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Steady State Levels of Dissolved Waste Products
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Ammonia

		

																						9/8/06

								9/8/2006        Ammonia removal IMF 16kg feed / day 40kg/m3 26C (100% RECYCLE!! )														Sample		Ammonia		Nitrite		NH3-N		NO2-N

																						1		0.4426		0.2446		0.37		0.07

				mg/l		NH3-N				NO2-N												2		0.1272		0.2225		0.11		0.07

				Time		In		Out		In		Out										3		0.8987		0.3567		0.74		0.11

		Start Feeding		10		0.37		0.11		0.07		0.07										4		0.1921		0.3274		0.16		0.10

				12		0.74		0.16		0.11		0.10										5		1.163		0.4906		0.96		0.15

				14		0.96		0.28		0.15		0.13										6		0.3355		0.4282		0.28		0.13

				16		1.07		0.34		0.20		0.14										7		1.2996		0.6467		1.07		0.20

																						8		0.4081		0.4742		0.34		0.14

		9/12/06

				mg/l		NH3-N				NO2-N

				Time		In		Out		In		Out										9/12/06

		Start Feeding		10		0.55		0.16		0.09		0.09

				12		0.92		0.26		0.18		0.17										Sample		Ammonia		Nitrite		NH3-N		NO2-N

				14		1.09		0.34		0.23		0.20										1		0.6621		0.3125		0.55		0.09

				16		1.04		0.33		0.23		0.21										2		0.1885		0.2886		0.16		0.09

				18		0.98		0.32		0.23		0.20										3		0.3136		0.5519		0.26		0.17

																						4		1.1082		0.5869		0.92		0.18

																						5		1.3218		0.7728		1.09		0.23

		9/12/06						Oxygen concentrations in different compartments of the IMF														6		0.4096		0.6709		0.34		0.20

																						7		1.2635		0.7706		1.04		0.23

				A- sump tank before going to the IMF																		8		0.4026		0.68		0.33		0.21

				B- IMF chamber 1																		9		1.1888		0.7601		0.98		0.23

				C-IMF chamber 2																		10		0.3814		0.6655		0.32		0.20

				D- before going in to the LHO

				mg/l

				Time		A		B		C		D

				10		5.76		9.89		8.91		8.75

				12		6.78		10.88		9.6		7.18												Phosphate		Alkalinity

				14		6.31		9.85		8.89		9.05										12-5,6		91.75		186

				16		6.54		10.35		8.84		8.87										12-5,6 Deni		87.75		656

		9/12/06

		mg/l		Time		A		B		C		D

				10		6.33		9.61		8.82		7.35

				12		6.07		9.52		8.52		8.41

				14		5.71		9.96		8.65		7.32

				16		6.01		9.67		8.61		7.71

				18		6.34		9.47		8.74		7.41

		11/7/06

		Sample		Ammonia		NH3-N		Nitrite		NO2-N

		DE 1A		4.0118		3.3155371901		0.7518		0.2285106383

		12-5,6 1B		0.6347		0.5245454545		0.3411		0.1036778116

		LHO 1C		0.2082		0.1720661157		0.4174		0.1268693009

		ST 1D		5.8218		4.8114049587		0.0132		0.0040121581

		2A		4.5085		3.7260330579		0.6811		0.2070212766

		2B		1.6286		1.3459504132		0.788		0.2395136778

		2C		0.4933		0.4076859504		0.8593		0.2611854103

		2D		3.9715		3.282231405		1.7616		0.5354407295

		3A		4.756		3.9305785124		0.8456		0.2570212766

		3B		1.5892		1.3133884298		0.8611		0.2617325228

		3C		0.5279		0.4362809917		0.9072		0.2757446809

		3D		3.6492		3.0158677686		0.0161		0.004893617

		4A		5.1961		4.2942975207		0.5884		0.1788449848

		4B		0.7611		0.6290082645		0.3546		0.107781155

		4C		0.2213		0.182892562		0.4577		0.139118541

		4D		4.1907		3.4633884298		0.5023		0.152674772





NO3-N H2S

		

				starting IMF 07/06/06						all mg/l

						Fish Tank		De.		Sludge T.

		Day		Date		NO3-N In		NO3-N Out		NO3-N ST		H2S- ST		ALK 12-5,6		ALK De.		ALK ST		PO4-P T		PO4-P D		PO4-P S		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De		Flow Rate

		1		7/6/06		62.9		50.4		5.2		10.5		100		240		274		0.38		5.1		13.5

		7		7/13/06		36.2		22.7		2.3				101		251		285								12.5		1.3		5.9		0.5

		14		7/20/06		42		28.1		8.4		20.5								0.9		2.1		12.5										3l/m

		18		7/24/06		70.8		36.4		0				115		315		340		3.2		4.3		10.8		15.9		3.8		8.6		0.6

		20		7/26/06		91		36		10.2																21.3		2.3

		21		7/27/06		89.8		35.6		4.3		50.6		1118		234		356		3.9		5.2		13.5						4.6		0.4		3l/m

		22		7/28/06		74.67		45.4		2.8										4.2		5.8		17.5						3.9

		25		7/31/06		82.4		48.6		15.6		40.5														25.7		1.9				0.9

		27		8/2/06		84.36		67.16		0				115.4		289		357.8												7.5				6 l/m

		29		8/4/06		73.62		59.2		3.6		80.3								7.07		9.3		16.3

		35		8/10/06		158.2		126.1		4.3																				6.9		10.2

		40		8/15/06		140		105		7.6		62.5														25.6		2.5		8.9				6 l/m

		46		8/21/06		148.8		102.7		7.3		60.2		94.2		150		321		7.32		10.5		15.3								0.6

		50		8/25/06		165.5		131.2		8.6																34.6		6.9		4.3

		53		8/28/06		164.1		103.5		8.3		55.8		147		264		280		7.7		10.2		20.9								0		12 l/m

		57		9/1/06		132.1		101.3		7.3		70.6																		2.3

		61		9/5/06		114.32		30.9		11.5																52.95		3.54				0.2

		62		9/6/06		129.27		66		15.3		39.6		148		396		1330		28.16		33.7		38.5		14.24		1.14		5.9				4l/m

		64		9/8/06		121.2		13.2		11.4		55.5																				1.5

		67		9/11/06		137.6		11.5		0																				5.6

		68		9/12/06		136.2		60.4		5.1		40.5		150.2		379		1135		30.2		34.5		40.2		33.2		2.6				0.5

		69		9/13/06		107.12		44.5		4.3																				7.8

		70		9/14/06		135.4		28.2		2.2		53.6																				0.7

		74		9/18/06										114.2		380		1130		31.5		37.3		45.6		69.4		5.4		4.9				4l/m

		75		9/19/06		135.9		32.9		6.3		42.6

		76		9/20/06								70.6														74.2		12.5		5.1		0.4		4l/m

		78		9/22/06		154.1		52.14		2.9

		81		9/25/06		160.5		59.3				80.6		208		584		1160		39.1		43.5		53.6		67.1		8.56		7.53		0.1		4l/m

		85		9/29/06		160.5		41.9		10.2																								4l/m

		88		10/2/06		164.9		87.94		7.6		66.8		160		428				41.6		42.7		50.4		19.2		0.9

		91		10/5/06		152.1		39.3		11.5		35.6		168.8		557.2		900		41.28		43.1		52.3				0.8		10.5		0.2		4l/m

		96		10/10/06		153.2		30.5		3.6																11.7		0.96		11.31		1.2		4l/m

		97		10/11/06		140.3		56.4		7.3		45		170		543		1158		42.5		46.8		50.4		33		2.5						4l/m

		99		10/13/06		127.6		7		10.2				192.4		744		1425		38.7		42.8		42.5		48.69		2.5		12.9		0.5		4l/m

		102		10/16/06		119.4		14.7		3.5		57.3																						4l/m

		103		10/17/06		128.8		15.18		3.8		6.8		180.4		535.2		1124		38.4		41.7		48.5		35.6		6.5		4.6		0.1		4l/m

		109		10/23/06		137.2		34.5		9.2		60.2		318.6		609.6				38.08		40.8		52.1

		111		10/25/06		131.43		53.72		4.5		59.3								34.72		38.5		40.2		51.2		3.5		4.8		0.8		4l/m

		112		10/26/06										295.6		535.2		956														0.6

		116		10/30/06		126.63		42.69		13.2		82.1																		10.5				4l/m

		117		10/31/06										281		601				38.08		40.8		48.6		39.5		3.8		11.2		0.5

		119		11/2/06		109.25		57.3		15.4		57.2						1056																6l/m

		123		11/6/06																						58.6		5.4		17.2		0.9

		125		11/8/06								38.2		239		532				41.6		43.8		50.2

		130		11/13/06		107.4		18.06		17.3		46.7		231		541				38.4		42.1		48.5		40.6		3.7		14.5		1.5		5l/m

		138		11/21/06		91.6		14.7

		146		11/29/06		73		3.2				64.49		239		532		1102		33.6		40.9		50.2		39.5		6.8		5.3		0.5

		153		12/6/06		84.87		37				45.3		211		521		1108		38.6		42.3		49.3		38.6		7.3		6.1		1.6





Turbidity

		

				NTU- nephelometric turbidity units

																				Humics OD-275

				Calibration		NTU										Date		Time		Tanks		De		St

				DW		0.1										7/26/06		8		0.148		0.157		0.32

				TW		0.17												12		0.15		0.189		0.252

				SW (15ppt)		0.51												16		0.201		0.197		0.311

																		20		0.23		0.25		0.35

																		24		0.2		0.26		0.42

																		4		0.18		0.17		0.35

																		8		0.4		0.15		0.42

								NTU												Humics OD-275

		Date		Time				Tanks		De		St				Date		Time		Tanks		De		St

		9/26/06		8		0		0.45		3.2		200				9/26/06		8		0.132		0.15		0.26

				12		4		1.13		3.67		220						12		0.15		0.189		0.252

				16		8		3.38		3.32		211						16		0.201		0.197		0.311

				20		12		2.77		3.31		235						20		0.25		0.34		0.321

				24		16		2.05		3.29		265						24		0.239		0.31		0.34

				4		20		1.5		3.47		288						4		0.15		0.28		0.35

				8		24		0.7		3.11		234						8		0.13		0.18		0.37





Turbidity

		



Time (hr)

NTU



Anammox

		

				9/26/06

								Anammox incubations of beads from the De. Reactor

				Time		Ammonia		Nitrite		Nitrate				Time		Ammonia		Nitrite

				0		21.79		23.48		2.50				0.00		15.36		23.10

				5		17.98		18.01		2.80				5.00

				10		15.23		16.20		3.00				10.00

				15		12.60		13.60		3.20				15.00

				20		9.51		8.68		2.40				20.00		6.35		5.60

				25		5.60		6.10		3.20				25.00

				35		2.36		1.93		2.40				35.00

				40		0.47		1.05		2.80				40.00		0.65		0.76





Anammox

		



Time (hours)

mg/l



drum screen 

		

				Drum back wash volume average

				#		Liters

				1		2.25

				2		2.65

				3		2.26

				4		2.4

				5		2.3

				6		2.25

				7		2.3

				8		2.25

				9		2.4

				10		2.45

				11		2.25

				12		2.4

				13		2.25

				14		2.3

				15		2.4

				16		2.3

				17		2.25

				18		2.3

				19		2.45

				20		2.3

				Avg.		2.3355





NO3

		

						Fish Tank		De.

				Day		NO3-N In		NO3-N Out		g/day DE		g/day ST		Date

				1		62.9		50.4		72		301.92		38906		day		NH3		NO2-		NH3-N		NO2-N

				7		36.2		22.7		77.76		173.76		38907		1		0.107		0.02		0.0891666667		0.006097561

				14		42		28.1		80.064		201.6		38908		2		0.338		0.015		0.2816666667		0.0045731707

				18		70.8		36.4		198.144		339.84		38909		3		0.118		0.065		0.0983333333		0.0198170732

				20		91		36		316.8		436.8		38910		4		0.309		0.086		0.2575		0.0262195122

				21		89.8		35.6		312.192		431.04		38911		5		0.119		0.045		0.0991666667		0.0137195122

				22		74.67		45.4		168.5952		358.416		38912		6		0.199		0.057		0.1658333333		0.0173780488

				25		82.4		48.6		194.688		395.52		38914		8		0.257		0.053		0.2141666667		0.0161585366

				27		84.36		67.16		99.072		404.928		38915		9		0.355		0.094		0.2958333333		0.0286585366

				29		73.62		59.2		83.0592		353.376		38916		10		0.236		0.081		0.1966666667		0.024695122

				35		158.2		89.6		395.136		759.36		38917		11		0.3695		0.085		0.3079166667		0.0259146341

				40		140		87.5		302.4		672		38918		12		0.393		0.099		0.3275		0.0301829268

				46		148.8		102.7		265.536		714.24		38919		13		0.279		0.124		0.2325		0.037804878

				50		165.5		50.8		660.672		794.4		38920		14		0.2879		0.1097		0.2399166667		0.033445122

				53		164.1		80.5		481.536		787.68		38922		16		0.3566		0.1155		0.2971666667		0.0352134146

				57		132.1		40.5		527.616		634.08		38923		17		0.229		0.138		0.1908333333		0.0420731707

		8307.696		61		114.32		30.9		480.4992		548.736		38924		18		0.284		0.112		0.2366666667		0.0341463415

				62		129.27		66		364.4352		620.496		38925		19		0.239		0.086		0.1991666667		0.0262195122

				64		121.2		13.2		622.08		581.76		38926		20		0.3191		0.0938		0.2659166667		0.028597561

				67		137.6		11.5		726.336		660.48		38930		24		0.4068		0.1743		0.339		0.0531402439

				68		136.2		60.4		436.608		653.76		38931		25		0.2571		0.134		0.21425		0.0408536585

