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Passive Treatment using Drainable Limestone Beds: 
Lessons from 14 years of Design and Maintenance

Neil Wolfe, Robert Hedin, Benjamin Hedin, Olivia Weaver
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Passive Treatment Philosophy

Passive treatment attempts to create environments that mimic those 
found in nature where the desired geochemical reactions occur

• Biologically active areas (wetlands)
• Water bodies (ponds)

• Carbonate aquifers (limestone beds)

The goal of passive treatment is to provide “hands-off” water treatment 
that is sustainable over years to decades with minimal intervention
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Anoxic Limestone 
Drain

Ponds Vertical Flow 
Pond

Aggregate Bed

Wetland Ponds Ponds

Oxic Limestone 
Bed (drainable)

Net
Alkaline

Net alkaline Net acid

Net 
acid 

DO, Fe3+, Al all < 1 mg/L
(high Fe2+)

Characterize Mine Water

Wetland

Final Discharge

Mn

DO, Fe3+, Al any  > 1 mg/L DO, Fe3+, Al any > 1 mg/L
Fe < 10 mg/L

High 
Fe2+

Ponds

Repeat As 
Needed

Mn

What’s in the water dictates 
the type of system needed
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MEASURE FLOW RATE!

A Quick Aside….
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Oxic Limestone Beds (OLBs)
• Utilize calcite-rich aggregate 

(limestone) to treat acidic mine 
water

• Typically used for removal of 
Fe, Al, Mn
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Oxic Limestone Beds

Limestone aggregate neutralizes acidity Metals solids foul limestone 
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Limestone Fouling
• Metals solids accumulate in limestone aggregate beds degrading performance
• Typically Fe and Al
• Sometimes Mn

Iron Aluminum Manganese
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Limestone Fouling
• Managing metals solids is a significant challenge
• There are two primary types of metals solids:

Scale Suspended solids
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Flushing Study
• Research project funded by PA DEP BAMR and others in 2006
• Experimental test units constructed to evaluate and optimize oxic 

limestone treatment cell operation and design
• Results presented at IMWA 2010: Sustained Treatment of AMD Containing 

Al and Fe3+ with Limestone Aggregate



23 April 2024 10

Drainable Limestone Bed Design
• OLBs can be designed to accommodate metals solids accumulation
• Prevent plugging but also maximize retention time
• Draining to empty maintains permeability (Drainable Limestone Beds, DLBs)
• Proper sizing – acidity loading ~20 g/t/d
• Chemistry influences design - Fe, Al, and Mn precipitate at different rates so 

are deposited in different locations in the aggregate bed
• Raw pCO2 – more pCO2 = more aggressive dissolution, more volume created
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Solids Management – Flow distribution
• Maximizes retention time
• Spreads solids over wider area
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Solids Management - Flushing
• Removes suspended solids but NOT scale
• Draining to empty is best (DLB)
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• Manual flushing – low loading sites, monthly or less
• Automated flushing – high loading sites, weekly

Solids Management - Flushing
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Solids Management - Flushing

West Box 
Fe Accounting

Fe Retain, 
49.0%

Fe flush, 
40.7%

Fe 
Discharge, 

10.3%

West Box 
Al Accounting

Al 
Discharge, 

13.4%

Al Flush, 
34.8%

Al Retain, 
51.8%

• Mn removal by flushing is negligible


Chart1

		Fe flush

		Fe Retain

		Fe Discharge



West Box 
Fe Accounting

0.4073452454

0.4901537263

0.1025010283
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										Site		Al Retained		Al Flush (TSS)		Total Al Removal

										Jonathan 1		33%		16%		51%		2.50

										Mitchell Tank		39%		26%		65%		2.50

										Jonathan 3		50%		5%		45%		1.50

										Mitchell West Box		61%		37%		100%		0.75





Sheet1

		



Jonathan Box 1

Mitchell Tank

Jonathan Box 3

Mitchell West Box

All

Average Stone Size

% Al Retention

Al Retention vs. Stone Size



Summary

		

		East

		Flush duration								5 minutes																																10/29/07

		date		Fe flush		Fe Retain		Fe Discharge		Al Flush		Al Retain		Al Discharge		% flushable solids		Al areal Retain				Mn Flush		Mn Retain		Mn Discharge		mn removal		corrected removal		corrected retain		days						ratio

		Monday, August 18, 2008		32.9%		50.0%		17.1%		55.3%		20.4%		24.3%		73.0%						4.3%		60.1%		35.7%		7.32		7.61		62.5%		3		2		118.9%		14		307

		Monday, August 25, 2008		92.3%		-10.7%		18.4%		70.0%		12.5%		17.5%		84.9%						4.6%		62.8%		32.6%		7.51		7.79		65.1%		3		2		117.9%		24		314

		Monday, September 08, 2008		90.3%		-0.0%		9.7%		71.9%		19.8%		8.3%		78.4%						6.5%		79.1%		14.4%		9.16		9.35		80.8%		3		2		124.7%		16		328

		Friday, September 12, 2008		66.4%		21.4%		12.2%		51.7%		33.7%		14.6%		60.5%						6.2%		60.9%		32.9%		6.84		7.13		63.5%		4		2		120.3%		14		332

		Thursday, October 16, 2008		44.6%		40.1%		15.3%		39.7%		36.9%		23.4%		51.8%						6.7%		55.0%		38.4%		7.26		7.65		57.9%		3		2		109.0%		12		366

		Friday, October 24, 2008		58.5%		30.8%		10.7%		41.4%		50.2%		8.4%		45.2%						9.3%		73.8%		16.9%		9.86		10.16		76.0%		4		2		136.4%		12		374

		Wednesday, November 12, 2008		55.6%		32.9%		11.6%		41.6%		51.6%		6.8%		44.6%						18.6%		60.9%		20.4%		7.51		7.98		64.8%		2		2		125.6%		12		393

																																								14.8

		average		63.0%		23.5%		13.6%		53.1%		32.2%		14.8%		62.6%						8.0%		64.7%		27.3%		7.92		8.24		67.2%

		stdev		22.1%		21.8%		3.3%		13.5%		15.3%		7.3%		16.3%						5.0%		8.6%		9.8%		1.12		1.09		8.1%

		std error		8.4%		8.2%		1.3%		5.1%		5.8%		2.8%		6.2%						1.9%		3.2%		3.7%		0.43		0.41		3.1%

		West

		flush duration								2 minutes

		date		Fe flush		Fe Retain		Fe Discharge		Al Flush		Al Retain		Al Discharge				al areal retain		al areal load		Mn Flush		Mn Retain		Mn Discharge		mn removal		corrected removal		corrected retain

		Monday, August 18, 2008		38.5%		44.9%		16.7%		27.5%		36.3%		36.2%		43.1%		11.8		32.4		3.4%		49.4%		47.2%		7.52		7.96		52.3%		3		2.5		18-Aug		107.2%		10.20

		Friday, August 22, 2008		39.6%		44.3%		16.1%		28.9%		40.2%		30.9%		31.3%		6.2		20.7		3.2%		51.5%		45.3%		6.08		6.40		54.2%		4		2.5		22-Aug		103.6%		15.49

		Monday, August 25, 2008		44.0%		38.5%		17.5%		28.3%		22.6%		49.2%		55.6%		4.7		20.7		3.0%		47.2%		49.8%		7.43		7.89		50.1%		3		2.5		25-Aug		96.1%		14.27

		average		40.7%		42.5%		16.8%		28.2%		33.0%		38.8%		43.3%						3.2%		49.4%		47.5%		7.01		7.41		52.2%

		stdev		2.9%		3.5%		0.7%		0.7%		9.3%		9.4%		12.1%						0.2%		2.1%		2.3%		0.81		0.88		2.0%

		std error		1.7%		2.0%		0.4%		0.4%		5.3%		5.4%		7.0%						0.1%		1.2%		1.3%		0.47		0.51		1.2%																																								2/1/09		21825

		flush duration		5 minutes

		date		Fe flush		Fe Retain		Fe Discharge		Al Flush		Al Retain		Al Discharge								Mn Flush		Mn Retain		Mn Discharge		mn removal		corrected removal		corrected retain

		Friday, September 05, 2008		45.7%		34.7%		19.6%		30.9%		33.8%		35.2%		47.8%		11.1		32.9		5.3%		37.8%		56.9%		5.45		5.98		41.5%		4		2.5		95.8%		18.17

		Friday, September 12, 2008		38.6%		49.2%		12.2%		28.9%		31.8%		39.3%		47.6%		8.3		26.1		5.9%		35.8%		58.3%		5.02		5.56		39.6%		4		2.5		95.3%		11.74

		Friday, October 10, 2008		42.7%		48.4%		9.0%		39.9%		46.2%		13.9%		46.3%		7.6		16.5		10.5%		62.1%		27.4%		6.40		6.70		65.1%				1.6

		Monday, October 13, 2008		48.7%		46.9%		4.4%		39.8%		56.1%		4.1%		41.5%		5.7		10.1		10.8%		80.6%		8.6%		4.74		4.86		82.7%				0.9		124.4%		9.92

		Thursday, October 16, 2008		40.4%		52.7%		6.9%		39.0%		55.2%		5.7%		41.4%		5.3		9.5		9.2%		75.4%		15.4%		4.48		4.61		77.6%		3		0.9		126.1%		10.19

		Friday, October 24, 2008		32.9%		64.5%		2.5%		27.6%		70.3%		2.0%		28.2%		7.6		10.8		8.1%		86.4%		5.5%		5.20		5.29		87.9%		4		0.9		131.8%		11.53

		Wednesday, November 12, 2008		35.5%		61.3%		3.2%		34.6%		62.9%		2.5%		35.5%		6.4		10.2		17.7%		73.6%		8.7%		4.08		4.25		76.7%		2		0.9		117.0%		8.60

		Tuesday, April 20, 2010		41.6%		53.8%		4.6%		37.8%		57.8%		4.4%								23.0%		-0.5%

																																								10.06

		average		40.7%		49.0%		10.3%		34.8%		51.8%		13.4%		41.2%		7.4				11.3%		56.4%		25.8%		5.05		5.32		67.3%						115.1%		8.14

		stdev		4.5%		8.9%		6.4%		5.2%		14.9%		17.9%		7.2%		2.0				4.1%		20.3%		22.9%		0.75		0.84		19.6%						15.8%

		std error		1.4%		2.7%		1.9%		1.9%		5.3%		6.3%		2.7%		0.7				1.5%		7.2%		8.6%		0.28		0.32		7.4%						6.5%

				all								7.0%										2.5 gpm

				45.1%		43.6%		11.3%														4%		44%		52%		6.30		6.76		47.5%

				9.8%		11.9%		5.2%														1%		7%		6%		1.14		1.11		6.6%

				2.6%		3.2%		1.4%														1%		3%		3%		0.51		0.49		2.9%						acid remove

										0.9 gpm												0.9 gpm																13.8%

				39%		56%		4%		35%		61%		4%		37%						11%		79%		10%		4.63		4.75		81.2%						8.1%

				7%		8%		2%		6%		7%		2%		6%						4%		6%		4%		0.47		0.43		5.2%						12.3%

				3%		4%		1%		3%		4%		1%		3%						2%		3%		2%		0.23		0.22		2.6%						10.5%

																																						16.9%

				17.3%																																		19.7%

				18.4%																																		42.8%

				7.5%																																		44.3%

										33.0%																												71.7%

		Jonathan								5.3%								7.5

		Box 1								1.6%		al retain						2.4																				acid remove

												9.5%						0.8																				17%

												2.6%																										19%

												6.3%																										19%

												5.7%																										33%

												14.1%																										36%

												17.1%																										38%

												42.9%																										53%

												44.4%																										58%

												73.5%																										92%

																																						92%

		Box 3										al retain																										94%

												13%																										104%

												14%

												15%

												31%

												34%																										acid remove

												37%																										100%

												54%																										67%

												60%																										77%

												83%																										56%

												90%

												82%																										55%

												92%																										58%

																																						61%

		Tank										al retain

												83%

												33%

												65%

												40%

												17%

												33%

												28%

												1:1

												0

												1

		West Ratio avg (0.9 gpm)								9.03

		East Ratio Avg (all post-cleaning)





Summary

		



East 5 min

West 2 min

West 5 min



03-17-08

		



East Box



04-16-08

		



East Box

West Box 
5 Minute Flush



08-18-08 (2)

		



West 2 Minute Flush

West 5 Minute Flush

Aluminum % Flushed



08-18-08

		



Mitchell West

Jonathan 1

Jonathan 3

1:1

Tank



08-22-08

		



East Box

West Box 
Mn Accounting at 0.9 gpm



08-25-08

		



West Box 
Mn Accounting at 2.5 gpm



09-5-08

		



East Box

East Box
Mn Accounting at 2.0 gpm



09-08-08

		



2 Min Flush

5 Min Flush

Influent Flow Rate gpm

Al Retention

West Box Al Retention at Varying Flow Rates and Flush Durations



09-12-08

		



West Box 
2 Minute Flush



10-10-08

		



2 Min Flush

5 Min Flush

Influent Flow Rate gpm

Al Retention

West Box Al Retention at Varying Flow Rates and Flush Durations



10-13-08

		



2 Min Flush

5 Min Flush

Influent Al Loading g m-2 day-1

Al Retention  g m-2 day-1

West Box Al Retention at Varying Flow Rates and Flush Durations



10-16-08

		



Al Retention

Flush Effectiveness

Days of operation

East Box Flush Effectiveness and Al Retention



10-24-08

		



West Box 
Fe Accounting



11-12-80

		



west 2 min flush

east



4-20-10

		





		al % retained

		al % flushed

		al % discharge



West Box 2 min flush

West Box 5 min flush

0.629105619

0.3462270652

0.0246673158



		



