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       APPENDIX B
        STREAM SAMPLING AND ANALYTICAL DATA

1. STREAM SAMPLING

To determine extent and degree of stream pollution in the basin and

to aid in locating sources of pollution, stream samples from 138 stations 

(three digit numbers) and mine drainage samples from 70 stations (M numbers) 

were taken during May-June, Oct of 1969 and July of 1970. Locations of the 

sampling stations are shown in maps on page 3 through 5
of this Appendix.

In addition, an extensive effort was made to secure information on 

quality of streams in the basin from the following agencies:

Commonwealth of Pennsylvania

-Department of Health

Division of Sanitary Engineering

-Department of Mines and Mineral Industries

Federal Water Pollution Control Administration

-Ohio River Basin Project

Mine Drainage Unit

Wheeling, W. Va.

-Monongahela Mine Drainage

Remedial Project

 Wheeling, W. Va.

U. S. Geological Survey

2. STREAM QUALITY CRITERIA

Stream pollution by mine drainage was evaluated based on the

measurement of characteristic parameters associated with mine water, namely; 

acidity, pH, total and ferrous iron, sulfate, alkalinity, and hardness. The 

criteria used to define a stream being polluted with mine drain- age is 

based on anyone or combination of the following characteristics:

pH below 6.0,

acidity exceeding alkalinity, and
total iron higher than 1.5 mg/l.
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A. pH

Unpolluted natural waters in the basin usually exhibit a pH value in

the range of 6.0 to 8.5. Upon receiving mine drainage stream pH may
drop as low as 2.0, varying with acid load, flow and alkalinity of the

receiving stream, and presence of other reactants or buffers.

B. Acidity

Acidity of unpolluted natural streams in the basin is generally less

than 3 mg/l. It is as high as 1,500 mg/l in certain streams heavily polluted

by acid mine drainage. When the acidity of a stream is higher than 3 mg/l,
it is reasonable to assume that the stream is polluted.

Because of direct relationship between acidity of a polluted stream and

damage to the stream and its users, acidity is commonly used as a prime

criterion of degree of acid mine drainage pollution.

C. Iron

Mine drainages and polluted streams generally have iron in both ferrous and 

ferric forms. A high ratio of ferrous is often found in fresh mine discharges and in

a stream at the point of input such drainage.

Unpolluted streams in the basin have a total iron concentration, below

1.5 mg /l. As much as 150 mg/l of total iron is common for heavily polluted

streams.

D. Alkalinity

Alkalinity is capacity to neutralize acid. Alkalinity of unpolluted streams

in the basin is generally the range of 5 to 20 mg/l. Some streams in the basin, have

alkalinity as high as 150 mg/l, indicating a good source of limestone in

the area.

E. Sulfate

Sulfate content in streams in the basin is generally less than 20 mg/l.

Streams polluted with mine drainage frequently have concentrations of

several hundred mg/l and in some places over a thousand mg/l is found

where a stream is made up primarily of mine discharges.
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Sulfate, at the concentration found in most of large streams in the 

basin, is not as detrimental as acidity and iron; however, due to its 

relatively inert nature, and the absence of sources other than mine 

drainage in the concerned environment, sulfate is an excellant indica-

tor of mine drainage pollution. Sulfate data were used to determine 

location sources of pollution and to balance the pollution loads in the

basin.

3. ANALYTICAL PROCEDURES

A. Sample Collection

Stream samples were collected in 16 oz. screw cap plastic bottles

and filled to the top to eliminate air space. Bottles were kept at low 

temperatures and remained sealed until analysis. Samples were collected as 

near as possible to where mine water emerges to the surface to avoid the 

effects of dilution. All samples were taken at a point

of homogenous mix. Stream samples were taken mid-stream at approximately 

mid-depth to avoid skimming the surface or bottom of

the discharge channel.

B. Flow Measurement

In most instances, flow measurements were made using a pigmy type 

velocity meter and taping to determine stream cross section. In some cases 

weirs, which were already established by others, were used to measure flow. 

Some measurements were made by the bucket and stop watch technique.

C. Chemical Analysis

pH         Fisher electronic pH meter was used in laboratory and

a portable Beckman pH meter at sampling site.