				69		107.12		44.5		360.6912		514.176		38932		26		0.599		0.214		0.4991666667		0.0652439024

				70		135.4		28.2		617.472		649.92		38933		27		0.357		0.205		0.2975		0.0625

				75		135.9		32.9		593.28		652.32		38934		28		0.3176		0.1589		0.2646666667		0.048445122

				78		154.1		52.14		587.2896		739.68		38937		31		0.2887		0.1105		0.2405833333		0.0336890244

				81		160.5		59.3		582.912		770.4		38938		32		0.3851		0.1461		0.3209166667		0.0445426829

				85		160.5		41.9		683.136		770.4		38939		33		0.308		0.1225		0.2566666667		0.037347561

				88		164.9		87.94		443.2896		791.52		38941		35		0.3197		0.1372		0.2664166667		0.0418292683

				91		152.1		39.3		649.728		730.08		38944		38		0.2999		0.1302		0.2499166667		0.039695122

				96		153.2		30.5		706.752		735.36		38946		40		0.3771		0.1443		0.31425		0.0439939024

				97		140.3		56.4		483.264		673.44		38947		41		0.3343		0.1522		0.2785833333		0.046402439

				99		127.6		7		694.656		612.48		38949		43		0.3382		0.1351		0.2818333333		0.0411890244

				102		119.4		14.7		603.072		573.12		38950		44		0.3678		0.1821		0.3065		0.0555182927

				103		128.8		15.18		654.4512		618.24		38951		45		0.2677		0.2043		0.2230833333		0.0622865854

				109		137.2		34.5		591.552		658.56		38953		47		0.4196		0.1524		0.3496666667		0.0464634146

				111		131.43		53.72		447.6096		630.864		38958		52		0.352		0.1929		0.2933333333		0.0588109756

				116		126.63		42.69		483.4944		607.824		38959		53		0.2591		0.224		0.2159166667		0.0682926829

				119		109.25		57.3		299.232		524.4		38960		54		0.4165		0.2474		0.3470833333		0.0754268293

				130		107.4		18.06		514.5984		515.52		38961		55		0.0308		0.0218		0.0256666667		0.0066463415

				138		91.6		14.7		442.944		439.68		38966		60		0.4795		0.3151		0.3995833333		0.0960670732

				146		73		3.2		402.048		350.4		38967		61		0.4193		0.2031		0.3494166667		0.0619207317

				153		84.87		37		275.7312		407.376		38968		62		0.4036		0.212		0.3363333333		0.0646341463

								avg		428.1531428571		566.4274285714		38969		63		0.5811		0.2732		0.48425		0.0832926829

								stdv		196.6470919591		166.9434917653		38970		64		0.3794		0.2636		0.3161666667		0.0803658537

														38971		65		0.4702		0.3009		0.3918333333		0.0917378049

														38972		66		0.3834		0.2505		0.3195		0.0763719512

														38973		67		0.4628		0.2618		0.3856666667		0.0798170732

														38974		68		0.3946		0.2118		0.3288333333		0.0645731707

														38977		71		0.4446		0.2295		0.3705		0.0699695122

														38978		72		0.4316		0.2614		0.3596666667		0.079695122

														38979		73		0.4176		0.2059		0.348		0.0627743902

														38980		74		0.4863		0.2358		0.40525		0.0718902439

														38982		76		0.5026		0.2615		0.4188333333		0.0797256098

														38983		77		0.5791		0.351		0.4825833333		0.1070121951

														38984		78		0.5567		0.334		0.4639166667		0.1018292683

														38985		79		0.5743		0.3241		0.4785833333		0.0988109756

														38986		80		0.4432		0.2646		0.3693333333		0.0806707317

														38987		81		0.4291		0.2348		0.3575833333		0.0715853659

														38989		83		0.4565		0.254		0.3804166667		0.0774390244

														38990		84		0.4922		0.2264		0.4101666667		0.0690243902

														38992		86		0.609		0.3678		0.5075		0.1121341463

														38993		87		0.4717		0.2797		0.3930833333		0.0852743902

														38994		88		0.675		0.3843		0.5625		0.1171646341

														38995		89		0.5709		0.353		0.47575		0.1076219512

														38996		90		0.4479		0.3826		0.37325		0.1166463415

														38997		91		0.5638		0.4256		0.4698333333		0.1297560976

														38999		93		0.4722		0.3027		0.3935		0.0922865854

														39000		94		0.5853		0.3787		0.48775		0.1154573171

														39002		96		0.4815		0.3357		0.40125		0.102347561

														39003		97		0.486		0.2771		0.405		0.0844817073

														39004		98		0.4995		0.311		0.41625		0.0948170732

														39005		99		0.5516		0.5253		0.4596666667		0.160152439

														39006		100		0.5774		0.5728		0.4811666667		0.1746341463

														39006		100		0.4488		0.3426		0.374		0.1044512195

														39008		102		0.4488		0.3426		0.374		0.1044512195

														39010		104		0.5724		0.4785		0.477		0.1458841463

														39011		105		0.5605		0.421		0.4670833333		0.1283536585

														39013		107		0.6064		0.455		0.5053333333		0.1387195122

														39014		108		0.734		0.4984		0.6116666667		0.1519512195

														39015		109		0.8106		0.5767		0.6755		0.1758231707

														39019		113		0.7032		0.5173		0.586		0.1577134146

														39020		114		0.6115		0.3671		0.5095833333		0.1119207317

														39021		115		0.6255		0.4816		0.52125		0.1468292683

														39022		116		0.7094		0.5803		0.5911666667		0.1769207317

														39023		117		0.6697		0.361		0.5580833333		0.1100609756

														39024		118		0.637		0.3037		0.5308333333		0.0925914634

														39025		119		0.6788		0.3617		0.5656666667		0.1102743902

														39026		120		0.6331		0.3608		0.5275833333		0.11

														39028		122		0.6468		0.4249		0.539		0.1295426829

														39030		124		0.68		0.3712		0.5666666667		0.1131707317

														39031		125		0.6765		0.3535		0.56375		0.1077743902

														39032		126		0.6701		0.3377		0.5584166667		0.1029573171

														39033		127		0.8536		0.2506		0.7113333333		0.076402439

														39034		128		0.5965		0.2468		0.4970833333		0.0752439024

														39035		129		0.6461		0.3775		0.5384166667		0.1150914634

														39036		130		0.5114		0.3365		0.4261666667		0.1025914634

														39037		131		0.6369		0.3492		0.53075		0.1064634146

														39038		132		0.5177		0.296		0.4314166667		0.0902439024

														39039		133		0.0586		0.0421		0.0488333333		0.0128353659

														39042		136		0.5819		0.5991		0.4849166667		0.182652439

														39047		141		0.6612		0.2694		0.551		0.0821341463

														39048		142		0.5211		0.2352		0.43425		0.0717073171

														39049		143		0.541		0.2255		0.4508333333		0.06875

														39050		144		0.9808		0.2459		0.8173333333		0.0749695122

														39051		145		0.6607		0.1713		0.5505833333		0.0522256098

														39056		150				0.234				0.0713414634

														39061		155		0.9214		0.2685		0.7678333333		0.0818597561

														39062		156		0.4063		0.1685		0.3385833333		0.0513719512

														39063		157		0.4042		0.1564		0.3368333333		0.0476829268

																		0.4105		0.1799		0.3420833333		0.054847561





NO3

		



Tank water

Time (days)

NO3-N (mg/l)



H2S

		



Influent

Effluent

Time (days)

NO3-N (mg/l)



Alk

		



Time (days)

NO3-N (g/day)



NH3no2

		



Time (days)

TAN (mg/l)



PO4

		



Time (days)

NO2-N



De in out  

		

		Day		H2S- ST		H2S -DE		g/day H2S		g/day DE		M H2S		M NO3		NO3/H2S		NO3 HER		%AUT		%HET

		1		10.5		0		50.4		72		1.575		5.1428571429		2.52		2.6228571429		49.00		51.00

		7		22.5		0		108		77.76		3.375		5.5542857143		5.4		0.1542857143		97.22		2.78

		14		20.5		0		98.4		80.064		3.075		5.7188571429		4.92		0.7988571429		86.03		13.97

		18		21.6		0		103.68		198.144		3.24		14.1531428571		5.184		8.9691428571		36.63		63.37

		21		26.5		0		127.2		312.192		3.975		22.2994285714		6.36		15.9394285714		28.52		71.48

		25		40.5		0		194.4		194.688		6.075		13.9062857143		9.72		4.1862857143		69.90		30.10

		29		15.6		0		74.88		83.0592		2.34		5.9328		3.744		2.1888		63.11		36.89

		40		62.5		0		300		302.4		9.375		21.6		15		6.6		69.44		30.56

		46		60.2		0		288.96		265.536		9.03		18.9668571429		14.448		4.5188571429		76.17		23.83

		53		55.8		0		267.84		481.536		8.37		34.3954285714		13.392		21.0034285714		38.94		61.06

		57		70.6		0		338.88		527.616		10.59		37.6868571429		16.944		20.7428571429		44.96		55.04

		62		39.6		0		190.08		364.4352		5.94		26.0310857143		9.504		16.5270857143		36.51		63.49

		64		55.5		0		266.4		622.08		8.325		44.4342857143		13.32		31.1142857143		29.98		70.02

		68		40.5		0		194.4		436.608		6.075		31.1862857143		9.72		21.4662857143		31.17		68.83

		70		53.6		0		257.28		617.472		8.04		44.1051428571		12.864		31.2411428571		29.17		70.83

		75		42.6		0		204.48		593.28		6.39		42.3771428571		10.224		32.1531428571		24.13		75.87

		76		70.6		0		338.88		587.2896		10.59		41.9492571429		16.944		25.0052571429		40.39		59.61

		81		80.6		0		386.88		582.912		12.09		41.6365714286		19.344		22.2925714286		46.46		53.54

		88		66.8		0		320.64		443.2896		10.02		31.6635428571		16.032		15.6315428571		50.63		49.37

		91		35.6		0		170.88		649.728		5.34		46.4091428571		8.544		37.8651428571		18.41		81.59

		97		45		0		216		483.264		6.75		34.5188571429		10.8		23.7188571429		31.29		68.71

		102		57.3		0		275.04		603.072		8.595		43.0765714286		13.752		29.3245714286		31.92		68.08

		103		58.6		0		281.28		654.4512		8.79		46.7465142857		14.064		32.6825142857		30.09		69.91

		109		60.2		0		288.96		591.552		9.03		42.2537142857		14.448		27.8057142857		34.19		65.81

		111		59.3		0		284.64		447.6096		8.895		31.9721142857		14.232		17.7401142857		44.51		55.49

		116		82.1		0		394.08		483.4944		12.315		34.5353142857		19.704		14.8313142857		57.05		42.95

		119		57.2		0		274.56		299.232		8.58		21.3737142857		13.728		7.6457142857		64.23		35.77

		125		38.2		0		183.36		514.5984		5.73		36.7570285714		9.168		27.5890285714		24.94		75.06

		130		46.7		0		224.16		442.944		7.005		31.6388571429		11.208		20.4308571429		35.42		64.58

		146		64.49		0		309.552		402.048		9.6735		28.7177142857		15.4776		13.2401142857		53.90		46.10

		153		45.3		0		217.44		275.7312		6.795		19.6950857143		10.872		8.8230857143		55.20		44.80





De in out  

		



Influent

Effluent

Time (days)

H2S-S (mg/l)



redox 

		



Autotrophic denitrification

Heterotrophic denitrification

Time (days)

% NO3 Removal



UASB

		

		Day		ALK 12-5,6		ALK De.		ALK ST

		1		100		240		274

		7		101		251		285

		14

		18		115		315		340

		20

		21		118		234		356

		22

		25

		27		115.4		289		357.8

		29

		35		105.4		190		520

		40

		46		94.2		150		1104

		50

		53		147		264		1140

		57

		61

		62		148		396		1330

		64

		67

		68		150.2		379		1135

		69

		70

		74		114.2		380		1130

		75

		76

		78

		81		208		584		1160

		85

		88		160		428

		91		168.8		557.2		900

		96

		97		170		543		1158

		99		192.4		744		1425

		102

		103		180.4		535.2		1124

		109		318.6		609.6

		111

		112		295.6		535.2		956

		116

		117		281		601

		119						1056

		123

		125		239		532		1011

		130		231		541

		138

		146		239		532		1102

		153		211		521		1108





UASB

		



Fish tank

Denirification effluent

Sludge digester

Time (days)

Alkalinity (mg/l)



nutrients Balnace 

		

		Day		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De				g/day NH3

		1

		7		12.5		1.3		5.9		0.5				53.76

		14

		18		15.9		3.8		8.6		0.6				58.08

		20		21.3		2.3								91.2

		21						4.6		0.4

		22						3.9

		25		25.7		1.9				0.9				114.24

		27						7.5		0.4

		29		23.6		1.5								106.08

		35						6.9		10.2

		40		25.6		2.5		8.9						110.88

		46								0.6

		50		34.6		6.9		4.3						132.96

		53						5.2		0.2

		57						2.3		0.1

		61		52.95		3.54				0.2		904.368		237.168

		62		44.24		1.14		5.9						206.88

		64		35.6		2				1.5				161.28

		67						5.6

		68		33.2		2.6				0.5				146.88

		69						7.8

		70								0.7

		74		69.4		5.4		4.9						307.2

		75

		76		74.2		12.5		5.1		0.4				296.16

		78

		81		67.1		8.56		7.53		0.1				280.992

		85

		88		19.2		0.9								87.84

		91		34.9		0.8		10.5		0.2				163.68

		96		42.3		0.96		11.31		1.2				198.432

		97		33		2.5								146.4

		99		48.69		2.5		12.9		0.5				221.712

		102

		103		35.6		6.5		4.6		0.1				139.68

		109

		111		51.2		3.5		4.8		0.8				228.96

		112								0.6

		116						10.5

		117		39.5		3.8		11.2		0.5				171.36

		119

		123		58.6		5.4		17.2		0.9				255.36

		125

		130		40.6		3.7		14.5		1.5				177.12

		138

		146		39.5		6.8		5.3		0.5				156.96

		153		38.6		7.3		6.1		1.6				150.24

														196.5423157895

														59.2925400189





nutrients Balnace 

		