West Box 
Al Accounting



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		17-Mar-08		NEIL						3.10		1024				ND				153.86		3.98				9.48				20.57				464.7		3		398547

		EAST VFP		17-Mar-08		NEIL		5.50		6.20		6.20		917				36.71		39.00		-17.53		1.28		0.06		7.26				3.90		2.43		414.4		13		398552

		East Flush avg		17-Mar-08		NEIL						5.88										3.02		18.54				8.44				39.17

		East

		al ppd in		1.4				3.30

		iron ppd in		0.3				0.22

		mn ppd in		0.6

		days since last flush		3

		al lbs in		4.1

		fe lbs in		0.8

		mn lbs in		1.9

		al lbs out		1.4

		fe lbs out		0.3

		mn lbs out		1.4

		flush vol		2220

		al lbs flushed		0.7

		fe lbs flushed		0.3

		mn lbs flushed		0.2

								al:mn		fe:mn		fe:al

		al lbs retained		1.9				6.74		0.68		0.10

		fe lbs retained		0.2

		mn lbs retained		0.3

		al % retained		46.9%

		fe % retained		24.3%

		mn % retained		15.1%

		al % flushed		17.8%

		fe % flushed		43.5%

		mn % flushed		8.3%

		al % discharge		35.3%

		fe % discharge		32.2%

		mn % discharge		76.6%

		acid in		30.5

		acid out		-3.5

		acid flushed		0.1

		ls dissolved		34.6

		Metals retained		2.4		14.49		6.74		0.35

		West

		al ppd in		0.0

		iron ppd in		0.0

		mn ppd in		0.0

		days since last flush		3

		al lbs in		0.0

		fe lbs in		0.0

		mn lbs in		0.0

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

		flush vol		825

		al lbs flushed		0.0

		fe lbs flushed		0.0

		mn lbs flushed		0.0

		al lbs retained		0.0

		fe lbs retained		0.0

		mn lbs retained		0.0

		al % retained		0.0%

		fe % retained		0.0%

		mn % retained		0.0%

		al % flushed		0.0%

		fe % flushed		0.0%

		mn % flushed		0.0%

		al % discharge		0.0%

		fe % discharge		0.0%

		mn % discharge		0.0%

		acid in		0.0

		acid out		0.0

		acid flushed		0.0

		ls dissolved		0.0

		Metals retained		0.0		0.00		0.00		0.00

		Solids flushed
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West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		15-Apr-08		NEIL						3.03		992				ND				177.30		5.34				10.24				24.39				464.8		3		400861

		EAST VFP		16-Apr-08		NEIL		5.60		6.00		6.07		847				12.86				9.06		1.32		0.05		8.53				8.98		0.81		469.8		28		400870

		EAST FLUSH avg		16-Apr-08		NEIL						5.92										9.98		8.12				8.14				35.14

		East

		al ppd in		1.6				2.07

		iron ppd in		0.4				0.31

		mn ppd in		0.7

		days since last flush		2

		al lbs in		3.3

		fe lbs in		0.7

		mn lbs in		1.4

		al lbs out		1.2

		fe lbs out		0.2

		mn lbs out		1.1

		flush vol		2220

		al lbs flushed		0.6

		fe lbs flushed		0.2

		mn lbs flushed		0.2

								al:mn		fe:mn		fe:al

		al lbs retained		1.4				17.92		4.92		0.27

		fe lbs retained		0.4

		mn lbs retained		0.1

		al % retained		43.4%

		fe % retained		54.4%

		mn % retained		5.8%

		al % flushed		19.8%

		fe % flushed		20.9%

		mn % flushed		10.9%

		al % discharge		36.8%

		fe % discharge		24.7%

		mn % discharge		83.3%

		acid in		23.8

		acid out		1.2

		acid flushed		0.2

		ls dissolved		22.9

		Metals retained		1.9		12.10		5.37		0.35

		West

		al ppd in		0.0

		iron ppd in		0.0

		mn ppd in		0.0

		days since last flush		3

		al lbs in		0.0

		fe lbs in		0.0

		mn lbs in		0.0

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

		flush vol		825

		al lbs flushed		0.0

		fe lbs flushed		0.0

		mn lbs flushed		0.0

		al lbs retained		0.0

		fe lbs retained		0.0

		mn lbs retained		0.0

		al % retained		0.0%

		fe % retained		0.0%

		mn % retained		0.0%

		al % flushed		0.0%

		fe % flushed		0.0%

		mn % flushed		0.0%

		al % discharge		0.0%

		fe % discharge		0.0%

		mn % discharge		0.0%

		acid in		0.0

		acid out		0.0

		acid flushed		0.0

		ls dissolved		0.0

		Metals retained		0.0		0.00		0.00		0.00

		Solids flushed
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West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		11-Jul-08		NEIL						2.99		1114				ND				214.93		6.93				13.42				35.78				571.7		5		405409

		EAST VFP		11-Jul-08		NEIL		1.75				6.66		1052						65.14		-44.92		1.01				3.63				1.67				578.60		7		405876

		EAST FLUSH avg		11-Jul-08		NEIL						6.50										-78.60		9.63				2.18				44.99								avg of 2

		WEST		18-Aug-08		NEIL		2.50		6.45		6.06		1080				34.0		27.75		-16.35		1.34				7.81				12.76				641		5		407408.00

		WEST FLUSH		18-Aug-08		NEIL						6.31		1082						36.37		-4.93		39.12		<0.04		7.09		5.80		122.72		0.93		693		NES		407415.00

		East

		al ppd in		0.8		23.05		2.87		Al in minus Al discharge lbs

		iron ppd in		0.1				0.29		% solids flushed

		mn ppd in		0.3

		days since last flush		4

		al lbs in		3.0

		fe lbs in		0.6

		mn lbs in		1.1

		al lbs out		0.1

		fe lbs out		0.1

		mn lbs out		0.3

		dis mn lbs out		0.3

		flush vol		2220

		al lbs flushed		0.8

		fe lbs flushed		0.2

		mn lbs flushed		0.0

		dis mn lbs flushed		0

		al lbs retained		2.0		0.51

		fe lbs retained		0.3

		mn lbs retained		0.8		6.00

		mn lbs removal		0.8		6.16

		al % retained		67.7%

		fe % retained		54.8%

		mn % retained		69.4%

				71.3%

		al % flushed		27.7%

		fe % flushed		30.6%

		mn % flushed		3.6%

		al % discharge		4.7%

		fe % discharge		14.6%

		mn % discharge		27.0%

		acid in		18.1

		acid out		-3.8

		acid flushed		-1.5

		ls dissolved		23.8

		Metals retained		3.1		7.58		4.71		0.66

		West

		al ppd in		1.1		32.93		2.07		Al in minus Al discharge lbs

		iron ppd in		0.2				0.42		% solids flushed

		mn ppd in		0.4

		days since last flush		3

		al lbs in		4.3		71.5		mg/kg

		fe lbs in		0.8

		mn lbs in		1.6

		al lbs out		1.5		25.5		mg/kg

		fe lbs out		0.2

		mn lbs out		0.9

				0.9

		flush vol		853

		al lbs flushed		0.9		14.5		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.1

				0

		al lbs retained		1.9		0.63		19.33

		fe lbs retained		0.4

		mn lbs retained		0.6

				0.7		6.93

		al % retained		44.0%

		fe % retained		47.2%

		mn % retained		38.7%

				42.1%

		al % flushed		20.3%

		fe % flushed		33.4%

		mn % flushed		3.1%

		al % discharge		35.7%

		fe % discharge		19.3%

		mn % discharge		58.2%

		acid in		19.3

		acid out		-1.5

		acid flushed		-0.0

		ls dissolved		21.3

		Metals retained		2.9		7.32		6.74		0.43

		Solids flushed



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		18-Aug-08		NEIL						2.98		1170						ND		228.52		8.03				16.54				35.22				676		6		407409.00

		EAST		18-Aug-08		NEIL		2.0		7.06		6.38		1102				80.0		55.30		-43.14		1.37				5.90				8.56				648		4		407407.00

		EAST FLUSH		18-Aug-08		NEIL						6.53		1166						103.38		-68.56		10.30		0.12		2.74		2.17		75.84		0.83		641		387		407414.00

		WEST		18-Aug-08		NEIL		2.50		6.45		6.06		1080				34.0		27.75		-16.35		1.34				7.81				12.76				641		5		407408.00

		WEST FLUSH		18-Aug-08		NEIL						6.31		1082						36.37		-4.93		39.12		<0.04		7.09		5.80		122.72		0.93		693		NES		407415.00

		East

		al ppd in		0.8		25.93		1.92		Al in minus Al discharge lbs

		iron ppd in		0.2				0.73		% solids flushed

		mn ppd in		0.4

		days since last flush		3

		al lbs in		2.5

		fe lbs in		0.6

		mn lbs in		1.2

		al lbs out		0.6

		fe lbs out		0.1

		mn lbs out		0.4

		dis mn lbs out		0.4

		flush vol		2220

		al lbs flushed		1.4

		fe lbs flushed		0.2

		mn lbs flushed		0.1

		dis mn lbs flushed		0				al:mn		fe:mn		al:fe

		al lbs retained		0.5		0.17		0.72		0.40		0.56

		fe lbs retained		0.3

		mn lbs retained		0.7		7.32

		mn lbs removal		0.7		7.61

		al % retained		20.4%

		fe % retained		50.0%

		mn % retained		60.1%

				62.5%

		al % flushed		55.3%

		fe % flushed		32.9%

		mn % flushed		4.3%

		al % discharge		24.3%

		fe % discharge		17.1%

		mn % discharge		35.7%

		acid in		16.5

		acid out		-3.1

		acid flushed		-1.3

		ls dissolved		21.3

		Metals retained		1.5		13.96		4.30		0.35

		West

		al ppd in		1.1		32.41		2.02		Al in minus Al discharge lbs

		iron ppd in		0.2				0.43		% solids flushed

		mn ppd in		0.5

		days since last flush		3

		al lbs in		3.2		52.8		mg/kg

		fe lbs in		0.7

		mn lbs in		1.5

		al lbs out		1.1		19.1		mg/kg

		fe lbs out		0.1

		mn lbs out		0.7

				0.7

		flush vol		853

		al lbs flushed		0.9		14.5		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.1

				0

		al lbs retained		1.1		0.38		11.76

		fe lbs retained		0.3

		mn lbs retained		0.7

				0.8		7.96

		al % retained		36.3%

		fe % retained		44.9%

		mn % retained		49.4%

				52.3%

		al % flushed		27.5%

		fe % flushed		38.5%

		mn % flushed		3.4%

		al % discharge		36.2%

		fe % discharge		16.7%

		mn % discharge		47.2%

		acid in		20.6

		acid out		-1.5

		acid flushed		-0.0

		ls dissolved		22.5

		Metals retained		2.2		10.20		5.38		0.41

		Solids flushed



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		25-Aug-08		NEIL						2.95		1200						ND		236.01		8.44				17.10				22.50				550.9		3		408255

		WEST		22-Aug-08		NEIL		2.5				6.09		1057				30.0		23.22		-8.47		1.36		<0.04		7.75		7.66		6.95		0.35		581.6		27		408259

		WEST FLUSH		22-Aug-08		NEIL						6.14		1081						41.52		-22.06		42.35		0.06		6.93		6.02		82.35		0.08		592.6		41		408260

		East - no sample

		al ppd in		0.0

		iron ppd in		0.0

		mn ppd in		0.0

		days since last flush		3

		al lbs in		0.0

		fe lbs in		0.0

		mn lbs in		0.0

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

		flush vol		2220

		al lbs flushed		0.0

		fe lbs flushed		0.0

		mn lbs flushed		0.0

		al lbs retained		0.0

		fe lbs retained		0.0

		mn lbs retained		0.0

		al % retained		0.0%

		fe % retained		0.0%

		mn % retained		0.0%

		al % flushed		0.0%

		fe % flushed		0.0%

		mn % flushed		0.0%

		al % discharge		0.0%

		fe % discharge		0.0%

		mn % discharge		0.0%

		West

		al ppd in		0.7		20.71		1.87		Al in minus Al discharge lbs

		iron ppd in		0.3				0.31		% solids flushed

		mn ppd in		0.5

		days since last flush		4

		al lbs in		2.0		33.7		mg/kg

		fe lbs in		0.8

		mn lbs in		1.5

		al lbs out		0.6

		fe lbs out		0.1

		mn lbs out		0.7

				0.7

		flush vol		853

		al lbs flushed		0.6		9.7		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.0

				0

		al lbs retained		0.8		0.20		6.25

		fe lbs retained		0.3

		mn lbs retained		0.8

				0.8		6.40

		al % retained		40.2%

		fe % retained		44.3%

		mn % retained		51.5%

				54.2%

		al % flushed		28.9%

		fe % flushed		39.6%

		mn % flushed		3.2%

		al % discharge		30.9%

		fe % discharge		16.1%

		mn % discharge		45.3%

		acid in		28.3

		acid out		-1.0

		acid flushed		-0.2

		ls dissolved		30.1

		Metals retained		1.9		15.49		4.32		0.45



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		25-Aug-08		NEIL						2.95		1200						ND		236.01		8.44				17.10				22.50				550.9		3		408255

		EAST		25-Aug-08		NEIL		1.90				6.50		1098				64.00		55.37		-42.16		1.55		0.05		5.57		5.20		3.93		0.06		588.20		18		408264

