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Goal: AMD Treatment based on Good Science

Objectives

ÅCommunicate the importance of good flow data

ÅHelp design a solid sampling plan

ÅProvide a list of essential data
ÅThis includes good flow measurements

ÅReview why data is critical to design

Measure the Flow



Populate the Dataset

Measure the Flow

Where should I collect the sample?



Sample Location

ÅThe most convenient location may 
not provide the best information

Measure the Flow

70%tile (n=13)
31 gpm
783 Acid
105 Fe
26 Mn
66 Al

Avg/Max (n=4)
36/85 gpm

-117/-97 Acid
0.4/0.7 Fe

1/1Mn
0/0 Al

Avg/Max (n=24)
5/6 gpm

2251/2990 Acid
438/645 Fe
22/28 Mn
152/207 Al

Avg/Max (n=25)
10/11 gpm

1658/2696 Acid
314/553 Fe
21/28 Mn
113/198 Al

Avg/Max (n=5)
29/63 gpm

543/890 Acid
85/129 Fe
14/18 Mn
45/66 Al



Investigate the Entire Site

ÅThere can be clues ςis low pH iron 
removal happening? 

Measure the Flow



How Location & Low pH Fe Can Impact Design

Measure the Flow

Parameter
Data Collected
~100 ft from 

Source
At Source

pH 3.4 3.7

Acid (mg/L) 159 177

CŜ όƳƎκ[ύ 2 30

Mn (mg/L) 39 68

Al (mg/L) 20 5



Populate the Dataset

Measure the Flow



DATE: How Long Should I Sample?

ÅPreferred: Monthly for 1 Year 
Å12 samples

ÅBetter: Bimonthly for 1 Year
Å24 Samples

ÅAdequate: Monthly During High Flow 
ÅJanuary through June

Å6 Samples

Å̧ ƻǳ Ƴŀȅ Ƴƛǎǎ ǘƘŜ ƭŀǘŜ ǎǳƳƳŜǊκŜŀǊƭȅ Ŧŀƭƭ άIǳǊǊƛŎŀƴŜ wŀƛƴǎέ

ÅMore data is better (must have FLOW)

Å(Only the flow measurement from treated samples can be helpful)

Measure the Flow



Populate The Dataset

Measure the Flow



FLOW: Should I Measure the Flow?

ÅYES!

Measure the Flow



How Do I Measure Flow?

ÅBucket and Stopwatch

ÅFlume

ÅWeir

ÅFlow Meter

Measure the Flow



Bucket & Stopwatch

ÅSet a pipe

ÅCalibrated Bucket

ÅStopwatch

Measure the Flow



Calibrated Buckets

Measure the Flow

Standard 5-Gallon Bucket Calibration

Feet from Bottom US Gal.

1.070 5.0

0.965 4.5

0.865 4.0

0.765 3.5

0.660 3.0

0.550 2.5

0.450 2.0

0.340 1.5

0.235 1.0

0.170 0.5

Bottom 0.0



Measuring Flow: A Solid Investment

ÅPrevent Under-Sizing

ÅAvoid Over-Sizing

Measure the Flow



Populate The Dataset

Measure the Flow



Essential Parameters

Field Parameters

ÅFlow

ÅpH

ÅTemperature

Measure the Flow

Laboratory Analysis

ÅConductivity

ÅAlkalinity

ÅAcidity (Hot Peroxide Method +/-)

ÅIron

ÅManganese

ÅAluminum

ÅSulfate

ÅTotal Suspended Solids



Preferred Parameters

Field Parameters
ÅFlow

ÅpH

ÅTemperature

ÅAlkalinity

ÅDissolved Oxygen (Luminescent)

ÅORP

Measure the Flow

Laboratory Analysis
ÅConductivity

ÅAlkalinity

ÅAcidity (Hot Peroxide Method +/-)

ÅIron (Total & Dissolved)

ÅManganese (Total & Dissolved)

ÅAluminum (Total & Dissolved)

ÅMagnesium (Total & Dissolved)

ÅCalcium (Total & Dissolved)

ÅSulfate

ÅTotal Suspended Solids

ÅTotal Dissolved Solids

ÅOsmotic Pressure



The Complete Dataset

Field Parameters
ÅFlow

ÅpH

ÅTemperature

ÅAlkalinity

ÅConductivity

ÅDissolved Oxygen (Luminescent)

ÅCarbon Dioxide (Cold Acidity)

ÅORP

Measure the Flow

Laboratory Analysis
ÅConductivity

ÅAlkalinity

ÅAcidity (Hot Peroxide Method +/-)

ÅBicarbonate

ÅChloride

ÅSulfate

ÅTotal Inorganic Carbon (Carbon Dioxide)

ÅTotal & Dissolved:

ÅFe (Ferrous/Ferric), Mn, Al, Mg, Ca, K

ÅTotal & Dissolved (if needed):

ÅCu, Pb, Cd, Ni, Zn, etc.

ÅTreatment Titration



Populate The Dataset

Measure the Flow




