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Potential for Bielogical Tireatment
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Comparison of the Leviathan Mine Aspen Seep with
Discharge Objectives.

Values shown are maximum allowable/daily composite of three grab samples.
* Values calculated from 40 CFR 131.38 using hardness of 200 mg/L (CaCO5)

Constituent Aspen Seep Discharge Objectives

pH S 6.0-9.0 su
sulfate 1780 NA

Al 41 4.0/2.0

Fe 126 2.0/1.0

N1 0.567 0.84/0.094"
Mn %/ NA

Cu 1.03 0.026/0.016"
/n 0.786 0.21/0.217

As <0.05 0.34/0.15



/e anaerebic sulfate-reducing treatment: precess

Iihe sulfiate-reducingl process can be described by the fiellowing
eguations:

2CH50 + SO, + 2HF — 2C0;5 +H55+ 2550
2CH,O + SO, 2 + —» 2HCO5 + H,S

~H5S (as SH)will then combine withra variety of divalent metals as-
metal sulfide; precipitates:

S22+ M2+ 5 MS



Solubility’ products off various metal sulfides

Metal Sulfides Solubility Product
(18°C)
MnS 1.4x 1015
FeS 3.7 x 1018
ZnS 1.2 x 103
NiS 1.4 x 10-%
CoS 3.0 x 10-2¢
PbS 3.4x1028
CdS 3.6 x 10-%°
CuS 8.5x10%
HgS 4.0 x 10-2

From CRC, 18°C



Solubility’ of Ee*2in the presence of
sulfide

FeS(s) = Fe*" + S* pK ;= 18.1
HS- =S* + HY pK =139
H,S =HS- +H* pK = 7.0

Ksl 10-18.1

[S*] [S*]

[Fet2] =

10181 (10139 [H*] + 10209[H*]2)
[S — H]tot
[S-— II], .= total sulfide

[Fe™] =




Iren; concentrations at various piH
values withy 107 sulfide

pHi [Fe+?] Fe (mg/L)

6.3 x 1073 546

6.4 x 107 3.5
6.9 x 107 0.038
1.2 x 108 0.00066

Q| N| o 1| H

6.4 x 1010 0)10]0/0/0J0)53%,




Iren| concentrations at various pH
values with 107 M sulfide

phi [Fe*] Fe (mg/L)
4 6.3x 102  |3460
5 6.4 x 10 35
6 6.9 x 106 0.38
7 1.2 x 107 0.0066
8 6.4 x 10:° 0.000034




Organic Substrates for Dissimilatory Sulfate
Reducing Bacteria

Formate e Methanol
Acetate e Ethanol
Lactate + Propanol
tyrtiae  Butanol
Malate

* Ethylene glycol

Fumarate .
; * Propane diol

Succinate

L e Benzoate

Various sugars * Phenols (many types)

Glycerol * Others



2H- 2H- 2H- 2H-
HzSO4—> H2803 + HzO —> SOZ —>SO—>S HZO —>HZS

2H: || 2H: || 2H" 2H
CH;CH,OH—— CH;CH—— CH3COH—> CH;0OH+ CO,* H,0—

|| 2H || 2H°




Electron Accounting

One Mole of H,S eliminates one mole of Fe?*
If trying to remove 300 mg/L of Fe?* (0.0054 M)

2. ETHANOL

Ethanol can contribute 12 electrons per mole

Sulfate reduction requires 8 electrons per mole

- To remove 0.0054 M Fe?" | need to reduce 0.0054 M sulfate or
518 mg/L

- One mole of ethanol reduces 1.5 moles sulfate

- 50 0.0054 M sulfate/1.5moles sulfate removed per ethanol =
0.0036 M ethanol needed

- 0.0036 M ethanol = x (1 mole methanol)/46.07 g/M

= 166 mg/L ethanol required to remove 300 mg/L Fe**






1998 Aspen Seep Bioreactor

- Two Cell bioreactor
- Matrix consisted of wood chips in one cell and inert rock in the other

- Utilized a mixture of alcohols as the carbon source

- Some base needed to be added due to the low pH of Aspen Seep (pH 3

- Designed to allow precipitates to be flushed from the cells
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Flow was controlled into the reactor with a v-notch weiring device.