		EAST FLUSH		25-Aug-08		NEIL						6.54		1172						98.73		-72.69		28.83		0.06		2.93		2.27		58.31		0.00		619.00		34		408261

		WEST		25-Aug-08		NEIL		2.50				5.69		1058						8.90		9.26		1.48		0.05		8.52		7.93		11.06		0.80		597.00		30		408263

		WEST FLUSH		25-Aug-08		NEIL						6.13		1092						46.73		-32.70		47.01		0.05		6.46		5.53		80.54		0.00		634.40		38		408262

		East

		al ppd in		0.5				1.27

		iron ppd in		0.2				0.85

		mn ppd in		0.4

		days since last flush		3

		al lbs in		1.5

		fe lbs in		0.6

		mn lbs in		1.2

		al lbs out		0.3

		fe lbs out		0.1

		mn lbs out		0.4

				0.4

		flush vol		2220

		al lbs flushed		1.1		17.9		mg/kg

		fe lbs flushed		0.5

		mn lbs flushed		0.1

				0

		al lbs retained		0.2		0.06

		fe lbs retained		-0.1

		mn lbs retained		0.7		7.51

				0.8		7.79

		al % retained		12.5%

		fe % retained		-10.7%

		mn % retained		62.8%

				65.1%

		al % flushed		70.0%

		fe % flushed		92.3%

		mn % flushed		4.6%

		al % discharge		17.5%

		fe % discharge		18.4%

		mn % discharge		32.6%

		acid in		16.1

		acid out		-2.9

		acid flushed		-1.3

		ls dissolved		20.8

		Metals retained		0.9		24.03		3.29		0.26

		West

		al ppd in		0.7		20.71		1.03		Al in minus Al discharge lbs

		iron ppd in		0.3				0.56		% solids flushed

		mn ppd in		0.5

		days since last flush		3

		al lbs in		2.0		33.7		mg/kg

		fe lbs in		0.8

		mn lbs in		1.5

		al lbs out		1.0		20.41

		fe lbs out		0.1		13.61

		mn lbs out		0.8

				0.7

		flush vol		853		0.44

		al lbs flushed		0.6		9.5		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.0

				0

		al lbs retained		0.5		0.15		4.68

		fe lbs retained		0.3

		mn lbs retained		0.7

				0.8		7.89

		al % retained		22.6%

		fe % retained		38.5%

		mn % retained		47.2%

				50.1%

		al % flushed		28.3%

		fe % flushed		44.0%

		mn % flushed		3.0%

		al % discharge		49.2%

		fe % discharge		17.5%

		mn % discharge		49.8%

		acid in		21.2

		acid out		0.8

		acid flushed		-0.2

		ls dissolved		21.1

		Metals retained		1.5		14.27		4.32		0.34



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		5-Sep-08		NEIL						2.97		1183						ND		388.09		8.62				15.66				35.80				358.70		3		408591

		EAST		5-Sep-08		NEIL		2.00				7.03		1147						86.85		-60.28		0.65				1.89				2.35				700.9		9		408588

		EAST FLUSH		5-Sep-08		NEIL						6.51		1129						61.06		-31.13		39.15				3.43				82.00				724.20		91		408590

		WEST		5-Sep-08		NEIL		2.5				5.89		1081						9.92		16.15		1.69				8.91				12.61				648.2		38		408587

		WEST FLUSH		5-Sep-08		NEIL						6.29		1120						52.01		-18.32		29.20				6.12				82.05				730.5		52		408589

		East

		al ppd in		0.9				3.21

		iron ppd in		0.2				0.47

		mn ppd in		0.4

		days since last flush		4

		al lbs in		3.4

		fe lbs in		0.8

		mn lbs in		1.5

		al lbs out		0.2

		fe lbs out		0.1

		mn lbs out		0.2

				0.2

		flush vol		2220

		al lbs flushed		1.5

		fe lbs flushed		0.7

		mn lbs flushed		0.1

				0

		al lbs retained		1.7		0.42

		fe lbs retained		0.0

		mn lbs retained		1.3		9.65

				1.3		9.79

		al % retained		49.3%

		fe % retained		5.0%

		mn % retained		83.7%

				84.9%

		al % flushed		44.1%

		fe % flushed		87.5%

		mn % flushed		4.2%

		al % discharge		6.6%

		fe % discharge		7.5%

		mn % discharge		12.1%

		acid in		37.3

		acid out		-5.8

		acid flushed		-0.6

		ls dissolved		44.5

		Metals retained		3.0		14.86		5.77		0.52

		West

		al ppd in		1.1		32.95		2.78		Al in minus Al discharge lbs

		iron ppd in		0.3				0.48		% solids flushed

		mn ppd in		0.5

		days since last flush		4

		al lbs in		4.3		71.5		mg/kg

		fe lbs in		1.0

		mn lbs in		1.9

		al lbs out		1.5

		fe lbs out		0.2

		mn lbs out		1.1

				1.0

		flush vol		1945

		al lbs flushed		1.3		22.1		mg/kg

		fe lbs flushed		0.5

		mn lbs flushed		0.1

				0

		al lbs retained		1.5		0.36		11.15

		fe lbs retained		0.4

		mn lbs retained		0.7

				0.8		5.98

		al % retained		33.8%

		fe % retained		34.7%

		mn % retained		37.8%

				41.5%

		al % flushed		30.9%

		fe % flushed		45.7%

		mn % flushed		5.3%

		al % discharge		35.2%

		fe % discharge		19.6%

		mn % discharge		56.9%

		acid in		46.6

		acid out		1.9

		acid flushed		-0.3

		ls dissolved		45.8

		Metals retained		2.5		18.17		7.21		0.35



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		8-Sep-08		NEIL						2.94		1193						ND		242.90		8.77				15.72				35.99				662.90		6		408595

		EAST		8-Sep-08		NEIL		2.00				6.83		1123						86.78		-59.88		0.85				2.26				2.99				671.40		12		408592

		EAST FLUSH		8-Sep-08		NEIL						6.42		1091						57.14		-23.44		30.85				3.98				100.75				675.60		36		408593

		WEST						2.5														13.50		1.45				8.90				11.89

		WEST FLUSH		8-Sep-08		NEIL						6.24		1093						44.07		-14.78		26.63				6.50				73.61				677.70		71		408594

		East

		al ppd in		0.9				2.38

		iron ppd in		0.2				0.78

		mn ppd in		0.4

		days since last flush		3

		al lbs in		2.6

		fe lbs in		0.6

		mn lbs in		1.1

		al lbs out		0.2

		fe lbs out		0.1

		mn lbs out		0.2

				0.2

		flush vol		2220

		al lbs flushed		1.9

		fe lbs flushed		0.6

		mn lbs flushed		0.1

				0

		al lbs retained		0.5		0.17

		fe lbs retained		-0.0

		mn lbs retained		0.9		9.16

				0.9		9.35

		al % retained		19.8%

		fe % retained		-0.0%

		mn % retained		79.1%

				80.8%

		al % flushed		71.9%

		fe % flushed		90.3%

		mn % flushed		6.5%

		al % discharge		8.3%

		fe % discharge		9.7%

		mn % discharge		14.4%

		acid in		17.5

		acid out		-4.3

		acid flushed		-0.4

		ls dissolved		22.7

		Metals retained		1.4		16.10		4.35		0.32

		West

		al ppd in		1.1		33.12		2.17		Al in minus Al discharge lbs

		iron ppd in		0.3				0.55		% solids flushed

		mn ppd in		0.5

		days since last flush		3

		al lbs in		3.2		53.9		mg/kg

		fe lbs in		0.8

		mn lbs in		1.4

		al lbs out		1.1

		fe lbs out		0.1

		mn lbs out		0.8

				0.8

		flush vol		1945

		al lbs flushed		1.2		19.8		mg/kg

		fe lbs flushed		0.4

		mn lbs flushed		0.1

				0

		al lbs retained		1.0		0.33		9.99

		fe lbs retained		0.2

		mn lbs retained		0.5

				0.6		5.77

		al % retained		30.2%

		fe % retained		28.9%

		mn % retained		35.9%

				39.9%

		al % flushed		36.8%

		fe % flushed		54.6%

		mn % flushed		7.4%

		al % discharge		33.0%

		fe % discharge		16.5%

		mn % discharge		56.6%



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		12-Sep-08		NEIL						2.99		1201						ND		231.67		9.83				15.25				28.40				670.70		4		408984

		EAST		12-Sep-08		NEIL		2.00				6.54		1161						75.02		-47.08		1.20		0.11		5.02		4.70		4.15		0.41		665.40		6		408987

		EAST FLUSH		12-Sep-08		NEIL						6.30		1104						63.34		-24.82		33.89				4.89				76.22				658.60		67		408983

		WEST		12-Sep-08		NEIL		2.50				5.75		1061						12.38		10.84		1.20		0.05		8.89		8.75		11.16		1.00		636.00		26		408986

		WEST FLUSH		12-Sep-08		NEIL						6.11		1077						44.43		-12.21		28.11				6.68				60.88				737.60		79		408982

		East

		al ppd in		0.7		20.91		2.33

		iron ppd in		0.2				0.61

		mn ppd in		0.4

		days since last flush		4

		al lbs in		2.7

		fe lbs in		0.9

		mn lbs in		1.5

		al lbs out		0.4

		fe lbs out		0.1

		mn lbs out		0.5

				0.5

		flush vol		2220

		al lbs flushed		1.4

		fe lbs flushed		0.6

		mn lbs flushed		0.1

				0

		al lbs retained		0.9		0.23		7.05

		fe lbs retained		0.2

		mn lbs retained		0.9		6.84

				0.9		7.13

		al % retained		33.7%

		fe % retained		21.4%

		mn % retained		60.9%

				63.5%

		al % flushed		51.7%

		fe % flushed		66.4%

		mn % flushed		6.2%

		al % discharge		14.6%

		fe % discharge		12.2%

		mn % discharge		32.9%

		acid in		22.2

		acid out		-4.5

		acid flushed		-0.5

		ls dissolved		27.8

		Metals retained		2.0		13.80		5.13		0.39

		West

		al ppd in		0.9		26.14		2.07		Al in minus Al discharge lbs

		iron ppd in		0.3				0.48		% solids flushed

		mn ppd in		0.5

		days since last flush		4

		al lbs in		3.4		56.7		mg/kg

		fe lbs in		1.2

		mn lbs in		1.8

		al lbs out		1.3

		fe lbs out		0.1

		mn lbs out		1.1

				1.0

		flush vol		1943

		al lbs flushed		1.0		16.4		mg/kg

		fe lbs flushed		0.5

		mn lbs flushed		0.1

				0

		al lbs retained		1.1		0.27		8.31

		fe lbs retained		0.6

		mn lbs retained		0.7

				0.7		5.56

		al % retained		31.8%

		fe % retained		49.2%

		mn % retained		35.8%

				39.6%

		al % flushed		28.9%

		fe % flushed		38.6%

		mn % flushed		5.9%

		al % discharge		39.3%

		fe % discharge		12.2%

		mn % discharge		58.3%

		acid in		27.8

		acid out		1.3

		acid flushed		-0.2

		ls dissolved		27.2

		Metals retained		2.3		11.74		6.42		0.36



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		10-Oct-08		NEIL						2.96		1432						ND		266.34		12.84				17.49				27.98				718.7		1		410558

		EAST

		EAST FLUSH

		WEST		10-Oct-08		NEIL		1.6				6.43		1311				91.0		84.74		-50.43		1.15				4.79				3.89				610.7		3		410557

		WEST FLUSH		10-Oct-08		NEIL						6.11		1255						47.87		-22.66		19.50		0.11		6.53		5.46		39.72		1.16		644.8		22		410564

		East

		al ppd in

		iron ppd in

		mn ppd in

		days since last flush

		al lbs in

		fe lbs in

		mn lbs in

		al lbs out

		fe lbs out

		mn lbs out

		flush vol

		al lbs flushed

		fe lbs flushed

		mn lbs flushed

		al lbs retained

		fe lbs retained

		mn lbs retained

		al % retained

		fe % retained

		mn % retained

		al % flushed

		fe % flushed

		mn % flushed

		al % discharge

		fe % discharge

		mn % discharge

		acid in

		acid out

		acid flushed

		ls dissolved

		Metals retained

		West

		al ppd in		0.5		16.48		1.39		Al in minus Al discharge lbs

		iron ppd in		0.2				0.46		% solids flushed

		mn ppd in		0.3

		days since last flush		3

		al lbs in		1.6		26.8		mg/kg

		fe lbs in		0.7

		mn lbs in		1.0

		al lbs out		0.2

		fe lbs out		0.1

		mn lbs out		0.3

				0.3

		flush vol		1943

		al lbs flushed		0.6		10.7		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.1

				0

		al lbs retained		0.7		0.25		7.62

		fe lbs retained		0.4

		mn lbs retained		0.6		6.40

				0.7		6.70

		al % retained		46.2%

		fe % retained		48.4%

		mn % retained		62.1%

				65.1%

		al % flushed		39.9%

		fe % flushed		42.7%

		mn % flushed		10.5%

		al % discharge		13.9%

		fe % discharge		9.0%

		mn % discharge		27.4%

		acid in		15.3

		acid out		-2.9

		acid flushed		-0.4

		ls dissolved		19.0

		Metals retained		1.7		10.99		3.36		0.51



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		13-Oct-08		NEIL						2.95		1433						ND		274.42		11.23				17.74				30.44				673.3		2		410554