Time (days)

TAN (mg/l)



Sheet15

		

		Day		PO4-P T		PO4-P D		PO4-P S

		1		0.38		5.1		13.5

		7

		14		0.9		2.1		12.5

		18		3.2		4.3		10.8

		20

		21		3.9		5.2		13.5

		22		4.2		5.8		17.5

		25

		27

		29		7.07		9.3		16.3

		35

		40

		46		7.32		10.5		15.3

		50

		53		7.7		10.2		20.9

		57

		61		15.5		20.5		31.9

		62		28.16		33.7		38.5

		64

		67

		68		30.2		34.5		40.2

		69

		70

		74		31.5		37.3		45.6

		75

		76

		78

		81		39.1		43.5		53.6

		85

		88		41.6		42.7		50.4

		91		41.28		43.1		52.3

		96

		97		42.5		46.8		50.4

		99		38.7		42.8		42.5

		102

		103		38.4		41.7		48.5

		109		38.08		40.8		52.1

		111		34.72		38.5		40.2

		112

		116

		117		38.08		40.8		48.6

		119

		123

		125		41.6		43.8		50.2

		130		38.4		42.1		48.5

		138

		146		33.6		40.9		50.2

		153		42.3		38.6		49.3





Sheet15

		



Time (days)

PO4-P (mg/l)



		



Time (days)

PO4-P (mg/l)



		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)



		





		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		75		75

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		116		116

		119		119

		130		130

		138		138

		146		146

		153		153



Influent

Effluent

Time (days)

NO3-N (mg/l)

62.9

50.4

36.2

22.7

42

28.1

70.8

36.4

91

36

89.8

35.6

74.67

45.4

82.4

48.6

84.36

67.16

73.62

59.2

158.2

89.6

140

87.5

148.8

102.7

165.5

50.8

164.1

80.5

132.1

40.5

114.32

30.9

129.27

66

121.2

13.2

137.6

11.5

136.2

60.4

107.12

44.5

135.4

28.2

135.9

32.9

154.1

52.14

160.5

59.3

160.5

41.9

164.9

87.94

152.1

39.3

153.2

30.5

140.3

56.4

127.6

7

119.4

14.7

128.8

15.18

137.2

34.5

131.43

53.72

126.63

42.69

109.25

57.3

107.4

18.06

91.6

14.7

73

3.2

84.87

37
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		109		109

		111		111
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		125		125

		130		130

		146		146



Influent

Effluent

Time (days)

H2S-S (mg/l)

10.5

0

22.5

0

20.5

0

21.6

0

26.5

0

40.5

0

15.6

0

62.5

0

60.2

0

55.8

0

70.6

0

39.6

0

55.5

0

40.5

0

53.6

0

42.6

0

70.6

0

80.6

0

66.8

0

35.6

0

45

0

57.3

0

58.6

0

60.2

0

59.3

0

82.1

0

57.2

0

38.2

0

46.7

0

64.49

0
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		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

TAN (mg/l)

12.5

1.3

15.9

3.8

21.3

2.3

25.7

1.9

23.6

1.5

25.6

2.5

34.6

6.9

52.95

3.54

44.24

1.14

35.6

2

33.2

2.6

69.4

5.4

74.2

12.5

67.1

8.56

19.2

0.9

34.9

0.8

42.3

0.96

33

2.5

48.69

2.5

35.6

6.5

51.2

3.5

39.5

3.8

58.6

5.4

40.6

3.7

39.5

6.8
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		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

PO4-P (mg/l)

13.5

5.1

12.5

2.1

10.8

4.3

13.5

5.2

17.5

5.8

16.3

9.3

15.3

10.5

20.9

10.2

31.9

20.5

38.5

33.7

40.2

34.5

45.6

37.3

53.6

43.5

50.4

42.7

52.3

43.1

50.4

46.8

42.5

42.8

48.5

41.7

52.1

40.8

40.2

38.5

48.6

40.8

50.2

43.8

48.5

42.1

50.2

40.9



		

		Day		fish tank		de		st

		1		277		100		-250

		7

		14		295		90		-280

		18		295		80		-300

		20

		21		312		60		-260

		22

		25		331		40		-275

		27

		29		319		30		-340

		35

		40		325		-30		-360

		46

		50		325		-40		-400

		53						-550

		57		384		70		-465

		61

		62		304		120		-480

		64

		67		405		80		-540

		68		302		70		-450

		69		324		50		-480

		70

		74		400		-50		-490

		75

		76		378		40		-480

		78		262		10		-550

		81		430		30		-490

		85

		88		428		40		-560

		91		334		20		-600

		96		341		10		-570

		97		255		-40		-570

		99

		102		310		20		-480

		103		339		100		-550

		109		290		20		-600

		111

		112		350		50		-580

		116		352		30		-540

		117		338		-10		-600

		119		256		-50		-560

		123		290		70		-570

		125

		130		350		30		-480

		138		250		10		-520

		146		336		50		-560

		153		342		120		-450





		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

mV



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

Alkalinity (mg/l)

100

240

274

101

251

285

115

315

340

118

234

356

115.4

289

357.8

105.4

190

520

94.2

150

1104

147

264

1140

148

396

1330

150.2

379

1135

114.2

380

1130

208

584

1160

160

428

168.8

557.2

900

170

543

1158

192.4

744

1425

180.4

535.2

1124

318.6

609.6

295.6

535.2

956

281

601

1056

239

532

1011

231

541

239

532

1102

211

521

1108



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)

0.38

5.1

13.5

0.9

2.1

12.5

3.2

4.3

10.8

3.9

5.2

13.5

4.2

5.8

17.5

7.07

9.3

16.3

7.32

10.5

15.3

7.7

10.2

20.9

15.5

20.5

31.9

28.16

33.7

38.5

30.2

34.5

40.2

31.5

37.3

45.6

39.1

43.5

53.6

41.6

42.7

50.4

41.28

43.1

52.3

42.5

46.8

50.4

38.7

42.8

42.5

38.4

41.7

48.5

38.08

40.8

52.1

34.72

38.5

40.2

38.08

40.8

48.6

41.6

43.8

50.2

38.4

42.1

48.5

33.6

40.9

50.2

42.3

38.6

49.3



		

				Day		mM Methane

				3		40.00

				19		40.00

				20		40.00

				21		7.60

				25		44.31

				26		45.24

				27		47.61

				28		45.05

				32		37.17

				41		23.07

				46		13.91

				48		26.65

				52		23.11

				53		22.78

				54		20.55

				55		22.37

				59		24.85

				60		40.80

				61		42.20

				62		40.14

				67		37.59

				68		37.45

				69		36.59

				73		33.18

				74		29.58

				75		23.15

				76		31.72

				80		90.53

				82		87.40

				83		40.33

				87		49.76

				97		57.60

				101		52.55

				127		50.89

		CO2/N2		CH4		H2S

		37.00%		62.00%		1.00%





		



Time (days)

Methane (mM)



		



CO2/N2 , 37.00%

CH4, 62.00%

H2S, 1.00%



		

				Nutrients Balance

				phosphorus

								KG		%

				Total feed				1807

				Total P				32.5								kg		%

				Retention in fish				9.4						Retention in fish		9.4		28.9

				Sludge				5.9						Sludge		5.9		18.2

				water				2.5						water		2.5		7.7

				Denammox				13.9						Denammox		13.9		42.8

								31.7										97.6

				Nitrogen

								KG

				Total feed				1807								kg		%

				Total N				130.1						Retention in fish		28.6		22

				Retention in fish				28.6		22				Sludge		14.8		11.4

				Sludge				14.8		11.4				Water		9.3		7.2

				water				9.3		7.2				Denitrification		94.6		72.7

				de				33.1						Anammox		15.1		11.6

				anammox				15.1										124.9

				Sludge tank				52.3





		



Fish, 28.9%

Sludge, 18.2%

Water, 7.7%

Denammox biofilter, 42.8%



		



Fish, 22%

Sludge, 11.4%

Water, 7.2%

Denitrification, 72.7%

Anammox, 11.6%
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Influent

Effluent

Time (days)

H2S-S (mg/l)

10.5

0

22.5

0

20.5

0

21.6

0

26.5

0

40.5

0

15.6

0

62.5

0

60.2

0

55.8

0

70.6

0

39.6

0

55.5

0
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0
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0
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0
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Ammonia

		

																						9/8/06

								9/8/2006        Ammonia removal IMF 16kg feed / day 40kg/m3 26C (100% RECYCLE!! )														Sample		Ammonia		Nitrite		NH3-N		NO2-N

																						1		0.4426		0.2446		0.37		0.07

				mg/l		NH3-N				NO2-N												2		0.1272		0.2225		0.11		0.07

				Time		In		Out		In		Out										3		0.8987		0.3567		0.74		0.11

		Start Feeding		10		0.37		0.11		0.07		0.07										4		0.1921		0.3274		0.16		0.10

				12		0.74		0.16		0.11		0.10										5		1.163		0.4906		0.96		0.15

				14		0.96		0.28		0.15		0.13										6		0.3355		0.4282		0.28		0.13

				16		1.07		0.34		0.20		0.14										7		1.2996		0.6467		1.07		0.20

																						8		0.4081		0.4742		0.34		0.14

		9/12/06

				mg/l		NH3-N				NO2-N

				Time		In		Out		In		Out										9/12/06

		Start Feeding		10		0.55		0.16		0.09		0.09

				12		0.92		0.26		0.18		0.17										Sample		Ammonia		Nitrite		NH3-N		NO2-N

				14		1.09		0.34		0.23		0.20										1		0.6621		0.3125		0.55		0.09

				16		1.04		0.33		0.23		0.21										2		0.1885		0.2886		0.16		0.09

				18		0.98		0.32		0.23		0.20										3		0.3136		0.5519		0.26		0.17

																						4		1.1082		0.5869		0.92		0.18

																						5		1.3218		0.7728		1.09		0.23

		9/12/06						Oxygen concentrations in different compartments of the IMF														6		0.4096		0.6709		0.34		0.20

																						7		1.2635		0.7706		1.04		0.23

				A- sump tank before going to the IMF																		8		0.4026		0.68		0.33		0.21

				B- IMF chamber 1																		9		1.1888		0.7601		0.98		0.23

				C-IMF chamber 2																		10		0.3814		0.6655		0.32		0.20

				D- before going in to the LHO

				mg/l

				Time		A		B		C		D

				10		5.76		9.89		8.91		8.75

				12		6.78		10.88		9.6		7.18												Phosphate		Alkalinity

				14		6.31		9.85		8.89		9.05										12-5,6		91.75		186

				16		6.54		10.35		8.84		8.87										12-5,6 Deni		87.75		656

		9/12/06

		mg/l		Time		A		B		C		D

				10		6.33		9.61		8.82		7.35

				12		6.07		9.52		8.52		8.41

				14		5.71		9.96		8.65		7.32

				16		6.01		9.67		8.61		7.71

				18		6.34		9.47		8.74		7.41

		11/7/06

		Sample		Ammonia		NH3-N		Nitrite		NO2-N

		DE 1A		4.0118		3.3155371901		0.7518		0.2285106383

		12-5,6 1B		0.6347		0.5245454545		0.3411		0.1036778116

		LHO 1C		0.2082		0.1720661157		0.4174		0.1268693009

		ST 1D		5.8218		4.8114049587		0.0132		0.0040121581

		2A		4.5085		3.7260330579		0.6811		0.2070212766

		2B		1.6286		1.3459504132		0.788		0.2395136778

		2C		0.4933		0.4076859504		0.8593		0.2611854103

		2D		3.9715		3.282231405		1.7616		0.5354407295

		3A		4.756		3.9305785124		0.8456		0.2570212766

		3B		1.5892		1.3133884298		0.8611		0.2617325228

		3C		0.5279		0.4362809917		0.9072		0.2757446809

		3D		3.6492		3.0158677686		0.0161		0.004893617

		4A		5.1961		4.2942975207		0.5884		0.1788449848

		4B		0.7611		0.6290082645		0.3546		0.107781155

		4C		0.2213		0.182892562		0.4577		0.139118541

		4D		4.1907		3.4633884298		0.5023		0.152674772





NO3-N H2S

		

				starting IMF 07/06/06						all mg/l

						Fish Tank		De.		Sludge T.

