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GENERAL INTRODUCTION



► Protect Groundwater Quality
• Clay, synthetic liners

• Leachate collection

► Limit Leachate Generation
• Clay, synthetic covers

• Smaller working areas

• Reach intermediate slopes quickly

THE "DRY-TOMB" APPROACH

Solid Waste Regulations Developed To:



THE WET LANDFILL APPROACH

► Leachate Recirculation – State Approval
► Bioreactor – Federal Approval

Complete Waste Stabilization 
by Post-Closure

An Alternative...

POTENTIAL TO REDUCE POST-
CLOSURE FINANCIAL ASSURANCE 

OBLIGATION



What is a Wet Landfill?





► Leachate:  MR 7035.0300  “Leachate” means liquid that has 
percolated through solid waste and has extracted dissolved or 
suspended materials from it.

► Leachate Recirculation: Reintroduction of collected leachate 
and landfill gas condensate into the waste mass.

► Bioreactor: (USEPA) A MSW Landfill where liquids and possibly 
air are added to enhance the microbial process to degrade and 
stabilize the waste.

Definitions:



► Activity Dependent Upon:
• Moisture

• Oxygen Content

• Temperature

• pH

• Waste Particle Size/Density

• Nutrient Availability

Recirculation Stimulates Microbial Activity in the Waste While Site 
is Open and Engineering Controls are New



Minnesota Recirculation Landfills



► Waste/Leachate Stability
► Leachate Volume Storage/Reduction
► Additional Leachate Treatment
► Enhanced LFG/GHG
► Accelerated Waste Settlement

• Airspace Recapture
• Permit/Construction Savings

► Leachate Management Savings

Short-Term Benefits



► Reduced Post-Closure Cost & Liability
• Leachate Quality

• Leachate Generation

• Landfill Gas Generation

• Settlement

► Consider Alternate Cap and Mining
• Reduce Closure Costs

• Airspace/Material Recovery

Long-Term Benefits



► Leachate Distribution

► Decreased LFG Collection Efficiency

► Leachate Ammonia

► Seeps

► Increased LFG Generation

► Odors

► Slope Stability

Concerns



LIQUID REINTRODUCTION 
METHDOS



► Spray Application to Waste at Working Face

► Spray Application on Intermediate Cover 
► (i.e. Compost) 

► Infiltration Ponds/Cells

► Vertical Injection Wells

► Horizontal Trenches

► Granular Beds

Method of Liquid Addition
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Spray Application to Working Face





Recirculation Lateral Trench Cross Section

Intermediate Cover

Refuse and 
Daily Cover

Perforated HDPE

Tire Shred Backfill

Geotextile Filter

4’–0”







Typical Leachate Recirculation Well

Source:  Delaware Solid Waste Authority

Solid manhole transition 
section

Bentonite plug

Perforated 4 ft. (1.2m) 
diameter manhole 

sections

Coarse crushed stone

Perforated PVC pipe with 
bottom cap

Leachate collection 
system

Final cover 
system

Locking lid

6 in. (15 cm) of daily cover 
(typical)

10 ft. (3 m) thick lift of waste 
(typical)

24 in (6 cm) thick protective sand 
drainage layer

Primary liner



Lateral and Blanket Section 

50’

60’ 60’15’

Recirculation Blankets
Recirculation Laterals

Final 
Cover Haul 

Road

Bench 
Terrace

20’



MONITORING CONSIDERATIONS



► Inspections
• Seeps, Ponding

• Pumps, Floats, Valves

• Settlement/Stability

► Contingency Action Planning

► Leachate Quality

► Leachate Head

► Leak Detection

► LFG

Monitoring Considerations



LECHATE RECIRCULATION 
RESULTS



►Recirculation Volumes
►Leachate Analysis
►Leachate Generation
►AUFs
►Settlement
►Moisture Impact on LFG

Crow Wing County Landfill, SW-376



Leachate Recirculation Summary

Years 
Recirculating

Volume 
Recirculated 

Tonnage Received Gallons per Ton

1998 – 2021 74,650,000 gallons 1,068,000 69.9

Annual Ranges 0.4 - 5.7 million 
gallons

33,000 – 54,000 13.1 – 130.2

Field Capacity 93 - 261
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Crow Wing Leachate Analysis
Parameter 1997