		EAST

		EAST FLUSH

		WEST		13-Oct-08		NEIL		0.90				6.52		1475				120.00		96.92		-66.98		0.49				1.52				1.25				730.10		1		410556

		WEST FLUSH		13-Oct-08		NEIL						6.21		1343						64.69		-30.14		10.95				3.83				24.26				644.8		12		410555

		East

		al ppd in

		iron ppd in

		mn ppd in

		days since last flush

		al lbs in

		fe lbs in

		mn lbs in

		al lbs out

		fe lbs out

		mn lbs out

		flush vol

		al lbs flushed

		fe lbs flushed

		mn lbs flushed

		al lbs retained

		fe lbs retained

		mn lbs retained

		al % retained

		fe % retained

		mn % retained

		al % flushed

		fe % flushed

		mn % flushed

		al % discharge

		fe % discharge

		mn % discharge

		acid in

		acid out

		acid flushed

		ls dissolved

		Metals retained

		West

		al ppd in		0.3		10.08		0.95		Al in minus Al discharge lbs

		iron ppd in		0.1				0.42		% solids flushed

		mn ppd in		0.2

		days since last flush		3

		al lbs in		1.0		16.4		mg/kg

		fe lbs in		0.4

		mn lbs in		0.6

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

				0.0

		flush vol		1943

		al lbs flushed		0.4		6.5		mg/kg

		fe lbs flushed		0.2

		mn lbs flushed		0.1

				0

		al lbs retained		0.6		0.18		5.66

		fe lbs retained		0.2

		mn lbs retained		0.5		4.74

				0.5		4.86

		al % retained		56.1%

		fe % retained		46.9%

		mn % retained		80.6%

				82.7%

		al % flushed		39.8%

		fe % flushed		48.7%

		mn % flushed		10.8%

		al % discharge		4.1%

		fe % discharge		4.4%

		mn % discharge		8.6%

		acid in		8.9

		acid out		-2.2

		acid flushed		-0.5

		ls dissolved		11.8

		Metals retained		1.2		9.92		1.92		0.62



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		16-Oct-08		NEIL						2.95		1449						ND		264.77		11.25				17.94				28.74				724.2		1		410953

		EAST		16-Oct-08		NEIL		2.0				6.28		1290				67.0		52.94		-23.84		1.72		0.05		6.88		6.34		6.73		0.43		664.2		24		410955

		EAST FLUSH		16-Oct-08		NEIL						6.35		1345						86.42		-49.64		19.56		0.05		4.67		3.58		44.38		0.19		646.2		30		410954

		WEST		16-Oct-08		NEIL		0.90				6.76		1410				109.0		102.52		-69.15		0.78		0.04		2.76		2.70		1.65		0.20		670.20		4		410957

		WEST FLUSH		16-Oct-08		NEIL						6.43		1371						67.39		-38.02		9.10		0.05		3.30		2.85		22.46		0.22		724.20		22		410956

		East

		al ppd in		0.7				1.58

		iron ppd in		0.3				0.52

		mn ppd in		0.4

		days since last flush		3

		al lbs in		2.1

		fe lbs in		0.8

		mn lbs in		1.3

		al lbs out		0.5

		fe lbs out		0.1

		mn lbs out		0.5

				0.5

		flush vol		2220

		al lbs flushed		0.8

		fe lbs flushed		0.4

		mn lbs flushed		0.1

				0

		al lbs retained		0.8

		fe lbs retained		0.3

		mn lbs retained		0.7		7.26

				0.7		7.65

		al % retained		36.9%

		fe % retained		40.1%

		mn % retained		55.0%

				57.9%

		al % flushed		39.7%

		fe % flushed		44.6%

		mn % flushed		6.7%

		al % discharge		23.4%

		fe % discharge		15.3%

		mn % discharge		38.4%

		acid in		19.1

		acid out		-1.7

		acid flushed		-0.9

		ls dissolved		22.1

		Metals retained		1.8		12.31		4.17		0.43

		West

		al ppd in		0.3		9.52		0.88		Al in minus Al discharge lbs

		iron ppd in		0.1				0.41		% solids flushed

		mn ppd in		0.2

		days since last flush		3

		al lbs in		0.9		15.5		mg/kg

		fe lbs in		0.4

		mn lbs in		0.6

		al lbs out		0.1

		fe lbs out		0.0

		mn lbs out		0.1

				0.1

		flush vol		1943

		al lbs flushed		0.4		6.0		mg/kg

		fe lbs flushed		0.1

		mn lbs flushed		0.1

				0

		al lbs retained		0.5		0.17		5.26

		fe lbs retained		0.2

		mn lbs retained		0.4

				0.5		4.61

		al % retained		55.2%

		fe % retained		52.7%

		mn % retained		75.4%

				77.6%

		al % flushed		39.0%

		fe % flushed		40.4%

		mn % flushed		9.2%

		al % discharge		5.7%

		fe % discharge		6.9%

		mn % discharge		15.4%

		acid in		8.6

		acid out		-2.2

		acid flushed		-0.6

		ls dissolved		11.7

		Metals retained		1.1		10.19		1.88		0.61



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		24-Oct-08		NEIL						2.94		1416						ND		272.85		11.38				18.15				32.68				823.8		3		411169

		EAST		24-Oct-08		NEIL		2.00				6.58		1382				122.00		112.20		-99.29		1.22		<0.04		3.07		2.92		2.74		0.11		693.10		12		411172

		EAST FLUSH		24-Oct-08		NEIL						6.00		1259						50.45		-21.27		34.55				8.77				70.28				767.0		52		411170

		WEST		24-Oct-08		NEIL		0.90				6.70		1354				103.00		98.82		-86.88		0.29		<0.04		1.00		0.98		0.66		0.05		664.70		3		411173

		WEST FLUSH		24-Oct-08		NEIL						6.18		1270						56.45		-38.22		10.00				3.91				24.11				806.8		54		411171

		East

		al ppd in		0.8				2.87

		iron ppd in		0.3				0.45

		mn ppd in		0.4

		days since last flush		4

		al lbs in		3.1

		fe lbs in		1.1

		mn lbs in		1.7

		al lbs out		0.3

		fe lbs out		0.1

		mn lbs out		0.3

				0.3

		flush vol		2220

		al lbs flushed		1.3

		fe lbs flushed		0.6

		mn lbs flushed		0.2

				0

		al lbs retained		1.6

		fe lbs retained		0.3

		mn lbs retained		1.3		9.86

				1.3		10.16

		al % retained		50.2%

		fe % retained		30.8%

		mn % retained		73.8%

				76.0%

		al % flushed		41.4%

		fe % flushed		58.5%

		mn % flushed		9.3%

		al % discharge		8.4%

		fe % discharge		10.7%

		mn % discharge		16.9%

		acid in		26.2

		acid out		-9.5

		acid flushed		-0.4

		ls dissolved		36.9

		Metals retained		3.2		11.53		5.97		0.54

		West

		al ppd in		0.4		10.83		1.38		Al in minus Al discharge lbs

		iron ppd in		0.1				0.28		% solids flushed

		mn ppd in		0.2

		days since last flush		4

		al lbs in		1.4		23.5		mg/kg

		fe lbs in		0.5

		mn lbs in		0.8

				3

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

				0.0

		flush vol		1943

		al lbs flushed		0.4		6.5		mg/kg

		fe lbs flushed		0.2

		mn lbs flushed		0.1

				0

		al lbs retained		1.0		0.25		7.62

		fe lbs retained		0.3

		mn lbs retained		0.7		5.20

				0.7		5.29

		al % retained		70.3%

		fe % retained		64.5%

		mn % retained		86.4%

		Total metals retained		87.9%

		al % flushed		27.6%

		fe % flushed		32.9%

		mn % flushed		8.1%

		Total metals flushed		2.0%

		al % discharge		2.0%

		fe % discharge		2.5%

		mn % discharge		5.5%

		Total metals discharged		1.5%

		acid in		11.8

		acid out		-3.8

		acid flushed		-0.6

		ls dissolved		16.5

		Metals retained		2.0		8.29		2.69		0.74



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		



West Box 2 min flush

West Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		12-Nov-08		NEIL						2.93		1419						ND		273.04		11.68				16.75				30.81				680.9		7		412061

		EAST		12-Nov-08		NEIL		2.0				6.69		1383				114.0		100.48		-69.94		1.35				3.42				2.10				641.5		17		412060

		EAST FLUSH		12-Nov-08		NEIL						6.07		1297						38.51		-1.77		16.85		0.31		8.11		7.20		33.24		0.62		737.1		134		412063

		WEST		12-Nov-08		NEIL		0.9				6.58		1308				72.0		68.00		-46.30		0.37				1.46				0.76				652.7		6		412058

		WEST FLUSH		12-Nov-08		NEIL						6.11		1242						31.80		-11.03		5.54		<0.04		3.96		3.43		14.24		0.32		596.5		41		412062

		East

		al ppd in		0.7				1.38

		iron ppd in		0.3				0.45

		mn ppd in		0.4

		days since last flush		2

		al lbs in		1.5

		fe lbs in		0.6

		mn lbs in		0.8

		al lbs out		0.1

		fe lbs out		0.1

		mn lbs out		0.2

				0.2

		flush vol		2220

		al lbs flushed		0.6

		fe lbs flushed		0.3

		mn lbs flushed		0.1

				0				al:mn		fe:mn		al:fe

		al lbs retained		0.8				1.56		2.66		1.56

		fe lbs retained		0.2

		mn lbs retained		0.5		7.51

				0.5		7.98

		al % retained		51.6%

		fe % retained		32.9%

		mn % retained		60.9%

				64.8%

		al % flushed		41.6%

		fe % flushed		55.6%

		mn % flushed		18.6%

		al % discharge		6.8%

		fe % discharge		11.6%

		mn % discharge		20.4%

		acid in		13.1

		acid out		-3.4

		acid flushed		-0.0

		ls dissolved		16.8

		Metals retained		1.4		11.71		2.84		0.51

		West

		al ppd in		0.3		10.21		0.65		Al in minus Al discharge lbs

		iron ppd in		0.1				0.35		% solids flushed

		mn ppd in		0.2

		days since last flush		2

		al lbs in		0.7		11.1		mg/kg

		fe lbs in		0.3

		mn lbs in		0.4

				1

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

				0.0

		flush vol		1943

		al lbs flushed		0.2		3.8		mg/kg

		fe lbs flushed		0.1

		mn lbs flushed		0.1

				0

		al lbs retained		0.4		0.21		6.42

		fe lbs retained		0.2

		mn lbs retained		0.3		4.08

				0.3		4.25

		al % retained		62.9%

		fe % retained		61.3%

		mn % retained		73.6%

		Total metals retained		76.7%

		al % flushed		34.6%

		fe % flushed		35.5%

		mn % flushed		17.7%

		Total metals flushed		4.3%

		al % discharge		2.5%

		fe % discharge		3.2%

		mn % discharge		8.7%

		Total metals discharged		2.3%

		acid in		5.9

		acid out		-1.0

		acid flushed		-0.2

		ls dissolved		7.2

		Metals retained		0.84		8.60

						2.71		calcite density g/cc

						3278		limestone dissolved g

						1210		limestone dissolved cc

						381		metals retained g

						0.32		metals density to fill calcite void

						288.74

						0.24





		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		



West Box 2 min flush

West Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		04/20/10		HEDIN				2.99		2.95		1139						ND		186.79		7.34				7.45				22.86				588.1		6		446142

		WEST BOX		04/20/10		HEDIN		1.0		7.0		7.53		1121		10.3		95.0		96.28		-78.60		0.34				5.77				1.00				647.8		4		446141

		WEST FLUSH		04/20/10		HEDIN				6.45		6.73		1030		9.8				52.82		-41.75		9.62				5.41				27.24				601.9		111		446140

		East

		al ppd in		0.0				0.00

		iron ppd in		0.0				0.00

		mn ppd in		0.0

		days since last flush		2

		al lbs in		0.0

		fe lbs in		0.0

		mn lbs in		0.0

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

				0.0

		flush vol		2220

		al lbs flushed		0.0

		fe lbs flushed		0.0

		mn lbs flushed		0.0

				0				al:mn		fe:mn		al:fe

		al lbs retained		0.0				0.00		0.00		0.00

		fe lbs retained		0.0

		mn lbs retained		0.0		0.00

				0.0		0.00

		al % retained		0.0%

		fe % retained		0.0%

		mn % retained		0.0%

				0.0%

		al % flushed		0.0%

		fe % flushed		0.0%

		mn % flushed		0.0%

		al % discharge		0.0%

		fe % discharge		0.0%

		mn % discharge		0.0%

		acid in		0.0

		acid out		0.0

		acid flushed		0.0

		ls dissolved		0.0

		Metals retained		0.0		0.00		0.00		0.00

		West

		al ppd in		0.3		8.41		1.11		Al in minus Al discharge lbs

		iron ppd in		0.1				0.40		% solids flushed

		mn ppd in		0.1

		days since last flush		4.3

		al lbs in		1.2		19.4		mg/kg

		fe lbs in		0.4

		mn lbs in		0.4

				2

		al lbs out		0.1

		fe lbs out		0.0

		mn lbs out		0.3

				0.3

		flush vol		1943

		al lbs flushed		0.4		7.3		mg/kg

		fe lbs flushed		0.2

		mn lbs flushed		0.1

				0

		al lbs retained		0.7		0.16		4.87

		fe lbs retained		0.2

		mn lbs retained		-0.0		-0.01

				0.0		0.19

		al % retained		57.8%

		fe % retained		53.8%

		mn % retained		-0.5%

		Total metals retained		6.8%

		al % flushed		37.8%

		fe % flushed		41.6%

		mn % flushed		23.0%

		Total metals flushed		3.9%

		al % discharge		4.4%

		fe % discharge		4.6%

		mn % discharge		77.4%

		Total metals discharged		14.6%

		acid in		9.5

		acid out		-4.0

		acid flushed		-0.7

		ls dissolved		14.5

		Metals retained		0.87		16.60

						2.71		calcite density g/cc

						6583		limestone dissolved g

						2429		limestone dissolved cc

						397		metals retained g

						0.16		metals density to fill calcite void

						300.46

						0.12





		



West Box 2 min flush

West Box 5 min flush



		



West Box 2 min flush

West Box 5 min flush




Chart2

		Al Flush

		Al Retain

		Al Discharge



West Box 
Al Accounting

0.3482614857

0.5178255632

0.1339129511



Sheet1

		

										Site		Al Retained		Al Flush (TSS)		Total Al Removal

										Jonathan 1		33%		16%		51%		2.50

										Mitchell Tank		39%		26%		65%		2.50

										Jonathan 3		50%		5%		45%		1.50

										Mitchell West Box		61%		37%		100%		0.75





Sheet1

		



