











COAL CALENDAR

October

24-25 West Virginia Mining & Reclamation
Association, Fall Board Meeting, The
Lakeview Resort & Conference Center,
Morgantown, WV, contact Patty Bruce,
WVMRA, 1624 Kanawha Blvd. E.,
Charleston, WV 25311, (304) 346-5318,
FAX 346-5310.

28-29 Cavalcade of Trade '97, Charleston Civic
Center, Charleston, WV, contact Char-
leston Regional Chamber of Commerce,
106 Capital St., Suite 100, Charleston, WV
25301, (304) 345-0770.

November

13-14 Eighth Pennsylvania Blasting Confer-
ence, Penn State University, University
Park, PA, contact Chriss Schultz, 225 Penn
State Conference Center Hotel, University
Park, PA 16802, (814) 863-5130, FAX
863-5190.

January

14-16 25th West Virginia Mining Symposium
Holiday Inn - Charleston House, Charles-
ton, WV, contact Patty Bruce, WWMRA,
1624 Kanawha Blvd. E., Charleston, WV
25311, (304) 346-5318, FAX 346-5310.

18-24 Annual Mountain State Coal Classic,
Raleigh County Armory, Beckley, WV, con-
tact Bluestone Coal Corp., P.O. Box 1085,
Beckley, WV 25802, (304) 252-8528, FAX
255-6106.

27-1 West Virginia Mining & Reclamation
Association, Semi-Annual Meeting, El
Conquistador Resort & Country Club,
Fajardo, Puerto Rico, contact Patty Bruce,
WVMRA, 1624 Kanawha Blvd. E., Char-
leston, WV 25311, (304) 346-5318, FAX
346-5310.

Massie

Reclamation, Inc.

STAND BACK
AND WATCH

US

GROW!

We specialize in
* hydroseeding
* tree planting
e straw blowing

Charles Massie, Owner
P.O. Box 349 « Bradley, WV 25818
(304) 877-6460 * FAX 877-6462
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Annual Meeting
Event Prize Donors

MONTE CARLO NIGHT
Beckwith Machinery Company (Dave Trueman) - $100
Cecil 1. Walker Machinery Co. (John Williamson) - $100
Crown Hill Equipment, Inc. (Chris Supcoe) - $200
Cummins Cumberland, Inc. (Dave Hibbs) - $100
El Dorado Chemical Co. (Joe Ferguson) - $100
Employers Service Corp. (Paul Ayers) - $100
Fielding Hydroseeding, Inc. (Ed Brown) - $100
Gibson-IRECO, Inc. (Grant Schrader) - VCR
Ingersoll-Rand Company

(Tim Larson) - I-R Electric Drills & Air Impact Wrench
K & P Mining (Mike Perilli) - $100
Nelson Brothers, Inc. (Wade Bowman) - $100
Republic Industries (John Krebs) - Gold Coin
Rish Equipment Co. (Myron Jones) - $50
Worldwide Equipment, Inc.(Chuck Bradley) - Jackets

FUN RUN

Appalachian Mining Services (Charlie Miller) - $100
Cummins Cumberiand, Inc. (Dave Hibbs) - $50
Killam Associates (Phil Longenecker) - $50

BOWLING

Cummins Cumberland, Inc. (Dave Hibbs) - $50
Jackson & Kelly (Dan Stickler) - $50

Nelson Brothers, Inc. (Wade Bowman) - $50
Rudd Equipment Company (John Smith) -$50

CHILDRENS’ BOWLING
Cascades Coal Sales, Inc. (Flick Goldsmith) - $50
Cummins Cumberand, Inc. (Dave Hibbs) - $25
El Dorado Chemical Co. (Robert Giovando) - $50
Triangle Surety Agency, Inc.

(John Jacobs) - $50 Bonds (2)

CHILDREN'S PUTTING
Cascades Coal Sales, Inc. (Flick Goldsmith) - $50
Cummins Cumberland, Inc. (Dave Hibbs) - $25
El Dorado Chemical Co. (Robert Giovando) - $50
Triangle Surety Agency, Inc.

(John Jacobs) - $50 Bonds (2)
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The Association extends its
appreciation for the generosity of the
many members who donated prizes
for the various events which added
so much to our 31st Annual Meeting.

GOLF
Anderson of West Virginia

(Dave Gettman) - $10,000 for hole-in-one on 18
Appalachian Mining Services (Charlie Miller) - $100
Appalachian Tire Products (Walt Dial) - $100
Beckwith Machinery Company (Dave Trueman) - $100
Cascades Coal Sales, Inc. (Flick Goldsmith) - $100
Cecil I. Walker Machinery Co. (John Williamson) - $100
Crown Hill Equipment, Inc. (Chris Supcoe) - $100
Cummins Cumberiand, Inc. (Dave Hibbs) - $100
Fielding Hydroseeding, Inc. (Ed Brown) - $100
Hitachi Construction Machinery Corp.

(Fred Caddell) - Golf Bag & Putter
Kimberly Industries, Inc.(Kitt Wellford) - Putter
Morton Specialty Insurance Partners

(Charlie Morton) - $200
Mt. State Bit Service, Inc.

(Paul Laskody, Jr.) - Golf Towels
Nelson Brothers, Inc. (Tab Hudson) - $100
O&K Orenstein & Koppel, Inc. (Mike Richardson) - $100
Penn Line Service, Inc. (Larry Roberts) - $50
Petroleum Products, Inc. (Tom Taylor) - $100
Rish Equipment Co. (Myron Jones) - $100
Rudd Equipment Company

(John Smith) - Beverage Carts & Cigars
Smith-Manus Agency, Inc. - $100
Worldwide Equipment Company (Chuck Bradley) - Putter

TENNIS

Cummins Cumberland, Inc. (Dave Hibbs) - $50
Ingersoll-Rand Company (Tim Larson) - $50 + Trophy
Kimberly Industries, Inc.(John Wellford) - $50

Penn Line Service, Inc. (Larry Roberts) - $50

Rish Equipment Co. (Dan Pichick) - $100

Skelly and Loy, Inc. (John Gunnett) - $100

TRAP

Cecil |. Walker Machinery Co. (Stevve Walker) - $50
Nelson Brothers, Inc. Wade Bowman) - $50
Robinson & McElwee, LLD (Kip Power) - $200