Cell 1 & 2
2009

Cell 1 & 2
2021

Cell 1 & 2
2009
Cell 3

2021
Cell 3

MCL HRL/
HBV

Acetone 560 – 4,300 190 – 1,300 < 100 - 163.2 ND – 600 < 100 - 100.8 NS 3,000

Benzene 11 – 17 ND < 5 - 7.8 ND < 5 5 2

Methyl Ethyl Ketone 1,500 – 4,000 ND – 1,300 < 50 ND – 520 < 50 - 66.9 NS 4,000

1,4 
Dichlorobenzene

ND – 14 8.8 – 15 < 5 7.7 – 14 5.60 - 8.00 75 50

Ethyl Benzene 96 – 110 6.5 – 10 < 5 - 12.2 17 – 45 7.4 - 18.8 700 40

Ethyl Ether 130 – 270 ND – 19 5.8 - 9.9 ND – 42 8.1 - 12.2 NS 200

Isopropyl benzene 14 – 40 ND < 5 ND < 5 NS NS

Naphthalene ND – 27 19 – 30 < 10 – 15.9 11 – 27 10.90 – 33.7 NS 70

Toluene 430 – 1,000 5.2 – 21 < 5 ND – 21 < 5 - 16.1 1,000 70

Xylenes 100 – 210 8.2 – 15 < 15 - 19.7 14 – 51 < 16.5 - 35.3 10,000 300

Note: Units ug/l
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Crow Wing Leachate Analysis

Parameter 1997
Cell 1 & 2

2009
Cell 1 & 2

2021
Cell 1 & 2

2009
Cell 3

2021
Cell 3

MCL HRL/RAA

Arsenic 11 – 21 79.9 – 110 47.5 – 48.5 50.9 – 113 53.0 – 55.4 10 NS

Barium 490 - 650 245 - 502 213 - 302 240 - 535 282 - 296 2,000 2,000

Cadmium ND ND -1.9 < 0.40 2.2 – 2.63 < 0.40 5 0.5

Chromium ND – 10 38.4 – 63.8 45 – 78.8 64.9 – 84.2 61.4 – 67.5 100 100

Lead ND ND < 0.50 – 1.7 ND – 2.7 < 0.50 15 NS

Mercury ND ND < 0.20 ND < 0.20 2 NS

Selenium ND 16.5 – 25.2 < 0.5 15.3 – 25.9 < 2.5 - < 20 50 30

Boron 3,000 –
4,300

6,920 –
18,200

8,570 –
9,910

9,600 –
10,200

9,580 –
10,100

NS 500

Nickel 110 – 200 149 – 284 158 – 201 195 – 210 168 – 176 NS 100

Note: Units ug/l



3 0

Untreated Leachate BOD Concentration
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Untreated Leachate BOD/COD Ratio
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Untreated Leachate Total VOC Concentration
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Untreated Leachate Arsenic Concentration
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Untreated Leachate Chromium Concentration
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Untreated Leachate Nickel Concentration
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Untreated Leachate Iron Concentration
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Untreated Leachate Boron Concentration
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Untreated Leachate Chloride Concentration
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Annual Airspace Utilization Factor
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Accelerating LFG Production