Jonathan Box 1

Mitchell Tank

Jonathan Box 3

Mitchell West Box

All

Average Stone Size

% Al Retention

Al Retention vs. Stone Size



Summary

		

		East

		Flush duration								5 minutes																																10/29/07

		date		Fe flush		Fe Retain		Fe Discharge		Al Flush		Al Retain		Al Discharge		% flushable solids		Al areal Retain				Mn Flush		Mn Retain		Mn Discharge		mn removal		corrected removal		corrected retain		days						ratio

		Monday, August 18, 2008		32.9%		50.0%		17.1%		55.3%		20.4%		24.3%		73.0%						4.3%		60.1%		35.7%		7.32		7.61		62.5%		3		2		118.9%		14		307

		Monday, August 25, 2008		92.3%		-10.7%		18.4%		70.0%		12.5%		17.5%		84.9%						4.6%		62.8%		32.6%		7.51		7.79		65.1%		3		2		117.9%		24		314

		Monday, September 08, 2008		90.3%		-0.0%		9.7%		71.9%		19.8%		8.3%		78.4%						6.5%		79.1%		14.4%		9.16		9.35		80.8%		3		2		124.7%		16		328

		Friday, September 12, 2008		66.4%		21.4%		12.2%		51.7%		33.7%		14.6%		60.5%						6.2%		60.9%		32.9%		6.84		7.13		63.5%		4		2		120.3%		14		332

		Thursday, October 16, 2008		44.6%		40.1%		15.3%		39.7%		36.9%		23.4%		51.8%						6.7%		55.0%		38.4%		7.26		7.65		57.9%		3		2		109.0%		12		366

		Friday, October 24, 2008		58.5%		30.8%		10.7%		41.4%		50.2%		8.4%		45.2%						9.3%		73.8%		16.9%		9.86		10.16		76.0%		4		2		136.4%		12		374

		Wednesday, November 12, 2008		55.6%		32.9%		11.6%		41.6%		51.6%		6.8%		44.6%						18.6%		60.9%		20.4%		7.51		7.98		64.8%		2		2		125.6%		12		393

																																								14.8

		average		63.0%		23.5%		13.6%		53.1%		32.2%		14.8%		62.6%						8.0%		64.7%		27.3%		7.92		8.24		67.2%

		stdev		22.1%		21.8%		3.3%		13.5%		15.3%		7.3%		16.3%						5.0%		8.6%		9.8%		1.12		1.09		8.1%

		std error		8.4%		8.2%		1.3%		5.1%		5.8%		2.8%		6.2%						1.9%		3.2%		3.7%		0.43		0.41		3.1%

		West

		flush duration								2 minutes

		date		Fe flush		Fe Retain		Fe Discharge		Al Flush		Al Retain		Al Discharge				al areal retain		al areal load		Mn Flush		Mn Retain		Mn Discharge		mn removal		corrected removal		corrected retain

		Monday, August 18, 2008		38.5%		44.9%		16.7%		27.5%		36.3%		36.2%		43.1%		11.8		32.4		3.4%		49.4%		47.2%		7.52		7.96		52.3%		3		2.5		18-Aug		107.2%		10.20

		Friday, August 22, 2008		39.6%		44.3%		16.1%		28.9%		40.2%		30.9%		31.3%		6.2		20.7		3.2%		51.5%		45.3%		6.08		6.40		54.2%		4		2.5		22-Aug		103.6%		15.49

		Monday, August 25, 2008		44.0%		38.5%		17.5%		28.3%		22.6%		49.2%		55.6%		4.7		20.7		3.0%		47.2%		49.8%		7.43		7.89		50.1%		3		2.5		25-Aug		96.1%		14.27

		average		40.7%		42.5%		16.8%		28.2%		33.0%		38.8%		43.3%						3.2%		49.4%		47.5%		7.01		7.41		52.2%

		stdev		2.9%		3.5%		0.7%		0.7%		9.3%		9.4%		12.1%						0.2%		2.1%		2.3%		0.81		0.88		2.0%

		std error		1.7%		2.0%		0.4%		0.4%		5.3%		5.4%		7.0%						0.1%		1.2%		1.3%		0.47		0.51		1.2%																																								2/1/09		21825

		flush duration		5 minutes

		date		Fe flush		Fe Retain		Fe Discharge		Al Flush		Al Retain		Al Discharge								Mn Flush		Mn Retain		Mn Discharge		mn removal		corrected removal		corrected retain

		Friday, September 05, 2008		45.7%		34.7%		19.6%		30.9%		33.8%		35.2%		47.8%		11.1		32.9		5.3%		37.8%		56.9%		5.45		5.98		41.5%		4		2.5		95.8%		18.17

		Friday, September 12, 2008		38.6%		49.2%		12.2%		28.9%		31.8%		39.3%		47.6%		8.3		26.1		5.9%		35.8%		58.3%		5.02		5.56		39.6%		4		2.5		95.3%		11.74

		Friday, October 10, 2008		42.7%		48.4%		9.0%		39.9%		46.2%		13.9%		46.3%		7.6		16.5		10.5%		62.1%		27.4%		6.40		6.70		65.1%				1.6

		Monday, October 13, 2008		48.7%		46.9%		4.4%		39.8%		56.1%		4.1%		41.5%		5.7		10.1		10.8%		80.6%		8.6%		4.74		4.86		82.7%				0.9		124.4%		9.92

		Thursday, October 16, 2008		40.4%		52.7%		6.9%		39.0%		55.2%		5.7%		41.4%		5.3		9.5		9.2%		75.4%		15.4%		4.48		4.61		77.6%		3		0.9		126.1%		10.19

		Friday, October 24, 2008		32.9%		64.5%		2.5%		27.6%		70.3%		2.0%		28.2%		7.6		10.8		8.1%		86.4%		5.5%		5.20		5.29		87.9%		4		0.9		131.8%		11.53

		Wednesday, November 12, 2008		35.5%		61.3%		3.2%		34.6%		62.9%		2.5%		35.5%		6.4		10.2		17.7%		73.6%		8.7%		4.08		4.25		76.7%		2		0.9		117.0%		8.60

		Tuesday, April 20, 2010		41.6%		53.8%		4.6%		37.8%		57.8%		4.4%								23.0%		-0.5%

																																								10.06

		average		40.7%		49.0%		10.3%		34.8%		51.8%		13.4%		41.2%		7.4				11.3%		56.4%		25.8%		5.05		5.32		67.3%						115.1%		8.14

		stdev		4.5%		8.9%		6.4%		5.2%		14.9%		17.9%		7.2%		2.0				4.1%		20.3%		22.9%		0.75		0.84		19.6%						15.8%

		std error		1.4%		2.7%		1.9%		1.9%		5.3%		6.3%		2.7%		0.7				1.5%		7.2%		8.6%		0.28		0.32		7.4%						6.5%

				all								7.0%										2.5 gpm

				45.1%		43.6%		11.3%														4%		44%		52%		6.30		6.76		47.5%

				9.8%		11.9%		5.2%														1%		7%		6%		1.14		1.11		6.6%

				2.6%		3.2%		1.4%														1%		3%		3%		0.51		0.49		2.9%						acid remove

										0.9 gpm												0.9 gpm																13.8%

				39%		56%		4%		35%		61%		4%		37%						11%		79%		10%		4.63		4.75		81.2%						8.1%

				7%		8%		2%		6%		7%		2%		6%						4%		6%		4%		0.47		0.43		5.2%						12.3%

				3%		4%		1%		3%		4%		1%		3%						2%		3%		2%		0.23		0.22		2.6%						10.5%

																																						16.9%

				17.3%																																		19.7%

				18.4%																																		42.8%

				7.5%																																		44.3%

										33.0%																												71.7%

		Jonathan								5.3%								7.5

		Box 1								1.6%		al retain						2.4																				acid remove

												9.5%						0.8																				17%

												2.6%																										19%

												6.3%																										19%

												5.7%																										33%

												14.1%																										36%

												17.1%																										38%

												42.9%																										53%

												44.4%																										58%

												73.5%																										92%

																																						92%

		Box 3										al retain																										94%

												13%																										104%

												14%

												15%

												31%

												34%																										acid remove

												37%																										100%

												54%																										67%

												60%																										77%

												83%																										56%

												90%

												82%																										55%

												92%																										58%

																																						61%

		Tank										al retain

												83%

												33%

												65%

												40%

												17%

												33%

												28%

												1:1

												0

												1

		West Ratio avg (0.9 gpm)								9.03

		East Ratio Avg (all post-cleaning)





Summary

		



East 5 min

West 2 min

West 5 min



03-17-08

		



East Box



04-16-08

		



East Box

West Box 
5 Minute Flush



08-18-08 (2)

		



West 2 Minute Flush

West 5 Minute Flush

Aluminum % Flushed



08-18-08

		



Mitchell West

Jonathan 1

Jonathan 3

1:1

Tank



08-22-08

		



East Box

West Box 
Mn Accounting at 0.9 gpm



08-25-08

		



West Box 
Mn Accounting at 2.5 gpm



09-5-08

		



East Box

East Box
Mn Accounting at 2.0 gpm



09-08-08

		



2 Min Flush

5 Min Flush

Influent Flow Rate gpm

Al Retention

West Box Al Retention at Varying Flow Rates and Flush Durations



09-12-08

		



West Box 
2 Minute Flush



10-10-08

		



2 Min Flush

5 Min Flush

Influent Flow Rate gpm

Al Retention

West Box Al Retention at Varying Flow Rates and Flush Durations



10-13-08

		



2 Min Flush

5 Min Flush

Influent Al Loading g m-2 day-1

Al Retention  g m-2 day-1

West Box Al Retention at Varying Flow Rates and Flush Durations



10-16-08

		



Al Retention

Flush Effectiveness

Days of operation

East Box Flush Effectiveness and Al Retention



10-24-08

		



West Box 
Fe Accounting



11-12-80

		



west 2 min flush

east



4-20-10

		





		al % retained

		al % flushed

		al % discharge



West Box 2 min flush

West Box 5 min flush

0.629105619

0.3462270652

0.0246673158



		



West Box 
Al Accounting



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		17-Mar-08		NEIL						3.10		1024				ND				153.86		3.98				9.48				20.57				464.7		3		398547

		EAST VFP		17-Mar-08		NEIL		5.50		6.20		6.20		917				36.71		39.00		-17.53		1.28		0.06		7.26				3.90		2.43		414.4		13		398552

		East Flush avg		17-Mar-08		NEIL						5.88										3.02		18.54				8.44				39.17

		East

		al ppd in		1.4				3.30

		iron ppd in		0.3				0.22

		mn ppd in		0.6

		days since last flush		3

		al lbs in		4.1

		fe lbs in		0.8

		mn lbs in		1.9

		al lbs out		1.4

		fe lbs out		0.3

		mn lbs out		1.4

		flush vol		2220

		al lbs flushed		0.7

		fe lbs flushed		0.3

		mn lbs flushed		0.2

								al:mn		fe:mn		fe:al

		al lbs retained		1.9				6.74		0.68		0.10

		fe lbs retained		0.2

		mn lbs retained		0.3

		al % retained		46.9%

		fe % retained		24.3%

		mn % retained		15.1%

		al % flushed		17.8%

		fe % flushed		43.5%

		mn % flushed		8.3%

		al % discharge		35.3%

		fe % discharge		32.2%

		mn % discharge		76.6%

		acid in		30.5

		acid out		-3.5

		acid flushed		0.1

		ls dissolved		34.6

		Metals retained		2.4		14.49		6.74		0.35

		West

		al ppd in		0.0

		iron ppd in		0.0

		mn ppd in		0.0

		days since last flush		3

		al lbs in		0.0

		fe lbs in		0.0

		mn lbs in		0.0

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

		flush vol		825

		al lbs flushed		0.0

		fe lbs flushed		0.0

		mn lbs flushed		0.0

		al lbs retained		0.0

		fe lbs retained		0.0

		mn lbs retained		0.0

		al % retained		0.0%

		fe % retained		0.0%

		mn % retained		0.0%

		al % flushed		0.0%

		fe % flushed		0.0%

		mn % flushed		0.0%

		al % discharge		0.0%

		fe % discharge		0.0%

		mn % discharge		0.0%

		acid in		0.0

		acid out		0.0

		acid flushed		0.0

		ls dissolved		0.0

		Metals retained		0.0		0.00		0.00		0.00

		Solids flushed



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  
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West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		15-Apr-08		NEIL						3.03		992				ND				177.30		5.34				10.24				24.39				464.8		3		400861

		EAST VFP		16-Apr-08		NEIL		5.60		6.00		6.07		847				12.86				9.06		1.32		0.05		8.53				8.98		0.81		469.8		28		400870

		EAST FLUSH avg		16-Apr-08		NEIL						5.92										9.98		8.12				8.14				35.14

		East

		al ppd in		1.6				2.07

		iron ppd in		0.4				0.31

		mn ppd in		0.7

		days since last flush		2

		al lbs in		3.3

		fe lbs in		0.7

		mn lbs in		1.4

		al lbs out		1.2

		fe lbs out		0.2

		mn lbs out		1.1

		flush vol		2220

		al lbs flushed		0.6

		fe lbs flushed		0.2

		mn lbs flushed		0.2

								al:mn		fe:mn		fe:al

		al lbs retained		1.4				17.92		4.92		0.27

		fe lbs retained		0.4

		mn lbs retained		0.1

		al % retained		43.4%

		fe % retained		54.4%

		mn % retained		5.8%

		al % flushed		19.8%

		fe % flushed		20.9%

		mn % flushed		10.9%

		al % discharge		36.8%

		fe % discharge		24.7%

		mn % discharge		83.3%

		acid in		23.8

		acid out		1.2

		acid flushed		0.2

		ls dissolved		22.9

		Metals retained		1.9		12.10		5.37		0.35

		West

		al ppd in		0.0

		iron ppd in		0.0

		mn ppd in		0.0

		days since last flush		3

		al lbs in		0.0

		fe lbs in		0.0

		mn lbs in		0.0

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

		flush vol		825

		al lbs flushed		0.0

		fe lbs flushed		0.0

		mn lbs flushed		0.0

		al lbs retained		0.0

		fe lbs retained		0.0

		mn lbs retained		0.0

		al % retained		0.0%

		fe % retained		0.0%

		mn % retained		0.0%

		al % flushed		0.0%

		fe % flushed		0.0%

		mn % flushed		0.0%

		al % discharge		0.0%

		fe % discharge		0.0%

		mn % discharge		0.0%

		acid in		0.0

		acid out		0.0

		acid flushed		0.0

		ls dissolved		0.0

		Metals retained		0.0		0.00		0.00		0.00

		Solids flushed



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		11-Jul-08		NEIL						2.99		1114				ND				214.93		6.93				13.42				35.78				571.7		5		405409

