d

S
Y
O
)
O
D
)
Z
S
®
O

Design of AMD

Selection an
Treatment

, PRESENTER

TIM DANEHY

TIFF HILTON

KELSEA GREEN

West Virg

ium

FRIympOoSs

nage
Morgantown, WV.

Task

fal

D

y
-7 |

ial
2022

in

October 56

e




Goal: AMD Treatment based on Good Science

Objectives
ACommunicate the importance of godidw data
AHelp design a solid sampling plan

AProvide a list of essential data
AThis includes gooffiow measurements

AReview why data is critical to design




Populate the Dataset

oate [ Flow [¥.cond.|_Cond,JoRor TG | AK, T acs | o T.Fe [ Wn [o.tn[ AL T 0. A1 [sufate] Tss JL A T TP~ ] T [ oavn | T | oo
| epm [umho/cplemMo/cm | s.u. [ s.u__| mg/L | me/i | mg/L | me/L | me/L | me/t | me/L | me/L | mg/L | me/L|[Tb/day | Tb/day | Tb/day | Torve
I T i N Y N 0 0 O O N T I I S N 0 = NS T
[02/12/21 | 6@ | 1512 | 1500 | 43 [ 408| 10 | 90 | 01 | 01 | 10 | 1o |18 [ 122 | 880 | 1 | 65 [ o1 | o1 | 07 | o7 [ ®e | ss |
(03/17p#] 50 | s2a | 700 | 43 |42a| 10 | 92 | o1 | o1 | 11 | 11 | 133 [ 133 ] 20 | 1 | 55 | o1 | o1 | 06 | 06 | 80 [Ngo |
Coggflfs1 | o [ useo [ oo [ a2 [414 30 | 9 [ o1 [oa | ia[os[ds7fusalsi0 [ e [ s [oa[os | o8 [ o0 | sn]
fo/i6/21 | 100 | 1341 | 1ao0 | 44 [ 421 10 | 64 | 18 | 04 | os | 09 | o2 | 84 | 760 | 04| 77 | 22 | o5 | 11 | 11 | 110 | 101 |
foe/i9/21 | 100 | 1469 | 1500 | 43 | 424 | 10 | ea | 01 | 04 | o | to | 110 | 111 | 80 | 17 | 77 | o2 | o1 | 11 | 12 | 132 | 133 ]
m---
(08/04/21 | 75 | tsse | 1800 | 43 | 407 | 10 | 120 | 01 | 01 | 15 | 15 | 194 [ 180 | 100 | 3 | 108 | oa | o1 | 13 | 13 | 175 | 62|
(05/05/21 | 100 | 1585 | 1700 | 42 | 44| 10 | 100 | o1 | o1 | 13 | 13 | 175 [ 180 | to00 | t | 120 | oa | o1 | 16 | 16 | 210 | 216 |
Ni0/31/21 | 60 | 1597 | 1800 | 42 | 4s1| 10 | 140 | 01 | 01 | 14 | 14 | 181 | 188 | 1000 | T | d01 | oa | o1 | 10 | 10 | 131 | 136 |
N/ | 75 | 52 | 1so0 | 46 | 417 | 10 | 190 | o1 | o1 | 12 | 12 |51 | 1a0| 100 | 1 | 171 [ o1 | o1 | 10 | 10 | 136 | 1264
[12/Bg1 | 0 | 742 | 1s00 | 42 | 437 | 10 | 220 | 22 | 02 | 16 | 16 [ 188 236 | 1700 | 44 | 150 [ 16 | o1 | 12 | 12 | 136 m
Average~w71 | 1526 | 1655 | 42 | 421 10 | 122 | 04 | 0z | 14 | 14 | tes | 7o | 1027 | 2a | s | o4 | o1 | T | 11 | 3P 15
[ edian | e isco [ 700 | 43 [as | to | iio o1 [ o1 12 [ 2 [sofwsalom [ 2 | 9 [ o [ oa [t | 1o L[5
N 0 N N 0 T N 0 N A2 N S0 0 N0 e 0 N NS

Where should | collect the sample?



Sample Location

Avg/Max (n=24)

AThe most convenient location may 5/6 gpm
not provide the best information o ene
Avg/Max (n=4) - 152/207 Al
36/85 gpm
-117/-97 Acid
0.4/0.7 Fe
1/1Mn
0/0 Al

70%tile (n=13)

31 gpm Avg/l;/lax (n=25)
783 Acid 10/11 gpm
105 Fe Avg/Max (N=5)  u— 1658/2696 Acid
26 Mn 29/63 gpm 314/553 Fe
6 Al 543/890 Acid vy ivand
85/129 Fe 113/198 Al
14/18 Mn

