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the Problem

...the"acid water caused excessive corrosion of the federal
navigation locks and dams, ships and barges, bridges and
culverts, pipelines and plumbing. The acid, iron sulfate, and
iron oxide (red water) often destroyed all fish and aquatic
life, ... made water unfit for drinking or household purposes,
and caused unsightly reddish brown spots on fabrics in
laundries and textile factories and scum in washbowls, sinks
and tubs. The water was destructive, scale-forming, and
unsuitable for use in locomotive and power plant boilers, in
manufacturing industries, and in municipal waterworks...”

(Hodge, W.W. , 1937, Pollution of Streams by Coal Mine Drainage. Industrial and Engineering Chemuistry. V.
29.) From Pennsylvania DEP Coal Mine Drainage and Pollution Prevention in Pennsylvania, 1998.




Concentration

Milligram per liter = 1/1,000,000 Kilogram per liter

Microgram per liter = 1/1,000,000,000 Kilogram per liter

Parts per million
Parts per billion
1 mg/l =1 ppm
1 ug/l = 1ppb
mg/l = ug/l /1000
l.e. 1000 ug/l = 1 mg/l




Flow
Gallons per minute l[om  Liters per minute
Gallons per day lpd  Liters per day
Million gallons per day

Cubic feet per second m3s  Cubic meters per sec

1 gallon = 3.785 liters

gpd = gpm X 60 x 24
cfs = gpm / 448.83
m3s = 35.31 cfs




Pollution Load

|bs/day Pounds per day

kg/day Kilograms per day

tons/day Tons per day

tons/year Tons per year

Load in Ibs/day = concentration (mg/l) x flow (gpm) x 0.01202
0.01202 =.000002205 Ibs/mg x 1440 min/day x 3.785 I/gal

kg/day = Ibs/day x 2.205
tons/day = lbs/day / 2000
tons/year = Ibs/day / 2000 x 365.25




Lab results where it all
starts .collecting the sample

water samples a hydrologist




Sample Collection Mine Drainage Analysis

Clean sample container made of glass or inert plastic

Label container using a unique ID. Label should
contain at a minimum;

1. Sample ID

2.  Sampler ID
3.  Location ID

Sample bottle and lid should be rinsed 2 to 3 times with
the water to be sampled prior to collection

Add the necessary preservative, cap tightly and recheck
labels. Store on ice.




Sample Collection Mine Drainage Analysis

Maintain a separate record (sample log) of all samples
collected. Should include;

Sample ID and Site ID
Date and time of collection

Weather conditions

Notes pertaining to the physical appearance of the sample and/or
sample site

Other relevant information that could be helpful for future reference
for the sampler or the laboratory in analyzing the sample or
interpreting the results




Sample Preservation

This procedure requires addition of acid for metal analyses'and cooling
for components which are temperature dependent as to biological or
chemical changes. Acidity, alkalinity, conduct1v1ty, and sulfate are
temperature dependent in comp051tion. Nitric acid is added to samples
for metals in sufficient quantlty to lower pH to <2.0. This is
accomplished by addition of-2 ml nitric acid to 125 ml bottie prior to
sampllng, or add1t10n of 2 ml of nitric acid to collected sample
1mmed1ately after_sample collectaon. gggg. Care should be taken when

handling any acid. It is preferable to add acid to water rather than

water to acid whenever possible.,



Preserving the sample
»Coolto4 C

» Metals (Fe, Mn, Al) - fix with Nitric
acid to pH<2

» Ferrous Iron  fix with HCI

» P,NH3 - fix with Sulfuric acid




Field Parameters

Flow measurement

Some parameters have to be analyzed
within 15 minutes

pH

Dissolved Oxygen

Temperature

Total Chlorine Residual




Chemical Parameters in Sampling

PH

Acidity

Alkalinity

Metals (Iron, Manganese, Aluminum)
Sulfate

Total Dissolved Solids

Total Suspended Solids (TSS)

Specific Conductance




= bH= HogiH ]
| ur': Hthnic seale from 0 to 14




The pH scale

Battery acid

Lemon juice

Increasing Acid rain

acidity inegar

Adult fish die

Fish reproduction affected

Normal range of precipitation pH

Neutral
Normal range of stream pH

Baking soda
Sea water

Increasing
alkalinity

Milk of Magnesia

Ammonia

Lye

*Source: Environment Canada,
http://www.ec.gc.ca/water/en/manage/qual/e_ph.htm



Dissolved Oxygen (DO) Dissolved Oxygen Requirements by Fish Community

Cold Water Fishes: 6 mg,/1l and above Warm Water Fishes: S mg/l
Solubility of Dissolved Oxygen Dissolved Oxygen Percent Saturation
Solubility: Amount of dissolved oxygen that Directions

1. Determine water temperature in degrees C, and find that value on upper
(temperature) scale. *To convert F ta C: [(F-32) x 5]/9=C

2. Determine dissolved oxygen and find that value on the lower {D0O) scale.
3. Using a straight edge (ruler, piece of paper), draw a line from the temperature

distilled water can hold al given temperature

Temperature (C*): Selubility (mg/1)

