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Pyrite Oxidation and Hydrolysis

GHEYAR

4FeS, + 150, +14H,0 =>

4 Fe(OH), + 8 H,SO,

/ |

Yellow Boy Sulfuric Acid















While many areas in the USA have mine drainage,

the most severe areas are in the...
Anthracite and Northern Appalachian regions.
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Contaminated streams flow into larger streams/rivers
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PRrepICTION OF WATER QUALITY
AT SURFACE CoAL MINEs

A Review of Procedures
for Surface Mining and
Reclamation in Areas with
Acid-Producing Materials
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AMD CONTROL

- Overburden Analysis

- Handling and Placement
- Postmining Hydrology
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Mixing of
Acid and
Alkaline
Strata










TYPES OF REMEDIES

- Active Treatment
- Passive Treatment
- Mechanical Treatment
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“ ” " Sludge Settling
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Reverse Osmosis
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Feed with
External Water
(Low Al Fe, &

Mn) to Add

Alkallinity

Establish Water Treatment Goals

If Net Alkaline

If Low Al & Fe, !

If Low DO, Fe?* & Al
(ideal: all <1 mg/L)

If Net Alkaline Anoxic Limestone Limestone Pon
€ Drain or Slag Pond
v _ _
If Sufficient | If Low-Mod | If Low If High If Slope High Fe Falling
v Area Fe, Al Flow Fe or >20% Head
Settling | | Settling | [ Settling Settling High Al
Pond Pond Pond Pond
X X Vertical . Fl vh d O L HF
Aerobic | | Anaerobic ertica i L Ushe _open OWPE T Diversion
Flow Bioreactor | | Limestone | | Limestone | | Oxidation
Wetland| | Wetland Well
Pond Channel Channel

ration, Settling Pond, &/or Aerobic Wetland
Water Quality Meet IfNo Re-evaluate Design;
Retrofit to Improve

B i o I og Ical Treatment Goals?
Geochemical

Performance

Discharge Water



Establish Water Treatment Goals Feed with
External Water

(Low Al Fe, &
Mn) to Add

If Net Alkaline

Alkallinity

If Low Al & Fe, !

High DO !
If Low DO, Fe?* & Al |
(ideal: all < 1 mg/L) ¥ A
If Net Alkaline Anoxic Limestone Limestone Pond|
P2 Drain or Slag Pond
7 _ \ 4
llf Sufficient llf Low-Mod | I If High If Slope igh Fe Falling
v Area Fe, Al Fe or >20% Head
Settling | | Settling Settling
Pond Pond Pond
* . i Fl vh d HF
Aerobic | | Anaerobic Vgtlcal . Li us te Igm:lp i °| | Diversion
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_Channel |

v y v

Re-evaluate Design;

If No
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Treatment Goals?

Retrofit to Improve
Performance
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Establish Water Treatment Goals Feed with
External Water

(Low Al Fe, &
If Net Alkaline Mn) to Add
Alkallinity
If Low Al & Fe, !
High DO !
If Low DO, Fe?* & Al |
(ideal: all < 1 mg/L) ¥ A
If Net Alkaline Anoxic Limestone Limestone Pon
€ Drain or Slag Pond
¥ _ :
If Sufficient | If Low-Mod | If Low If High If Slope High Fe Falling
v Area Fe, Al Flow Fe or >20% Head
Settling | | Settling | [ Settling Settling High Al
Pond Pond Pond Pond
* X V \ty 1 - Fl vh d (0) L HF
. . she - . .
Aerobic | | Anaerobic ertica ) - _open OVY P . 9| Diversion
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Pond Channel Channel
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Re-evaluate Design;
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Anaerobic Wetland Substrate Design

BIO-FILTER STRATA

YA\ YAV N 7/ SYIAY

Water level

Freeboard

__FH R N LA 7 \':'. ‘
\\: *1, Humic strata> » 1-:\,“\ y
4 (Composted materlal 121018
4," \‘ AN preferre\d)s - '
o Substrate. Vi ‘6"
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SECTION
Lots of different recipes for the substrate
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Pipes and Drainage Systems!
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- Bioreactor for Selenium




Selenium Bioreactor
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- Steel slag = calcium
aluminosilicate oxides
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& | - Source is Mingo
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Feed with
External Water

Establish Water Treatment Goals

If Net Alkaline Mn) to Add
NG, Alkalinity
If Low Al & Fe, !