Acidity    Acidity was determined by oxidizing and boiling the sample

for two minutes to hydrolyze all iron salts and remove 

CO2and then titrating with 0.02N NaOH using a 

phenolphthalien indicator to a permanent pink endpoint. 

Results of acidity are expressed in terms of mg/l of calcium 

carbonate.
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Alkalinity    Alkalinity was determined in the laboratory by

titrating with a standard solution of O. 02N sulfuric

 acid, with Brom Cresol Green - Methyl Red indicator

that changes color at pH 4.5 to 5.1. The alkalinity is

 referred to as total alkalinity and expressed in mg/l

of calcium carbonate.

Ferrous Iron  Ferrous iron was determine by potassium dichromate
titration of a sample acidified with a sulfuric and phos-

phoric acid mixture using diphenylamine sulfonate.

Total Iron    Total iron was determined by phenanthroline colori-

metric method, described in "Standard Methods for the
Analysis of Water and Wastewater": 12th edition 1965.

This procedure consists of adding hydrochloric acid and hydroxylamine 

to the sample, heating to dissolve iron,

diluting and adding ammonium acetate buffer and phenan-

throline solution. The resultant color is then measured
by a spectrophotometer. A modified phenanthroline method,
using FerroVer powder made by the Hach Chemical Company,

was used for total iron determination for stream samples with

low iron concentrations, since it had the benefits of convenience

and accuracy. The FerroVer Powder is used as an indicator

we well as to dissolve the iron. Demineralized water was used

to standardize for color measurement with a spectrophotometer.

Sulfate       Sulfates were determined by the modified barium sulfate turbidimetric 

method. This method involves the precipitation

of sulfate ion in a hydrochloric acid medium with barium    chloride 

to form barium sulfate crystals of uniform size. The absorbance of the 

barium sulfate suspension is measured by a spectrophotometer and the 
sulfate ion concentration is determined by comparison of the reading 

with a standard curve.

Manganese     Manganese was determined by periodate oxidation method. Periodate 

oxidizes soluble manganous compounds to form permanganate which has a 

characteristic pink to purple color. The intensity

of color corresponding to the manganese concentration is

obtained by photometric measurements.

Total

Hardness      Total hardness was determined by the EDTA Titrimetric Method described 

in "Standard Methods for the Analysis of Water and Wastewater" 12th 
edition 1965. However, instead of using EDTA

as the complexone titrant, CDTA (cyclohexanediamine tetracetic acid) 

was used since it gives a slightly sharper endpoint.
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Chloride     Chlorides were determined by the mercuric

nitrate method described in “Standard Methods

for Analysis of Water and Wastewater” 12th
edition 1965.

Conductivity Conductivity was determined by electrometric

measurement using Yellow Springs Instrument
Model 31 conductivity bridge.

4. ANALYTICAL DATA

The tabulated data consists mainly of sampling and gauging per-

formed by Gibbs & Hill. However, some data were obtained from the Environmental 

Protection Agency and such data are noted by an * on
the data sheets.

The data are given in three tables:

Table 1 - Analytical data are arranged by flow sequence with

sample numbers presented from upstream to down-

stream on the page and by stream level with a level

5 stream being a tributary to a level 4 stream and 

etc.

Table 2 - Mine discharge analytical data are arranged by sub-basin

 and in numerical order.

Table 3 - Adjusted data used to prepare Youghiogheny Basin schematic load

diagrams. (Exhibits 1, 3 through 6). Data were adjusted in order 

to balance inputs with loads in receiving streams.

 Such adjustments involved less than 10% of the sampling stations

and was necessary due to changes in flow and pollutant content

at different times of sampling.
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   APPENDIX C

ABATEMENT METHODS

This section contains a general review of known methods of
abatement of mine drainage pollution. Factors relating to the various

methods are considered in evaluation of possible abatement works for particular

pollution sources in the Youghiogheny River Basin.

Abatement methods may be considered as either preventive or

remedial.

Preventive methods are those whereby creation of polluting

impurities is prevented or minimized by:

-preventing contact between the reactants; water, pyrite

and air,

-preventing transport of polluted water away from the 

reaction site and thereby inhibiting further

reaction, and

-introducing other chemicals, microorganisms or

biologicals, to inhibit the reaction. This method is in

the experimental stage and not yet proven.