Qs =0 value to the dissolved oxygen walue. The point at which the line crosses
;: i;‘: the middle (saturation) scale is the percent saturation of oxygen.
3: 13.5 Water temperature in degrees Celsius (°C)
gz 13.1 (Determime this with o Celsius thermomerer}
5 12.8 I ) [ : FE] i
5- e o [ 10 15 20 5 3
7= 12.2
8: 5 11.9 =L
= 11.6 ?
10: 11.3
s BT Saturatiom Monogram g
12: 10.9 =
13: 10.6 =
14: 10.4 =
15: 10.2 =i
16z 10.0 =
=
17z 9.8 e
18: 9.6 E
19: 9.4
20: 9.2 15 17
Z1: 9.0 = |
22: a8.9 Oxygen in mgsl
23: 8.7 [Mezsure this with @ diszailved axygen (es! Mt or o meter)
55 =5 Example: -
o e - Water sample at 15 C containing 11 gm/1l of DO would be 110% saturated.
2‘_.,.; = — %> Saturation Values & What They Mean )
— 125% and greater: Too high, may be dangerous to fish
28: -0 —— 80-124%: Excellent 60-79%: Dkay Below 60%: Poor
29: 7.8
30: ToT =
Adapred from: Water, Water Everywhere: Water Duality Factors Reference Unit, HACH, inc., Lovelond 00, 800-227-4224.
pH and Aquatic Organisms g Smlem' ==
[} 1 = 3 e 5 & 7 - o 10 11 1z 13 14
Tolerant ranges for certain species
Mayfly 5.5 to 7.5 EBrown trout 5.0 to 9.5 Carp 5.0 to 5.0
Caddisfly 5.5 to 7.5 Brook trout 4.5 to 5 Catfish 5.0 to 9.0
Stonefly 5.5 to 7.5 Yellow perch 4.5 to 7.5  Bullfrog 4.5 to 7.5
Smails, clams, mussels 6.0 to 9.0 Smallmouth bass 5.5 to 7.5 Wood frog 4.01to 7.5
Crayfish 55 to 7.5 Pumpkinseed 5.0 to 7.5 American toad 4.5 t0 7.5
Rainbow trout 5.5 to 9.5 Fathead minnow 6.0 to 7.5 Spotted salamander 5.0 to 7.5
Alkalinity Freestone Streams Limestone Streams
{Calcium carbonate:}CaCo3 10 mg/1l or less: Very sensitive to acid precipitation 75 mg/l or greater

10-20: Somewhat sensitive to acid precipitation
20mg/1 or greater: Not sensitive to acid precipitation



a gjm ' | 0unt of water.

Acidity intfAMD includes metal acidity
generated from Fe, Al... and the acidity
from hydrogen ions (pH).




firom ,,rogen jons (pH).

Fe3 £81,00 > Fe(OH); 1+ 3H*

Dissolved iron, manganese, and
aluminum

pH=-log[ " ]




Acidity Tests

Acidity titrated to pH 8.3
Reported as mg/l as CaCO3

Hot Acidity lab procedure that lowers pH
and oxidizes metals before titration
Calculated Acidity

Acidclc = 50*(2*Fe?*/56 + 3*Fe3*/56 + 3*Al/27 +
2*Mn/55 + 1000*10-PH)  alkalinity




Acidcac = 50*(2*Fe?*/56 + 3*Fe3*/56 + 3*Al/27 +

2*Mn/55 + 1000*10PH)  alkalinity

SAMPLE Total Acidity Net Acidity] Total Total Ferrous | Ferric Total Total
DATE FLOW pH pH |(calculated)|(lab "Hot™)|calculated]Alkalinity Fe Fe+2 Fe+3 Al Mn

(gpm) |(field)|(lab) (mgl/l) (mgl/l) (mgll) (mgl/l) (mgl/l) (mgl/l) (mgl/l) (mgl/l) (mgl/l)

9/7/2004 100.0 - 2.8 282.1 289.0 282.1 0.0 41.500 13.700 27.800 18.30 1.26
11/1/2004 11.1 290 2.9 309.0 415.8 309.0 0.0 62.800 42.350 20.450 20.30 1.57
12/8/2004  442.0 450 2.9 245.3 272.0 245.3 0.0 28.400 0.570 27.830 18.90 1.01
12/28/2004  361.0 4.00 2.9 244.4 256.0 241.5 2.9 33.200 1.040 32.160 16.50 1.01
2/24/2005 605.0 - 2.9 200.2 236.8 200.2 0.0 23.300 0.580 22.720 13.30 0.81
3/30/2005  552.0 4.00 2.9 195.1 223.4 195.1 0.0 22.500 0.770 21.730 12.80 0.81
4/15/2005 140.0 3.00 2.9 168.7 215.6 168.7 0.0 14.900 0.450 14.450 11.70 0.67
6/22/2005 63.0 290 29 315.8 344.6 315.8 0.0 64.800 45.690 19.110 21.10 1.59