If Low DO, Fe?* & Al
(ideal: all <1 mg/L)

If Net Alkali Anoxic Limestone Limestone Pon
€ = — Drain or Slag Pond
v _ _
If Sufficient | If Low-Mod | If Low If High If Slope High Fe Falling
v Area Fe, Al Flow Fe or >20% Head
Settling | | Settling | [ Settling Settling High Al
Pond Pond Pond Pond
¥ ¥ ¥ ¥ Y
. . Vertical Flushed Open Low-pH Fe|| ... .
Aerobic | | Anaerobic ] . ] C Diversion
Wetland| | Wetland Flow Bioreactor | | Limestone| | Limestone | | Oxidation Well
¢ JMeti.an.d_ T Pond || Channel | % T
Aeration, Settling Pond, &/or Aerobic Wetland

Biological
Geochemical

Water Quality Meet
Treatment Goals?

Discharge Water

If No

Re-evaluate Design;
Retrofit to Improve

Performance



Feed with
External Water

Establish Water Treatment Goals

etermine Flo (L A, 06,
If Net Alkaline . If Net Acidic Mn) to Add
Analyze Water Chemistry AlKalinity
Iculate Lo I
If Low Al & Fe, !
idi High DO
If Low DO, Fe* & Al valuate A(.tldlc 1g I
(ideal: all < 1 mg/L) Water Option I v
€ = — Drain or Slag Pond
v _ _
If Sufficient | If Low-Mod | If Low If High If Slope High Fe Falling
% Area Fe, Al Flow Fe or >20% Head
Settling | | Settling | [ Settling Settling High Al
Pond Pond Pond Pond
¥ ¥ ¥ ¥ Y
. . Vertical Flushed Open Low-pH Fe|| ... .
Aerobic | | Anaerobic ] . ] C Diversion
Wetland| | Wetland Flow Bioreactor | | Limestone| | Limestone | | Oxidation Well
¢ JMeti.an.d_ T Pond || Channel | % T
Aeration, Settling Pond, &/or Aerobic Wetland

Biological
Geochemical

Water Quality Meet
Treatment Goals?

Discharge Water

If No

Re-evaluate Design;
Retrofit to Improve

Performance



If Net Alkaline

Establish Water Treatment Goals

If Low DO, Fe?* & Al
(ideal: all <1 mg/L)

Feed with

External Water
(Low Al Fe, &

Mn) to Add
Alkallinity

If Low Al & Fe, !

. Limestone Pon
1kal
< If Net Alkaline or Slag Pon dd|
If Sufficient )| If Low-Mod | If Low If Slope -High Fe Falling
% Area Fe, Al Flow Head
Settling | | Settling | [ Settling Settling
Pond Pond Pond Pond
X ¥ Vertical - Flushed () L HF
Aerobic | | Anaerobic ertica i L Ushe _open OWPE T Diversion
Flow Bioreactor | | Limestone | | Limestone | | Oxidation
Wetland| | Wetland Well
Pond Channel Channel

v

v v ! 4 y

v

Aeration, Settling Pond, &/or Aerobic Wetland

Water Quality Meet If No

Biological
Geochemical

Treatment Goals?

Discharge Water

Re-evaluate Design;
Retrofit to Improve
Performance



A. Aerobic Wetlands

1-3 ft. Organic Matter

C. Alkalinity Producing Systems (APS)

3-6 ft. Water

6-12 in. Organic Matter
1-2 ft. Limestone
Drainage System

E. Limestone Pond

“\
./
.0’0.000’0‘0‘0’
&> & ‘0 .0 ‘0 ‘0.0‘0.0.0 "
S92 S90S

36 ft. Water
1.3 ft. Limestone

B. Anaerobic Wetlands

1-3 in, Water
1-2 ft. Organic Matter
5- 1 ft. Limestone

D. Anoxic Limestone Drains (ALD)

OO LSO OO0
voobo9o9te
pOoOoOe9doe

2-4 ft. Soll

20-40 mil Plastic Liner

surrounding or covering LS
Trench or bed of Limestone

F. Open Limestone Channel (OPC)

Sestnsenns”

Small or large sized Limestone placed
along sides and in bottom of culverts,
diversions, ditches, or stream channels.
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Tab-Simco AMD Passive Treatment System

Oxidation Pond Outlet
Offsite Drainage Channel

r
Drainage Bypass /
1 -— -
Channel ” E
S Bioreactor Inlet ard | "!
Bioreactor Seeps Bt

Oxidation Pond




Wingfield Pines System
October 19, 2009

Photo provided by
PADEP Bureau of
Abandoned Mine
Reclamation

Bob Hedin
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Vert Flow Wetland = 35 g acidity m=.d?!
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