45/66 Al



e the Entire Site
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low pH

AThere can be cluesis




How Location & Low pH Fe Can Impact Design

pH

Acid (mg/L)
CS O0Y3AK[ VU

Mn (mg/L) Ve o aem e =
Al (mg/L)

~08.8000%08 43




Populate the Dataset

Date |JFlow | F.Cond. | Cond. | FpH | pH | Alk_| Add.| Fe | D.Fe| Mn [D.Mn| Al | D Al |sulfate] T5s |
J epm Jumho/cm| umho/cm | s.u. | s.u. | mg/L | mg/L | mg/L | me/L | me/L | me/L | me/L| mg/L | me/L | me/L

=2

/

o
<

(=2
S~

[o2/12/21 | 60 | 1512 | 1500 | 43 [408| 10 | 90 | 01 | o1 | o | 10 | 1s | 122 sa0 | 1|
[0ajo1/21 | 60 | 1560 | 1600 | 42 414 10 | 96 | 01 | 02 | 11 | 11 [ 137 134 | o0 | 1|
[05/16/21 | 100 | 1341 | 1ao0 | 4.4 [a21| 10 | 64 | 18 | 04 | 0s | 09 | o2 | 84 | 760 | 704
(06/15/21 | 100 | 1469 | 1500 | 43 | 424 10 | 64 | 01 | 04 | to | 1o | 110 | 111 ss0 | 17 |
[o7/04/21 | 86 | 1764 | 1800 | 43 [ 415 10 | 120 | 01 | 01 | 14 | 14 | 166 | 167 | 1100 | 2 |
[0/05/21 | 100 | 1585 | 1700 | 4.2 [ 414 10 | 100 | 01 | o1 | 13 | 13 | 175 | 180 | 1000 | 1|
[i0/31/21 | 60 | 1597 | 1800 | 42 [as1| 10 | 140 | 01 | 01 | 14 | 14 | 181 | tes | d000 | 1|
ry/ui/21 | 75 | ass2 | aso0 | 46 [ 447 10 | 190 | 01 | o1 | 12 | 12 | 51| 140 | 1200 | 1|
(T2/21/21 | 60 | 742 | 1s00 | 42 [ 437 %0 | 220 | 22 [ 02 | 16 | 16 | 188 | 236 | 1700 | 44 |
Average | 71 | 1526 | tess | 42 | 421 10 | 122 | 04 | 02 | 14 | 14 | te5 | 170 | 1057 | 22|
Median | 68 | 1560 | 1700 | 43 [ads| 10 | 110 | 01 | o1 | T2 | 12 [ 156|154 | oe0 | 2 |
[Minimum | 32 | 824 | 1400 | 3.6 [ 407 | 10 | 64 | 01 | 01 | 0o | 09 | 02 | 84 | 760 | 1|
[Maximum | 100 | 1858 | 1600 | 46 | 451] 10 | 220 | 22 | 04 | 30 | 38 | 386 | 368 | 1700 | 704 |
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DATE: How Long Should | Sample?

APreferred: Monthly for 1 Year
A12 samples

ABetter: Bimonthly for 1 Year
A24 Samples

AAdequate: Monthly During High Flow
AJanuary through June
A6 Samples
A 2dz YIé@ YAaa GKS 1 34S adzYYSNXSI NI @&
AMore data is better (must havieLOW
A(Onlythe flow measurement from treated samples can be helpful)

G- - o
81/6/2003 15:08



Populate The Dataset

s N
| Date f| Flow |\F.Cond. | Cond. [FpH| pH | Alk. | Acid. | Fe |D.Fe| Mn [D.Mn| Al | D.AlI [sulfate] TSS |
| \|_epm Jimho/cm| umho/cm]| swu. | su. | mg/t | mg/L | mg/L | mg/L | mg/L | me/L | me/L | me/L | me/L | mg/L]