		Day		Date		NO3-N In		NO3-N Out		NO3-N ST		H2S- ST		ALK 12-5,6		ALK De.		ALK ST		PO4-P T		PO4-P D		PO4-P S		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De		Flow Rate

		1		7/6/06		62.9		50.4		5.2		10.5		100		240		274		0.38		5.1		13.5

		7		7/13/06		36.2		22.7		2.3				101		251		285								12.5		1.3		5.9		0.5

		14		7/20/06		42		28.1		8.4		20.5								0.9		2.1		12.5										3l/m

		18		7/24/06		70.8		36.4		0				115		315		340		3.2		4.3		10.8		15.9		3.8		8.6		0.6

		20		7/26/06		91		36		10.2																21.3		2.3

		21		7/27/06		89.8		35.6		4.3		50.6		1118		234		356		3.9		5.2		13.5						4.6		0.4		3l/m

		22		7/28/06		74.67		45.4		2.8										4.2		5.8		17.5						3.9

		25		7/31/06		82.4		48.6		15.6		40.5														25.7		1.9				0.9

		27		8/2/06		84.36		67.16		0				115.4		289		357.8												7.5				6 l/m

		29		8/4/06		73.62		59.2		3.6		80.3								7.07		9.3		16.3

		35		8/10/06		158.2		126.1		4.3																				6.9		10.2

		40		8/15/06		140		105		7.6		62.5														25.6		2.5		8.9				6 l/m

		46		8/21/06		148.8		102.7		7.3		60.2		94.2		150		321		7.32		10.5		15.3								0.6

		50		8/25/06		165.5		131.2		8.6																34.6		6.9		4.3

		53		8/28/06		164.1		103.5		8.3		55.8		147		264		280		7.7		10.2		20.9								0		12 l/m

		57		9/1/06		132.1		101.3		7.3		70.6																		2.3

		61		9/5/06		114.32		30.9		11.5																52.95		3.54				0.2

		62		9/6/06		129.27		66		15.3		39.6		148		396		1330		28.16		33.7		38.5		14.24		1.14		5.9				4l/m

		64		9/8/06		121.2		13.2		11.4		55.5																				1.5

		67		9/11/06		137.6		11.5		0																				5.6

		68		9/12/06		136.2		60.4		5.1		40.5		150.2		379		1135		30.2		34.5		40.2		33.2		2.6				0.5

		69		9/13/06		107.12		44.5		4.3																				7.8

		70		9/14/06		135.4		28.2		2.2		53.6																				0.7

		74		9/18/06										114.2		380		1130		31.5		37.3		45.6		69.4		5.4		4.9				4l/m

		75		9/19/06		135.9		32.9		6.3		42.6

		76		9/20/06								70.6														74.2		12.5		5.1		0.4		4l/m

		78		9/22/06		154.1		52.14		2.9

		81		9/25/06		160.5		59.3				80.6		208		584		1160		39.1		43.5		53.6		67.1		8.56		7.53		0.1		4l/m

		85		9/29/06		160.5		41.9		10.2																								4l/m

		88		10/2/06		164.9		87.94		7.6		66.8		160		428				41.6		42.7		50.4		19.2		0.9

		91		10/5/06		152.1		39.3		11.5		35.6		168.8		557.2		900		41.28		43.1		52.3				0.8		10.5		0.2		4l/m

		96		10/10/06		153.2		30.5		3.6																11.7		0.96		11.31		1.2		4l/m

		97		10/11/06		140.3		56.4		7.3		45		170		543		1158		42.5		46.8		50.4		33		2.5						4l/m

		99		10/13/06		127.6		7		10.2				192.4		744		1425		38.7		42.8		42.5		48.69		2.5		12.9		0.5		4l/m

		102		10/16/06		119.4		14.7		3.5		57.3																						4l/m

		103		10/17/06		128.8		15.18		3.8		6.8		180.4		535.2		1124		38.4		41.7		48.5		35.6		6.5		4.6		0.1		4l/m

		109		10/23/06		137.2		34.5		9.2		60.2		318.6		609.6				38.08		40.8		52.1

		111		10/25/06		131.43		53.72		4.5		59.3								34.72		38.5		40.2		51.2		3.5		4.8		0.8		4l/m

		112		10/26/06										295.6		535.2		956														0.6

		116		10/30/06		126.63		42.69		13.2		82.1																		10.5				4l/m

		117		10/31/06										281		601				38.08		40.8		48.6		39.5		3.8		11.2		0.5

		119		11/2/06		109.25		57.3		15.4		57.2						1056																6l/m

		123		11/6/06																						58.6		5.4		17.2		0.9

		125		11/8/06								38.2		239		532				41.6		43.8		50.2

		130		11/13/06		107.4		18.06		17.3		46.7		231		541				38.4		42.1		48.5		40.6		3.7		14.5		1.5		5l/m

		138		11/21/06		91.6		14.7

		146		11/29/06		73		3.2				64.49		239		532		1102		33.6		40.9		50.2		39.5		6.8		5.3		0.5

		153		12/6/06		84.87		37				45.3		211		521		1108		38.6		42.3		49.3		38.6		7.3		6.1		1.6





Turbidity

		

				NTU- nephelometric turbidity units

																				Humics OD-275

				Calibration		NTU										Date		Time		Tanks		De		St

				DW		0.1										7/26/06		8		0.148		0.157		0.32

				TW		0.17												12		0.15		0.189		0.252

				SW (15ppt)		0.51												16		0.201		0.197		0.311

																		20		0.23		0.25		0.35

																		24		0.2		0.26		0.42

																		4		0.18		0.17		0.35

																		8		0.4		0.15		0.42

								NTU												Humics OD-275

		Date		Time				Tanks		De		St				Date		Time		Tanks		De		St

		9/26/06		8		0		0.45		3.2		200				9/26/06		8		0.132		0.15		0.26

				12		4		1.13		3.67		220						12		0.15		0.189		0.252

				16		8		3.38		3.32		211						16		0.201		0.197		0.311

				20		12		2.77		3.31		235						20		0.25		0.34		0.321

				24		16		2.05		3.29		265						24		0.239		0.31		0.34

				4		20		1.5		3.47		288						4		0.15		0.28		0.35

				8		24		0.7		3.11		234						8		0.13		0.18		0.37





Turbidity

		



Time (hr)

NTU



Anammox

		

				9/26/06

								Anammox incubations of beads from the De. Reactor

				Time		Ammonia		Nitrite		Nitrate				Time		Ammonia		Nitrite

				0		21.79		23.48		2.50				0.00		15.36		23.10

				5		17.98		18.01		2.80				5.00

				10		15.23		16.20		3.00				10.00

				15		12.60		13.60		3.20				15.00

				20		9.51		8.68		2.40				20.00		6.35		5.60

				25		5.60		6.10		3.20				25.00

				35		2.36		1.93		2.40				35.00

				40		0.47		1.05		2.80				40.00		0.65		0.76





Anammox

		



Time (hours)

mg/l



drum screen 

		

				Drum back wash volume average

				#		Liters

				1		2.25

				2		2.65

				3		2.26

				4		2.4

				5		2.3

				6		2.25

				7		2.3

				8		2.25

				9		2.4

				10		2.45

				11		2.25

				12		2.4

				13		2.25

				14		2.3

				15		2.4

				16		2.3

				17		2.25

				18		2.3

				19		2.45

				20		2.3

				Avg.		2.3355





NO3

		

						Fish Tank		De.

				Day		NO3-N In		NO3-N Out		g/day DE		g/day ST		Date

				1		62.9		50.4		72		301.92		38906		day		NH3		NO2-		NH3-N		NO2-N

				7		36.2		22.7		77.76		173.76		38907		1		0.107		0.02		0.0891666667		0.006097561

				14		42		28.1		80.064		201.6		38908		2		0.338		0.015		0.2816666667		0.0045731707

				18		70.8		36.4		198.144		339.84		38909		3		0.118		0.065		0.0983333333		0.0198170732

				20		91		36		316.8		436.8		38910		4		0.309		0.086		0.2575		0.0262195122

				21		89.8		35.6		312.192		431.04		38911		5		0.119		0.045		0.0991666667		0.0137195122

				22		74.67		45.4		168.5952		358.416		38912		6		0.199		0.057		0.1658333333		0.0173780488

				25		82.4		48.6		194.688		395.52		38914		8		0.257		0.053		0.2141666667		0.0161585366

				27		84.36		67.16		99.072		404.928		38915		9		0.355		0.094		0.2958333333		0.0286585366

				29		73.62		59.2		83.0592		353.376		38916		10		0.236		0.081		0.1966666667		0.024695122

				35		158.2		89.6		395.136		759.36		38917		11		0.3695		0.085		0.3079166667		0.0259146341

				40		140		87.5		302.4		672		38918		12		0.393		0.099		0.3275		0.0301829268

				46		148.8		102.7		265.536		714.24		38919		13		0.279		0.124		0.2325		0.037804878

				50		165.5		50.8		660.672		794.4		38920		14		0.2879		0.1097		0.2399166667		0.033445122

				53		164.1		80.5		481.536		787.68		38922		16		0.3566		0.1155		0.2971666667		0.0352134146

				57		132.1		40.5		527.616		634.08		38923		17		0.229		0.138		0.1908333333		0.0420731707

		8307.696		61		114.32		30.9		480.4992		548.736		38924		18		0.284		0.112		0.2366666667		0.0341463415

				62		129.27		66		364.4352		620.496		38925		19		0.239		0.086		0.1991666667		0.0262195122

				64		121.2		13.2		622.08		581.76		38926		20		0.3191		0.0938		0.2659166667		0.028597561

				67		137.6		11.5		726.336		660.48		38930		24		0.4068		0.1743		0.339		0.0531402439

				68		136.2		60.4		436.608		653.76		38931		25		0.2571		0.134		0.21425		0.0408536585

				69		107.12		44.5		360.6912		514.176		38932		26		0.599		0.214		0.4991666667		0.0652439024

				70		135.4		28.2		617.472		649.92		38933		27		0.357		0.205		0.2975		0.0625

				75		135.9		32.9		593.28		652.32		38934		28		0.3176		0.1589		0.2646666667		0.048445122

				78		154.1		52.14		587.2896		739.68		38937		31		0.2887		0.1105		0.2405833333		0.0336890244

				81		160.5		59.3		582.912		770.4		38938		32		0.3851		0.1461		0.3209166667		0.0445426829

				85		160.5		41.9		683.136		770.4		38939		33		0.308		0.1225		0.2566666667		0.037347561

				88		164.9		87.94		443.2896		791.52		38941		35		0.3197		0.1372		0.2664166667		0.0418292683

				91		152.1		39.3		649.728		730.08		38944		38		0.2999		0.1302		0.2499166667		0.039695122

				96		153.2		30.5		706.752		735.36		38946		40		0.3771		0.1443		0.31425		0.0439939024

				97		140.3		56.4		483.264		673.44		38947		41		0.3343		0.1522		0.2785833333		0.046402439

				99		127.6		7		694.656		612.48		38949		43		0.3382		0.1351		0.2818333333		0.0411890244

				102		119.4		14.7		603.072		573.12		38950		44		0.3678		0.1821		0.3065		0.0555182927

				103		128.8		15.18		654.4512		618.24		38951		45		0.2677		0.2043		0.2230833333		0.0622865854

				109		137.2		34.5		591.552		658.56		38953		47		0.4196		0.1524		0.3496666667		0.0464634146

				111		131.43		53.72		447.6096		630.864		38958		52		0.352		0.1929		0.2933333333		0.0588109756

				116		126.63		42.69		483.4944		607.824		38959		53		0.2591		0.224		0.2159166667		0.0682926829

				119		109.25		57.3		299.232		524.4		38960		54		0.4165		0.2474		0.3470833333		0.0754268293

				130		107.4		18.06		514.5984		515.52		38961		55		0.0308		0.0218		0.0256666667		0.0066463415

				138		91.6		14.7		442.944		439.68		38966		60		0.4795		0.3151		0.3995833333		0.0960670732

				146		73		3.2		402.048		350.4		38967		61		0.4193		0.2031		0.3494166667		0.0619207317

				153		84.87		37		275.7312		407.376		38968		62		0.4036		0.212		0.3363333333		0.0646341463

								avg		428.1531428571		566.4274285714		38969		63		0.5811		0.2732		0.48425		0.0832926829

								stdv		196.6470919591		166.9434917653		38970		64		0.3794		0.2636		0.3161666667		0.0803658537