Thank You

FISHING
Appalachian Mining Services (Charlie Miller) - $50
Ingersoll-Rand Company (Tim Larson) - $50
Nelson Brothers, Inc. (Tab Hudson) - $50
Potesta & Associates
(Dana Burns) - Tackle Boxes & Coleman Lantern

MOUNTAIN BIKE RIDE
O&K Orenstein & Koppel, Inc. (Peter Causer) - $100

KATE’S MOUNTAIN
West Virginia Coal Association
(Bill Raney) - 2 Pecan Mountaineers

NEW CHAIRMAN’S BREAKFAST

Black Diamond Construction, Inc. (Bill Casto) - $100
Cascades Coal Sales, Inc. (Flick Goldsmith) - $100
Crown Hill Equipment, Inc. (Chris Supcoe) - $100
Cummins Cumberland, Inc. (Ed Surgeon) - $100

El Dorado Chemical Co. (Joe Ferguson) - $50
Fielding Hydroseeding Inc. (Ed Brown) - $100
Hitachi Construction Machinery Corp. -

(Fred Caddell) - Hitachi Camcorder
Ingersoll-Rand Company (Tim Larson) - $100
Nelson Brothers, Inc. (Wade Bowman) - $50
O&K Orenstein & Koppel, Inc. (Rolf Weber) - $100
Rudd Equipment Company (John Smith) -$200

NAME TAG DRAWING

Black Diamond Construction, Inc. (Bill Casto) - $100
Bright Enterprises (Bill Bright) - Golf for 2 at Glade Springs
Crown Hill Equipment, Inc. (Chris Supcoe) - $100
Cummins Cumberland, Inc. (Dave Hibbs) - $100

El Dorado Chemical Co. (Joe Ferguson) - $50
Employers Service Corp. (Paul Ayers) - $100

Fielding Hydroseeding Inc. (Ed Brown) - $100

The Greenbrier (Lee Doggett) - Weekend atthe Greenbrier
Ingersoll-Rand Company (Tim Larson) - $100

K & P Mining (Mike Perilli) - $100

Long-Airdox (Mike Hastings) - 13" Color TV

Nelson Brothers, Inc. (Tab Hudson) - $100

TRIANGLE

SURETY AGENCY, INC

Specializing in:
A Coal Reclamation Bonds

A Self Insurance Bonds for
Workers Compensation

A Financial Guarantee Bonds

Suite 970, One Valley Square * Charleston, West Virginia 25301

304-342-4989 or 1-800-551-4989

SIGN OF DEPENDABILITY SINCE 1890

0" 4""‘1(
SIGN OF DEPENDABILITY SINCE 1890
7'
Q‘DG\ \"‘“

NATIONAL AMMONIA

A Division of Tanner Industries, Inc.

(215) 535-7530 - FAX (215) 743-7013

Ed Weiss 5811 Tacony St.
Sales Manager Philadelphia, PA 19135
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Let us add a farming dimension to your seeding needs

@@“. ",
Reclamation
Summersville, WV

Robert Gene Bell, Jr. Specializing in Robert Gene Bell
(304) 872-6183 * Land Rec'é{mation Rt. 1 - Box 373A
. :gdr i"seed'“g Summersville, WV

« Erosion Control 26651

Phone (304) 872-3749

FAX (304) 872-6891

Depend upon

The Ohio Seed Company

for all reclamation seed
high quality and prompt delivery

TOLL FREE

1-800-879-3556

The Ohio Seed Company
P.O. Box 87

Experience West Jefferson, Ohio 43162

(614) 879-8366
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Overview of Passive Systems
For Treating Acid Mine Drainage

by Jeff Skousen, West Virginia University

Introduction

Active chemical treatment of AMD to remove metals
and acidity is often an expensive, long-term proposition
(Skousen et al. 1996). In recent years, a variety of passive
treatment systems have been developed thatdo notrequire
continuous chemical inputs and that take advantage of
naturally occurring chemical and biological processes to
cleanse contaminated mine waters. The primary passive
technologies include constructed wetlands, anoxic
limestone drains (ALD), successive alkalinity producing
systems (SAPS), limestone ponds, and open limestone
channels (OLC).

Natural wetlands are characterized by water-saturated
soils or sediments with supporting vegetation adapted to
reducing conditions in their rhizosphere. Constructed
wetlands are man-made ecosystems that mimic their natural
counterparts. Often they consist of shallow excavations
filled with flooded gravel, soil, and organic matterto support
wetland plants, such as Typha, Juncus, and Scirpus sp.
Treatment depends on dynamic biogeochemical
interactions as contaminated water travels through the
constructed wetland. ALDs are abiotic systems consisting
of buried limestone cells that passively generate bicarbonate
alkalinity as anoxic water flows through. SAPS combine
treatment concepts from both wetlands and ALDs.
Oxygenated wateris pre-treated by organic matter removing
O, and Fe*3, and then the anoxic water flows through an
ALD atthe base of the system. Limestone ponds are ponds
built over the upwelling of a seep and the seep is covered
with limestone for treatment. OLCs are surface channels
or ditches filled with limestone. Armoring of the limestone
with Fe hydroxides decreases limestone dissolution by 20
to 50%, so longer channels and more limestone is required
for water treatment.

At their present stage of development, none of the
passive systems can be reliably implemented as a single
permanent solution formost AMD problems to meet effluent
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limits. Relative to chemical treatment, passive systems
require longer retention times and greater space, provide
less certain treatment efficiency, and are subject to failure
in the long term. However, a great many passive systems
have realized successful short-term implementation in the
field and have substantially reduced water treatment costs
at many mine sites (Faulkner and Skousen 1994). Current
research seeks to understand the dynamically complex
chemical and biological mechanisms that occur within
passive systems and are responsible for AMD treatment.
Selection of an appropriate passive system is based on
water chemistry and flow (Figure 1, adapted from Hedin et
al. 1994) and refinements in design are ongoing. As
scientists and practitioners improve treatment predictability
and longevity of passive systems, they will play a more
important role in pollution abatement and environmental
protection.

Natural Wetlands

Huntsman et al. (1978) and Wieder and Lang (1982)
first noted amelioration of AMD following passage through
naturally occurring Sphagnum bogs in Ohio and West
Virginia. Studies by Brooks et al. (1985), Samuel et al.
(1988), and Sencindiver and Bhumbla (1988) documented
similar phenomena in Typhawetlands. Although evidence
suggests that some wetland plants show long term
adaptation to low pH and high metal concentrations, AMD
eventually degrades the quality of natural wetlands, which
is contrary to federal laws designed for wetland protection
and enhancement. Such regulations do not govern use of
artificially constructed wetlands forwater treatment, leading
to the suggestion that these engineered systems might
provide low cost, low maintenance treatment of AMD
(Kleinmann 1991). Over a thousand wetlands have since
been constructed to receive AMD from both active mines
and abandoned mine lands.