=2

/

o
<

(=2
S~

Oyoiai [~ | | [ 56 [4to] N | ie6 | 03 [ 03 | 30 | 38 | 386 368] 019 | 6 |
(02/12/21 | 60 | 151z | 1500 | 43 [408| 10 | 0 | 01 | 01 | o | 10 | 118 | 122 | sa0 | 1|
(0aj01/21 | 60 | 1560 | 1600 | 42 | 414 | 10 | 96 | 01 | 02 | 11 | 11 | 137 | 134 | s10 | 1|
(05/16/21 | 100 | 1341 | 1400 | 4.4 421 10 | 64 | 18 | 0a | 08 | 09 | 92 | 84 | 760 | 204
[06/19/21 | d00 | 1465 | 1500 | 43 | 424 | 10 | 64 | 01 | 04 | to | 10 | 110 | 111 80 | 17 |
(o7/04/21 | 86 | i76a | 1800 | 43 | 415 10 | 120 | 01 | 01 | 14 | 14 | 166 | 167 | 1100 | 2 |
[0/05/21 | 00 | 1585 | 1700 | 42 [ 414 10 | 100 | 01 | 01 | 13 | 13 | 175 | 180 1000 | 1|
10/31/21 | 60 | 1597 | 1800 | 42 | 451 10 | 140 | 01 | 01 | 14 | 14 | 181 | 188 [ 1000 | 1 |
1/11/21 | 75 | 1532 | 1so0 | 46 | 417 | 10 | 180 | 01 | 01 | 12 | 12 | 151 180 1200 | 1|
[T2/21/21 | G0 | 1742 | tso0 | 42 [ 437 10 | 220 [ 22 | 02 | 16 | 16 | 188 | 236 [ 1700 | 44 |
Average | 71 | 1526 | tess | 42 | 421 10 | 122 | 04 | 02 | 14 | 14 | te9 | 170 | 1027 | 72|
Wedian | 68 | 1se0 | 1700 | 43 | 418 | 10 | 110 | 01 | 01 | 12 | 12 | 159 | 154 | se0 | 2 |
(Minimum | 32 | 824 | 1400 | 3.6 | 407 | 10 | 64 | 01 | 01 | 08 | 09 | 92 | 84 | 7e0 | 1|
[Maximum | 100 | 1858 | 7000 | 46 451 10 | 220 | 22 | 04 | 39 | 38 | 386 | 368 | 1700 | 704 |
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FLOW: Should | Measure the Flow?




How Do | Measure Flow?

Bucket and Stopwat
Flume

Weir

Flow Meter




Bucket & Stopwatch

Ipe
brated Bucket

ASet a p
ACal




brated Buckets

Standard 5Gallon Bucket Calibration
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Populate The Dataset

mmmmmnmmmmm

"Ryd | TFe | Dre |
LT day [ 1b/day | th/day nb/d

S~

b/d

<
(=2
S~

-_=mzmm-=x-m =—910 | 6 |
m—-m-

03/17/21 | 50 | 824 | 1700 | 43 |424] 10 | 92 [ o1 [ o1 ] 11 ] 11 }133)133] 920 [ 1 |
mm
| 05/16/21 | 100 | 1341 | 1400 | 44 J421] 10 | 64 | 18 [ 04 | 09 ] 09 | 92 | 84 [ 760 | 204 |
| 06/19/21 | 100 | 1469 | 1500 | 43 [424| 10 | 64 | 01 | 01 | 10 [ 1.0 [ 110 ] 111 | 880 | 17 |
 07/04/21 | 86 | 1764 | 1800 | 43 |415]| 10 | 120 [ o1 | o1 | 14 | 14 | 166 | 167 | 1100 | 2 |

[0/05/21 | 100 | 1585 | 1700 | 4.2 [ 414 10 | 100 | 01 | o1 | 13 | 13 | 175 | 180 | 1000 | 1|
[i0/31/21 | 60 | 1597 | 1800 | 42 [as1| 10 | 140 | 01 | 01 | 14 | 14 | 181 | tes | d000 | 1|
ry/ui/21 | 75 | ass2 | aso0 | 46 [ 447 10 | 190 | 01 | o1 | 12 | 12 | 51| 140 | 1200 | 1|
(T2/21/21 | 60 | 742 | 1s00 | 42 [ 437 %0 | 220 | 22 [ 02 | 16 | 16 | 188 | 236 | 1700 | 44 |
Average | 71 | 1526 | tess | 42 | 421 10 | 122 | 04 | 02 | 14 | 14 | te5 | 170 | 1057 | 22|
Median | 68 | 1560 | 1700 | 43 [ads| 10 | 110 | 01 | o1 | T2 | 12 [ 156|154 | oe0 | 2 |
[Minimum | 32 | 824 | 1400 | 3.6 [ 407 | 10 | 64 | 01 | 01 | 0o | 09 | 02 | 84 | 760 | 1|
[Maximum | 100 | 1858 | 1600 | 46 | 451] 10 | 220 | 22 | 04 | 30 | 38 | 386 | 368 | 1700 | 704 |

“6a | ot [ o1
65 | o1 | o1 |
55 | o1 | o1 ]
6 | o1 | o1 |
77 | 22 | o5 |
(77 o2 [ o]
101 [ o1 | o1 |
71 | o1 | o1 ]
T
8 | o1 | 01|
55 | o1 | o1 |
71 | 22 | 05 |
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Essential Parameters

Field Parameters Laboratory Analysis

AFlow AConductivity

ApH AAlkalinity

ATemperature AAcidity (Hot Peroxide Method 4/

e SR A

AManganese
AAluminum
ASulfate

ATotal Suspended Solids



Preferred Parameters

Field Parameters Laboratory Analysis
A Elow A Conductivity
A pH A Alkalinity
A Temperature A Acidity (Hot Peroxide Method 4/
A Alkalinity A Iron (Total & Dissolved)
_ ] A Manganese (Total & Dissolved)
A Dissolved Oxygen (Luminescent) . .
A ORP A Aluminum (Total & Dissolved)