														38971		65		0.4702		0.3009		0.3918333333		0.0917378049

														38972		66		0.3834		0.2505		0.3195		0.0763719512

														38973		67		0.4628		0.2618		0.3856666667		0.0798170732

														38974		68		0.3946		0.2118		0.3288333333		0.0645731707

														38977		71		0.4446		0.2295		0.3705		0.0699695122

														38978		72		0.4316		0.2614		0.3596666667		0.079695122

														38979		73		0.4176		0.2059		0.348		0.0627743902

														38980		74		0.4863		0.2358		0.40525		0.0718902439

														38982		76		0.5026		0.2615		0.4188333333		0.0797256098

														38983		77		0.5791		0.351		0.4825833333		0.1070121951

														38984		78		0.5567		0.334		0.4639166667		0.1018292683

														38985		79		0.5743		0.3241		0.4785833333		0.0988109756

														38986		80		0.4432		0.2646		0.3693333333		0.0806707317

														38987		81		0.4291		0.2348		0.3575833333		0.0715853659

														38989		83		0.4565		0.254		0.3804166667		0.0774390244

														38990		84		0.4922		0.2264		0.4101666667		0.0690243902

														38992		86		0.609		0.3678		0.5075		0.1121341463

														38993		87		0.4717		0.2797		0.3930833333		0.0852743902

														38994		88		0.675		0.3843		0.5625		0.1171646341

														38995		89		0.5709		0.353		0.47575		0.1076219512

														38996		90		0.4479		0.3826		0.37325		0.1166463415

														38997		91		0.5638		0.4256		0.4698333333		0.1297560976

														38999		93		0.4722		0.3027		0.3935		0.0922865854

														39000		94		0.5853		0.3787		0.48775		0.1154573171

														39002		96		0.4815		0.3357		0.40125		0.102347561

														39003		97		0.486		0.2771		0.405		0.0844817073

														39004		98		0.4995		0.311		0.41625		0.0948170732

														39005		99		0.5516		0.5253		0.4596666667		0.160152439

														39006		100		0.5774		0.5728		0.4811666667		0.1746341463

														39006		100		0.4488		0.3426		0.374		0.1044512195

														39008		102		0.4488		0.3426		0.374		0.1044512195

														39010		104		0.5724		0.4785		0.477		0.1458841463

														39011		105		0.5605		0.421		0.4670833333		0.1283536585

														39013		107		0.6064		0.455		0.5053333333		0.1387195122

														39014		108		0.734		0.4984		0.6116666667		0.1519512195

														39015		109		0.8106		0.5767		0.6755		0.1758231707

														39019		113		0.7032		0.5173		0.586		0.1577134146

														39020		114		0.6115		0.3671		0.5095833333		0.1119207317

														39021		115		0.6255		0.4816		0.52125		0.1468292683

														39022		116		0.7094		0.5803		0.5911666667		0.1769207317

														39023		117		0.6697		0.361		0.5580833333		0.1100609756

														39024		118		0.637		0.3037		0.5308333333		0.0925914634

														39025		119		0.6788		0.3617		0.5656666667		0.1102743902

														39026		120		0.6331		0.3608		0.5275833333		0.11

														39028		122		0.6468		0.4249		0.539		0.1295426829

														39030		124		0.68		0.3712		0.5666666667		0.1131707317

														39031		125		0.6765		0.3535		0.56375		0.1077743902

														39032		126		0.6701		0.3377		0.5584166667		0.1029573171

														39033		127		0.8536		0.2506		0.7113333333		0.076402439

														39034		128		0.5965		0.2468		0.4970833333		0.0752439024

														39035		129		0.6461		0.3775		0.5384166667		0.1150914634

														39036		130		0.5114		0.3365		0.4261666667		0.1025914634

														39037		131		0.6369		0.3492		0.53075		0.1064634146

														39038		132		0.5177		0.296		0.4314166667		0.0902439024

														39039		133		0.0586		0.0421		0.0488333333		0.0128353659

														39042		136		0.5819		0.5991		0.4849166667		0.182652439

														39047		141		0.6612		0.2694		0.551		0.0821341463

														39048		142		0.5211		0.2352		0.43425		0.0717073171

														39049		143		0.541		0.2255		0.4508333333		0.06875

														39050		144		0.9808		0.2459		0.8173333333		0.0749695122

														39051		145		0.6607		0.1713		0.5505833333		0.0522256098

														39056		150				0.234				0.0713414634

														39061		155		0.9214		0.2685		0.7678333333		0.0818597561

														39062		156		0.4063		0.1685		0.3385833333		0.0513719512

														39063		157		0.4042		0.1564		0.3368333333		0.0476829268

																		0.4105		0.1799		0.3420833333		0.054847561





NO3

		



Tank water

Time (days)

NO3-N (mg/l)



H2S

		



Influent

Effluent

Time (days)

NO3-N (mg/l)



Alk

		



Time (days)

NO3-N (g/day)



NH3no2

		



Time (days)

TAN (mg/l)



PO4

		



Time (days)

NO2-N



De in out  

		

		Day		H2S- ST		H2S -DE		g/day H2S		g/day DE		M H2S		M NO3		NO3/H2S		NO3 HER		%AUT		%HET

		1		10.5		0		50.4		72		1.575		5.1428571429		2.52		2.6228571429		49.00		51.00

		7		22.5		0		108		77.76		3.375		5.5542857143		5.4		0.1542857143		97.22		2.78

		14		20.5		0		98.4		80.064		3.075		5.7188571429		4.92		0.7988571429		86.03		13.97

		18		21.6		0		103.68		198.144		3.24		14.1531428571		5.184		8.9691428571		36.63		63.37

		21		26.5		0		127.2		312.192		3.975		22.2994285714		6.36		15.9394285714		28.52		71.48

		25		40.5		0		194.4		194.688		6.075		13.9062857143		9.72		4.1862857143		69.90		30.10

		29		15.6		0		74.88		83.0592		2.34		5.9328		3.744		2.1888		63.11		36.89

		40		62.5		0		300		302.4		9.375		21.6		15		6.6		69.44		30.56

		46		60.2		0		288.96		265.536		9.03		18.9668571429		14.448		4.5188571429		76.17		23.83

		53		55.8		0		267.84		481.536		8.37		34.3954285714		13.392		21.0034285714		38.94		61.06

		57		70.6		0		338.88		527.616		10.59		37.6868571429		16.944		20.7428571429		44.96		55.04

		62		39.6		0		190.08		364.4352		5.94		26.0310857143		9.504		16.5270857143		36.51		63.49

		64		55.5		0		266.4		622.08		8.325		44.4342857143		13.32		31.1142857143		29.98		70.02

		68		40.5		0		194.4		436.608		6.075		31.1862857143		9.72		21.4662857143		31.17		68.83

		70		53.6		0		257.28		617.472		8.04		44.1051428571		12.864		31.2411428571		29.17		70.83

		75		42.6		0		204.48		593.28		6.39		42.3771428571		10.224		32.1531428571		24.13		75.87

		76		70.6		0		338.88		587.2896		10.59		41.9492571429		16.944		25.0052571429		40.39		59.61

		81		80.6		0		386.88		582.912		12.09		41.6365714286		19.344		22.2925714286		46.46		53.54

		88		66.8		0		320.64		443.2896		10.02		31.6635428571		16.032		15.6315428571		50.63		49.37

		91		35.6		0		170.88		649.728		5.34		46.4091428571		8.544		37.8651428571		18.41		81.59

		97		45		0		216		483.264		6.75		34.5188571429		10.8		23.7188571429		31.29		68.71

		102		57.3		0		275.04		603.072		8.595		43.0765714286		13.752		29.3245714286		31.92		68.08

		103		58.6		0		281.28		654.4512		8.79		46.7465142857		14.064		32.6825142857		30.09		69.91

		109		60.2		0		288.96		591.552		9.03		42.2537142857		14.448		27.8057142857		34.19		65.81

		111		59.3		0		284.64		447.6096		8.895		31.9721142857		14.232		17.7401142857		44.51		55.49

		116		82.1		0		394.08		483.4944		12.315		34.5353142857		19.704		14.8313142857		57.05		42.95

		119		57.2		0		274.56		299.232		8.58		21.3737142857		13.728		7.6457142857		64.23		35.77

		125		38.2		0		183.36		514.5984		5.73		36.7570285714		9.168		27.5890285714		24.94		75.06

		130		46.7		0		224.16		442.944		7.005		31.6388571429		11.208		20.4308571429		35.42		64.58

		146		64.49		0		309.552		402.048		9.6735		28.7177142857		15.4776		13.2401142857		53.90		46.10

		153		45.3		0		217.44		275.7312		6.795		19.6950857143		10.872		8.8230857143		55.20		44.80





De in out  

		



Influent

Effluent

Time (days)

H2S-S (mg/l)



redox 

		



Autotrophic denitrification

Heterotrophic denitrification

Time (days)

% NO3 Removal



UASB

		

		Day		ALK 12-5,6		ALK De.		ALK ST

		1		100		240		274

		7		101		251		285

		14

		18		115		315		340

		20

		21		118		234		356

		22

		25

		27		115.4		289		357.8

		29

		35		105.4		190		520

		40

		46		94.2		150		1104

		50

		53		147		264		1140

		57

		61

		62		148		396		1330

		64

		67

		68		150.2		379		1135

		69

		70

		74		114.2		380		1130

		75

		76

		78

		81		208		584		1160

		85

		88		160		428

		91		168.8		557.2		900

		96

		97		170		543		1158

		99		192.4		744		1425

		102

		103		180.4		535.2		1124

		109		318.6		609.6

		111

		112		295.6		535.2		956

		116

		117		281		601

		119						1056

		123

		125		239		532		1011

		130		231		541

		138

		146		239		532		1102

		153		211		521		1108





UASB

		



Fish tank

Denirification effluent

Sludge digester

Time (days)

Alkalinity (mg/l)



nutrients Balnace 

		

		Day		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De				g/day NH3

		1

		7		12.5		1.3		5.9		0.5				53.76

		14

		18		15.9		3.8		8.6		0.6				58.08

		20		21.3		2.3								91.2

		21						4.6		0.4

		22						3.9

		25		25.7		1.9				0.9				114.24

		27						7.5		0.4

		29		23.6		1.5								106.08

		35						6.9		10.2

		40		25.6		2.5		8.9						110.88

		46								0.6

		50		34.6		6.9		4.3						132.96

		53						5.2		0.2

		57						2.3		0.1

		61		52.95		3.54				0.2		904.368		237.168

		62		44.24		1.14		5.9						206.88

		64		35.6		2				1.5				161.28

		67						5.6

		68		33.2		2.6				0.5				146.88

		69						7.8

		70								0.7

		74		69.4		5.4		4.9						307.2

		75

		76		74.2		12.5		5.1		0.4				296.16

		78

		81		67.1		8.56		7.53		0.1				280.992

		85

		88		19.2		0.9								87.84

		91		34.9		0.8		10.5		0.2				163.68

		96		42.3		0.96		11.31		1.2				198.432

		97		33		2.5								146.4

		99		48.69		2.5		12.9		0.5				221.712

		102

		103		35.6		6.5		4.6		0.1				139.68

		109

		111		51.2		3.5		4.8		0.8				228.96

		112								0.6

		116						10.5

		117		39.5		3.8		11.2		0.5				171.36

		119

		123		58.6		5.4		17.2		0.9				255.36

		125

		130		40.6		3.7		14.5		1.5				177.12

		138

		146		39.5		6.8		5.3		0.5				156.96

		153		38.6		7.3		6.1		1.6				150.24

														196.5423157895

														59.2925400189





nutrients Balnace 

		



Time (days)

TAN (mg/l)



Sheet15

		

		Day		PO4-P T		PO4-P D		PO4-P S

		1		0.38		5.1		13.5

		7

		14		0.9		2.1		12.5

		18		3.2		4.3		10.8

		20

		21		3.9		5.2		13.5

		22		4.2		5.8		17.5

		25

		27

		29		7.07		9.3		16.3

		35

		40

		46		7.32		10.5		15.3

		50

		53		7.7		10.2		20.9

		57

		61		15.5		20.5		31.9

		62		28.16		33.7		38.5

		64

		67

		68		30.2		34.5		40.2

		69

		70

		74		31.5		37.3		45.6

		75

		76

		78

		81		39.1		43.5		53.6

		85

		88		41.6		42.7		50.4

		91		41.28		43.1		52.3

		96

		97		42.5		46.8		50.4

		99		38.7		42.8		42.5

		102

		103		38.4		41.7		48.5

		109		38.08		40.8		52.1

		111		34.72		38.5		40.2

		112

		116

		117		38.08		40.8		48.6

		119

		123

		125		41.6		43.8		50.2

		130		38.4		42.1		48.5

		138

		146		33.6		40.9		50.2

		153		42.3		38.6		49.3





Sheet15

		



Time (days)

PO4-P (mg/l)



		



Time (days)

PO4-P (mg/l)



		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)



		





		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		75		75

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		116		116

		119		119

		130		130

		138		138

		146		146

		153		153



Influent

Effluent

Time (days)

NO3-N (mg/l)

62.9

50.4

36.2

22.7

42

28.1

70.8

36.4

91

36

89.8

35.6

74.67

45.4

82.4

48.6

84.36

67.16

73.62

59.2

158.2

89.6

140

87.5

148.8

102.7

165.5

50.8

164.1

80.5

132.1

40.5

114.32

30.9

129.27

66

121.2

13.2

137.6

11.5

136.2

60.4

107.12

44.5

135.4

28.2

135.9

32.9

154.1

52.14

160.5

59.3

160.5

41.9

164.9

87.94

152.1

39.3

153.2

30.5

140.3

56.4

127.6

7

119.4

14.7

128.8

15.18

137.2

34.5

131.43

53.72

126.63

42.69

109.25

57.3

107.4

18.06

91.6

14.7

73

3.2

84.87

37



		1		1

		7		7

		14		14

		18		18

		21		21

		25		25

		29		29

		40		40

		46		46

		53		53

		57		57

		62		62

		64		64

		68		68

		70		70

		75		75

		76		76

		81		81

		88		88

		91		91

		97		97

		102		102

		103		103

		109		109

		111		111

		116		116

		119		119

		125		125

		130		130

		146		146



Influent

Effluent

Time (days)

H2S-S (mg/l)

10.5

0

22.5

0

20.5

0

21.6

0

26.5

0

40.5

0

15.6

0

62.5

0

60.2

0

55.8

0

70.6

0

39.6

0

55.5

0

40.5

0

53.6

0

42.6

0

70.6

0

80.6

0

66.8

0

35.6

0

45

0

57.3

0

58.6

0

60.2

0

59.3

0

82.1

0

57.2

0

38.2

0

46.7

0

64.49

0



		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

TAN (mg/l)

12.5

1.3

15.9

3.8

21.3

2.3

25.7

1.9

23.6

1.5

25.6

2.5

34.6

6.9

52.95

3.54

44.24

1.14

35.6

2

33.2

2.6

69.4

5.4

74.2

12.5

67.1

8.56

19.2

0.9

34.9

0.8

42.3

0.96

33

2.5

48.69

2.5

35.6

6.5

51.2

3.5

39.5

3.8

58.6

5.4

40.6

3.7

39.5

6.8



		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

PO4-P (mg/l)

13.5

5.1

12.5

2.1

10.8

4.3

13.5

5.2

17.5

5.8

16.3

9.3

15.3

10.5

20.9

10.2

31.9

20.5

38.5

33.7

40.2

34.5

45.6

37.3

53.6

43.5

50.4

42.7

52.3

43.1

50.4

46.8

42.5

42.8

48.5

41.7

52.1

40.8

40.2

38.5

48.6

40.8

50.2

43.8

48.5

42.1

50.2

40.9



		

