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Acid 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑅𝑎𝑡𝑒 =
𝑔 𝑜𝑓 𝑎𝑐𝑖𝑑𝑖𝑡𝑦 𝑝𝑒𝑟 𝑑𝑎𝑦

𝑡𝑜𝑛𝑛𝑒 𝑜𝑓 𝑙𝑖𝑚𝑒𝑠𝑡𝑜𝑛𝑒∗
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90%CaCO3
Stone Size Varies… 
Smaller = More Surface Area
Larger = Less Clogging







Oven Run B Stone Reuse 
Analysis

𝐻𝑜𝑤 𝑚𝑢𝑐ℎ 𝑠𝑡𝑜𝑛𝑒 𝑤𝑖𝑙𝑙 𝑏𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑? ? =
𝐴𝑐𝑖𝑑 𝐿𝑜𝑎𝑑 ∗ 𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛

𝑃𝑢𝑟𝑖𝑡𝑦 𝑜𝑓 𝐿𝑖𝑚𝑒𝑠𝑡𝑜𝑛𝑒

10 𝑡𝑜𝑛𝑛𝑒𝑠 𝐴𝑐𝑖𝑑 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 ∗20 𝑦𝑒𝑎𝑟𝑠

90% 𝐶𝑎𝐶𝑂3 𝐿𝑖𝑚𝑒𝑠𝑡𝑜𝑛𝑒
= 222 𝑡𝑜𝑛𝑛𝑒𝑠 𝑜𝑓 𝐿𝑖𝑚𝑒𝑠𝑡𝑜𝑛𝑒 Consumed

𝐻𝑜𝑤 𝑚𝑢𝑐ℎ 𝑠𝑡𝑜𝑛𝑒 𝑑𝑜 𝑤𝑒 𝑛𝑒𝑒𝑑? = 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑆𝑡𝑜𝑛𝑒 + 𝑅𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟

"Retenetion Reservoir" 𝐹𝑎𝑐𝑡𝑜𝑟𝑠: 𝑀𝑎𝑥. 𝐹𝐿𝑜𝑤 ∗  𝐷𝑒𝑠𝑖𝑟𝑒𝑑 𝑅𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 ∗  𝐿𝑖𝑚𝑒𝑠𝑡𝑜𝑛𝑒 𝑉𝑜𝑖𝑑 𝑆𝑝𝑎𝑐 ∗  𝐿𝑆 𝐵𝑢𝑙𝑘 𝐷𝑒𝑛𝑠𝑖𝑡𝑦 
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Fancy Acidity Load Graph Example

Proton Fe Al Mn Acid (Lab Reported)

271 ≠ 261



RAW Average Min

pH 2.7 2.4

Average Max Units

Flow
1.1 1.8 L/s
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Neal Run - AFVFP Influent

Proton Fe Al Mn Acid



Average Min

pH 3.2 3.7

Average Max Units

Flow
6.1 6.5 L/s

97 103 GPM

34 40
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Oven Run B - AFVFP Influent

Proton Fe Al Mn Acid



Average Min

pH 3.7 3.2

Average Max Units

Flow
1.1 2.0 L/s

18 32 GPM
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Muscavitch – AFVFP Influent

Proton Fe Al Mn Acid



Neal Run AFVFP (635 tonne LS)

https://www.wvmdtaskforce.com/wp-content/uploads/2022/10/2022-13-danehy-et-al-2022-wv-10-year-passive-treatment-system-performance-evaluation.pdf
https://www.wvmdtaskforce.com/wp-content/uploads/2022/10/2022-13-danehy-et-al-2022-wv-10-year-passive-treatment-system-performance-evaluation.pdf
https://www.asrs.us/Publications/Conference-Proceedings/1990/0385-Hedin.pdf
https://www.asrs.us/Publications/Conference-Proceedings/1990/0385-Hedin.pdf
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Example of  Rapid Fill, 12 Hr Hold

AFVFP 3 AFVFP 2 AFVFP 1

Valve open to flush

Valve close to fill

12 Hr Hold

https://www.asrs.us/events/webinars/


Top of  stone from As-Built Survey

Water level in stone at initiation of  flush

The Tower of  Power at Oven Run B







Settling Pond Outlet

Holding Pond Outlet (RAW)
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HP – Holding Pond
DB - Dewatering Basin
AFVFP – Auto-Flushing Vertical Flow 
Pond
SP- Settling Pond
JVFP – Jennings Vertical Flow Pond 
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12 Hour 
Retention 

(Rapid Fill)

9 Hour 
Retention 

(Rapid Fill)

6 Hour 
Retention 

(Rapid Fill)

12 Hour 
Retention 

(Gradual Fill)
Units

Stone Used 
During Flush 

(All 3 AFVFPs)
3530 4230 3630 6006 Tonne

Field Measured 
Flow

87 103 86 100 GPM

5.4 6.5 5.4 6.3 L/s

Acid Removed 104 114 87 90 kg/day

Acid Removal 
Rate*

30 27 24 15 g/day/tonne

*Underestimate as SP1 makes small amount of  water

2024 Fill Type and Hold Time Impacts on AFVFP Performance

https://www.asrs.us/wp-content/uploads/2024/08/Neely_301E.pdf


12 Hour 
Retention 

(Rapid Fill)

Flow 
Through 
Mode**

Units

Stone Used 
During Flush 

(All 3 AFVFPs)
3530 9000 Tonne

Field Measured 
Flow

87 848 GPM

5.4 53.6 L/s

Acid Removed 104 440 kg/day

Acid Removal 
Rate*

30 54 g/day/tonne

*Underestimate as SP1 makes small amount of  water.
**Flush 1X per day (12Hr hold time).