4 0



Model “Closure” Year 5% of Peak Generation

Composite LFG Generation Curve


Chart1

		1992		0		0		0		10.0875484932

		1993		0		0		0		25.3037369863

		1994		0		0		0		43.2416256438

		1995		0		0		0		63.5814638539

		1996		12.3412791476		0		0		86.1341847428

		1997		46.37480379		0		0		120.0211687215

		1998		93.3682108168		0		0		161.7083179386

		1999		140.3607788331		0		0		201.3988273658

		2000		178.7027860264		0		0		232.5854814906

		2001		209.336294182		0		0		256.8013881744

		2002		205.1143636409		30.9938827397		0		277.8925826075

		2003		171.8881502852		88.0154549406		0		296.6827459991

		2004		131.858533746		153.1043901393		0		317.5473340999

		2005		95.9253096278		215.2280685038		0		340.2245174664

		2006		71.5690461456		261.7084639269		0		359.4607486022

		2007		56.2826582265		292.9844255974		0		373.1182175712

		2008		47.86755608		297.003226344		8.4238191781		375.0865816127

		2009		42.1652612538		264.2016591674		36.0624924658		362.471645508

		2010		37.1761151536		211.8235134795		84.1944619795		351.8963632701

		2011		32.2889539964		160.0367012778		139.7411857534		349.5649950809

		2012		27.3224064122		119.7825337732		194.7296958219		358.3582170835

		2013		22.4984215209		93.0968215342		242.552072831		373.7613126183

		2014		17.5774468282		76.8726100647		280.6089896651		389.6610243723

		2015		13.2593358311		66.6348033661		309.7895294064		403.3474017542

		2016		10.3253791764		57.9638811339		331.7810555175		412.7040572114

		2017		7.7794510344		50.1286607435		348.5456405632		417.8477681615

		2018		5.0158487177		42.9206275769		361.762286793		419.963371739

		2019		3.4785390198		35.1196459239		373.0917168387		420.7988496941

		2020		2.2495757893		28.0412217055		382.9600894787		421.2142025291

		2021		0.9892223767		21.8309524277		391.5711024772		421.2894265008

		2022		0		16.6993674749		398.9507836865		421.5527272983

		2023		0		12.1954785091		370.8566116385		388.116942758

		2024		0		8.499840723		313.3275509452		326.0463711461

		2025		0		5.578381347		247.4719898113		256.5380815266

		2026		0		3.6660043075		189.8866757466		196.0765588349

		2027		0		2.0366662481		147.3971591781		151.0135736667

		2028		0		0.6333229224		117.6040466514		119.0274066743

		2029		0		0		96.0418669338		96.2134661804

		2030		0		0		78.3482496195		78.3482496195

		2031		0		0		64.8140030441		64.8140030441

		2032		0		0		53.8882800609		53.8882800609

		2033		0		0		43.60456621		43.60456621

		2034		0		0		34.4949771689		34.4949771689

		2035		0		0		26.195129376		26.195129376

		2036		0		0		19.0694063927		19.0694063927

		2037		0		0		13.9275494673		13.9275494673

		2038		0		0		9.9598173516		9.9598173516

		2039		0		0		6.39695586		6.39695586

		2040		0		0		4.4130898021		4.4130898021

		2041		0		0		2.7936073059		2.7936073059

		2042		0		0		1.1741248097		1.1741248097

		2043		0		0		0		0

		2044		0		0		0		0

		2045		0		0		0		0

		2046		0		0		0		0

		2047		0		0		0		0

		2048		0		0		0		0

		2049		0		0		0		0

		2050		0		0		0		0



13.5 Years
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Leachate Quality

		Parameter		1997 - Cell 1 & 2		2009 - Cell 1 & 2		2009 - Cell 3		MCL		HRL		Other Landfill Values

		Acetone		560 - 4,300		190 - 1,300		ND - 600		NS		700		<100 – 21,000 a

		Benzene		11 - 17		ND		ND		5		10		<0.04 - <200 a

		Methyl Ethyl Ketone		1,500 - 4,000		ND - 1,300		ND - 520		NS		4,000		33 – 33,400 a

		1,4 Dichlorobenzene		ND - 14		8.8 - 15		7.7 - 14		75		10		<1.6 - <200 a

		Ethyl Benzene		96 - 110		6.5 - 10		17 - 45		700		700		<0.04 – 505 a

		Ethyl Ether		130 - 270		ND - 19		ND - 42		NS		1,000		<20 – 2,385 a

		Isopropylbenzene		14 - 40		ND		ND		NS		300		<5 - <125 a

		Naphthalene		ND - 27		19 - 30		11 - 27		NS		300		<1.96 - <120 a

		Toluene		430 - 1,000		5.2 - 21		ND - 21		1,000		1,000		<0.04 – 2,642 a

		Xylenes		100 - 210		8.2 - 15		14 - 51		10,000		10,000		ND – 1,215 a

		Arsenic		11 - 21		79.9 - 110		50.9 - 113		10		NS		441 b

		Barium		490 - 650		245 - 502		240 - 535		2,000		2,000		866 b

		Cadmium		ND		ND - 1.9		2.2 - 2.63		5		4		28.3 b

		Chromium		ND - 10		38.4 - 63.8		64.9 - 84.2		100		100		235 b

		Lead		ND		ND		ND - 2.7		15		NS		133 b

		Mercury (ng/l)		ND		ND		ND		2,000		NS		7,150 b

		Selenium		ND		16.5 - 25.2		15.3 - 25.9		50		30		58.5 b

		Silver		ND		ND		ND		100 **		30		53.7 b

		Boron		3,000 - 4,300		6,920 - 18,200		9,600 - 10,200		NS		600		3,000 – 6,880 a

		Nickel		110 - 200		149 - 284		195 - 210		NS		100		30 - 499 a

		a = surrounding landfills

		b = SWANA study





Settlement

		Table 11

		Settlement Plate Elevation Summary (SW-376)