		EAST VFP		11-Jul-08		NEIL		1.75				6.66		1052						65.14		-44.92		1.01				3.63				1.67				578.60		7		405876

		EAST FLUSH avg		11-Jul-08		NEIL						6.50										-78.60		9.63				2.18				44.99								avg of 2

		WEST		18-Aug-08		NEIL		2.50		6.45		6.06		1080				34.0		27.75		-16.35		1.34				7.81				12.76				641		5		407408.00

		WEST FLUSH		18-Aug-08		NEIL						6.31		1082						36.37		-4.93		39.12		<0.04		7.09		5.80		122.72		0.93		693		NES		407415.00

		East

		al ppd in		0.8		23.05		2.87		Al in minus Al discharge lbs

		iron ppd in		0.1				0.29		% solids flushed

		mn ppd in		0.3

		days since last flush		4

		al lbs in		3.0

		fe lbs in		0.6

		mn lbs in		1.1

		al lbs out		0.1

		fe lbs out		0.1

		mn lbs out		0.3

		dis mn lbs out		0.3

		flush vol		2220

		al lbs flushed		0.8

		fe lbs flushed		0.2

		mn lbs flushed		0.0

		dis mn lbs flushed		0

		al lbs retained		2.0		0.51

		fe lbs retained		0.3

		mn lbs retained		0.8		6.00

		mn lbs removal		0.8		6.16

		al % retained		67.7%

		fe % retained		54.8%

		mn % retained		69.4%

				71.3%

		al % flushed		27.7%

		fe % flushed		30.6%

		mn % flushed		3.6%

		al % discharge		4.7%

		fe % discharge		14.6%

		mn % discharge		27.0%

		acid in		18.1

		acid out		-3.8

		acid flushed		-1.5

		ls dissolved		23.8

		Metals retained		3.1		7.58		4.71		0.66

		West

		al ppd in		1.1		32.93		2.07		Al in minus Al discharge lbs

		iron ppd in		0.2				0.42		% solids flushed

		mn ppd in		0.4

		days since last flush		3

		al lbs in		4.3		71.5		mg/kg

		fe lbs in		0.8

		mn lbs in		1.6

		al lbs out		1.5		25.5		mg/kg

		fe lbs out		0.2

		mn lbs out		0.9

				0.9

		flush vol		853

		al lbs flushed		0.9		14.5		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.1

				0

		al lbs retained		1.9		0.63		19.33

		fe lbs retained		0.4

		mn lbs retained		0.6

				0.7		6.93

		al % retained		44.0%

		fe % retained		47.2%

		mn % retained		38.7%

				42.1%

		al % flushed		20.3%

		fe % flushed		33.4%

		mn % flushed		3.1%

		al % discharge		35.7%

		fe % discharge		19.3%

		mn % discharge		58.2%

		acid in		19.3

		acid out		-1.5

		acid flushed		-0.0

		ls dissolved		21.3

		Metals retained		2.9		7.32		6.74		0.43

		Solids flushed



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		18-Aug-08		NEIL						2.98		1170						ND		228.52		8.03				16.54				35.22				676		6		407409.00

		EAST		18-Aug-08		NEIL		2.0		7.06		6.38		1102				80.0		55.30		-43.14		1.37				5.90				8.56				648		4		407407.00

		EAST FLUSH		18-Aug-08		NEIL						6.53		1166						103.38		-68.56		10.30		0.12		2.74		2.17		75.84		0.83		641		387		407414.00

		WEST		18-Aug-08		NEIL		2.50		6.45		6.06		1080				34.0		27.75		-16.35		1.34				7.81				12.76				641		5		407408.00

		WEST FLUSH		18-Aug-08		NEIL						6.31		1082						36.37		-4.93		39.12		<0.04		7.09		5.80		122.72		0.93		693		NES		407415.00

		East

		al ppd in		0.8		25.93		1.92		Al in minus Al discharge lbs

		iron ppd in		0.2				0.73		% solids flushed

		mn ppd in		0.4

		days since last flush		3

		al lbs in		2.5

		fe lbs in		0.6

		mn lbs in		1.2

		al lbs out		0.6

		fe lbs out		0.1

		mn lbs out		0.4

		dis mn lbs out		0.4

		flush vol		2220

		al lbs flushed		1.4

		fe lbs flushed		0.2

		mn lbs flushed		0.1

		dis mn lbs flushed		0				al:mn		fe:mn		al:fe

		al lbs retained		0.5		0.17		0.72		0.40		0.56

		fe lbs retained		0.3

		mn lbs retained		0.7		7.32

		mn lbs removal		0.7		7.61

		al % retained		20.4%

		fe % retained		50.0%

		mn % retained		60.1%

				62.5%

		al % flushed		55.3%

		fe % flushed		32.9%

		mn % flushed		4.3%

		al % discharge		24.3%

		fe % discharge		17.1%

		mn % discharge		35.7%

		acid in		16.5

		acid out		-3.1

		acid flushed		-1.3

		ls dissolved		21.3

		Metals retained		1.5		13.96		4.30		0.35

		West

		al ppd in		1.1		32.41		2.02		Al in minus Al discharge lbs

		iron ppd in		0.2				0.43		% solids flushed

		mn ppd in		0.5

		days since last flush		3

		al lbs in		3.2		52.8		mg/kg

		fe lbs in		0.7

		mn lbs in		1.5

		al lbs out		1.1		19.1		mg/kg

		fe lbs out		0.1

		mn lbs out		0.7

				0.7

		flush vol		853

		al lbs flushed		0.9		14.5		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.1

				0

		al lbs retained		1.1		0.38		11.76

		fe lbs retained		0.3

		mn lbs retained		0.7

				0.8		7.96

		al % retained		36.3%

		fe % retained		44.9%

		mn % retained		49.4%

				52.3%

		al % flushed		27.5%

		fe % flushed		38.5%

		mn % flushed		3.4%

		al % discharge		36.2%

		fe % discharge		16.7%

		mn % discharge		47.2%

		acid in		20.6

		acid out		-1.5

		acid flushed		-0.0

		ls dissolved		22.5

		Metals retained		2.2		10.20		5.38		0.41

		Solids flushed



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		25-Aug-08		NEIL						2.95		1200						ND		236.01		8.44				17.10				22.50				550.9		3		408255

		WEST		22-Aug-08		NEIL		2.5				6.09		1057				30.0		23.22		-8.47		1.36		<0.04		7.75		7.66		6.95		0.35		581.6		27		408259

		WEST FLUSH		22-Aug-08		NEIL						6.14		1081						41.52		-22.06		42.35		0.06		6.93		6.02		82.35		0.08		592.6		41		408260

		East - no sample

		al ppd in		0.0

		iron ppd in		0.0

		mn ppd in		0.0

		days since last flush		3

		al lbs in		0.0

		fe lbs in		0.0

		mn lbs in		0.0

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

		flush vol		2220

		al lbs flushed		0.0

		fe lbs flushed		0.0

		mn lbs flushed		0.0

		al lbs retained		0.0

		fe lbs retained		0.0

		mn lbs retained		0.0

		al % retained		0.0%

		fe % retained		0.0%

		mn % retained		0.0%

		al % flushed		0.0%

		fe % flushed		0.0%

		mn % flushed		0.0%

		al % discharge		0.0%

		fe % discharge		0.0%

		mn % discharge		0.0%

		West

		al ppd in		0.7		20.71		1.87		Al in minus Al discharge lbs

		iron ppd in		0.3				0.31		% solids flushed

		mn ppd in		0.5

		days since last flush		4

		al lbs in		2.0		33.7		mg/kg

		fe lbs in		0.8

		mn lbs in		1.5

		al lbs out		0.6

		fe lbs out		0.1

		mn lbs out		0.7

				0.7

		flush vol		853

		al lbs flushed		0.6		9.7		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.0

				0

		al lbs retained		0.8		0.20		6.25

		fe lbs retained		0.3

		mn lbs retained		0.8

				0.8		6.40

		al % retained		40.2%

		fe % retained		44.3%

		mn % retained		51.5%

				54.2%

		al % flushed		28.9%

		fe % flushed		39.6%

		mn % flushed		3.2%

		al % discharge		30.9%

		fe % discharge		16.1%

		mn % discharge		45.3%

		acid in		28.3

		acid out		-1.0

		acid flushed		-0.2

		ls dissolved		30.1

		Metals retained		1.9		15.49		4.32		0.45



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		25-Aug-08		NEIL						2.95		1200						ND		236.01		8.44				17.10				22.50				550.9		3		408255

		EAST		25-Aug-08		NEIL		1.90				6.50		1098				64.00		55.37		-42.16		1.55		0.05		5.57		5.20		3.93		0.06		588.20		18		408264

		EAST FLUSH		25-Aug-08		NEIL						6.54		1172						98.73		-72.69		28.83		0.06		2.93		2.27		58.31		0.00		619.00		34		408261

		WEST		25-Aug-08		NEIL		2.50				5.69		1058						8.90		9.26		1.48		0.05		8.52		7.93		11.06		0.80		597.00		30		408263

		WEST FLUSH		25-Aug-08		NEIL						6.13		1092						46.73		-32.70		47.01		0.05		6.46		5.53		80.54		0.00		634.40		38		408262

		East

		al ppd in		0.5				1.27

		iron ppd in		0.2				0.85

		mn ppd in		0.4

		days since last flush		3

		al lbs in		1.5

		fe lbs in		0.6

		mn lbs in		1.2

		al lbs out		0.3

		fe lbs out		0.1

		mn lbs out		0.4

				0.4

		flush vol		2220

		al lbs flushed		1.1		17.9		mg/kg

		fe lbs flushed		0.5

		mn lbs flushed		0.1

				0

		al lbs retained		0.2		0.06

		fe lbs retained		-0.1

		mn lbs retained		0.7		7.51

				0.8		7.79

		al % retained		12.5%

		fe % retained		-10.7%

		mn % retained		62.8%

				65.1%

		al % flushed		70.0%

		fe % flushed		92.3%

		mn % flushed		4.6%

		al % discharge		17.5%

		fe % discharge		18.4%

		mn % discharge		32.6%

		acid in		16.1

		acid out		-2.9

		acid flushed		-1.3

		ls dissolved		20.8

		Metals retained		0.9		24.03		3.29		0.26

		West

		al ppd in		0.7		20.71		1.03		Al in minus Al discharge lbs

		iron ppd in		0.3				0.56		% solids flushed

		mn ppd in		0.5

		days since last flush		3

		al lbs in		2.0		33.7		mg/kg

		fe lbs in		0.8

		mn lbs in		1.5

		al lbs out		1.0		20.41

		fe lbs out		0.1		13.61

		mn lbs out		0.8

				0.7

		flush vol		853		0.44

		al lbs flushed		0.6		9.5		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.0

				0

		al lbs retained		0.5		0.15		4.68

		fe lbs retained		0.3

		mn lbs retained		0.7

				0.8		7.89

		al % retained		22.6%

		fe % retained		38.5%

		mn % retained		47.2%

				50.1%

		al % flushed		28.3%

		fe % flushed		44.0%

		mn % flushed		3.0%

		al % discharge		49.2%

		fe % discharge		17.5%

		mn % discharge		49.8%

		acid in		21.2

		acid out		0.8

		acid flushed		-0.2

		ls dissolved		21.1

		Metals retained		1.5		14.27		4.32		0.34



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		5-Sep-08		NEIL						2.97		1183						ND		388.09		8.62				15.66				35.80				358.70		3		408591