		Day		fish tank		de		st

		1		277		100		-250

		7

		14		295		90		-280

		18		295		80		-300

		20

		21		312		60		-260

		22

		25		331		40		-275

		27

		29		319		30		-340

		35

		40		325		-30		-360

		46

		50		325		-40		-400

		53						-550

		57		384		70		-465

		61

		62		304		120		-480

		64

		67		405		80		-540

		68		302		70		-450

		69		324		50		-480

		70

		74		400		-50		-490

		75

		76		378		40		-480

		78		262		10		-550

		81		430		30		-490

		85

		88		428		40		-560

		91		334		20		-600

		96		341		10		-570

		97		255		-40		-570

		99

		102		310		20		-480

		103		339		100		-550

		109		290		20		-600

		111

		112		350		50		-580

		116		352		30		-540

		117		338		-10		-600

		119		256		-50		-560

		123		290		70		-570

		125

		130		350		30		-480

		138		250		10		-520

		146		336		50		-560

		153		342		120		-450





		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

mV



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

Alkalinity (mg/l)

100

240

274

101

251

285

115

315

340

118

234

356

115.4

289

357.8

105.4

190

520

94.2

150

1104

147

264

1140

148

396

1330

150.2

379

1135

114.2

380

1130

208

584

1160

160

428

168.8

557.2

900

170

543

1158

192.4

744

1425

180.4

535.2

1124

318.6

609.6

295.6

535.2

956

281

601

1056

239

532

1011

231

541

239

532

1102

211

521

1108



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)

0.38

5.1

13.5

0.9

2.1

12.5

3.2

4.3

10.8

3.9

5.2

13.5

4.2

5.8

17.5

7.07

9.3

16.3

7.32

10.5

15.3

7.7

10.2

20.9

15.5

20.5

31.9

28.16

33.7

38.5

30.2

34.5

40.2

31.5

37.3

45.6

39.1

43.5

53.6

41.6

42.7

50.4

41.28

43.1

52.3

42.5

46.8

50.4

38.7

42.8

42.5

38.4

41.7

48.5

38.08

40.8

52.1

34.72

38.5

40.2

38.08

40.8

48.6

41.6

43.8

50.2

38.4

42.1

48.5

33.6

40.9

50.2

42.3

38.6

49.3



		

				Day		mM Methane

				3		40.00

				19		40.00

				20		40.00

				21		7.60

				25		44.31

				26		45.24

				27		47.61

				28		45.05

				32		37.17

				41		23.07

				46		13.91

				48		26.65

				52		23.11

				53		22.78

				54		20.55

				55		22.37

				59		24.85

				60		40.80

				61		42.20

				62		40.14

				67		37.59

				68		37.45

				69		36.59

				73		33.18

				74		29.58

				75		23.15

				76		31.72

				80		90.53

				82		87.40

				83		40.33

				87		49.76

				97		57.60

				101		52.55

				127		50.89

		CO2/N2		CH4		H2S

		37.00%		62.00%		1.00%





		



Time (days)

Methane (mM)



		



CO2/N2 , 37.00%

CH4, 62.00%

H2S, 1.00%



		

				Nutrients Balance

				phosphorus

								KG		%

				Total feed				1807

				Total P				32.5								kg		%

				Retention in fish				9.4						Retention in fish		9.4		28.9

				Sludge				5.9						Sludge		5.9		18.2

				water				2.5						water		2.5		7.7

				Denammox				13.9						Denammox		13.9		42.8

								31.7										97.6

				Nitrogen

								KG

				Total feed				1807								kg		%

				Total N				130.1						Retention in fish		28.6		22

				Retention in fish				28.6		22				Sludge		14.8		11.4

				Sludge				14.8		11.4				Water		9.3		7.2

				water				9.3		7.2				Denitrification		94.6		72.7

				de				33.1						Anammox		15.1		11.6

				anammox				15.1										124.9

				Sludge tank				52.3





		



Fish, 28.9%

Sludge, 18.2%

Water, 7.7%

Denammox biofilter, 42.8%



		



Fish, 22%

Sludge, 11.4%

Water, 7.2%

Denitrification, 72.7%

Anammox, 11.6%
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Ammonia

		

																						9/8/06

								9/8/2006        Ammonia removal IMF 16kg feed / day 40kg/m3 26C (100% RECYCLE!! )														Sample		Ammonia		Nitrite		NH3-N		NO2-N

																						1		0.4426		0.2446		0.37		0.07

				mg/l		NH3-N				NO2-N												2		0.1272		0.2225		0.11		0.07

				Time		In		Out		In		Out										3		0.8987		0.3567		0.74		0.11

		Start Feeding		10		0.37		0.11		0.07		0.07										4		0.1921		0.3274		0.16		0.10

				12		0.74		0.16		0.11		0.10										5		1.163		0.4906		0.96		0.15

				14		0.96		0.28		0.15		0.13										6		0.3355		0.4282		0.28		0.13

				16		1.07		0.34		0.20		0.14										7		1.2996		0.6467		1.07		0.20

																						8		0.4081		0.4742		0.34		0.14

		9/12/06

				mg/l		NH3-N				NO2-N

				Time		In		Out		In		Out										9/12/06

		Start Feeding		10		0.55		0.16		0.09		0.09

				12		0.92		0.26		0.18		0.17										Sample		Ammonia		Nitrite		NH3-N		NO2-N

				14		1.09		0.34		0.23		0.20										1		0.6621		0.3125		0.55		0.09

				16		1.04		0.33		0.23		0.21										2		0.1885		0.2886		0.16		0.09

				18		0.98		0.32		0.23		0.20										3		0.3136		0.5519		0.26		0.17

																						4		1.1082		0.5869		0.92		0.18

																						5		1.3218		0.7728		1.09		0.23

		9/12/06						Oxygen concentrations in different compartments of the IMF														6		0.4096		0.6709		0.34		0.20

																						7		1.2635		0.7706		1.04		0.23

				A- sump tank before going to the IMF																		8		0.4026		0.68		0.33		0.21

				B- IMF chamber 1																		9		1.1888		0.7601		0.98		0.23

				C-IMF chamber 2																		10		0.3814		0.6655		0.32		0.20

				D- before going in to the LHO

				mg/l

				Time		A		B		C		D

				10		5.76		9.89		8.91		8.75

				12		6.78		10.88		9.6		7.18												Phosphate		Alkalinity

				14		6.31		9.85		8.89		9.05										12-5,6		91.75		186

				16		6.54		10.35		8.84		8.87										12-5,6 Deni		87.75		656

		9/12/06

		mg/l		Time		A		B		C		D

				10		6.33		9.61		8.82		7.35

				12		6.07		9.52		8.52		8.41

				14		5.71		9.96		8.65		7.32

				16		6.01		9.67		8.61		7.71

				18		6.34		9.47		8.74		7.41

		11/7/06

		Sample		Ammonia		NH3-N		Nitrite		NO2-N

		DE 1A		4.0118		3.3155371901		0.7518		0.2285106383

		12-5,6 1B		0.6347		0.5245454545		0.3411		0.1036778116

		LHO 1C		0.2082		0.1720661157		0.4174		0.1268693009

		ST 1D		5.8218		4.8114049587		0.0132		0.0040121581

		2A		4.5085		3.7260330579		0.6811		0.2070212766

		2B		1.6286		1.3459504132		0.788		0.2395136778

		2C		0.4933		0.4076859504		0.8593		0.2611854103

		2D		3.9715		3.282231405		1.7616		0.5354407295

		3A		4.756		3.9305785124		0.8456		0.2570212766

		3B		1.5892		1.3133884298		0.8611		0.2617325228

		3C		0.5279		0.4362809917		0.9072		0.2757446809

		3D		3.6492		3.0158677686		0.0161		0.004893617

		4A		5.1961		4.2942975207		0.5884		0.1788449848

		4B		0.7611		0.6290082645		0.3546		0.107781155

		4C		0.2213		0.182892562		0.4577		0.139118541

		4D		4.1907		3.4633884298		0.5023		0.152674772





NO3-N H2S

		

				starting IMF 07/06/06						all mg/l

						Fish Tank		De.		Sludge T.

		Day		Date		NO3-N In		NO3-N Out		NO3-N ST		H2S- ST		ALK 12-5,6		ALK De.		ALK ST		PO4-P T		PO4-P D		PO4-P S		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De		Flow Rate

		1		7/6/06		62.9		50.4		5.2		10.5		100		240		274		0.38		5.1		13.5

		7		7/13/06		36.2		22.7		2.3				101		251		285								12.5		1.3		5.9		0.5

		14		7/20/06		42		28.1		8.4		20.5								0.9		2.1		12.5										3l/m

		18		7/24/06		70.8		36.4		0				115		315		340		3.2		4.3		10.8		15.9		3.8		8.6		0.6

		20		7/26/06		91		36		10.2																21.3		2.3

		21		7/27/06		89.8		35.6		4.3		50.6		1118		234		356		3.9		5.2		13.5						4.6		0.4		3l/m

		22		7/28/06		74.67		45.4		2.8										4.2		5.8		17.5						3.9

		25		7/31/06		82.4		48.6		15.6		40.5														25.7		1.9				0.9

		27		8/2/06		84.36		67.16		0				115.4		289		357.8												7.5				6 l/m

		29		8/4/06		73.62		59.2		3.6		80.3								7.07		9.3		16.3

		35		8/10/06		158.2		126.1		4.3																				6.9		10.2

		40		8/15/06		140		105		7.6		62.5														25.6		2.5		8.9				6 l/m

		46		8/21/06		148.8		102.7		7.3		60.2		94.2		150		321		7.32		10.5		15.3								0.6

		50		8/25/06		165.5		131.2		8.6																34.6		6.9		4.3

		53		8/28/06		164.1		103.5		8.3		55.8		147		264		280		7.7		10.2		20.9								0		12 l/m

		57		9/1/06		132.1		101.3		7.3		70.6																		2.3

		61		9/5/06		114.32		30.9		11.5																52.95		3.54				0.2

		62		9/6/06		129.27		66		15.3		39.6		148		396		1330		28.16		33.7		38.5		14.24		1.14		5.9				4l/m

		64		9/8/06		121.2		13.2		11.4		55.5																				1.5

		67		9/11/06		137.6		11.5		0																				5.6

		68		9/12/06		136.2		60.4		5.1		40.5		150.2		379		1135		30.2		34.5		40.2		33.2		2.6				0.5

		69		9/13/06		107.12		44.5		4.3																				7.8

		70		9/14/06		135.4		28.2		2.2		53.6																				0.7

		74		9/18/06										114.2		380		1130		31.5		37.3		45.6		69.4		5.4		4.9				4l/m

		75		9/19/06		135.9		32.9		6.3		42.6

		76		9/20/06								70.6														74.2		12.5		5.1		0.4		4l/m

		78		9/22/06		154.1		52.14		2.9

		81		9/25/06		160.5		59.3				80.6		208		584		1160		39.1		43.5		53.6		67.1		8.56		7.53		0.1		4l/m

		85		9/29/06		160.5		41.9		10.2																								4l/m

		88		10/2/06		164.9		87.94		7.6		66.8		160		428				41.6		42.7		50.4		19.2		0.9

		91		10/5/06		152.1		39.3		11.5		35.6		168.8		557.2		900		41.28		43.1		52.3				0.8		10.5		0.2		4l/m

		96		10/10/06		153.2		30.5		3.6																11.7		0.96		11.31		1.2		4l/m

		97		10/11/06		140.3		56.4		7.3		45		170		543		1158		42.5		46.8		50.4		33		2.5						4l/m

		99		10/13/06		127.6		7		10.2				192.4		744		1425		38.7		42.8		42.5		48.69		2.5		12.9		0.5		4l/m

		102		10/16/06		119.4		14.7		3.5		57.3																						4l/m

		103		10/17/06		128.8		15.18		3.8		6.8		180.4		535.2		1124		38.4		41.7		48.5		35.6		6.5		4.6		0.1		4l/m

		109		10/23/06		137.2		34.5		9.2		60.2		318.6		609.6				38.08		40.8		52.1

		111		10/25/06		131.43		53.72		4.5		59.3								34.72		38.5		40.2		51.2		3.5		4.8		0.8		4l/m

		112		10/26/06										295.6		535.2		956														0.6

		116		10/30/06		126.63		42.69		13.2		82.1																		10.5				4l/m

		117		10/31/06										281		601				38.08		40.8		48.6		39.5		3.8		11.2		0.5

		119		11/2/06		109.25		57.3		15.4		57.2						1056																6l/m

		123		11/6/06																						58.6		5.4		17.2		0.9

		125		11/8/06								38.2		239		532				41.6		43.8		50.2

		130		11/13/06		107.4		18.06		17.3		46.7		231		541				38.4		42.1		48.5		40.6		3.7		14.5		1.5		5l/m

		138		11/21/06		91.6		14.7

		146		11/29/06		73		3.2				64.49		239		532		1102		33.6		40.9		50.2		39.5		6.8		5.3		0.5

		153		12/6/06		84.87		37				45.3		211		521		1108		38.6		42.3		49.3		38.6		7.3		6.1		1.6





Turbidity

		

				NTU- nephelometric turbidity units

																				Humics OD-275

				Calibration		NTU										Date		Time		Tanks		De		St

				DW		0.1										7/26/06		8		0.148		0.157		0.32

				TW		0.17												12		0.15		0.189		0.252

				SW (15ppt)		0.51												16		0.201		0.197		0.311

																		20		0.23		0.25		0.35

																		24		0.2		0.26		0.42

																		4		0.18		0.17		0.35

																		8		0.4		0.15		0.42

								NTU												Humics OD-275

		Date		Time				Tanks		De		St				Date		Time		Tanks		De		St

		9/26/06		8		0		0.45		3.2		200				9/26/06		8		0.132		0.15		0.26

				12		4		1.13		3.67		220						12		0.15		0.189		0.252

				16		8		3.38		3.32		211						16		0.201		0.197		0.311

				20		12		2.77		3.31		235						20		0.25		0.34		0.321

				24		16		2.05		3.29		265						24		0.239		0.31		0.34

				4		20		1.5		3.47		288						4		0.15		0.28		0.35

				8		24		0.7		3.11		234						8		0.13		0.18		0.37





Turbidity

		



Time (hr)

NTU



Anammox

		

				9/26/06

								Anammox incubations of beads from the De. Reactor

				Time		Ammonia		Nitrite		Nitrate				Time		Ammonia		Nitrite

				0		21.79		23.48		2.50				0.00		15.36		23.10

				5		17.98		18.01		2.80				5.00

				10		15.23		16.20		3.00				10.00

				15		12.60		13.60		3.20				15.00

				20		9.51		8.68		2.40				20.00		6.35		5.60

				25		5.60		6.10		3.20				25.00

				35		2.36		1.93		2.40				35.00

				40		0.47		1.05		2.80				40.00		0.65		0.76





Anammox

		



Time (hours)

mg/l



drum screen 

		

				Drum back wash volume average

				#		Liters

				1		2.25

				2		2.65

				3		2.26

				4		2.4

				5		2.3

				6		2.25

				7		2.3

				8		2.25

				9		2.4

				10		2.45

				11		2.25

				12		2.4

				13		2.25

				14		2.3

				15		2.4

				16		2.3

				17		2.25

				18		2.3

				19		2.45

				20		2.3

				Avg.		2.3355





NO3

		

						Fish Tank		De.