Remedial methods are used to improve an already polluted stream

or mine discharge, by:

-neutralizing acid, 

-removing iron, or

-in special cases, removing other constituents, such

as sulfate.

1. PREVENTIVE METHODS

Preventive methods considered are:

-surface reclamation including backfilling, burial of

                refuse, revegetation and surface water diversion,

-mine sealing, and

-experimental methods.

NOTE: A list of references is included at the end of Appendix C.
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A. Surface Reclamation

Reclamation of an abandoned strip mine by backfilling, revegetation
and surface water diversion minimize contact of water and air with pyritic

material and thereby reduces formation and discharge of pollutants. Burial

of mine refuse followed by revegetation and surface water diversion also
prevents formation of pollutants by minimizing contact between reactants.

An unrec1aimed strip mine may serve not only as a source of pollution

but also as a cause of water entering a deep mine by ponding surface runoff

and allowing water to sink into a deep mine. Backfilling, revegetation and

surface water diversion for reclamation of an abandoned mine should be so

planned to prevent possible ponding of rain water. to cover up exposed pyritic 

material. and to keep away surface water.

Effectiveness of abatement methods for controlling acid discharge from

an abandoned strip mine is better defined than that of deep mines. In general,

the results of strip mine reclamation -backfi1ing, revegetation and surface water 

diversion have been encouraging. Several projects which involve strip mine reclamation 

work have been well documented.

The Operation Scar1ift, Moraine State Park Project (1)

includes over 400 acres of surface mined area to be reclaimed. 

The reclamation part of the project was
started in May, 1967. Although it is too early to fully

evaluate the effectiveness of the reclamation work.

discharge data generally indicate an improving trend.

Elkins Mine Drainage Pollution Control Demonstration
Project of FWPCA (2) started in 1964 includes over 600

acres of mined area reclaimed in the spring of 1968.

The report of the first two years of Elkins project indicated

that although it is too early for establishment of an

equilibrium condition, the reclamation of the surface

mines definitely showed an improvement on the quality

of the receiving stream.

The U. S. Bureau of Mines (3) has investigated several

methods of abandoned strip mine reclamation and

evaluated costs involved.

B. Mine Sealing

Mine sealing is based on the premise that acid pollution can be prevented

by sealing out one of the necessary reactants - air. These are basically two 

different methods of sealing:

-wet seal, or air type, which prevents air inflow while permitting water 

outflow and which is essentially a running trap through which mine 
water above the trap level is allowed to escape, and
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-hydraulic seal, or watertight seal, which prevents
air inflow and also prevents water outflow and
which can cause flooding of the mine to levels
above the seal.

Thousands of mines were sealed during the 1930's by the WPA and
in the late 1940's by the Commonwealth of Pennsylvania. However, it is

not possible to prove that these programs were effective in reducing

pollution because the “before” and “after” conditions are not well

documented.

Although individual air seals may function as intended, this method

has not been proven effective in excluding oxygen from the mine or in

reducing acid production. Moebs (5), reporting on rigorous investigations

of a small air sealed mine, concluded that, “the mine breathes through

the over burden and enclosing rock during normal changes in atmospheric pressure.

..”

Braley (4) conducted studies on air seals between 1949 and 1953 and

he concluded that these were ineffective in reducing acid production when

the coal seam is above the drainage level.

Air seals were also installed at FWQA's Elkins project which

involved over 100 seals installed in 1966 and 1967. Evaluation (2) showed

that the air seals were not successful

On-the-other-hand, watertight seals have been shown to be effective. Those

installed at Operation Scarlift Moraine State Park Project have been reported 
(1) to have resulted in 60 to 100% reduction in acid discharge.

Evaluations of various grouting materials for watertight seals and

auger hole plugs have been conducted by the Halliburton Co. for the FWQA. Their

report (6) includes cost estimates for closing mine openings.

C. Experimental Preventive Methods

Numerous new concepts for controlling the acid production from

pyritic material associated with coal mines have been proposed and several

are currently being investigated.