		Lateral		Easting		Northing		Date		Plate Elevation		Difference		Base Elevation		% Total Settlement

		RL-5E		703		635		8/1/01		1323.8				1243				1

								11/7/01		1321.77		2				2.5%		99

								5/6/02		1316.78		5				8.7%		279

								11/8/02		1313.68		3.1				12.5%		465

								4/22/03		1311.9		1.8				14.7%		630

								11/4/03		1310.55		1.4				16.5%		826

								4/27/04		1309.46		1.1				17.7%		1001

								10/12/04		1308.82		0.64				18.5%		1169

								5/5/05		1307.88		0.94				19.7%		1374

								11/15/05		1307.51		0.37				20.2%		1568

								4/17/06		1307.12		0.39				20.6%		1721

		Destroyed – End of Data Set

		RL-5W		529		628		8/1/01		1317.3				1244				1

								11/7/01		1314		3.3				4.5%		99

								5/6/02		1310.7		3.3				9.0%		279

								11/8/02		1309.2		1.5				11.0%		465

								4/22/03		1307.5		1.7				13.4%		630

								11/4/03		1306.22		1.3				15.1%		826

								4/27/04		1304.98		1.2				16.8%		1001

								10/12/04		1304.18		0.8				17.9%		1169

								5/5/05		1303.23		0.95				19.2%		1374

								11/15/05		1302.52		0.71				20.2%		1568

								4/17/06		1301.99		0.53				20.9%		1721

								10/20/06		1301.37		0.62				21.7%		1907

								4/17/07		1300.96		0.41				22.3%		2086

								11/28/07		1300.7		0.26				22.6%		2311

		Destroyed – End of Data Set

		RL-6W		403		715		11/7/00		1307.11				1271				1

								5/3/01		1306.6		0.5				1.4%		178

								8/1/01		1305.6		1.5				4.2%		268

								11/7/01		1304.61		2.5				6.9%		366

								5/6/02		1303.4		3.7				10.3%		546

								11/8/02		1302.34		4.8				13.2%		732

								4/22/03		1301.4		0.9				15.8%		897

								11/4/03		1300.78		0.6				17.5%		1093

								4/27/04		1300.15		0.6				19.3%		1268

								10/12/04		1299.87		0.28				20.0%		1436

								5/5/05		1299.47		0.4				21.2%		1641

								11/15/05		1299.28		0.19				21.7%		1835

								4/17/06		1299.13		0.15				22.1%		1988

		Destroyed – End of Data Set

		RL-6E		697		723		11/7/00		1312.87				1244				1

								5/3/01		1310.15		2.7				5.3%		178

								8/1/01		1308.85		4				7.2%		268

								11/7/01		1308.18		4.7				8.1%		366

								5/6/02		1304.74		3.4				13.1%		546

								11/8/02		1303.06		1.7				15.5%		732

								4/22/03		1301.9		1.2				17.1%		897

								11/4/03		1301.15		0.8				18.2%		1093

								4/27/04		1300.41		0.7				19.3%		1268

								10/12/04		1300.1		0.31				19.7%		1436

								5/5/05		1299.48		0.62				20.6%		1641

								11/15/05		1299.17		0.31				21.0%		1835

								4/17/06		1298.88		0.29				21.5%		1988

		Destroyed – End of Data Set

		RL-12W		462		977		10/20/06		1301.23				1252				1

								4/17/07		1299.22		2.01				4.1%		180

		Destroyed – End of Data Set

		RL-12E		762		1012		4/17/07		1299.92				1248				1

								11/28/07		1294.96		4.96				9.6%		226

								10/24/08		1290.96		4				17.3%		557





% Chart
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		38671		38671		38272		38272