Determine Flow Rate

Analyze Water Chemistry
Calculate Loadings
Net AlLa.Iine Water Net Acid Water
Determine O, Content
Ferrous/Ferric Iron Ratio
I

DO <2 mg/L DO 2-5 mg/L DO >5 mg/L

Fe? <10% Fe® 10-25% Fe”>25%

Al® <25 mg/L |

1 AEROBIC or Low Flow High Flow
ANOXIC ANAEROBIC (<100 L/min) (>100 L/min)
LIMESTONE |«———— WETLAND,or
DRAIN SAPS
Strip DO, Precipitate Fe*
OPEN
LIMESTONE
Net Net CHANNEL
Alkaline Acid
Water Water
L > pH>4.5 pH<45
¥ Aerate
v
SETTLING SETTLING SETTLING
POND POND POND
AEROBIC ANAEROBIC
WETLAND WETLAND, or
SAPS
_ | Does Water Meet |
~ | Effluent Limits? |

|
NO

N

Discharge Chemical Treatment or

Recirculate through

ALD, SAPS, OLC,
Wetland, etc.

Figure 1. Flowchart for selecting a passive AMD treatment system based on water chemistry and flow.

(adapted from Hedin et al. 1994.)
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Constructed Wetlands

Mechanisms of metal retention within wetlands listed in
their order of importance include: 1) formation and
precipitation of metal oxides and hydroxides, 2) formation
of metal sulfides, 3) organic complexation reactions, 4)
exchange with other cations on negatively-charged sites,
and 5) direct uptake by living plants. Other mechanisms
may include physical retention of suspended metal colloids
and adsorption/exchange of metals onto algal mats. Other
beneficial reactions in wetlands include generation of
alkalinity due to microbial mineralization of dead organic
matter, microbial dissimilatory reduction of Fe hydroxides
and SO,, and dissolution of carbonates.

The way in which a wetland is constructed ultimately
affects how water treatment occurs. Two construction
styles currently predominate: 1) “aerobic” wetlands
consisting of Typha and other wetland vegetation planted
in shallow (<30 cm), relatively impermeable sediments
comprised of soil, clay or mine spoil, and 2) “anaerobic”
wetlands consisting of Typha and other wetland vegetation
planted into deep (>30cm), permeable sediments comprised
of soil, peat moss, spent mushroom compost, sawdust,
straw/manure, hay bales, or a variety of other organic
mixtures, which are often underlain or admixed with
limestone.

Aerobic wetlands are generally used to collect water
and provide residence time so metals in the water can
precipitate. The water in this case usually has net alkalinity
and metals precipitate as the water is retained in ponds.
Wetland species are plantedinthese systems for aesthetics
and to add some organic matter, but the organic matter is
not necessary to the function of the system. The wetland
species also encourage more uniform flow and thus more
effective wetland area. :

Aerobic wetlands promote metal oxidation and
hydrolysis, thereby causing precipitation and physical
retention of Fe, Al, and Mn hydroxides. Successful metal
removal depends on dissolved metal concentrations,
dissolved oxygen content, pH and net acidity of the mine
water, the presence of active microbial biomass, and
detention time of the water in the wetland. The pH and net
acidity/alkalinity of the water are particularly important
because pH influences both the solubility of metal hydroxide
precipitates and the kinetics of metal oxidation and
hydrolysis. Metal hydrolysis lowers pH, so alkalinity in the
water buffers the pH and allows metal precipitation to
continue. Oxidation reaction rates decrease a hundred-
fold with each unit drop in pH, and this oxidation rate
decrease is partially compensated for by microbial Fe
oxidation at pH ranges from 1 to 4. Following Fe oxidation,
abiotic hydrolysis reactions precipitate Fe hydroxides.
Therefore, aerobic wetlands are best used in conjunction
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with water that contains net alkalinity to neutralize metal
acidity. Abiotic Mn oxidation occurs at pH >8 while
microorganisms are thought to catalyze this reaction at pH
>6 (Wildeman etal. 1991). Manganese precipitation occurs
much more slowly than Fe and is sensitive to the presence
of Fe*2, which causes chemical reduction of oxidized Mn.
Consequently in aerobic net alkaline water, Fe and Mn
precipitate sequentially, not simultaneously, with the
practical result that several staged aerobic wetlands must
be constructed in series if removal of both metals is to be
attempted.

Brodie and co-workers atthe Tennessee Valley Authority
(TVA) have reported extensively on their use of aerobic
wetlands to treat AMD (Brodie 1993). A typical staged
design mightinclude an ALD (see next section) to passively
add alkalinity to the source AMD, a settling basin to hold
precipitated Fe flocs, followed by two or three aerobic
wetland cells to sequentially remove additional Fe and Mn.
TVA currently operates nine wetlands receiving moderate
quality AMD (pH range of 3.1 t0 6.3; total Fe < 70 mg/L,; total
Mn < 17 mg/L,; total Al < 30 mg/L; alkalinity 35 to 300 mg/
LasCaCO,), whichrequire nofurther post-systemtreatment
of water exiting the wetlands. Four TVA wetlands are
associated with high Fe (>170 mg/L) and low influent
alkalinity, which produces water with low pH and high metal
acidity. Two of these systems require NaOH treatment to
comply with NPDES effluent limits, while two others use
ALDs for further treatment of the effluent. A final TVA
wetland system receives low Fe (<0.7 mg/L) and Mn (5.3
mg/L) and is ineffective in Mn removal. Based on their
experience with these systems since 1985, Brodie suggests
that staged aerobic wetland systems can accomodate Fe
loads of up to 21 GDM (grams/day/m?) even in the absence
of excess alkalinity. Manganese loads up to2 GDM canbe
accomodated if alkalinity is present.

Long term successful treatment by a staged aerobic
wetland has also been reported for net alkaline water (total
Fe 89 mg/L; alkalinity 88 mg/L as CaCQ,) at the Simco
constructed wetland near Coshocton, OH (Stark et al.
1994). Thewetland, builtin 1985, hasimproved in treatment
efficiency over time, not requiring any chemical treatment
since 1990. The density of cattail shoots has increased to
a current density of 17 shoots/m2. Success at the Simco
wetland is attributed to the presence of moderate mine
water quality (near neutral pH and Fe <100 mg/L), sound
wetland design, periodic site maintenance, and high
vegetative cover.

