Outline Formation of AMD
I. Surface Mining Control and Reclamation Act (SMCRA)

A. Before 1977 the government had no regulations on coal mining.

B. This allowed mining companies to leave mines in the condition they were when mining was completed. 

1. Often times this means open pits, and open mine shafts. 

C. In 1977 the Surface Mining Control and Reclamation Act was passed

1. This act established the Office of Surface Mining which controls and regulates mining. This established regulation for coal companies and requires mining permits. 
2. Established funds for the reclamation of abandoned mines.

D. Almost all mines prior to 1977 produce some form of AMD, while most mines that were permitted after 1977 do not produce AMD. 
E. PA has approximately 5,500 miles of waterways that have been impacted by AMD. This makes it the leading source of non-point source pollution. 
F. Despite this mines being hundreds of years old they still produce drainages that affect us today. 
II. Abandoned Mine Lands (AML). 
A. AML or abandoned mine lands are any areas of land that are impacted by historic mining.
1. This differs from AMD which is the water that is discharged from abandoned mines

B. Abandoned deep mines.

a Can cause subsidence's which end up as sink holes.
b Many people are hurt entering deep mines they are unstable after years of water and such moving through the mine. They were generally supported by wooden timbers which after 100+ years of being exposed are rotten so they can collapse. 
c Water can flow out of bore holes or mine entrances and make AMD wetlands. Open bore holes can be very dangerous as they are very deep and difficult to get out of. 

C. Refuse Piles

1. Refuse piles or waste coal piles are unsightly and dangerous. 

2. Refuse piles do contain low value coal so they can burn, they also can be sources for AMD. 
3. Refuse piles go by many names and often are known locally by specific names.

D. Surface Mines

1. There is no soil left on old strip mines so nothing can grow here. There are large (acres or more) where no trees can grow. These can be seen from Google earth so they are quite large. 
2. Since no vegetation occurs in theses areas water flows through the soils and creates AMD to a greater degree than if vegetation covered the area. Simple tree plantings can help decrease AMD for this reason
3. There are also Highwalls with open pits that are dangerous if people fall down them or into the water. 
a The pits can be very deep and the water in them is highly impaired. Many people think these are great locations to swim, but this can be deadly. Coal companies often time dumped used equipment in this pits, and the pits rarely have strait sides. If some on dives into these pits they may hit this unseen ledges or equipment. 

III. Abandoned Mine Drainage Formation
A. AMD is generally very acidic, although some drainages are alkaline. 
B. AMD is formed by a reaction between water, oxygen and sulfur bearing minerals, often times pyrite. 
C. These minerals are exposed by mining either inside deep mines, surface mines or refuse piles. 
D. Pyrite commonly known as Fools Gold is the mineral which most commonly causes AMD. 
E. The reaction with Pyrite is what causes AMD, NOT COAL!
F. The chemical formula is FeS2, as it is exposed sulfuric acid and ferric hydroxide is formed. 
G. This reaction between Pyrite, Oxygen and Water is what produces the acid which affects streams. 
H. This reaction also produces much of the iron that is seen in streams. 
I. As this highly acidic water travels through the soil surrounding the mine other metals are leached from the environment. These metals include more iron, aluminum and manganese. 
J. Within deep mines water can back up making a mine pool. These can be millions of gallons of toxic water. 
1. They can blow out, or the soil holding the water back erode.
2. This means floods of toxic water wash into the nearest stream. This can erode roads and massive amounts of soil. 
3. The influx of toxic water also has a large impact in the waterway that receives the water. 
a If the receiving water had any alkalinity it remove by the toxic water, this often results in fish kills or large biological impacts

IV. AMD Chemical Parameters
A. These are the typical parameters for AMD in our area. Some drainages are alkaline but most are acidic. Other drainage may lack one or more of these components

B. pH

1. The pH is a measure of Acid or base. 
2. While most healthy streams have a pH of 6-9, AMD impaired streams can have pH’s lower than 5.
3. Most of these streams can not support life.
C. Alkalinity

1. Alkalinity is the capacity of the stream to buffer acidity. This tells us how much acid can be added before the pH begins to change
2. Alkalinity is added by the rocks and soils water flows over. Generally limestone adds the most alkalinity while sandstones and shales add the least.
3. Alkalinity is the inverse of acidity – The more alkaline a stream is, the less acidic it is. It is not true that the less acidic a stream is the more alkaline the stream is. This is because alkalinity is added by rocks while acidity can be added by a variety of other things.
4. Streams in the coal region have little to no alkalinity, meaning that any acid that is added drastically affect the pH of these streams.
5. Any naturally occurring alkalinity is quickly removed by the highly acidic water.
D. Acidity

1. Acidity is a measure of how many positive acidic ions are present.
2. While this is similar to pH there are difference. 
a pH measures only hydrogen ions, but other ions can affect the actual acidity of water. This test measures these ions as well.
3. AMD streams have high acidity levels. 
4. Aluminum is one ion that causes acidity, and is also commonly found in AMD.
E. Metals

1. Iron

a If the pH of the water is low (< approx 3.5, iron will stay dissolved in the water and will not precipitate out of solution)
b The 1.5 mg/L concentration is the water quality standard set by PA DEP.
c Iron is added from the pyrite reaction and is leached from soil. 
d Dissolved iron is toxic in high concentrations, and the precipitate coats the gills of organisms. 
e The precipitate also coats stream bottom filling in the crevices where macroinvertebrates live. 
2. Aluminum

a Aluminum is very toxic to aquatic life.
b Aluminum is the third most abundant element on the earth’s crust. 
c Aluminum may become dissolved in water when pH is approximately < 4.5
F. Sulfates

1. Sulfates are naturally occurring but are seen in high levels in areas of land disturbance. 
2. Sulfates normally occur very deep in soil structure, but when those deep soils are exposed they release sulfates into the water. 
3. Sulfates make a thick white precipitate and make the water smell of rotten eggs.
G. Impacts to steams

1. The streams that see the most impacts are the 1st order streams. 
2. Most of the mined areas have high concentrations of AMD impaired streams which does not allow for the water to become diluted. This leads large areas being highly impacted.
3. Case Study

a Clearfield Creek in Clearfield county is a prime example of how AMD can affect a stream.
b Many of the tributaries to Clearfield Creek and the headwaters of the stream support life including trout.  
c However as you move downstream AMD starts to enter and the stream and starts to affect life there. 
d One Tributary named Brubaker Run is highly polluted and when it enters the stream all life is decimated. 
e This small tributary has a large impact.
f A stream that did not violate any of the DEP water quality standards for the 6 common parameters of AMD violates 4 after the addition of this stream.

g Water Quality impacts can be seen far downstream. 
h Large quantities of non-impaired water are needed to counteract the impairment. 
4. There are treatment options that work to restore life to these streams. This is covered in a future lesson