It has been demonstrated on a laboratory scale that acid production

can be greatly reduced by inoculating the acid producing media with a

naturally found biological inhibitor - Caulobacters (7). Although the concept 

has been proven effective under a controlled environment, its practical 

applicability has yet to be demonstrated.
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Another method currently being investigated is the use of inert gas

(8) - the exhaust gas from an internal combustion engine. Injection of the

gas into a properly sealed mine would eliminate the inflow of air and hence

reduces the acid production. However, in view of the problems involved

with completely sealing a mine, the general application of inert gas injection

to eliminate mine drainage pollution must be considered still in the experi-

mental stages.

Sodium silicate (water glass) is being investigated for possible use

as a soil sealer to prevent percolation of water and thereby prevent formation

of pollutants (9). When mixed with soil, the silicate solution forms a stable

gel creating an impervious barrier. This has yet to be demonstrated on any 

significant size project. The most promising application would appear to

be at sites where the area to be treated can be well defined and is reasonably 

limited, such as a refuse pile.

2. TREATMENT METHODS

Known methods of treatment of polluted mine drainage are: neutralization 

and iron removal, and demineralization processes including ion exchange, reverse 

osmosis, electrodialysis and distillation.

A. Neutralization and Iron Removal

Lime neutralization of acid mine water has been practiced perhaps as far 

back as the 1800's as an anti-corrosion measure. It was also used in a plant 

constructed by the H. C. Frick Coal Company in 1916 for removal of iron oxide 

from Sewickley Creek water for coke quenching.

The basics of both neutralization and iron removal as processes for 

treatment of mine drainage have been well known for many decades. However, few 

treatment plants were installed prior to 1960 because environmental protection 

laws did not require such protection of receiving streams. Since 1960 many plants 

have been installed and effectively operated.

Also, in recent years there has been an increasing amount of research and 

pilot plant investigations on these processes. This has been directed at process 

refinements to lower installation and operating costs through shorter reaction 

time, better sludge concentration, and better controls. Some of the more recent 

developments and investigation of neutralization and iron removal are summarized 

as follows:
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In-stream neutralization as installed at Little Scrubgrass

Creek for neutralization without iron removal (10) is
applicable to streams or discharges with low iron concentra-

tions and where other possible precipitates would not be a problem.
This type requires minimal attendance and is a relatively low cost

treatment.

Pennsylvania State University (15) under co-sponsorship

of the Pennsylvania Coal Research Board and the FWQA

is currently conducting an extensive investigation of AMD 

neutralization and associated problems. The experimental
facility at Hollywood, Pennsylvania, has provisions to

evaluate the various solid-fluid separation methods and

several sludge dewatering processes. Experimental work

was started in 1969 and the results, when available, should

be valuable for designing sludge control systems.

West Virginia University (16) under the sponsorship of

Northern West Virginia and West Virginia Coal Associations

has been conducting AMD treatment for several years in a

full scale treatment plant. Investigations involve use of

limestone and lime and effects of aeration on sludge settling.

Norton Mine Drainage Treatment Laboratory of the FWQA, Norton, West
Virginia (17) has been conducting a full scale investigation of AMD
neutralization. The investigation

involves use of limestone, lime and soda ash in the plant
and effects of aeration on sludge settling.

Bethlehem Steel Corp. recently completed an extensive

pilot plant investigation on new neutralization method

which produces high density sludge (18). Their findings

are believed incorporated to a large extent in the Company's

new 3 MGD neutralization -iron removal plant at Banning #4

on the Youghiogheny. This plant includes recirculation of

iron hydroxide, sludge and the design includes provisions to 
thicken sludge to 5% solids.

The Consolidation Coal Company has several neutralization

plants at their divisions; Pursglove Mines of Christopher Coal 

Div., (19) Mountaineer Coal Div. (20), and Montour 4 Mine of 
Pittsburgh Coal Div. (21).
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Jones & Laughlin Steel Corp (22), (23), and (24) has several

treatment plants operated at their coal mine operations.

These include Thompson Borehole at Vesta No.5, Berick

Borehole of Vesta No.4, No.1 Air Shaft Borehole at

Shannopin Mine, and No.3 Air Shaft Borehole at Shannopin

Mine. Information on their neutralization, aeration and

sludge handling efforts is available.