Analysis of 73 sites in Pennsylvania suggested that
constructed wetlands are the best available technology for
many postmining ground water seeps, particularly those of
moderate pH (Hellier et al. 1994). However, those site’
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with net acidic discharges have a much lower successful
treatment efficiency. Forexample, the Rougeux #1 site has
aflow of 5.2 gpm and influent chemistry of 2.9 pH, 445 mg/
L acidity as CaCO,, Fe 45 mg/L, Mn 70 mg/L, and Al 24 mg/
L. After flowing through a two-celled aerobic wetland, pH
increased to 3.2, acidity was decreased by 43%, Fe by
50%, Mn by 17%, and Al by 83%. The wetland cost about
$15/m? to build in 1992 and was severely undersized.
Although there is improvement in the water, the wetland
effluent did not conform to effluent limits. Two other
wetlands constructed on the site show similar results.

Anaerobic wetlands contain a layer of limestone in the
bottom of the constructed wetland. The limestone is
overlain by organic material and wetland species are
transplanted into the organic substrate. These systemsare
used when the water has net acidity. Alkalinity must be
introduced into the water before dissolved metals will
precipitate. The alkalinity can be generatedin an anaerobic
wetland system in two ways (Hedin and Nairn 1990).
Certain bacteria, Desulfovibrio and Desulfotomaculum,
can utilize the organic substrate (CH,O, a generic symbol
for organic matter) as a carbon source and sulfate as an
electron acceptor for growth. Inthe bacterial conversion of
sulfate to hydrogen sulfide, bicarbonate alkalinity is
produced:

80,2 + 2CH,0 = H,S + 2HCO; (1)

Alkalinity can also be generated as the limestone under
the organic material dissolves and reacts with acidity inthe
wetland:

CaCO, + H* = Ca*2 + HCO, (2)

The limestone continues to dissolve when kept in an
anaerobic environment because ferrous iron is relatively
soluble at pH 7-8 in anoxic water and does not precipitate
or coat the limestone. If iron is allowed to oxidize and
convert from ferrous to ferric iron, the ferric iron does tend
to coat limestone when pH is above 3.0. Both of these
processes, bacterial sulfate reduction and limestone
dissolution, produce water with higher pH and add
bicarbonate alkalinity for metal removal.

Anaerobic wetlands promote metal oxidation and
‘hydrolysis in aerobic surface layers, but also rely on
subsurface chemical and microbial reduction reactions to
precipitate metals and neutralize acidity. The waterinfiltrates
tivough a thick permeable organic subsurface sediment
and becomes anaerobic due to high biological oxygen
de\'mand. Several additionaltreatment mechanisms function
in anaerobic wetlands compared to aerobic wetlands,
including metal exchange and complexation reactions,
formation and precipitation of metal sulfides, microbially
generated alkalinity due to reduction reactions, and
continuous formation of carbonate alkalinity due to limestone
dissolution under anoxic conditions.

Since anaerobic wetlands produce alkalinity, their use
can be extended to poor quality, net acidic, low pH, highFe,
and high dissolved oxygen (>2 mg/L) AMD. However,
Wieder (1992) documents thatthe mechanism and efficiency
of AMD treatment varies seasonally and with wetland age.
Microbial mechanisms of alkalinity production are likely to
be of critical importance to longterm AMD treatment. When
wetlands receive high acid loads (>300 mg/L as CaCO,),
the pH sensitive microbial activities are eventually
overwhelmed. Therefore, like their aerobic counterparts,
anaerobic wetlands are most successful when used to treat
small AMD flows of moderate water quality. At present, the
sizing value for Fe removal in these wetlands is 10 GDM
(Hedin and Nairn 1992).

Sorption onto organic materials (such as peat and
sawdust) can initially remove 50 to 80% of the metals in
AMD (Brodie et al. 1988), but eventually all sorption sites on
substrate materials were exhausted by continual introduction
of metals in acid water. Kleinmann (1991) suggested
adsorption of metals by organic substrates may compensate
for limited initial biological activity during the first few
months of operation ina new wetland system. A field study,
which examined five wetland substrate types over a 25-
month period, also demonstrated that organic substrates
were saturated after only 1 to 7 months of AMD input at 9
to 17 mg Fe per gram substrate (Wieder 1988). Although
some natural inputs of organic matter occur annually at
plant senescence, the adsorption capacity of a wetland will
ultimately be finite as all exchange sites become metal
saturated. Substantial artificial inputs of organic matter
have been used as a successful strategy to temporarily
renew this adsorption capacity, following an observed
decline in wetland performance (Eger and Melchert 1992,
Haffner 1992, Stark et al. 1995).

Insoluble precipitates such as hydroxides, carbonates,
and sulfides represent a major sink for metal retention in
wetlands. About 50 to 70% of the total Fe removed from
AMD by wetlands is found as Fe*® hydroxides (Henrot and
Wieder 1990, Calabrese et al. 1991, Wieder 1992).
Hydroxide formation depends both on the availability of
dissolved oxygen and on the inital oxidation state of Fe in
the AMD. Wieder (1993) reported significant retention of
Fe**hydroxides in surface sediments of anaerobic wetlands
due to the preponderance of dissolved Fe*? in their source
AMD. Once Fe*?is present, then oxygenis unnecessary for
hydrolysis to the hydroxide. Ferric hydroxides can be
reduced with time to Fe*2by anaerobic Fe-reducing bacteria
inthe wetland as these hydroxides accumulate and become
buried in wetlands. Similarly, the use of Fe*® as a pyrite
oxidant under anaerobic conditions would result in Fe*2in
wetland effluents.
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acidity in these drains decreased 50 to 80%, but Fe and Al
ncentrations in the outflow, unfortunately, were also

Anoxic Limestone Drains

Anoxic limestone drains (ALD) are buried cells or
trenches of limestone into which anoxic water s introduced.
The limestone dissolves in the acid water, raises pH, and
adds alkalinity. Under anoxic conditions, the limestone
does not coat or armor with Fe hydroxides because Fe*2
does notprecipitate as Fe(OH),at pH < 6.0. ALDs werefirst
described by theTennessee Division of Water Pollution
Control (TDWPC) (Turner and McCoy 1990). TVA
subsequently observed that AMD seeping through a coal
refuse dam was being treated passively by limestone
contained in an old haul road buried under the dam. Once
the water containing excess alkalinity reached aerobic
conditions at the ground surface, the metals oxidized and
precipitated while the water remained near pH 6 (Brodie et
al. 1990). TVA and TDWPC began building ALDs in 1989.
Originally, ALDs were used for pre-treatment of water
flowing into constructed wetlands. Brodie (1993) reported
that ALDs improved the capability of wetlands to meet
effluentlimitations without chemical treatment. Since 1990,
ALDs have also been constructed as stand-alone systems,
particularly where AMD discharges from deep mine portals.