		EAST		5-Sep-08		NEIL		2.00				7.03		1147						86.85		-60.28		0.65				1.89				2.35				700.9		9		408588

		EAST FLUSH		5-Sep-08		NEIL						6.51		1129						61.06		-31.13		39.15				3.43				82.00				724.20		91		408590

		WEST		5-Sep-08		NEIL		2.5				5.89		1081						9.92		16.15		1.69				8.91				12.61				648.2		38		408587

		WEST FLUSH		5-Sep-08		NEIL						6.29		1120						52.01		-18.32		29.20				6.12				82.05				730.5		52		408589

		East

		al ppd in		0.9				3.21

		iron ppd in		0.2				0.47

		mn ppd in		0.4

		days since last flush		4

		al lbs in		3.4

		fe lbs in		0.8

		mn lbs in		1.5

		al lbs out		0.2

		fe lbs out		0.1

		mn lbs out		0.2

				0.2

		flush vol		2220

		al lbs flushed		1.5

		fe lbs flushed		0.7

		mn lbs flushed		0.1

				0

		al lbs retained		1.7		0.42

		fe lbs retained		0.0

		mn lbs retained		1.3		9.65

				1.3		9.79

		al % retained		49.3%

		fe % retained		5.0%

		mn % retained		83.7%

				84.9%

		al % flushed		44.1%

		fe % flushed		87.5%

		mn % flushed		4.2%

		al % discharge		6.6%

		fe % discharge		7.5%

		mn % discharge		12.1%

		acid in		37.3

		acid out		-5.8

		acid flushed		-0.6

		ls dissolved		44.5

		Metals retained		3.0		14.86		5.77		0.52

		West

		al ppd in		1.1		32.95		2.78		Al in minus Al discharge lbs

		iron ppd in		0.3				0.48		% solids flushed

		mn ppd in		0.5

		days since last flush		4

		al lbs in		4.3		71.5		mg/kg

		fe lbs in		1.0

		mn lbs in		1.9

		al lbs out		1.5

		fe lbs out		0.2

		mn lbs out		1.1

				1.0

		flush vol		1945

		al lbs flushed		1.3		22.1		mg/kg

		fe lbs flushed		0.5

		mn lbs flushed		0.1

				0

		al lbs retained		1.5		0.36		11.15

		fe lbs retained		0.4

		mn lbs retained		0.7

				0.8		5.98

		al % retained		33.8%

		fe % retained		34.7%

		mn % retained		37.8%

				41.5%

		al % flushed		30.9%

		fe % flushed		45.7%

		mn % flushed		5.3%

		al % discharge		35.2%

		fe % discharge		19.6%

		mn % discharge		56.9%

		acid in		46.6

		acid out		1.9

		acid flushed		-0.3

		ls dissolved		45.8

		Metals retained		2.5		18.17		7.21		0.35



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		8-Sep-08		NEIL						2.94		1193						ND		242.90		8.77				15.72				35.99				662.90		6		408595

		EAST		8-Sep-08		NEIL		2.00				6.83		1123						86.78		-59.88		0.85				2.26				2.99				671.40		12		408592

		EAST FLUSH		8-Sep-08		NEIL						6.42		1091						57.14		-23.44		30.85				3.98				100.75				675.60		36		408593

		WEST						2.5														13.50		1.45				8.90				11.89

		WEST FLUSH		8-Sep-08		NEIL						6.24		1093						44.07		-14.78		26.63				6.50				73.61				677.70		71		408594

		East

		al ppd in		0.9				2.38

		iron ppd in		0.2				0.78

		mn ppd in		0.4

		days since last flush		3

		al lbs in		2.6

		fe lbs in		0.6

		mn lbs in		1.1

		al lbs out		0.2

		fe lbs out		0.1

		mn lbs out		0.2

				0.2

		flush vol		2220

		al lbs flushed		1.9

		fe lbs flushed		0.6

		mn lbs flushed		0.1

				0

		al lbs retained		0.5		0.17

		fe lbs retained		-0.0

		mn lbs retained		0.9		9.16

				0.9		9.35

		al % retained		19.8%

		fe % retained		-0.0%

		mn % retained		79.1%

				80.8%

		al % flushed		71.9%

		fe % flushed		90.3%

		mn % flushed		6.5%

		al % discharge		8.3%

		fe % discharge		9.7%

		mn % discharge		14.4%

		acid in		17.5

		acid out		-4.3

		acid flushed		-0.4

		ls dissolved		22.7

		Metals retained		1.4		16.10		4.35		0.32

		West

		al ppd in		1.1		33.12		2.17		Al in minus Al discharge lbs

		iron ppd in		0.3				0.55		% solids flushed

		mn ppd in		0.5

		days since last flush		3

		al lbs in		3.2		53.9		mg/kg

		fe lbs in		0.8

		mn lbs in		1.4

		al lbs out		1.1

		fe lbs out		0.1

		mn lbs out		0.8

				0.8

		flush vol		1945

		al lbs flushed		1.2		19.8		mg/kg

		fe lbs flushed		0.4

		mn lbs flushed		0.1

				0

		al lbs retained		1.0		0.33		9.99

		fe lbs retained		0.2

		mn lbs retained		0.5

				0.6		5.77

		al % retained		30.2%

		fe % retained		28.9%

		mn % retained		35.9%

				39.9%

		al % flushed		36.8%

		fe % flushed		54.6%

		mn % flushed		7.4%

		al % discharge		33.0%

		fe % discharge		16.5%

		mn % discharge		56.6%



&LHedin Environmental Services
195 Castle-Shannon Blvd.
Pittsburgh, PA  15228

FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		12-Sep-08		NEIL						2.99		1201						ND		231.67		9.83				15.25				28.40				670.70		4		408984

		EAST		12-Sep-08		NEIL		2.00				6.54		1161						75.02		-47.08		1.20		0.11		5.02		4.70		4.15		0.41		665.40		6		408987

		EAST FLUSH		12-Sep-08		NEIL						6.30		1104						63.34		-24.82		33.89				4.89				76.22				658.60		67		408983

		WEST		12-Sep-08		NEIL		2.50				5.75		1061						12.38		10.84		1.20		0.05		8.89		8.75		11.16		1.00		636.00		26		408986

		WEST FLUSH		12-Sep-08		NEIL						6.11		1077						44.43		-12.21		28.11				6.68				60.88				737.60		79		408982

		East

		al ppd in		0.7		20.91		2.33

		iron ppd in		0.2				0.61

		mn ppd in		0.4

		days since last flush		4

		al lbs in		2.7

		fe lbs in		0.9

		mn lbs in		1.5

		al lbs out		0.4

		fe lbs out		0.1

		mn lbs out		0.5

				0.5

		flush vol		2220

		al lbs flushed		1.4

		fe lbs flushed		0.6

		mn lbs flushed		0.1

				0

		al lbs retained		0.9		0.23		7.05

		fe lbs retained		0.2

		mn lbs retained		0.9		6.84

				0.9		7.13

		al % retained		33.7%

		fe % retained		21.4%

		mn % retained		60.9%

				63.5%

		al % flushed		51.7%

		fe % flushed		66.4%

		mn % flushed		6.2%

		al % discharge		14.6%

		fe % discharge		12.2%

		mn % discharge		32.9%

		acid in		22.2

		acid out		-4.5

		acid flushed		-0.5

		ls dissolved		27.8

		Metals retained		2.0		13.80		5.13		0.39

		West

		al ppd in		0.9		26.14		2.07		Al in minus Al discharge lbs

		iron ppd in		0.3				0.48		% solids flushed

		mn ppd in		0.5

		days since last flush		4

		al lbs in		3.4		56.7		mg/kg

		fe lbs in		1.2

		mn lbs in		1.8

		al lbs out		1.3

		fe lbs out		0.1

		mn lbs out		1.1

				1.0

		flush vol		1943

		al lbs flushed		1.0		16.4		mg/kg

		fe lbs flushed		0.5

		mn lbs flushed		0.1

				0

		al lbs retained		1.1		0.27		8.31

		fe lbs retained		0.6

		mn lbs retained		0.7

				0.7		5.56

		al % retained		31.8%

		fe % retained		49.2%

		mn % retained		35.8%

				39.6%

		al % flushed		28.9%

		fe % flushed		38.6%

		mn % flushed		5.9%

		al % discharge		39.3%

		fe % discharge		12.2%

		mn % discharge		58.3%

		acid in		27.8

		acid out		1.3

		acid flushed		-0.2

		ls dissolved		27.2

		Metals retained		2.3		11.74		6.42		0.36
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FLUSHING&RDATE RECEIVED:  08/21/08  

DATE REPORTED:  08/22/08

&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		10-Oct-08		NEIL						2.96		1432						ND		266.34		12.84				17.49				27.98				718.7		1		410558

		EAST

		EAST FLUSH

		WEST		10-Oct-08		NEIL		1.6				6.43		1311				91.0		84.74		-50.43		1.15				4.79				3.89				610.7		3		410557

		WEST FLUSH		10-Oct-08		NEIL						6.11		1255						47.87		-22.66		19.50		0.11		6.53		5.46		39.72		1.16		644.8		22		410564

		East

		al ppd in

		iron ppd in

		mn ppd in

		days since last flush

		al lbs in

		fe lbs in

		mn lbs in

		al lbs out

		fe lbs out

		mn lbs out

		flush vol

		al lbs flushed

		fe lbs flushed

		mn lbs flushed

		al lbs retained

		fe lbs retained

		mn lbs retained

		al % retained

		fe % retained

		mn % retained

		al % flushed

		fe % flushed

		mn % flushed

		al % discharge

		fe % discharge

		mn % discharge

		acid in

		acid out

		acid flushed

		ls dissolved

		Metals retained

		West

		al ppd in		0.5		16.48		1.39		Al in minus Al discharge lbs

		iron ppd in		0.2				0.46		% solids flushed

		mn ppd in		0.3

		days since last flush		3

		al lbs in		1.6		26.8		mg/kg

		fe lbs in		0.7

		mn lbs in		1.0

		al lbs out		0.2

		fe lbs out		0.1

		mn lbs out		0.3

				0.3

		flush vol		1943

		al lbs flushed		0.6		10.7		mg/kg

		fe lbs flushed		0.3

		mn lbs flushed		0.1

				0

		al lbs retained		0.7		0.25		7.62

		fe lbs retained		0.4

		mn lbs retained		0.6		6.40

				0.7		6.70

		al % retained		46.2%

		fe % retained		48.4%

		mn % retained		62.1%

				65.1%

		al % flushed		39.9%

		fe % flushed		42.7%

		mn % flushed		10.5%

		al % discharge		13.9%

		fe % discharge		9.0%

		mn % discharge		27.4%

		acid in		15.3

		acid out		-2.9

		acid flushed		-0.4

		ls dissolved		19.0

		Metals retained		1.7		10.99		3.36		0.51
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West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		13-Oct-08		NEIL						2.95		1433						ND		274.42		11.23				17.74				30.44				673.3		2		410554

		EAST

		EAST FLUSH

		WEST		13-Oct-08		NEIL		0.90				6.52		1475				120.00		96.92		-66.98		0.49				1.52				1.25				730.10		1		410556

		WEST FLUSH		13-Oct-08		NEIL						6.21		1343						64.69		-30.14		10.95				3.83				24.26				644.8		12		410555

		East

		al ppd in

		iron ppd in

		mn ppd in

		days since last flush

		al lbs in

		fe lbs in

		mn lbs in

		al lbs out

		fe lbs out

		mn lbs out

		flush vol

		al lbs flushed

		fe lbs flushed

		mn lbs flushed

		al lbs retained

		fe lbs retained

		mn lbs retained

		al % retained

		fe % retained

		mn % retained

		al % flushed

		fe % flushed

		mn % flushed

		al % discharge

		fe % discharge

		mn % discharge

		acid in

		acid out

		acid flushed

		ls dissolved

		Metals retained

		West

		al ppd in		0.3		10.08		0.95		Al in minus Al discharge lbs

		iron ppd in		0.1				0.42		% solids flushed

		mn ppd in		0.2

		days since last flush		3

		al lbs in		1.0		16.4		mg/kg

		fe lbs in		0.4

		mn lbs in		0.6

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

				0.0

		flush vol		1943

		al lbs flushed		0.4		6.5		mg/kg

		fe lbs flushed		0.2

		mn lbs flushed		0.1

				0

		al lbs retained		0.6		0.18		5.66

		fe lbs retained		0.2

		mn lbs retained		0.5		4.74

				0.5		4.86

		al % retained		56.1%

		fe % retained		46.9%

		mn % retained		80.6%

				82.7%

		al % flushed		39.8%

		fe % flushed		48.7%

		mn % flushed		10.8%

		al % discharge		4.1%

		fe % discharge		4.4%

		mn % discharge		8.6%

		acid in		8.9

		acid out		-2.2

		acid flushed		-0.5

		ls dissolved		11.8

		Metals retained		1.2		9.92		1.92		0.62
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&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		16-Oct-08		NEIL						2.95		1449						ND		264.77		11.25				17.94				28.74				724.2		1		410953

		EAST		16-Oct-08		NEIL		2.0				6.28		1290				67.0		52.94		-23.84		1.72		0.05		6.88		6.34		6.73		0.43		664.2		24		410955

		EAST FLUSH		16-Oct-08		NEIL						6.35		1345						86.42		-49.64		19.56		0.05		4.67		3.58		44.38		0.19		646.2		30		410954

		WEST		16-Oct-08		NEIL		0.90				6.76		1410				109.0		102.52		-69.15		0.78		0.04		2.76		2.70		1.65		0.20		670.20		4		410957

		WEST FLUSH		16-Oct-08		NEIL						6.43		1371						67.39		-38.02		9.10		0.05		3.30		2.85		22.46		0.22		724.20		22		410956

		East

		al ppd in		0.7				1.58

		iron ppd in		0.3				0.52

		mn ppd in		0.4

		days since last flush		3

		al lbs in		2.1

		fe lbs in		0.8

		mn lbs in		1.3

		al lbs out		0.5

		fe lbs out		0.1

		mn lbs out		0.5

				0.5

		flush vol		2220

		al lbs flushed		0.8

		fe lbs flushed		0.4

		mn lbs flushed		0.1

				0

		al lbs retained		0.8

		fe lbs retained		0.3

		mn lbs retained		0.7		7.26

				0.7		7.65

		al % retained		36.9%

		fe % retained		40.1%

		mn % retained		55.0%

				57.9%

		al % flushed		39.7%

		fe % flushed		44.6%

		mn % flushed		6.7%

		al % discharge		23.4%

		fe % discharge		15.3%

		mn % discharge		38.4%

		acid in		19.1

		acid out		-1.7

		acid flushed		-0.9

		ls dissolved		22.1

		Metals retained		1.8		12.31		4.17		0.43

		West

		al ppd in		0.3		9.52		0.88		Al in minus Al discharge lbs

		iron ppd in		0.1				0.41		% solids flushed

		mn ppd in		0.2

		days since last flush		3

		al lbs in		0.9		15.5		mg/kg

		fe lbs in		0.4

		mn lbs in		0.6

		al lbs out		0.1

		fe lbs out		0.0

		mn lbs out		0.1

				0.1

		flush vol		1943

		al lbs flushed		0.4		6.0		mg/kg

		fe lbs flushed		0.1

		mn lbs flushed		0.1

				0

		al lbs retained		0.5		0.17		5.26

		fe lbs retained		0.2

		mn lbs retained		0.4

				0.5		4.61

		al % retained		55.2%

		fe % retained		52.7%

		mn % retained		75.4%

				77.6%

		al % flushed		39.0%

		fe % flushed		40.4%

		mn % flushed		9.2%

		al % discharge		5.7%

		fe % discharge		6.9%

		mn % discharge		15.4%

		acid in		8.6

		acid out		-2.2

		acid flushed		-0.6

		ls dissolved		11.7

		Metals retained		1.1		10.19		1.88		0.61



&LHedin Environmental Services
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FLUSHING&RDATE RECEIVED:  08/21/08  
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&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		24-Oct-08		NEIL						2.94		1416						ND		272.85		11.38				18.15				32.68				823.8		3		411169

