Mechanisms of metals removal during passive mine water
treatment at low and circumneutral pH
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UK Mining

The nature of waste associated
with closed mines in England and
Wales
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At peak production in 1913over 50% of coal
was exported through ports Cardiff, Swansea, Barry & Newport
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The Pilot Tank

O

Enhanced iron removal by (self) filtration of ochre particles and
surface-catalysed oxidation of dissolved iron
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Mean Influent Chemistry

O

Mean

pH 6.7 41 0.4
Redox Potential + 7.6 mV 39 80.7
Dissolved Oxygen 4.2 mg/L 37 1.1
Temperature 11.8 °C 40 0.8
Alkalinity (as CaCO,) 220 mg/L - -
Sulphate 221 mg/L - -
Total Iron 8.4 mg/L 42 2.7
Filtered Iron (0.45um) 7.3 mg/L 40 0.8
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Iron removal mechanisms
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Successtul iron removal by (i) aggregation and filtration of
particulate iron (ii) Autocatalytic iron oxidation. Iron can be
removed from system for recovery/re-use

Engineering calcs show as a rule of thumb, a quarter the size of
conventional passive system for same flow (probably about half the
cost).

Microbial analyses indicates very diverse (trapping live and dead
microorganisms washing out of the mine)

Manganese oxidation and removal in ‘varve-like’ layers.

Reactive transport calcs show h(iighest rate of Mn (II) in literature k
= 164 d' e.g. compared to 0.07 d* (Diem and Stumm ,1984)



Will a VFR work at low pH?

Low pH 2.4 — 3.4
R Zn 100 mg/L
N High Fe > 100 mg/
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Fe removal at low pH?
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Vertical flow reactor

» Gravel bed iron filtration system
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Discharge Chemistry

38

Flow rate 1L/s

pH 2.9 (std. dev. 0.4)

ORP (Rel.mV) 652

EC (uS/cm) 1544
D.O (mg/L) 8.0
Fe total 100 mg/L

Water quality data for adit
number 9 Zn 100 mg/L



Metal removal

mg/L Fe (tot) ( ﬁltFef'e d) Zn Cd Pb S042- Cl
05.9 89.2 100.7 0.14 0.10 1485 17.1
Inflow
+29.7 +32.3 +21.9 +0.09 +0.14 +438 +20.0
Outflow 31.4 36.3 09.0 0.13 0.05 1478 13.8
| +15.6 +22.9 | +21.8 £0.03 +0.02 +415 +6.5
n 21 27 27 22 25 22 20

Consistently removing approximately 70% of the total Fe
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Fe removal in VFR
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= 70% of the total Fe passing a 0.2 um filter is retained in the tank




Settling properties
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USBM 200 square feet per
4 . gallon per minute for wetland

This flow roughly 100 square feet per gallon per

Flow, L/min
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Time, d
® flow rate

After the initial period of the tank filling, flow rate has remained
relatively constant with 20 cm driving head



Possible Fe removal mechanisms




Evidence for some Fe(II) oxidation

40 -

35 Small proportion of
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Collaboration with Prof Barrie Johnson and Dr Catherine Kay, Bangor
University, UK

Analysis of water and sludge samples

simple community dominated by the iron-oxidizing g-
proteobacterium Ferrovum myxofaciens

approximately 50 % relative abundance

increasingly identified within acidic free-flowing waters and with

formation of long gelatinous extracellular polysaccharide (EPS)
matrixes (filament

adheres to organic and inorganic materials providing a mechanism of
attachment within the flowing stream

ensures access to the soluble Fe?* energy source transported by the
stream



Stirring experiment done when no Fe(II) present

Raw mine Fe-filt Fe-filt
water (0 hours) (6 hours)
(mg/L) (mg/L)
Still
(no ochre) 58 50 Agitation seems to be the
/7 common feature, not the
Agitated / addition of sorption material
(no ochre) o7 20
Agitated /
(ochre added) 45 28




Possible Fe removal mechanisms

Not always Fe(II) Dissolved Fe(III)

Fe conc decrease

with agitation Fe oxidising present, rate of concentration of

(coagulation/ bacteria present heterogeneous treated water
in the water oxidation is very does not decrease

Aggregation) slow at low pH when solid added

UNLIKELY

UNLIKELY







Analyte Concentration (mg/L)

Centrifuge Centrifuge Particle
Sample # speed time(hrs) Diameter (nm) ca
(RPM)

Raw Mine Water - 99.57 59.47 39.70 27.66 81.63

0 = = = 98.24 59.15 39.25 27.84 82.81
1 300 1 683 96.55 63.25 4139 29.29 84.94
2 500 1 417 92.75 62.06 40.22 28.39 83.73
3 700 1 293 82.05 62.31 40.58 29.18 85.02
4 1000 1 207 91.41 60.18 40.13 28.19 82.94
5 2000 1 101 89.00 61.29 40.21 28.52 84.05
6 4000 1 50 85.66 61.32 40.87 29.24 83.70
7 5000 1 39 84.45 72,66 4144  28.88 87.08
8 3500 2 35 86.93 61.21 40.87 29.10 83.09



The removal mechanism is...

[1] Aggregation of nanoparticulate iron oxides

“Fe(III) phases which form from solution begin
as small clusters of octahedral Fe (O, OH, OH2)6
units that evolve into larger polymeric units with
time, eventually reaching colloidal sizes (Combes
et al., 1989).”

[2] Kinetically constrained iron precipitation

...what we may be seeing is kinetics, the slow
hydrolysis of Fe(III)

Perhaps a continuum of the same process?
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Summary of VFR pilot studies
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IJhoto: Christian Wolkersdorfer
The VFR is an effective low footprint “filter’ for removal of
Fe at low and circumneutral pH. Iron is removed by a
combination of physical and biogeochemical mechanisms.

Other sites will be tested...