Longevity of treatment is a major concern for ALDs,
especially in terms of water flow through the limestone.
Eventual clogging of the limestone pore spaces with
precipitated Aland Fe hydroxides, and gypsum (CaSO,) is
predicted (Nairn etal. 1991). For optimum performance, no
Fe*, dissolved oxygen (DO), or Al should be presentin the
AMD. Selection ofthe appropriate water and environmental
conditions is critical for long term alkalinity generationin an
ALD.

Faulkner and Skousen (1994) reported both successes
and failures among 11 ALDs treating mine water in WV. In
all cases, water pH was raised after ALD treatment but
three of the sites had pH values <5.0, indicating that the
ALDs were not fully functioning or that the acidity
concentrations and flow conditions were too high for effective
treatment. When working correctly and adequately sized,
the pH values of water in ALDs should achieve 6.0. Water

decreased. Ferriciron and Al precipitated as hydroxides at
this pH in the drains. With Fe and Al decreases in outflow
water, it is probable that some coating or clogging of
limestone is occurring inside the ALD.

At the Brandy Camp site in PA, an ALD was employed
totreat AMD with a pH of 4.3, acidity of 162 mg/L as CaCO,,
Fe of 60 mg/L, Mn of 10 mg/L, and Al of 5 mg/L. After
passage through the ALD, the effluent had a pH of 6.0, net
alkalinity of 10 mg/L as CaCO,, Fe of 50 mg/L, Mn of 10 mg/
L, and Al of <1 mg/L. Most of the Fe and Mn remained
conservative in this system, while Al was precipitated
inside the drain (Hellier et al. 1994).

Since many sources of AMD have mixed amounts of
Fe* and Fe*2 and some DO, utilization of an ALD under
these conditions compromises the effectiveness and
longevity of the system. Current research involves pre-
treatment of AMD with an anaerobic wetland (SAPS, see
next section) to strip oxygen from the water and to convert
Fe* to Fe*2 (Kepler and McCleary 1994, 1997; Skousen,
1995). The anoxic water after passing through an anaerobic
organic substrate wetland can then be directed downward
into underlying limestone orintroduced into an ALD. There
are still many questions relative to the longevity of ALDs
and the factors involved in limestone dissolution and metal
precipitation in ALD environments. Like wetlands, ALDs
may be a solution for treating specific types of AMD or for
afinite period after which the system must be replenished
or replaced.

Limestone has also been placed in 60-cm corrugated
pipe and installed underground, and water is introduced
into the pipe. Septic tanks have also been filled with
limestone and AMD introduced into the tank. These
applications have been used on steep slopes in lieu of
buried cells ortrenches, and on sites that have pooraccess
and small water quality problems.

Successive Alkalinity Producing Systems

Successive alkalinity producing systems (SAPS)
combine the use of an ALD and an organic substrate into
one system (Kepler and McCleary 1994). Oxygen
concentrations in AMD are often a design limitation for
ALDs. In situations where the dissolved oxygen
concentrations are above 1 or 2 mg/L, the water can be
introduced into a pond with the following design. Acid
water, from 1 to 3 m, is ponded over 0.2 to 0.3 m of an
organic compost, which is underlain by 0.5 to 1 m of
limestone. Below the limestone is a series of drainage
pipes that convey the water into an aerobic pond where
metals are precipitated. The hydraulic head drives ponded
waterthroughthe anaerobic organic compost, where oxygen
stripping as well as Fe and sulfate reduction can occur prior
to water entry into the limestone. Water with high metal
loads can be successively cycled through additional SAPS.
Iron and Al clogging of limestone and pipes can be removed
by flushing the system (Kepler and McCleary 1997).
Changesinthedesign are possible like the systeminstalled
at the Douglas Abandoned Mine Land Project (Skousen
1995).

Kepler and McCleary (1997) reported the use of SAPS
in OH, PA, and WV. In all cases, Al in AMD precipitated in
theirsystems. Theirdrainage designincorporates aflushing
system called the ‘Aluminator.” This allows for the
precipitated Al to be flushed from the pipes thereby
maintaining hydraulic conductivity through the limestone
and pipes. One SAPS, Buckeye, received 3 L/min of very
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acid water (pH of 4.0, acidity of 1989 mg/L as CaCO,), Fe
of 1005 mg/L, and Al of 41 mg/L. Over a two-year period,
the effluent had a pH of 5.9, net acidity concentration of
about 1000 mg/L, Fe of 866 mg/L, and <1 mg/L Al. A
second site, Greendale, treated a 25-L/min flow, and
increased the pH from 2.8 to 6.5, changed the water from
anetacidwater (925 mg/L as CaCO,) toa netalkaline water
(150 mg/L as CaCO,), Fe from 40 to 35 mg/L, and Al from
140 to <1 mg/L.

A large SAPS located at Douglas, WV treated a 1000/
L min flow effectively for one year (Cliff et al. 1996). The
influent pH was 3.0, with acidity of about 500 mg/L as
CaCO,, Fe of 30 mg/L, and Al of 40 mg/L. An average net
alkalinity of 127 mg/L as CaCO, was realized in the effluent
water, but dissolved oxygen, Eh and Fe data suggest that
poor hydraulic conductivity caused this systemto actas an
Fe-oxidizing metal sink, ratherthan an Fe-reducing system.
The system’s long term effectiveness for treating AMD was
compromised. Four years after installation, the original
acidity of 500 mg/L as CaCQ, is being reduced to between
250 to 300 mg/L as CaCO,. It has remained at this level of
treatment for the past two years.