A Magnesium (Total & Dissolved)
A Calcium (Total & Dissolved)

A Sulfate

A Total Suspended Solids

A Total Dissolved Solids od met
A Osmotic Pressure - ane fiel




The Complete Dataset

Field Parameters Laboratory Analysis

A Flow A Conductivity

A pH A Alkalinity

A Temperature A Acidity (Hot Peroxide Method )/
A Alkalinity A Bicarbonate

A Conductivity A Chloride

A Dissolved Oxygen (Luminescent) A Sulfate

A Carbon Dioxide (Cold Acidity) A Total Inorganic Carbon (Carbon Dioxide)

A ORP A Total & Dissolved:
A Fe (Ferrous/Ferric), Mn, Al, Mg, Ca, K

A Total & Dissolved (if needed):
A Cu, Pb, Cd, Ni, Zn, etc.

- A Treatment Titration




Populate The Dataset

Gate | Flow | ¥ -Cond. | Cond. | FpR | pH | Ak | Acd. | Fe | O.fe] Wn |D.Mn] Al | DAl [sufpel 155 | Add | Tre | OFe | T | Omn | TAL [ DAL [
[ epm [umho/cmumho/cm | s.u | s.u_ | mg/L | mg/i | mg/L | me/L | me/L | me/L | me/L | me/t | mgke | me/L|[To/day | b/day | ib/day | 1b/day | Th/day | Tb/day | io/day]
oorzt | 32 | | | 36 [419] ND | d66 | 03 | 03 | 39 | 38 | 386 368 ] 019 [~ 64 | 01 178 | i
(03/17/21 | 50 | 824 | 700 | 43 |42a| 10 | 92 | o1 | o1 | 11 | 11 | 133 [ 133 | 20 | T | 55 | o1 | o1 | 06 | 06 | 80 | 80 |
(0a/o1/21 | 60 | 1560 | 1600 | 42 | 44| 10 | 96 | 01 | 02 | 11 | 11 | 137 [ 134 | o0 | 1 | 5 | o1 | o1 | 08 | 08 | 88 | o7 |
(05/16/21 | 100 | 1341 | 1400 | 44 | 421 | 10 | 64 | 18 | 04 | 05 | 08 | s2 | 84 | 760 | zoa | 77 | 22 | 05 | 11 | 11 | 110 | 0|
(06/19/21 | 100 | 1469 | 1500 | 43 | 424 | 10 | 64 | 01 | 04 | o | to | 110 | 111 | 80 | 17 | 77 | o2 | o1 | 11 | 12 | 132 | 133 ]
[07/04/21 | 86 | 1764 | 1800 | 43 | 45| 10 | 120 | 01 | 01 | 14 | 14 | 66| 167 | 100 | 2 | 124 | oa | o1 | 14 | 14 | 171 | 172 |
(05/05/21 | 100 | 1585 | 1700 | 42 | 44| 10 | 100 | o1 | o1 | 13 | 13 | 175 [ 180 | to00 | 1 | 120 | oa | o1 | 16 | 16 | 210 | 216 |
(10/31/21 | 60 | 1597 | 1800 | 42 | 451 | 10 | 140 | 01 | 01 | 14 | 14 | 181 | 188 | 1000 | T | do1 | oa | o1 | 10 | 10 | 131 | 136 |
1/1/21 | 75 | 532 | aso0 | 46 | 417] 10 | 190 | 01 | o1 | 12 | 12 [ 151 | 10| 100 | 1 | 171
[12/21/21 | 60 | 742 | 1s00 | 42 | 437 | 10 | 220 | 22 | 02 | 16 | 16 | 188 [ 236 | 1700 | 44 | 150 | 16 | 01 | 12 | 12 | 136 | 170
Average | 71 | 1526 | 655 | 42 | 421 | 10 | 122 | 04 | 02 | 14 | 14 |69 | 170 | 1027 | 24 | 5 | o0& | o1 | 11 | 11 | 134 | 135 ]
Median | 68 | 1560 | 1700 | 43 | 418 | 10 | 110 | 01 | o1 | 12 | 12 | 150154 | se0 | 2 | 8 | ot | o1 | 11 | 11 | 134 | 135 |
(Minimum | 32 | 824 | 1400 | 3.6 | 407 | 10 | 64 | 01 | 01 | 05 | 0o | 02 [ 84 | 7e0 | T | 55 | o1 | o1 | 06 | 06 | 80 | 80 |
[Maximum | 100 | 1858 | 1000 | 46 | 451] 10 | 220 | 22 | 04 | 39 | 38 | 386 | 368 | 1700 | 704 | 171 16 210