		38824		38824		38477		38477

				39010		38671		38671

				39189		38824		38824

				39414



RL-5E

RL-5W

RL-6W

RL-6E

RL-12W

RL-12E

Date

% Total Settlement

0.025

0.045

0.014

0.053

0.041

0.096

0.087

0.09

0.042

0.072

0.173

0.125

0.11

0.069

0.081

0.147

0.134

0.103

0.131

0.165

0.151

0.132

0.155

0.177

0.168

0.158

0.171

0.185

0.179

0.175

0.182

0.197

0.192

0.193

0.193

0.202

0.202

0.2

0.197

0.206

0.209

0.212

0.206

0.217

0.217

0.21

0.223

0.221

0.215

0.226



Total Chart

		1		1		1		1		1		1

		99		99		178		178		180		226

		279		279		268		268				557

		465		465		366		366

		630		630		546		546

		826		826		732		732

		1001		1001		897		897

		1169		1169		1093		1093

		1374		1374		1268		1268

		1568		1568		1436		1436

		1721		1721		1641		1641

				1907		1835		1835

				2086		1988		1988

				2311



RL-5E

RL-5W

RL-6W

RL-6E

RL-12W

RL-12E

Days (log scale)

Elevation (feet)

1323.8

1317.3

1307.11

1312.87

1301.23

1299.92

1321.77

1314

1306.6

1310.15

1299.22

1294.96

1316.78

1310.7

1305.6

1308.85

1290.96

1313.68

1309.2

1304.61

1308.18

1311.9

1307.5

1303.4

1304.74

1310.55

1306.22

1302.34

1303.06

1309.46

1304.98

1301.4

1301.9

1308.82

1304.18

1300.78

1301.15

1307.88

1303.23

1300.15

1300.41

1307.51

1302.52

1299.87

1300.1

1307.12

1301.99

1299.47

1299.48

1301.37

1299.28

1299.17

1300.96

1299.13

1298.88

1300.7



LFG Data

		YEAR		Cell 1		Cell 2		Cell 3		Cell 4		Combined

		1992		10		0		0		0		10

		1993		25		0		0		0		25

		1994		43		0		0		0		43

		1995		64		0		0		0		64

		1996		74		12		0		0		86

		1997		74		46		0		0		120

		1998		68		93		0		0		162

		1999		61		140		0		0		201

		2000		54		179		0		0		233

		2001		47		209		0		0		257

		2002		42		205		31		0		278

		2003		37		172		88		0		297

		2004		33		132		153		0		318

		2005		29		96		215		0		340

		2006		26		72		262		0		359

		2007		24		56		293		0		373

		2008		22		48		297		8		375

		2009		20		42		264		36		362

		2010		19		37		212		84		352

		2011		17		32		160		140		350

		2012		17		27		120		195		358

		2013		16		22		93		243		374

		2014		15		18		77		281		390

		2015		14		13		67		310		403

		2016		13		10		58		332		413

		2017		11		8		50		349		418

		2018		10		5		43		362		420

		2019		9		3		35		373		421

		2020		8		2		28		383		421

		2021		7		1		22		392		421

		2022		6		0		17		399		422

		2023		5		0		12		371		388

		2024		4		0		8		313		326

		2025		3		0		6		247		257

		2026		3		0		4		190		196

		2027		2		0		2		147		151

		2028		1		0		1		118		119

		2029		0		0		0		96		96

		2030		0		0		0		78		78

		2031		0		0		0		65		65

		2032		0		0		0		54		54

		2033		0		0		0		44		44

		2034		0		0		0		34		34

		2035		0		0		0		26		26

		2036		0		0		0		19		19

		2037		0		0		0		14		14

		2038		0		0		0		10		10

		2039		0		0		0		6		6

		2040		0		0		0		4		4

		2041		0		0		0		3		3

		2042		0		0		0		1		1

		2043		0		0		0		0		0

		2044		0		0		0		0		0

		2045		0		0		0		0		0

		2046		0		0		0		0		0

		2047		0		0		0		0		0

		2048		0		0		0		0		0

		2049		0		0		0		0		0

		2050		0		0		0		0		0







RECIRCULATION TO ENERGY



► Onsite use: LFG Fueled Boiler
• Offset propane use

4 3

Beneficial Re-Use



Fred Doran, PE
fdoran@burnsmcd.com

952-290-6334
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