At the Brandy Camp site in PA, a SAPS was employed
totreat AMD with a pH of 4.3, acidity of 162 mg/L as CaCo,,
Fe of 60 mg/L, Mn of 10 mg/L, and Al of 5 mg/L. After
passage throughthe SAPS, the effluenthad a pH of 7.1, net
alkalinity of 115 mg/L as CaCO,, Fe of 3 mg/L, Mn of 10 mg/
L, and Al of <1 mg/L. The system effectively increased
alkalinity, but retained most of the Fe and Al inside the
system (Hellier et al. 1994).

Limestone Ponds

Limestone ponds are a new passive treatment idea in
which a pond is constructed on the upwelling of an AMD
seep or underground water discharge point. Limestone is
placedinthe bottom of the pond and the water flows upward
throughthe limestone (Faulknerand Skousen 1995). Based
on the topography of the area and how the water emanates
from the ground, the pond can be built to pond water from
1to3mdeep, containing 0.3t0 1 moflimestone immediately
overlying the seep. The pond is sized and designed to
retain the water for 1 or 2 days for limestone dissolution,
and to keep the seep and limestone under water. If
limestone coating occurs by Al or Fe hydroxides, the
limestone in the pond could be periodically disturbed with
abackhoe to either uncoverthe limestone from precipitates
or to knock or scrape off the precipitates. If the limestone
is exhausted by dissolution and acid neutralization, then
more limestone can be added to the pond over the seep.

Open Limestone Channels

_ Open limestone channels (OLCs) introduce alkalinity to
a}md water by the use of open channels or ditches lined with
limestone (Ziemkiewicz et al. 1994). AMD is introduced to
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the channelandthe AMD is treated by limestone dissolution.
Past assumptions have held that armored limestone
(limestone covered or coated with Fe or Al hydroxides)
ceases to dissolve, but experiments and demonstrations
show that limestone continues to dissolve after coating at
rates of 20 to 50% of unarmored limestone (Pearson and
McDonnell 1975, Ziemkiewicz et al. 1994, 1997). Therefore,
OLCs neutralize acidity in AMD as long as open channels
are constructed of sufficient length to maintain contact time
between the limestone and acid water. Open limestone
channels show promise for neutralizing AMD in watershed
restoration projects and AML reclamation projects where
one-time installation costs are incurred, little to no
maintenance is required, and systems do not have to meet
specific waterquality standards. Long channels of limestone
can be used to convey acid water to a stream or other
discharge point. Based on flows and acidity concentrations,
cross sections of stream channels (widths and heights) can
be designed with calculated amounts of limestone (which
will become armored) to treat the water. Open limestone
channels work best where the channel is constructed on
steep slopes (>20%) and where flow velocities keep metal
hydroxides in suspension, thereby limiting their precipitation
and plugging of limestone pores in the channel. Utilizing
OLCs with other passive systems can maximize treatment
and metal removal. If constructed correctly, OLCs should
be maintenance free and provide AMD treatment for
decades.

Ziemkiewicz et al. (1997) found armored limestone to
be 50 to 90% effective in neutralizing acid compared to
unarmored limestone, and seven OLCs in the field reduced
acidity in AMD by 4 to 62% compared to a 2% acid removal
in a sandstone channel.

Three OLCs were installed in the Casselman River
Restoration project (Ziemkiewicz and Brant 1997). One
OLC received 60 L/min of pH 2.7 water, 1663 mg/L as
CaCO, acidity, 830 mg/L. Fe, 67 mg/L Mn, and 153 mg/L Al.
The effluent pH was 2.9, acidity of 455 mg/L as CaCO,
(73% removal), Fe of 135 mg/L (84% decrease), Mn of 21
mg/L (69% decrease), and 38 mg/L Al (75% decrease).

At the Brandy Camp site in PA, an OLC was employed
to treat AMD with a pH of 4.3, acidity of 162 mg/L as CaCO,,
Fe of 60 mg/L, Mn of 10 mg/L, and Al of 5 mg/L. After
passage through the OLC, the effluent had a pH of 4.8, net
acidity of 50 mg/L as CaCO,, Fe of 17 mg/L, Mn of 8 mg/L,
and Al of 3 mg/L. The OLC removed 72% of the Fe and
abou; 20% of the Mn and Al from the water (Hellier et al.
1994).

Bioremediation

Bioremediation of soil and water involves the use of
microorganisms to convert contaminants to less harmful
species inorder to remediate contaminated sites (Alexander
1993). Microorganisms can aid or accelerate metal oxidation



reactions and cause metal hydroxide precipitation. Other
organisms can promote metal reduction and aid in the
formation and precipiation of metal sulfides. Reduction
processes can raise pH, generate alkalinity, and remove
metals from AMD solutions. In mostcases, bioremediation
of AMD has occurred in designed systems like anaerobic
wetlands where oxidation and reduction reactions are
augmented by special organic substrates and limestone.
In a few cases, substrates have been incorporated into

spoils to aid in in-situ treatment of water by the use of

indigenous microorganisms.

A mixture of organic materials (sawdust and sewage
sludge) was emplaced into a mine spoil backfill to stimulate
microbial growth and generate an anoxic environment
through sulfate reduction. The resulits of the organic matter
injection process caused no change in water pH, about a
20% decrease in acidity (1500to 1160 mg/L as CaCO,, and
a similar decrease in Fe, Mn, and Al. The results indicate
thatthe process works, butimprovements inorganic material
injection and the establishment of a reliable saturated zone
in the backfill are needed for maximum development (Rose
et al. 1996).

The Lambda Bio-Carb process is a bioremediation
system 'utilizing site-indigenous, mixed microorganism
cultures selected for maximum effectiveness (Davison
1993). On a field site in PA using this bioremediation
process, Fein AMD was decreased from 18 mg/L.to< 1 mg/
L, Mn declined from 7 mg/L to 2 mg/L, and pH increased
from around 6.0 to 8.0.

The Pyrolusite process uses selected groups of
microorganisms growing on limestone to oxidize Fe and
Mn into their insoluble metal oxides (Vail and Riley 1997),
On afield site in PA using a limestone bed inoculated with
microorganisms, Fe was decreased from 25 mg/L to < 1
mg/L, Mn went from about 25 mg/L to < 1 mg/L, while pH
and alkalinity in the effluent were increased.

