!
i

"= One of the first

multi-cell Systems

. =

e é" -
% Z .,
. el
- »o P
ot S .
, —_—y "

{/" . BobKleinmann and Jeff Skousen

A . > .
i ¥ 1 RERS W
R Ay AT A o a SN : g t



Two general cate

.—-1 .-

PEMILIME: ’6hek‘ hannels
,,,kall eLeach Bed ) A i s,

1 O Iushap elemest“One Beds e T

‘.-I r - (‘,‘_ ‘ ’ , ,'- ; /~~, { 3 '

;f"rrl_










To test this concept, we created a miniature version of
this Sphagnum moss bog (a port-a-bog) and mounted it
on a flatbed trailer so that it could be tested at various




After testing the approach with our port-a-bog, we
tried scaling it up at actual field sites.




However, we learned that while the Sphaghum moss systems
could handle relatively mild coal mine drainage, high metal
loads created an advancing wall of death unless there was
large amounts of dilution available.







Typha (cattails) seemed
much more tolerant of
acid mine water than
Sphaghum
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1985 — Jeff’s first system
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The Development of Anaerobic Wetlands
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IS there any way to keep the LS
from becoming coated with iron
hydroxide?
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Figure 1. Excavation of the trench was followed by placang filter fabric in
the trench, and then filling the trench with limestone. Flg:lteh'.’“gea:;::ges were placed ontop of thehlterfabr-c Imed trenchfulled

One idea was to add
haybales to serve
as a sink for oxygen,
generate CO,, and

add alkalinity. Nope!

.1 Skousen and
WVDEP 1991

Flgure 3. The limestone and hay in the trench were covered with plastic.
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APS or Vertical Flow Wetlands

Push water through OM, then into LS, out through pipes
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SAPS were designed to
remove O, from the water
with a downflow system
through OM then LS, out
through pipes.




Does LS stop dissolving when armored?
Not completely! Typical di
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H ere was t h e Analyze Raw Water Chemistry
= . = . Determine Flow Rate
original decision tree...

three s YS tems Net Alkaline Water Net Acidic Water

DO, Fe ¥ At 0o, Fe !, A1
Acceptable Unacceptable
— |
Anoxic
Limestone
Drain
pH> 4 pH< 4
Settling Influent Influent
Pond ¢ Acidity Acidity
< 300 > 300
/7~ I\
v
Aerobic Compost
Wetland Settling Wetland
Size based on : Pond Size based on :
20 gmd Fe 5 gmd Acid
0.5 gmd Mn 0.5 gmd Mn




In 1994,
this was the
Decision Tree

with five choices

US Bureau of Mines 1994

SCHEME FOR PASSIVE TREATMENT OF MINE DRAINAGE

Determine flow rate
Analyze water chemistry
Calculate loadings

Alkalinity > Acidity Alkalinity < Acidity
DO <1 mg/L, ] DO >1 mg/L,
Fed' <1 mg/L, Fe® >1 mg/L,
Al** <1 mg/L AP* >1 mg/L
v T . ey .
Alkalinity /] . ANOXIC I\  Aikalinity
> Acidity LIMESTONE < Acidity
\] DRAN |/ OR OR

AEROBIC
WETLAND OR
SETTLING
POND

. I I =
ANAEROBIC SETTLING " OPEN
WETLAND POND LIMESTONE |
T | CHANNEL
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5 T ~ | SETTLING

AERATION POND
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Today
at least

12

Choices

estaplish Water Ireatment (oals
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LLB or
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Mix with AMD
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If High Fe If High If Slope | Stream Falling
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estaplish Water Ireatment (oals

Water with
Low Al, Fe, and Mn

If Net Acid

LLB or
SLB
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Aerate Net Acid Mix with AMD
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Here are the Major Points for Passive Treatment Systems

1. When appropriately designed and maintained, passive systems

can provide long-term, efficient, and effective treatment for
many acid mine drainage (AMD) sources.

2. Passive AMD treatment relies on natural processes to
neutralize acidity and to oxidize or reduce and precipitate
metal contaminants.

3. ... are most suitable for small to moderate AMD discharges of
appropriate chemistry. Periodic inspection and maintenance plus
eventual renovation are generally required.




Here are the Major Points for Passive Treatment Systems

4. Biological passive treatment technologies rely on bacterial
activity and may use organic matter to stimulate microbial
sulfate reduction and to adsorb contaminants.

5. Geochemical systems place alkalinity-generating materials
such as limestone in contact with AMD (direct treatment) or with
fresh water upgradient of the AMD.




Here are the Major Points for Passive Treatment Systems

6. Most passive treatment systems employ multiple methods,
often In series, to promote acid neutralization and oxidation and
precipitation of the resulting metal flocs.

/. Before selecting an appropriate treatment technology, the AMD
conditions and chemistry must be characterized. Flow, acidity
and alkalinity, metal, and dissolved oxygen concentrations
are critical parameters for selection and design.
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L~ How many drainage pipes?

== Spacing?

- Do they really remove particulates?
Some say 20%, some 70%
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Drainable Limestone Bed

Water Level Control Structure

Minewater —\

7 Final Effluent

Gate Valve (Closed)

Standpipe at end controls water level in bed.
Take out plug at bottom and flush

Minewater \

/Water Level Control Structure

=4 ‘t{ )L( “”4 *’~{ ,-( ,'4‘ ,
).~ \f’u ;CJ .~ rtx P..J) Pl ;V'
m’ )0 Limestone Aggregate ;f

jﬂ, L3I - N
{ ’
;‘7’.:(,) b’,. ,) \t‘(| v, \,(\L{<

S0-0-0-6 )0 ;"4, )0

Gate Valve (Open) Final Effluent




5N ‘_ﬁrﬂw :
.f&._;.;rJ
A5,-—5‘-. &

o

AL

, ﬁawzﬁﬁaﬁ. 0

mw.mm..:.,." . :

By

N

2y
g

X




Flushable Limestone Bed




$ - Steel slag = calcium alumino-silicate oxides
#l - Source is Mingo Junction, OH, steel mill
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_Sequence of Passive Systems
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The earliest constructed wetlands were for municipal
wastewater treatment. These systems were also used to
treat , Stoxf T“ncff and capture sedlment __0|~I‘ grease.
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