Considering the more work you give it the more it will do: Art Rose, 2004

https://www.asrs.us/DOI/Proceedings/2004v1/JASMR04011595-Rose.pdf




Acid Removal 
Rate 

351 184 267 230 79 131 235 201 g/day/tonne

Flow 1.1 1.8 1.4 0.9 0.5 0.6 0.9 1.8 L/s

Assumes ALL 
Stone was used
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Neal Run AFVFP Acid Removed Per Sampling Event

Proton Fe Al Mn Acid



Exact stone use 
KNOWN
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Oven Run B AFVFP Acid Removed Per Sampling Event

Proton Fe Al Mn Acid

12 Hr Rapid Fill                12 Hr Gradual Fill                     6 Hr Rapid Fill                      9 Hr Rapid Fill 

Acid Removal 
Rate 

30 15 24 27 g/day/tonne

Flow 5.4 6.3 5.4 6.5 L/s



Assumes ALL 
Stone was used

Acid Removal 
Rate 

19 40 34 16 27 g/day/tonne

Flow 0.5 2.0 1.7 0.5 0.8 L/s
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Muscavitch AFVFP Acid Removed Per Sampling Event

Proton Fe Al Mn Acid



Horseshoe Curve, Altoona, PA



𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑠𝑡𝑜𝑛𝑒 =
𝐴𝑐𝑖𝑑 𝐿𝑜𝑎𝑑 (𝐴𝑉𝐺)  ∗ 𝐿𝑖𝑓𝑒𝑠𝑝𝑎𝑛

𝑃𝑢𝑟𝑖𝑡𝑦 𝑜𝑓 𝐿𝑖𝑚𝑒𝑠𝑡𝑜𝑛𝑒 %

𝐻𝑜𝑤 𝑚𝑢𝑐ℎ 𝑠𝑡𝑜𝑛𝑒 𝑑𝑜 𝑤𝑒 𝑛𝑒𝑒𝑑? = 𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑆𝑡𝑜𝑛𝑒 + 𝑅𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑅𝑒𝑠𝑒𝑟𝑣𝑜𝑖𝑟

"Retenetion Reservoir" = Acid Load (MAX) / Removal Rate



Design 
Method

Consumed Stone Retention Reservoir Total Stone To Buy

“Old 
Way”

= Avg Flow Rate * Retention Time * 
Desired ∆ Acid * Limestone Purity

=Max Flow  * Retention Time * 
Void Space * LS Bulk Density

= Consumed Stone + 
Retention Reservoir Stone

“Acid 
Removal 

Rate 
Way”

= Avg Acid Load (kg/day)* Design 
Lifespan (years) /

Limestone Purity (%)

=  Max Acid Load / Acid 
Removal Rate

*𝑈𝑠𝑒𝑑 12 𝐻𝑟 𝑅𝑎𝑝𝑖𝑑 𝐹𝑖𝑙𝑙 𝑓𝑟𝑜𝑚 𝑂𝑣𝑒𝑛 𝑅𝑢𝑛 𝐵. 

Spaghetti Hole: Supporting Water Quality Data

Average Max Units

Acid Load 44 126 Kg/day

Flow
6 21 L/s

90 340 GPM
Design Lifespan: 20 years

Acid Removal Rate Used: 30 g/day/tonne*

Expected Measurable Alkalinity: 30mg/L
Desired ∆ Acidity Load = 
 (30mg/L+ CCE of  Avg. Acid mg/L) * Avg. Flow



Design 
Method

Consumed Stone Retention Reservoir Total Stone To Buy

“Old 
Way”

265 tonne 3040 tonne 3305 tonne

“Acid 
Removal 

Rate Way”
356 tonne 4200 tonne 4556 tonne

*𝑈𝑠𝑒𝑑 12 𝐻𝑟 𝑅𝑎𝑝𝑖𝑑 𝐹𝑖𝑙𝑙 𝑓𝑟𝑜𝑚 𝑂𝑣𝑒𝑛 𝑅𝑢𝑛 𝐵. 

Spaghetti Hole: Supporting Water Quality Data

Average Max Units

Acid Load 44 126 Kg/day

Flow
6 21 L/s

90 340 GPM

25% more

Expected Measurable Alkalinity: 30mg/L
Desired ∆ Acidity Load = 
 (30mg/L+ CCE of  Avg. Acid mg/L) * Avg. Flow

Design Lifespan: 20 years

Acid Removal Rate Used: 30 g/day/tonne*



Oven Run 2025Muscavitch Stone Wash 2024



2024 Fill Type and Hold Time Impacts on AFVFP Performance

https://www.asrs.us/wp-content/uploads/2024/08/Neely_301E.pdf




BioMost, Inc.
Mining & Reclamation Services

Neal Run, 2015
       Julie LaBar

Kelsea Green, E.I.T.
Kelsea@biomost.com
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