Diversion Wells

The diversion well is a simple device initially developed
for-treatment of stream acidity caused by acid rain in
Norway and Sweden (Arnold 1991). It has been adopted
for AMD treatment in the eastern USA. A typical diversion
well consists of a cylinder or vertical tank of metal or
concrete, 1.5-1.8 min diameter and 2-2.5 min depth, filled
with sand-sized limestone. This well may be erected in or
beside a stream or may be sunk into the ground by a
stream. Alarge pipe, 20-30cmin diameter, enters vertically
down the center of the well and ends shortly above the
bottom. Water is fed to the pipe from an upstream dam or
deep mine portal with sufficient hydraulic head of at least
2.5 m (height of well). The water flows down the pipe, then
exits the pipe near the bottom of the well, then flows up
through the limestone in the well, thereby fluidizing the bed
oflimestone in the well. The flow rate must be rapid enough

to agitate the bed of limestone particles. The acid water
dissolves the limestone for alkalinity generation, and metal
flocs produced by hydrolysis and neutralization reactions
are flushed through the system by water flow out the top of
the well. The churning action of the fluidized limestone also
aids in limestone dissolution and helps remove Fe oxide
coatings so that fresh limestone surfaces are always
exposed. Metal flocs suspendedinthe waterare precipitated
in a downstream pond.

Arnold (1991) used diversion wells for AMD treatment
in PA and reports that three wells increased pH from 4.5 to
6.5, with corresponding decreases in acidity. Forexample,
one diversion well located at Lick Creek treats about 1000
L/min of slightly acid water. After passing through the
diversion well, the pH changes from 4.5 to 5.9 and the net
acid water (8 mg/L as CaCO,) changes to net alkaline water
(6 mg/L as CaCO,). Similar results are found for several
other sites in PA.

Diversion wells have also been constructed in the
Casselman River Restoration Project. This large diversion
well has a retention time of about 15 min for a 360-L/min
flow of moderately acid water. The diversion well reduces
the acidity from 314 to 264 mg/L as CaCO,, Fe from 83 to
80 mg/L, and Al from 24 to 20 mg/L (Ziemkiewicz and Brant
1996).

Atthe Galt site in WV, a diversion well changes a 20-L/
min flow from a pH of 3.1 to 5.5, acidity from 278 to 86 mg/
LasCaCO,, Fe from 15to 2 mg/L, and Al from 25 to 11 mg/
L (Faulkner and Skousen 1994).

Limestone Sand Treatment

Sand-sized limestone may also be directly dumped into
AMD streams at various locations in watersheds. The sand
is picked up by the streamflow and redistributed downstream,
furnishing neutralization of acid as the stream moves the
limestone through the streambed. The limestone in the
streambed reacts with acid in the stream, causing
neutralization. Coating of limestone particles with Fe oxides
can occur, butthe agitation and scouring of limestoneinthe
streambed keep fresh surfaces available for reaction.

The WV Division of Environmental Protection treats 41
sites in the Middle Fork River, including the headwaters of
27 tributaries. The first year’s full treatment was based on
four times the annual acid load for non-AMD streams and
two times the load for AMD tributaries. During subsequent
years, limestone sand was applied at an amount equal to
the annual acid load, or about 2,000 tons/year. About
8,000 tons of limestone were deposited among the 41 sites
in 1995. Water pH has been maintained above 6.0 for
several miles downstream of the treatment sites. The
anticipated precipitate coating on limestone was not
observed. ltis predictedthattreating the river with limestone
sand will be necessary three times a year to maintain water
quality for fish populations (Zurbuch 1996).
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Geological Survey has served West Virginia well for 100 years

WVGES celebrates centennial

"Experience has shown but one way in which to open up the resources
of a country, and this is a geological Survey . . .."

With these words in 1869, distinguished West Virginia
University geologist John James Stevenson advocated the
State's need for a geological survey.

Butitwas not until 1897 that the West Virginia Geological
and Economic Survey was established by an act of the
Legislature. Its purposes were to investigate the state's
geological and physical resources, to make the results of
these investigations promptly available to the public, and to
provide topographic, geologic, and other maps of the State.

Dr. Israel Charles White, one of the most prominent
geologists of that time, was chosen to head the new
agency. Under his leadership, the Survey soon became
internationally known. White supervised the preparation of
topographic maps covering the entire state and edited 34
geologic reports. By 1927, the Survey had made detailed
geologic studies of every county except Greenbrier, and it
was held in some quarters that the geologic record of West
Virginia exceeded that found for any like area in the world.

In 1934, Dr. Paul H. Price assumed the position of
Director and State Geologist and the Survey entered a new
period, characterized by an intensive program to examine
more fully the physical and chemical properties of the
state's resources. Extensive coal, oil, and natural gas
studies were undertaken. In 1941, Price initiated a
cooperative U.S. Geological Survey program to study the
groundwater resources of the state. In 1942, the Survey
movedinto West Virginia University's new Mineral Industries
Building, later renamed White Hallin honorof Dr. I.C. White.

Map publishing reached a new highin the postwaryears
of Price's directorship and included a new state geologic
map, shaded relief map, base map, mineral resources and
mineral industries map, three editions of an oil and gas
map, alimestone map, and produced nearly 300 topographic
maps under a cooperative agreement with the U.S.
Geological Survey.
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By the late 1960s, the application of geologic information,
long restricted to development of mineral resources,
increasingly became part of land-use planning, water-
resource management, building construction, planning of
transportation and utility facilities, and the safe disposal of
wastes. Consequently, when Dr. Robert B. Erwin became
Director and State Geologist in 1969, the Survey enlarged
the scope of its activities to include detailed statewide coal
studies, land-use mapping, remote sensing, sophisticated
analytical capabilities, and computerized data processing.

Under Erwin, the Survey established its unique Coal
Program and began a comprehensive reevaluation of the
geology, composition, and extent of all 117 West Virginia
coal seams. Increased study of nonfuel mineral resources
andimportant acid mine drainage research was conducted.
Computerization of the Survey's enormous quantity of
geologic data was undertaken. Significant publications
were completed such as the 50th anniversary edition of
Springs of West Virginia, and the West Virginia Gazetteer
of Physical and Cultural Place Names. The Survey relocated
to Mont Chateau Research Center, allowing most.of the
staff to be housed in one building.

Since 1988, Larry D. Woodfork has served as the
Survey's Director and State Geologist. Woodfork is intent
on expanding the Survey's prominent role in geologic
research and committed to upholding the agency's long
tradition of public service, technical excellence, and
professional integrity in the tight economic climate of the
1990s. This has resulted in significant economies in the
Survey's operating costs while still allowing an expansion
of its public service and outreach operations, participation
in an increased variety of externally funded research
projects, and computerization of nearly all geoscience and
support functions, all of which positions the Survey for its
second century of service to the Mountain State.



