated solvents in February 1995, at Sunny-
vale, California (Warner et al. 1998). On the basis of a recent 
estimate by the Interstate Technology and Regulatory Council 
(ITRC 2005), the number of PRBs currently operating in the 
world could be around 200, with the great majority in North 
America. About three quarters of the current full-scale PRBs 
use zerovalent iron (ZVI) as reactive material (Jambor et al. 
2005) and are designed to treat waters polluted with organic 
constituents (Kenneke and McCutcheon 2003) or metals such 
as U (Morrison 2003; Morrison et al. 2000, 2006), Cr (Puls et 
al. 1999a, 1999b; Wilkin et al. 2005), or As in industrial sites 
(Wilkin et al. 2009). There are fewer examples of PRBs designed 
to remediate AMD. Typically, such PRBs use organic matter as 
one of their main reactive materials, commonly in combination 
with limestone or other alkaline material (Blowes et al. 2000; 
Jambor et al. 2005; Jarvis et al. 2006; Ludwig et al. 2009). Or-
ganic carbon is used to favor and enhance dissimilatory bacterial 
sulfate reduction, increase alkalinity, and remove metals as metal 
sulfides. Limestone is used to raise water pH to the range of 6 * E-mail: manuel.caraballo@dgeo.uhu.es