Rochester & Pittsburgh Coal Company (25) has constructed

limestone neutralization plant for discharge from Lucerne 3A

Mine. The treatment scheme and operational problems are

discussed in detail in their recent article.

U. S. Bureau of Mines has investigated neutralization using

limestone and developed operating cost data (12), (13), and

(14).

Pennsylvania Department of Health, Bureau of Sanitary

Engineering is currently evaluating operation and performance

of existing mine drainage treatment plants. A preliminary

report covering plants at five mines has been published (26).

Pennsylvania Department of Mines and Mineral Industries
initiated “Operation Yellowboy” in 1964. This involved pilot

plant studies of neutralization and iron removal using a mobile 

demonstration plant. Design, parameters were obtained from extensive 

investigations at several sites. With experience

from “Operation Yellowboy”, a prototype plant was constructed

at Little Scrubgrass Creek and the Department has several

other neutralization projects in various stages of completion

(10), (11).

Variations in concentration and chemical state of iron in mine drainage,

as well as the complexity of iron chemistry, complicate its removal. Iron

occurs in mine drainage in both the ferric (oxidized) and ferrous (incompletely 

oxidized) state. Ferric iron in mine water is relatively easy to remove by

adding alkalinity to create ferric hydroxide, a stable, good settling precipitate.

On the other hand, removal of ferrous iron requires an oxidation step in

addition to adding alkalinity. Alkalinity alone creates ferrous hydroxide which

is not only less stable but also has poor settling properties. In order to

achieve removal, ferrous hydroxide is oxidized, usually by aeration, to the

ferric state. This oxidation also creates acidity and thus requires an increase

in the amount of alkalinity added. Also the rate of oxidation is faster at high

pH so that alkalinity inputs usually exceed that which is required for neutralization 
of acidity.
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Current practice in treatment for iron removal is to add alkalinity as 

lime, aerate and settle. Oxidation before adding alkalinity is not practical due

to slow oxidation rates at low pH.

Many of the investigations and reports mentioned hereinbefore are concerned

with iron oxidation and sludge problems as well as neutralization. Other work 

being done on iron removal includes:

FWQA sponsored projects (31);

-Sulfide Treatment of Acid Mine Drainage, by Bituminous

Coal Research, Inc.
-Microbiological Removal of Iron from Acid Mine Drainage,

by CONCO, and

-Oxidation of Iron in Acid Mine Water, by Harvard University.

Other methods for iron removal suggested and tested in a small laboratory

scale include use of oxidizing agent, such as chlorine and ozone. Radiation

induced oxidation has been investigated by

Brookhaven National Laboratory.

The U. S. Bureau of Mines (32) has reported encouraging laboratory

results showing that ferrous iron can be oxidized

using activated carbon as a catalyst. If this proves out in

further testing, it might lead to simplified treatment plants.

For mine drainages with little or no acidity but with high iron 
content, as in many cases in the Sewickley Creek area, iron removal

might be accomplished without adding alkalinity to

attain high pH as is currently the normal practice.

B. Demineralization

Demineralization processes include ion exchange, distillation,

reverse osmosis and electrodialysis. All can be used to treat mine drainage but

all are costly to install and operate. Applications are limited to special 

situations where the high quality, high cost product water is needed for blending

into a domestic supply or for industrial purposes.

A 0.5 MGD ion exchange plant is being installed at Phillipsburg, 

Pennsylvania as an Operation Scarlift project. Product water will be blended 

with higher solids water to augment limited public supplies. Costs have been 

estimated in the order of $0.50 to $1.00 per 1,000 gal of product water (27).

A 5 MGD distillation plant, also an Operation Scarlift project, is 

being installed near Wilkes-Barre, Pennsylvania. This plant will produce ultra 

high purity water from mine drainage and the product will be sold to industry 

(29).

Electrodialysis (30) and reverse osmosis (28) have also been studied

as mine drainage treatment possibilities but no sizeable plants are in

operation or planned.
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3. GENERAL COST DATA

Reported costs for abatement works vary widely. This is as should

be expected since costs are influenced by many factors including: type and

size of installation; site conditions; variations in design, and year constructed.