Coal Based Programs
and Services of WVGES

¢ Geographic Information System (GIS) - The survey
serves as the fiscal agent in the collaborative effort with the
other Mineral Lands Mapping Project participants; supports
the characterization of the mineral parcels by the WV Dept.
of Tax and Revenue, the development of digital line graphs
by the WVU Department of Geology and Geography, the
mission of the State GIS coordinator, and WVU's Statewide
GIS Technical Center; maps the economic coal beds of the
State in GIS tormat.

¢ Coal Bed Mapping Project - A GIS-based inventory
of coal in West Virginia is being created: new and existing
data will be consolidated into a computer database foreach
7.5' quad; GIS technology will be utilized to generate
structure contour, outcrop, surface and underground mined
area, and modeled thickness maps for each coalbed and
quadrangle; GIS coal bed data layers will be serve as a
compliance tool for the mineral lands tax program of the
State Department of Tax and Revenue.

« Other related projects in this program include those
of the WV State GIS Coordinator, the Mineral Lands
Mapping Project of the WV Dept. of Tax & Revenue, the
Digital Line Graph Development Project of the WVU Dept.
of Geology and Geography, and the WVU GIS Technical
Center.

* Applied Coal Resources Investigations - The Survey
calculates remaining Appalachian coal resources available
for extraction; documents the location of underground and
surface mining activity; collects, prepares, and analyzes
coal-bed samples and develops information about the
chemical characteristics and properties of coal in West
Virginia.

*National Coal Resources Data System, a cooperative
projectwith the USGS Branch of Coal Resources, develops
point-source information characterizing WV coals.

» Coal resources studies by 7.5' quadrangles include
the development of GIS-based structure contour, outcrop,
and overburden layers of data and a thickness model for
each target coal bed; restrictions to mining reconsidered
and original, mined, remaining, restricted, and available
resource tonnages foreachtarget coal bed are determined.

* Surface and underground mine locations, and
other related information, are compiled.

¢ A computerized coal quality database has been
developed, providing information on the chemical and
physical properties of various coals at various locations
around the State.

West Virginia Senate Resolution 8

By Senators Oliverio, Hunter, Prezioso and Minear
[Adopted by the Senate February 26th, 1997.]

Recognizing, commending and honoring the West Virginia Geological
and Economic Survey's 100 years of service to West Virginia.

Whereas, Governor Boreman in 1864 through House Bill No. 22
attempted to recognize the role of geology in West Virginia's future
prosperity and the necessity for the state to appoint a state geologist who
would conduct a geological survey determining the resources of our state;
and

Whereas, The Legislature continued to discuss the question of the
necessity of establishing a state geological survey and its potential for
contributions to the well-being and economic opportunity for West Virginia
in 1870, 1876, 1882 and 1897; and

Whereas, The West Virginia Legislature on February 26, 1897, passed
an act to establish a state geological and economic survey to provide for the
prepartion and publication of reports and maps to illustrate the natural
resources together with the necessary investigations preparatory thereto;
and

Whereas, The West Virginia Geological and Economic Survey, from
the time of its first state geologist, the venerable Dr. Israel Charles White,
succeeded by ecight other state geologists in either acting or appointed
capacity, including Dr. Paul H. Price, Dr. Robert B. Erwin and Larry D.
Woodfork; the current director and state geologist, has expertly focused on
understanding the natural resources of the state, sharing that knowledge
with citizens of the entire state and various corners of the nation and world;
and

Whereas, Today's devoted state employees on the staff of the Geological
and Economic Survey continue the tradition of 100 years of unsurpassed
service, insightful geological research and effective outreach withrecognized
distinction; and

Whereas, The West Virginia Geological and Economic Survey is on
the forefront of technological development to provide geological maps,
information and publications in the most expeditious way that promotes
geological science for the public good into the twenty-first century; therefore,
be it

Resolved by the Senate: That congratulations are given to the West
Virginia Geological and Economic Survey, its director and state geologist,
Larry D. Woodfork, and the entire staff of dedicated state employees, at the
end of their first 100 years of service to the citizens of the state of West
Virginia; and, be it

Further Resolved, That the West Virginia Geological and Economic
Survey is hereby recognized, encouraged and supported for its next century
inits mission to provide unbiased, quality and effective geological research
and information for the well-being of the state of WestVirginia in the same
fashion it has so aptly done throughout the past 100 years; and, be it

Further Resolved, That the Senate hereby designates the 26th of
February of each year to be "West Virginia Geological and Economic
Survey Day" and hereby encourages all citizens to recognize the Survey and
its employees who have served the citizens so admirably through their
dedication to the well-being of our state; and, be it

Further Resolved, That the Clerk is hereby directed to forward a copy
of this resolution to Larry D. Woodfork and the employees of the West
Virginia Geological and Economic Survey with the warmest congratulations
and best wishes of the Senate.

Given under our hands and the SEAL of the SENATE of WEST
VIRGINIA this 26th day of February, 1997.

Senate President Earl Ray Tomblin
Senate Clerk Darrell E. Holmes
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Bolt-On Segments & Heel Plates Available

from Crown Hill
Equipment,inc.

Quality manufactured

Bolt-On Segments &

Heel Plates

by GH Hensley for

caterpi”ar 980’ 988’ BOLT-ON SEGMENT WITH RIBBED
& 992 loaders. BOTTOM IS EXTRA THICK

e Durable heat-treated steel castings

» Half-arrow design: increases penetration and reduces wear to the leading edge
* Accepts O.E.M. bolt and nut or standard size plow bolts and nuts

* Ribbed-bottom design traps material to greatly reduce wear of our cast parts

» Thicker material on the bottom extends wear life beyond O.E.M. flat plate

Bolt-On
Heel Plate Hensley Cast Steel Boit-On Heel Plates
Replace Cat O.E.\M. Flat Rolled Plate.
Machine Cat Hensley
Model O.E.M. Part #
980C 7V0910
973 oroveiog | TVO910HX
6Y3609
988 or 9V5793 6Y3609HX
Left-Hand T Right-Hand
Segment Segment
6Y3610
BOTTOM VIEW OF S t 992 or6wozze | SY3810HX
LOADER BUCKET egmen

-~

Crown Hill Equipment, Inc

Box 210, Hansford, WV 25103-0210
304/595-4111
inside WV 1-800-950-4445