		EAST		24-Oct-08		NEIL		2.00				6.58		1382				122.00		112.20		-99.29		1.22		<0.04		3.07		2.92		2.74		0.11		693.10		12		411172

		EAST FLUSH		24-Oct-08		NEIL						6.00		1259						50.45		-21.27		34.55				8.77				70.28				767.0		52		411170

		WEST		24-Oct-08		NEIL		0.90				6.70		1354				103.00		98.82		-86.88		0.29		<0.04		1.00		0.98		0.66		0.05		664.70		3		411173

		WEST FLUSH		24-Oct-08		NEIL						6.18		1270						56.45		-38.22		10.00				3.91				24.11				806.8		54		411171

		East

		al ppd in		0.8				2.87

		iron ppd in		0.3				0.45

		mn ppd in		0.4

		days since last flush		4

		al lbs in		3.1

		fe lbs in		1.1

		mn lbs in		1.7

		al lbs out		0.3

		fe lbs out		0.1

		mn lbs out		0.3

				0.3

		flush vol		2220

		al lbs flushed		1.3

		fe lbs flushed		0.6

		mn lbs flushed		0.2

				0

		al lbs retained		1.6

		fe lbs retained		0.3

		mn lbs retained		1.3		9.86

				1.3		10.16

		al % retained		50.2%

		fe % retained		30.8%

		mn % retained		73.8%

				76.0%

		al % flushed		41.4%

		fe % flushed		58.5%

		mn % flushed		9.3%

		al % discharge		8.4%

		fe % discharge		10.7%

		mn % discharge		16.9%

		acid in		26.2

		acid out		-9.5

		acid flushed		-0.4

		ls dissolved		36.9

		Metals retained		3.2		11.53		5.97		0.54

		West

		al ppd in		0.4		10.83		1.38		Al in minus Al discharge lbs

		iron ppd in		0.1				0.28		% solids flushed

		mn ppd in		0.2

		days since last flush		4

		al lbs in		1.4		23.5		mg/kg

		fe lbs in		0.5

		mn lbs in		0.8

				3

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

				0.0

		flush vol		1943

		al lbs flushed		0.4		6.5		mg/kg

		fe lbs flushed		0.2

		mn lbs flushed		0.1

				0

		al lbs retained		1.0		0.25		7.62

		fe lbs retained		0.3

		mn lbs retained		0.7		5.20

				0.7		5.29

		al % retained		70.3%

		fe % retained		64.5%

		mn % retained		86.4%

		Total metals retained		87.9%

		al % flushed		27.6%

		fe % flushed		32.9%

		mn % flushed		8.1%

		Total metals flushed		2.0%

		al % discharge		2.0%

		fe % discharge		2.5%

		mn % discharge		5.5%

		Total metals discharged		1.5%

		acid in		11.8

		acid out		-3.8

		acid flushed		-0.6

		ls dissolved		16.5

		Metals retained		2.0		8.29		2.69		0.74



&LHedin Environmental Services
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FLUSHING&RDATE RECEIVED:  08/21/08  
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&LN.D. - Not Detectable&C &R&10Approved by __________________________



		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		



West Box 2 min flush

West Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		12-Nov-08		NEIL						2.93		1419						ND		273.04		11.68				16.75				30.81				680.9		7		412061

		EAST		12-Nov-08		NEIL		2.0				6.69		1383				114.0		100.48		-69.94		1.35				3.42				2.10				641.5		17		412060

		EAST FLUSH		12-Nov-08		NEIL						6.07		1297						38.51		-1.77		16.85		0.31		8.11		7.20		33.24		0.62		737.1		134		412063

		WEST		12-Nov-08		NEIL		0.9				6.58		1308				72.0		68.00		-46.30		0.37				1.46				0.76				652.7		6		412058

		WEST FLUSH		12-Nov-08		NEIL						6.11		1242						31.80		-11.03		5.54		<0.04		3.96		3.43		14.24		0.32		596.5		41		412062

		East

		al ppd in		0.7				1.38

		iron ppd in		0.3				0.45

		mn ppd in		0.4

		days since last flush		2

		al lbs in		1.5

		fe lbs in		0.6

		mn lbs in		0.8

		al lbs out		0.1

		fe lbs out		0.1

		mn lbs out		0.2

				0.2

		flush vol		2220

		al lbs flushed		0.6

		fe lbs flushed		0.3

		mn lbs flushed		0.1

				0				al:mn		fe:mn		al:fe

		al lbs retained		0.8				1.56		2.66		1.56

		fe lbs retained		0.2

		mn lbs retained		0.5		7.51

				0.5		7.98

		al % retained		51.6%

		fe % retained		32.9%

		mn % retained		60.9%

				64.8%

		al % flushed		41.6%

		fe % flushed		55.6%

		mn % flushed		18.6%

		al % discharge		6.8%

		fe % discharge		11.6%

		mn % discharge		20.4%

		acid in		13.1

		acid out		-3.4

		acid flushed		-0.0

		ls dissolved		16.8

		Metals retained		1.4		11.71		2.84		0.51

		West

		al ppd in		0.3		10.21		0.65		Al in minus Al discharge lbs

		iron ppd in		0.1				0.35		% solids flushed

		mn ppd in		0.2

		days since last flush		2

		al lbs in		0.7		11.1		mg/kg

		fe lbs in		0.3

		mn lbs in		0.4

				1

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

				0.0

		flush vol		1943

		al lbs flushed		0.2		3.8		mg/kg

		fe lbs flushed		0.1

		mn lbs flushed		0.1

				0

		al lbs retained		0.4		0.21		6.42

		fe lbs retained		0.2

		mn lbs retained		0.3		4.08

				0.3		4.25

		al % retained		62.9%

		fe % retained		61.3%

		mn % retained		73.6%

		Total metals retained		76.7%

		al % flushed		34.6%

		fe % flushed		35.5%

		mn % flushed		17.7%

		Total metals flushed		4.3%

		al % discharge		2.5%

		fe % discharge		3.2%

		mn % discharge		8.7%

		Total metals discharged		2.3%

		acid in		5.9

		acid out		-1.0

		acid flushed		-0.2

		ls dissolved		7.2

		Metals retained		0.84		8.60

						2.71		calcite density g/cc

						3278		limestone dissolved g

						1210		limestone dissolved cc

						381		metals retained g

						0.32		metals density to fill calcite void

						288.74

						0.24





		



West Box 2 min flush

West Box 5 min flush



		



East Box 5 min flush



		



West Box 2 min flush

West Box 5 min flush



		SAMPLE ID		SAMPLE		TAKEN		FLOW		FIELD		LAB		COND.		TEMP		FIELD		ALK.		ACIDITY		IRON		FILT.		MANG.				ALUM.		FILT.		SO4		TSS		LAB

				DATE		BY		/ SWL		PH		PH		umhos		DEG C		ALK		mg/L		mg/L		mg/L		Iron		mg/L				mg/L		AL		mg/L		mg/L		ID

																										mg/L								mg/L

		MITCHELL RAW		04/20/10		HEDIN				2.99		2.95		1139						ND		186.79		7.34				7.45				22.86				588.1		6		446142

		WEST BOX		04/20/10		HEDIN		1.0		7.0		7.53		1121		10.3		95.0		96.28		-78.60		0.34				5.77				1.00				647.8		4		446141

		WEST FLUSH		04/20/10		HEDIN				6.45		6.73		1030		9.8				52.82		-41.75		9.62				5.41				27.24				601.9		111		446140

		East

		al ppd in		0.0				0.00

		iron ppd in		0.0				0.00

		mn ppd in		0.0

		days since last flush		2

		al lbs in		0.0

		fe lbs in		0.0

		mn lbs in		0.0

		al lbs out		0.0

		fe lbs out		0.0

		mn lbs out		0.0

				0.0

		flush vol		2220

		al lbs flushed		0.0

		fe lbs flushed		0.0

		mn lbs flushed		0.0

				0				al:mn		fe:mn		al:fe

		al lbs retained		0.0				0.00		0.00		0.00

		fe lbs retained		0.0

		mn lbs retained		0.0		0.00

				0.0		0.00

		al % retained		0.0%

		fe % retained		0.0%

		mn % retained		0.0%

				0.0%

		al % flushed		0.0%

		fe % flushed		0.0%

		mn % flushed		0.0%

		al % discharge		0.0%

		fe % discharge		0.0%

		mn % discharge		0.0%

		acid in		0.0

		acid out		0.0

		acid flushed		0.0

		ls dissolved		0.0

		Metals retained		0.0		0.00		0.00		0.00

		West

		al ppd in		0.3		8.41		1.11		Al in minus Al discharge lbs

		iron ppd in		0.1				0.40		% solids flushed

		mn ppd in		0.1

		days since last flush		4.3

		al lbs in		1.2		19.4		mg/kg

		fe lbs in		0.4

		mn lbs in		0.4

				2

		al lbs out		0.1

		fe lbs out		0.0

		mn lbs out		0.3

				0.3

		flush vol		1943

		al lbs flushed		0.4		7.3		mg/kg

		fe lbs flushed		0.2

		mn lbs flushed		0.1

				0

		al lbs retained		0.7		0.16		4.87

		fe lbs retained		0.2

		mn lbs retained		-0.0		-0.01

				0.0		0.19

		al % retained		57.8%

		fe % retained		53.8%

		mn % retained		-0.5%

		Total metals retained		6.8%

		al % flushed		37.8%

		fe % flushed		41.6%

		mn % flushed		23.0%

		Total metals flushed		3.9%

		al % discharge		4.4%

		fe % discharge		4.6%

		mn % discharge		77.4%

		Total metals discharged		14.6%

		acid in		9.5

		acid out		-4.0

		acid flushed		-0.7

		ls dissolved		14.5

		Metals retained		0.87		16.60

						2.71		calcite density g/cc

						6583		limestone dissolved g

						2429		limestone dissolved cc

						397		metals retained g

						0.16		metals density to fill calcite void

						300.46

						0.12





		



West Box 2 min flush

West Box 5 min flush



		



West Box 2 min flush

West Box 5 min flush
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Aggregate Gradation
• Uniform gradation important
• Larger aggregate = less plugging 

but less surface area
• Smaller aggregate = more 

plugging and more surface area
• Better design is allowing for 

smaller aggregate to be used
• More compact footprint

• Washed, no fines
• Avoid tracking mud into bed 

during installation Preferred gradation 0.5” to 1.0” (13-25 mm)
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Solids Management - Stone Cleaning 

Clean stone

Solids

Cleaning Methods Evaluation Ongoing
• Mechanical methods only
• Chemical methods possible but….

• In theory very simple
• Start with dirty stone
• End with clean stone
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• First full-scale implementation of flushing study findings
• 1,000-ton drainable limestone bed

Scootac Site - 2010
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Site Flow pH Alk. Acid Fe Mn Al
gpm s.u. mg/L CaCO3 mg/L mg/L mg/L

DLB in na 3.6 0 93 <0.1 17.3 9.3
DLB out 42 7.3 186 -179 <0.1 <0.02 <0.1

Scootac Site
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PBG Woodlands - 2013
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PBG Woodlands

Flow pH Alk Acid Fe Mn Al
gpm s.u. mg/L CaCO3 mg/L mg/L mg/L

DLB in na 3.3 0 144 0.6 0.9 17.9
DLB out 9 6.7 204 -193 0.1 0.2 0.6
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Greene Site - 2015
• Regulated site meeting effluent standards
• Field trip destination on Wednesday
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Greene Site 
• 4 DLBs in parallel followed by a settling pond
• 4,122 tons total

Site Flow pH Alk. Acid Fe Mn Al
gpm s.u. mg/L CaCO3 mg/L mg/L mg/L

Raw na 3.6 0 93 <0.1 17.3 9.3
Final 83 7.3 186 -179 <0.1 <0.02 <0.1
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Conclusions
• Oxic Limestone Beds can provide reliable treatment of Fe, Al, and Mn
• Design elements can improve performance

• Flow distribution
• Draining to empty (flushing)
• Accommodate maintenance (no elaborate plumbing)

• Stone can be cleaned to extend service life
• Single step removal of metals, including Mn
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In Memoriam
• Mitchell West Box 2007-2023
• 6-month experiment that lasted 16 years
• Metal container failed before treatment stopped
• More than 1/3 of the original limestone had dissolved
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About Hedin Environmental
• Specializes in assessing and remediating mine drainage for stream restoration and compliance 
• Over 80 passive treatment systems at mine sites in the US and around the world
• Incorporated in 1994 – many treatment systems in operation for 20+ years
• Flows of 5 to 2,000 gpm. 
• Removing Fe, Al, Mn, and Cu from both acidic and alkaline waters. 

Cherry Run passive mine water treatment system (Elk County, PA)
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