Reports by the U. S. Bureau of Mines and the FWQA have attempted

to present costs surveys of mine drainage pollution abatement projects. These 

reports are summarized in Tables I, and II together with some costs from other

sources.

An itemization of capital cost for a neutralization-iron removal

treatment plant has been published (20) for plant at Mountaineer Coal Company, 

Division of Consolidation Coal Company, as follows:

Design parameters:

Flow 0.72 MGD
Holding pond 300,000 gal

Lime feed 10 HP

Lime mix tank 2 HP mixer
Aeration pond 100,000 gal

Aerator 5 HP
Settling ponds 1,350,000 & 1,600,000 gal

Costs:
Excavation and grading $23,000

Mechanical equipment  13,000 

Concrete, piling, erection of steel  59,000 

Piping   6,000 

Sludge pump and piping  15,000

Contingencies 4,000

                                                     $120,000
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Table I - Summary of Reported

Costs of Preventive Works

Reported Cost Refer

1. Strip Mine Reclamation

a. No revegetation

-U. S. Bureau Mines $5.18 to 15.73/ft of high wall ( 3)

-U. S. Bureau Mines $912 to 2,770/Acre ( 3)

-FWQA, Elkins $1,640,000 for 3,000 Acres (36)

-Moraine Park $720,000 for 434 Acres ( 1)

b. With planting and

diversion ditches
-U.S. Corps Engineers $1,000/Acre (35)

c. Revegetation only

-FWQA, Elkins $323/Acre hydroseeding, avg. (36)
$165/Acre, conventional grass, avg. (36)

$106/Acre trees only; 1,000 Acres (36)

d. Earth moving
-FWQA, Elkins $0.50/cu yd (36)

-Altoona $1.00/cu yd, general excavation (40)

-Altoona $2.00/cu yd, channel excavation (40)

2. Refuse Pile Removal
-Moraine Park $1.00 to 1.54/cu yd ( 1)
-U. S. Corps Engineers $2.00/cu yd; w/planting and

drainage diversion (35)

3. Refuse Pile Covering

-Peabody Coal $800 to 3,000/Acre (37)

4. Mine Seals

a. Surface; Clay seals for

drift shafts

-Moraine Park $28,000 for 23 seals ( 1) 

b. Deep Mine; Curtain pressure

grouting with observation holes

-Moraine Park $1,112,450 for 73 ( 1) 

-U.S. Corps Engineers $25,000/seal (35)

-Argentine Area $5000/seal (41)

c. Deep Mine, Masonry seal

-FWQA, Elkins $2,000 to 16,000/seal (36)

5. Oil and Gas Well Seals

-Moraine Park $378,292 for 422 seals ( 1)
-U. S. Corps Engineers $10,000/seal (35)
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Table II - Summary of Reported

Treatment Costs

Costs

Capital Operating Ref.

1. Neutralization-Iron Removal
a. 1,000 ppm acid, 500 ppm ferrous,

using limestone (38)

0.3 MGD plant $ 54,600      $15,300/yr 

0.5 MGD   90,000       26,000/yr

1.5 MGD  172,500          43,000/yr

b. Per 1,000 gal treated,

using lime:

1,400 ppm acid, 650 ppm Fe - per 1, 000 gal thru - (39)
0.3 MGD plant 9.5c 25.3c

0.9 MGD 8.5c 24.5c

2.7 MGD 7.8c 2l.7c

8.l MGD 7.3c 2l.3c

650 ppm acid, 325 ppm Fe 

0.3 MGD 8.5c      19.5c 

0.9 MGD 7.5c      15.0c 

2.7 MGD 6.8c      13.2c 

8.1 MGD 6.5c      12.4c

2. In-Stream Neutralization (10)

a. 68 ppm acid, 0.7c
flow to 12 MGD $ 40,000 6c/1,000 gal

3. Chemical cost only,

per 1, 000 gal, per

ppm acid
a. lime @ $24/ton 0.008c (39)

b. lime @ $17/ton 0.005c (17)

c. limestone @ $6/ton 0.01c (17)
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