				Day		NO3-N In		NO3-N Out		g/day DE		g/day ST		Date

				1		62.9		50.4		72		301.92		38906		day		NH3		NO2-		NH3-N		NO2-N

				7		36.2		22.7		77.76		173.76		38907		1		0.107		0.02		0.0891666667		0.006097561

				14		42		28.1		80.064		201.6		38908		2		0.338		0.015		0.2816666667		0.0045731707

				18		70.8		36.4		198.144		339.84		38909		3		0.118		0.065		0.0983333333		0.0198170732

				20		91		36		316.8		436.8		38910		4		0.309		0.086		0.2575		0.0262195122

				21		89.8		35.6		312.192		431.04		38911		5		0.119		0.045		0.0991666667		0.0137195122

				22		74.67		45.4		168.5952		358.416		38912		6		0.199		0.057		0.1658333333		0.0173780488

				25		82.4		48.6		194.688		395.52		38914		8		0.257		0.053		0.2141666667		0.0161585366

				27		84.36		67.16		99.072		404.928		38915		9		0.355		0.094		0.2958333333		0.0286585366

				29		73.62		59.2		83.0592		353.376		38916		10		0.236		0.081		0.1966666667		0.024695122

				35		158.2		89.6		395.136		759.36		38917		11		0.3695		0.085		0.3079166667		0.0259146341

				40		140		87.5		302.4		672		38918		12		0.393		0.099		0.3275		0.0301829268

				46		148.8		102.7		265.536		714.24		38919		13		0.279		0.124		0.2325		0.037804878

				50		165.5		50.8		660.672		794.4		38920		14		0.2879		0.1097		0.2399166667		0.033445122

				53		164.1		80.5		481.536		787.68		38922		16		0.3566		0.1155		0.2971666667		0.0352134146

				57		132.1		40.5		527.616		634.08		38923		17		0.229		0.138		0.1908333333		0.0420731707

		8307.696		61		114.32		30.9		480.4992		548.736		38924		18		0.284		0.112		0.2366666667		0.0341463415

				62		129.27		66		364.4352		620.496		38925		19		0.239		0.086		0.1991666667		0.0262195122

				64		121.2		13.2		622.08		581.76		38926		20		0.3191		0.0938		0.2659166667		0.028597561

				67		137.6		11.5		726.336		660.48		38930		24		0.4068		0.1743		0.339		0.0531402439

				68		136.2		60.4		436.608		653.76		38931		25		0.2571		0.134		0.21425		0.0408536585

				69		107.12		44.5		360.6912		514.176		38932		26		0.599		0.214		0.4991666667		0.0652439024

				70		135.4		28.2		617.472		649.92		38933		27		0.357		0.205		0.2975		0.0625

				75		135.9		32.9		593.28		652.32		38934		28		0.3176		0.1589		0.2646666667		0.048445122

				78		154.1		52.14		587.2896		739.68		38937		31		0.2887		0.1105		0.2405833333		0.0336890244

				81		160.5		59.3		582.912		770.4		38938		32		0.3851		0.1461		0.3209166667		0.0445426829

				85		160.5		41.9		683.136		770.4		38939		33		0.308		0.1225		0.2566666667		0.037347561

				88		164.9		87.94		443.2896		791.52		38941		35		0.3197		0.1372		0.2664166667		0.0418292683

				91		152.1		39.3		649.728		730.08		38944		38		0.2999		0.1302		0.2499166667		0.039695122

				96		153.2		30.5		706.752		735.36		38946		40		0.3771		0.1443		0.31425		0.0439939024

				97		140.3		56.4		483.264		673.44		38947		41		0.3343		0.1522		0.2785833333		0.046402439

				99		127.6		7		694.656		612.48		38949		43		0.3382		0.1351		0.2818333333		0.0411890244

				102		119.4		14.7		603.072		573.12		38950		44		0.3678		0.1821		0.3065		0.0555182927

				103		128.8		15.18		654.4512		618.24		38951		45		0.2677		0.2043		0.2230833333		0.0622865854

				109		137.2		34.5		591.552		658.56		38953		47		0.4196		0.1524		0.3496666667		0.0464634146

				111		131.43		53.72		447.6096		630.864		38958		52		0.352		0.1929		0.2933333333		0.0588109756

				116		126.63		42.69		483.4944		607.824		38959		53		0.2591		0.224		0.2159166667		0.0682926829

				119		109.25		57.3		299.232		524.4		38960		54		0.4165		0.2474		0.3470833333		0.0754268293

				130		107.4		18.06		514.5984		515.52		38961		55		0.0308		0.0218		0.0256666667		0.0066463415

				138		91.6		14.7		442.944		439.68		38966		60		0.4795		0.3151		0.3995833333		0.0960670732

				146		73		3.2		402.048		350.4		38967		61		0.4193		0.2031		0.3494166667		0.0619207317

				153		84.87		37		275.7312		407.376		38968		62		0.4036		0.212		0.3363333333		0.0646341463

								avg		428.1531428571		566.4274285714		38969		63		0.5811		0.2732		0.48425		0.0832926829

								stdv		196.6470919591		166.9434917653		38970		64		0.3794		0.2636		0.3161666667		0.0803658537

														38971		65		0.4702		0.3009		0.3918333333		0.0917378049

														38972		66		0.3834		0.2505		0.3195		0.0763719512

														38973		67		0.4628		0.2618		0.3856666667		0.0798170732

														38974		68		0.3946		0.2118		0.3288333333		0.0645731707

														38977		71		0.4446		0.2295		0.3705		0.0699695122

														38978		72		0.4316		0.2614		0.3596666667		0.079695122

														38979		73		0.4176		0.2059		0.348		0.0627743902

														38980		74		0.4863		0.2358		0.40525		0.0718902439

														38982		76		0.5026		0.2615		0.4188333333		0.0797256098

														38983		77		0.5791		0.351		0.4825833333		0.1070121951

														38984		78		0.5567		0.334		0.4639166667		0.1018292683

														38985		79		0.5743		0.3241		0.4785833333		0.0988109756

														38986		80		0.4432		0.2646		0.3693333333		0.0806707317

														38987		81		0.4291		0.2348		0.3575833333		0.0715853659

														38989		83		0.4565		0.254		0.3804166667		0.0774390244

														38990		84		0.4922		0.2264		0.4101666667		0.0690243902

														38992		86		0.609		0.3678		0.5075		0.1121341463

														38993		87		0.4717		0.2797		0.3930833333		0.0852743902

														38994		88		0.675		0.3843		0.5625		0.1171646341

														38995		89		0.5709		0.353		0.47575		0.1076219512

														38996		90		0.4479		0.3826		0.37325		0.1166463415

														38997		91		0.5638		0.4256		0.4698333333		0.1297560976

														38999		93		0.4722		0.3027		0.3935		0.0922865854

														39000		94		0.5853		0.3787		0.48775		0.1154573171

														39002		96		0.4815		0.3357		0.40125		0.102347561

														39003		97		0.486		0.2771		0.405		0.0844817073

														39004		98		0.4995		0.311		0.41625		0.0948170732

														39005		99		0.5516		0.5253		0.4596666667		0.160152439

														39006		100		0.5774		0.5728		0.4811666667		0.1746341463

														39006		100		0.4488		0.3426		0.374		0.1044512195

														39008		102		0.4488		0.3426		0.374		0.1044512195

														39010		104		0.5724		0.4785		0.477		0.1458841463

														39011		105		0.5605		0.421		0.4670833333		0.1283536585

														39013		107		0.6064		0.455		0.5053333333		0.1387195122

														39014		108		0.734		0.4984		0.6116666667		0.1519512195

														39015		109		0.8106		0.5767		0.6755		0.1758231707

														39019		113		0.7032		0.5173		0.586		0.1577134146

														39020		114		0.6115		0.3671		0.5095833333		0.1119207317

														39021		115		0.6255		0.4816		0.52125		0.1468292683

														39022		116		0.7094		0.5803		0.5911666667		0.1769207317

														39023		117		0.6697		0.361		0.5580833333		0.1100609756

														39024		118		0.637		0.3037		0.5308333333		0.0925914634

														39025		119		0.6788		0.3617		0.5656666667		0.1102743902

														39026		120		0.6331		0.3608		0.5275833333		0.11

														39028		122		0.6468		0.4249		0.539		0.1295426829

														39030		124		0.68		0.3712		0.5666666667		0.1131707317

														39031		125		0.6765		0.3535		0.56375		0.1077743902

														39032		126		0.6701		0.3377		0.5584166667		0.1029573171

														39033		127		0.8536		0.2506		0.7113333333		0.076402439

														39034		128		0.5965		0.2468		0.4970833333		0.0752439024

														39035		129		0.6461		0.3775		0.5384166667		0.1150914634

														39036		130		0.5114		0.3365		0.4261666667		0.1025914634

														39037		131		0.6369		0.3492		0.53075		0.1064634146

														39038		132		0.5177		0.296		0.4314166667		0.0902439024

														39039		133		0.0586		0.0421		0.0488333333		0.0128353659

														39042		136		0.5819		0.5991		0.4849166667		0.182652439

														39047		141		0.6612		0.2694		0.551		0.0821341463

														39048		142		0.5211		0.2352		0.43425		0.0717073171

														39049		143		0.541		0.2255		0.4508333333		0.06875

														39050		144		0.9808		0.2459		0.8173333333		0.0749695122

														39051		145		0.6607		0.1713		0.5505833333		0.0522256098

														39056		150				0.234				0.0713414634

														39061		155		0.9214		0.2685		0.7678333333		0.0818597561

														39062		156		0.4063		0.1685		0.3385833333		0.0513719512

														39063		157		0.4042		0.1564		0.3368333333		0.0476829268

																		0.4105		0.1799		0.3420833333		0.054847561





NO3

		



Tank water

Time (days)

NO3-N (mg/l)



H2S

		



Influent

Effluent

Time (days)

NO3-N (mg/l)



Alk

		



Time (days)

NO3-N (g/day)



NH3no2

		



Time (days)

TAN (mg/l)



PO4

		



Time (days)

NO2-N



De in out  

		

		Day		H2S- ST		H2S -DE		g/day H2S		g/day DE		M H2S		M NO3		NO3/H2S		NO3 HER		%AUT		%HET

		1		10.5		0		50.4		72		1.575		5.1428571429		2.52		2.6228571429		49.00		51.00

		7		22.5		0		108		77.76		3.375		5.5542857143		5.4		0.1542857143		97.22		2.78

		14		20.5		0		98.4		80.064		3.075		5.7188571429		4.92		0.7988571429		86.03		13.97

		18		21.6		0		103.68		198.144		3.24		14.1531428571		5.184		8.9691428571		36.63		63.37

		21		26.5		0		127.2		312.192		3.975		22.2994285714		6.36		15.9394285714		28.52		71.48

		25		40.5		0		194.4		194.688		6.075		13.9062857143		9.72		4.1862857143		69.90		30.10

		29		15.6		0		74.88		83.0592		2.34		5.9328		3.744		2.1888		63.11		36.89

		40		62.5		0		300		302.4		9.375		21.6		15		6.6		69.44		30.56

		46		60.2		0		288.96		265.536		9.03		18.9668571429		14.448		4.5188571429		76.17		23.83

		53		55.8		0		267.84		481.536		8.37		34.3954285714		13.392		21.0034285714		38.94		61.06

		57		70.6		0		338.88		527.616		10.59		37.6868571429		16.944		20.7428571429		44.96		55.04

		62		39.6		0		190.08		364.4352		5.94		26.0310857143		9.504		16.5270857143		36.51		63.49

		64		55.5		0		266.4		622.08		8.325		44.4342857143		13.32		31.1142857143		29.98		70.02

		68		40.5		0		194.4		436.608		6.075		31.1862857143		9.72		21.4662857143		31.17		68.83

		70		53.6		0		257.28		617.472		8.04		44.1051428571		12.864		31.2411428571		29.17		70.83

		75		42.6		0		204.48		593.28		6.39		42.3771428571		10.224		32.1531428571		24.13		75.87

		76		70.6		0		338.88		587.2896		10.59		41.9492571429		16.944		25.0052571429		40.39		59.61

		81		80.6		0		386.88		582.912		12.09		41.6365714286		19.344		22.2925714286		46.46		53.54

		88		66.8		0		320.64		443.2896		10.02		31.6635428571		16.032		15.6315428571		50.63		49.37

		91		35.6		0		170.88		649.728		5.34		46.4091428571		8.544		37.8651428571		18.41		81.59

		97		45		0		216		483.264		6.75		34.5188571429		10.8		23.7188571429		31.29		68.71

		102		57.3		0		275.04		603.072		8.595		43.0765714286		13.752		29.3245714286		31.92		68.08