During operation flow was
controlled out of the
reactors with standpipes.
Flushing was accomplished
with valves.













Influent
Effluent

Effluent
(settled)

Aspen Seep Bioreactor

Nickel
(mg/L)

0.14
0.02

0.02

Copper
(mg/L)

0.28
n.d.

n.d.

Zinc
(mg/L)

1.75
n.d.

n.d.

Iron
(mg/L)

83
34

0.7



Aspen Seep Bioreactor Iron Influent and Effluent Concentrations & Flow.
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Aspen Seep Bioreactor Iron Influent and Effluent Concentrations
When pH > 6.5 in Effluent & Flow.

Sodium hydroxide addition established .,
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Aspen Seep Bioreactor Influent and Effluent Sulfate Concentrations & Flow
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2003 Bioreactor Goals

o Impreved ftshing ability

[Larger: reck matrix
Improved water distribution

Addition: off pre-treatment pend for selids
~ removal

Improeved sludge manadement
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Sodium Hydroxide
And Ethanol Delivery

Designed Flow Schematics
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Delivery
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n seep Bioreactor 1
Pretreatment Pond

_,‘

Bioreactor 2

_,‘

Settling Pond 1 Settling Pond 2

Oxidizing Aeration

Trench

Infiltration Po




nstituent

Aspen Seep

3.17
1502
35
107
0.40
0.55
0.74

Bioreactor 1
effluent

4.70
1307
21
69
0.26
0.01
0.08

Bioreactor 2

effluent

4.77
1269
18
65
0.21
<0.01
0.04

Discharge

7.19
1222
<0.1
1.9
0.06
<0.01
0.02

Discharge
objectives

6-9
NA
4.0
2.0
.84
.026
21



Pretreatment Pond

Flow Schematics With Recycle

Recycle Line
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Pretreatment Pond

Flow Schematics With Recycle

Recycle Line
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nstituent

Aspen Seep

2.93
1530
28

99

0.50
0.62
0.73

Bioreactor 1

effluent

6.79
1090
<0.5
0.16
0.15
0.02
0.02

Bioreactor 2

effluent

6.86
1080
<0.5
0.13
0.05
0.01
0.02

Discharge

7.66
1170
<0.5
0.04
0.1
0.01
0.06

Discharge
objectives

6-9
NA
4.0
2.0
0.84
0.026
0.21
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Copper
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Zinc
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Cost

Dependant upon chemistry (acidity and metals) and flow.

Capital Costs- $50,000 to $1,000,000 could be higher if flows are extremely
high and site conditions are challenging

Maintenance Cost-
- Personnel- 2 to 4 visits per month
- Alcohol- variable @ Leviathan ~ $ 0.54/1000 gallons treated
- Base — variable @ Leviathan ~ $0.47/1000 gallons treated

- Recirculation energy cost ~ 0-$6000/year ($6,000 @ leviathan,
diesel currently used)

- other yearly maintenance - variable @ Leviathan ~ $10,000/year



| essons Learned

Either use the bioreactor as a sulfide generation system with

sludge generatediin' am open pond o have an efficient sitdge
flusAing system

Avoeid valves|or piping systemsi that: can (Will) plug

Sodium! hydroxide addition|is reguired (at least fior the present),
pH of effllent; needs to be close to) 7 for goedliron remoeyval

Many: alcohels will'work-"ethianol'Is our choice (for new)
Sludge management requires seeking epportunities

Tihere is no magic bullet for AMD! treatment- Eveni though
alcohel enhanced bioreactors can be; Iess tham lime treatment,
management and monitering still reguired

Recycle appears! to woerk well
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