		103		58.6		0		281.28		654.4512		8.79		46.7465142857		14.064		32.6825142857		30.09		69.91

		109		60.2		0		288.96		591.552		9.03		42.2537142857		14.448		27.8057142857		34.19		65.81

		111		59.3		0		284.64		447.6096		8.895		31.9721142857		14.232		17.7401142857		44.51		55.49

		116		82.1		0		394.08		483.4944		12.315		34.5353142857		19.704		14.8313142857		57.05		42.95

		119		57.2		0		274.56		299.232		8.58		21.3737142857		13.728		7.6457142857		64.23		35.77

		125		38.2		0		183.36		514.5984		5.73		36.7570285714		9.168		27.5890285714		24.94		75.06

		130		46.7		0		224.16		442.944		7.005		31.6388571429		11.208		20.4308571429		35.42		64.58

		146		64.49		0		309.552		402.048		9.6735		28.7177142857		15.4776		13.2401142857		53.90		46.10

		153		45.3		0		217.44		275.7312		6.795		19.6950857143		10.872		8.8230857143		55.20		44.80





De in out  

		



Influent

Effluent

Time (days)

H2S-S (mg/l)



redox 

		



Autotrophic denitrification

Heterotrophic denitrification

Time (days)

% NO3 Removal



UASB

		

		Day		ALK 12-5,6		ALK De.		ALK ST

		1		100		240		274

		7		101		251		285

		14

		18		115		315		340

		20

		21		118		234		356

		22

		25

		27		115.4		289		357.8

		29

		35		105.4		190		520

		40

		46		94.2		150		1104

		50

		53		147		264		1140

		57

		61

		62		148		396		1330

		64

		67

		68		150.2		379		1135

		69

		70

		74		114.2		380		1130

		75

		76

		78

		81		208		584		1160

		85

		88		160		428

		91		168.8		557.2		900

		96

		97		170		543		1158

		99		192.4		744		1425

		102

		103		180.4		535.2		1124

		109		318.6		609.6

		111

		112		295.6		535.2		956

		116

		117		281		601

		119						1056

		123

		125		239		532		1011

		130		231		541

		138

		146		239		532		1102

		153		211		521		1108





UASB

		



Fish tank

Denirification effluent

Sludge digester

Time (days)

Alkalinity (mg/l)



nutrients Balnace 

		

		Day		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De				g/day NH3

		1

		7		12.5		1.3		5.9		0.5				53.76

		14

		18		15.9		3.8		8.6		0.6				58.08

		20		21.3		2.3								91.2

		21						4.6		0.4

		22						3.9

		25		25.7		1.9				0.9				114.24

		27						7.5		0.4

		29		23.6		1.5								106.08

		35						6.9		10.2

		40		25.6		2.5		8.9						110.88

		46								0.6

		50		34.6		6.9		4.3						132.96

		53						5.2		0.2

		57						2.3		0.1

		61		52.95		3.54				0.2		904.368		237.168

		62		44.24		1.14		5.9						206.88

		64		35.6		2				1.5				161.28

		67						5.6

		68		33.2		2.6				0.5				146.88

		69						7.8

		70								0.7

		74		69.4		5.4		4.9						307.2

		75

		76		74.2		12.5		5.1		0.4				296.16

		78

		81		67.1		8.56		7.53		0.1				280.992

		85

		88		19.2		0.9								87.84

		91		34.9		0.8		10.5		0.2				163.68

		96		42.3		0.96		11.31		1.2				198.432

		97		33		2.5								146.4

		99		48.69		2.5		12.9		0.5				221.712

		102

		103		35.6		6.5		4.6		0.1				139.68

		109

		111		51.2		3.5		4.8		0.8				228.96

		112								0.6

		116						10.5

		117		39.5		3.8		11.2		0.5				171.36

		119

		123		58.6		5.4		17.2		0.9				255.36

		125

		130		40.6		3.7		14.5		1.5				177.12

		138

		146		39.5		6.8		5.3		0.5				156.96

		153		38.6		7.3		6.1		1.6				150.24

														196.5423157895

														59.2925400189





nutrients Balnace 

		



Time (days)

TAN (mg/l)



Sheet15

		

		Day		PO4-P T		PO4-P D		PO4-P S

		1		0.38		5.1		13.5

		7

		14		0.9		2.1		12.5

		18		3.2		4.3		10.8

		20

		21		3.9		5.2		13.5

		22		4.2		5.8		17.5

		25

		27

		29		7.07		9.3		16.3

		35

		40

		46		7.32		10.5		15.3

		50

		53		7.7		10.2		20.9

		57

		61		15.5		20.5		31.9

		62		28.16		33.7		38.5

		64

		67

		68		30.2		34.5		40.2

		69

		70

		74		31.5		37.3		45.6

		75

		76

		78

		81		39.1		43.5		53.6

		85

		88		41.6		42.7		50.4

		91		41.28		43.1		52.3

		96

		97		42.5		46.8		50.4

		99		38.7		42.8		42.5

		102

		103		38.4		41.7		48.5

		109		38.08		40.8		52.1

		111		34.72		38.5		40.2

		112

		116

		117		38.08		40.8		48.6

		119

		123

		125		41.6		43.8		50.2

		130		38.4		42.1		48.5

		138

		146		33.6		40.9		50.2

		153		42.3		38.6		49.3





Sheet15

		



Time (days)

PO4-P (mg/l)



		



Time (days)

PO4-P (mg/l)



		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)



		





		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		75		75

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		116		116

		119		119

		130		130

		138		138

		146		146

		153		153



Influent

Effluent

Time (days)

NO3-N (mg/l)

62.9

50.4

36.2

22.7

42

28.1

70.8

36.4

91

36

89.8

35.6

74.67

45.4

82.4

48.6

84.36

67.16

73.62

59.2

158.2

89.6

140

87.5

148.8

102.7

165.5

50.8

164.1

80.5

132.1

40.5

114.32

30.9

129.27

66

121.2

13.2

137.6

11.5

136.2

60.4

107.12

44.5

135.4

28.2

135.9

32.9

154.1

52.14

160.5

59.3

160.5

41.9

164.9

87.94

152.1

39.3

153.2

30.5

140.3

56.4

127.6

7

119.4

14.7

128.8

15.18

137.2

34.5

131.43

53.72

126.63

42.69

109.25

57.3

107.4

18.06

91.6

14.7

73

3.2

84.87

37



		1		1

		7		7

		14		14

		18		18

		21		21

		25		25

		29		29

		40		40

		46		46

		53		53

		57		57

		62		62

		64		64

		68		68

		70		70

		75		75

		76		76

		81		81

		88		88

		91		91

		97		97

		102		102

		103		103

		109		109

		111		111

		116		116

		119		119

		125		125

		130		130

		146		146



Influent

Effluent

Time (days)

H2S-S (mg/l)

10.5

0

22.5

0

20.5

0

21.6

0

26.5

0

40.5

0

15.6

0

62.5

0

60.2

0

55.8

0

70.6

0

39.6

0

55.5

0

40.5

0

53.6

0

42.6

0

70.6

0

80.6

0

66.8

0

35.6

0

45

0

57.3

0

58.6

0

60.2

0

59.3

0

82.1

0

57.2

0

38.2

0

46.7

0

64.49

0



		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

TAN (mg/l)

12.5

1.3

15.9

3.8

21.3

2.3

25.7

1.9

23.6

1.5

25.6

2.5

34.6

6.9

52.95

3.54

44.24

1.14

35.6

2

33.2

2.6

69.4

5.4

74.2

12.5

67.1

8.56

19.2

0.9

34.9

0.8

42.3

0.96

33

2.5

48.69

2.5

35.6

6.5

51.2

3.5

39.5

3.8

58.6

5.4

40.6

3.7

39.5

6.8
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		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

PO4-P (mg/l)

13.5

5.1

12.5

2.1

10.8

4.3

13.5

5.2

17.5

5.8

16.3

9.3

15.3

10.5

20.9

10.2

31.9

20.5

38.5

33.7

40.2

34.5

45.6

37.3

53.6

43.5

50.4

42.7

52.3

43.1

50.4

46.8

42.5

42.8

48.5

41.7

52.1

40.8

40.2

38.5

48.6

40.8

50.2

43.8

48.5

42.1

50.2

40.9



		

		Day		fish tank		de		st

		1		277		100		-250

		7

		14		295		90		-280

		18		295		80		-300

		20

		21		312		60		-260

		22

		25		331		40		-275

		27

		29		319		30		-340

		35

		40		325		-30		-360

		46

		50		325		-40		-400

		53						-550

		57		384		70		-465

		61

		62		304		120		-480

		64

		67		405		80		-540

		68		302		70		-450

		69		324		50		-480

		70

		74		400		-50		-490

		75

		76		378		40		-480

		78		262		10		-550

		81		430		30		-490

		85

		88		428		40		-560

		91		334		20		-600

		96		341		10		-570

		97		255		-40		-570

		99

		102		310		20		-480

		103		339		100		-550

		109		290		20		-600

		111

		112		350		50		-580

		116		352		30		-540

		117		338		-10		-600

		119		256		-50		-560

		123		290		70		-570

		125

		130		350		30		-480

		138		250		10		-520

		146		336		50		-560

		153		342		120		-450





		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

mV



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

Alkalinity (mg/l)

100

240

274

101

251

285

115

315

340

118

234

356

115.4

289

357.8

105.4

190

520

94.2

150

1104

147

264

1140

148

396

1330

150.2

379

1135

114.2

380

1130

208

584

1160

160

428

168.8

557.2

900

170

543

1158

192.4

744

1425

180.4

535.2

1124

318.6

609.6

295.6

535.2

956

281

601

1056

239

532

1011

231

541

239

532

1102

211

521

1108



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)

0.38

5.1

13.5

0.9

2.1

12.5

3.2

4.3

10.8

3.9

5.2

13.5

4.2

5.8

17.5

7.07

9.3

16.3

7.32

10.5

15.3

7.7

10.2

20.9

15.5

20.5

31.9

28.16

33.7

38.5

30.2

34.5

40.2

31.5

37.3

45.6

39.1

43.5

53.6

41.6

42.7

50.4

41.28

43.1

52.3

42.5

46.8

50.4

38.7

42.8

42.5

38.4

41.7

48.5

38.08

40.8

52.1

34.72

38.5

40.2

38.08

40.8

48.6

41.6

43.8

50.2

38.4

42.1

48.5

33.6

40.9

50.2

42.3

38.6

49.3



		

				Day		mM Methane

				3		40.00

				19		40.00

				20		40.00

				21		7.60

				25		44.31

				26		45.24

				27		47.61

				28		45.05

				32		37.17

				41		23.07

				46		13.91

				48		26.65

				52		23.11

				53		22.78

				54		20.55

				55		22.37

				59		24.85

				60		40.80

				61		42.20

				62		40.14

				67		37.59

				68		37.45

				69		36.59

				73		33.18

				74		29.58

				75		23.15

				76		31.72

				80		90.53

				82		87.40

				83		40.33

				87		49.76

				97		57.60

				101		52.55

				127		50.89

		CO2/N2		CH4		H2S

		37.00%		62.00%		1.00%





		



Time (days)

Methane (mM)



		



CO2/N2 , 37.00%

CH4, 62.00%

H2S, 1.00%



		

				Nutrients Balance

				phosphorus

								KG		%

				Total feed				1807

				Total P				32.5								kg		%

				Retention in fish				9.4						Retention in fish		9.4		28.9

				Sludge				5.9						Sludge		5.9		18.2

				water				2.5						water		2.5		7.7

				Denammox				13.9						Denammox		13.9		42.8

								31.7										97.6

				Nitrogen

								KG

				Total feed				1807								kg		%

				Total N				130.1						Retention in fish		28.6		22

				Retention in fish				28.6		22				Sludge		14.8		11.4

				Sludge				14.8		11.4				Water		9.3		7.2

				water				9.3		7.2				Denitrification		94.6		72.7

				de				33.1						Anammox		15.1		11.6

				anammox				15.1										124.9

				Sludge tank				52.3





		



Fish, 28.9%

Sludge, 18.2%

Water, 7.7%

Denammox biofilter, 42.8%



		



Fish, 22%

Sludge, 11.4%

Water, 7.2%

Denitrification, 72.7%

Anammox, 11.6%



		







3m3

0.5m3

H2S+NO3
- SO4

2- + N2

NH4
+ + NO2

- N2

(CHO)X+ NO3
- N2

Aerobic loop 
Anaerobic loop

Denitrification

Prototype RAS 

Fish tank
12m3

Fish tank
12m3

8m3

NH4
+ + O2 NO2

-

NO2
- + O2 NO3

-

Nitrification

Solid Waste



15-20% Nitrogen
22% Carbon

50% Phosphorus

Feed:
Protein
Lipid
Carbohydrate
Phosphorus

Respiration:
52% C as CO2

Secretion:
Ammonia
Phosphorus

Aquaculture solid waste ≈ 20-25% feed load (dry)
1 ton of feed  250 kg solid waste (dry weight), 12.5 ton sludge (2%)

Feces + uneaten feed:
Organic nitrogen
Organic carbon
Phosphorus

Goes to the environment, used as fertilizers

D’orbcastel and Blancheton (2006) World Aquaculture Society Magazine, 70: 28-35

Aquaculture Solid Waste = Fish metabolic by-products + uneaten feed 



No environmental discharge, no solid waste  

Anaerobic digestion:
Use methanogens to 
convert 
solid/organic waste 
to biogas: 
sludge to methane

(CHO)X CH4



ACETOGENIC BACTERIA
GROUP II

METHANOGENIC
ARCHAEA CH4, CO2

GROUP III

FATTY ACIDS; 
ACETATE

HYDROGEN
FORMATE, CO2

FERMENTATIVE
BACTERIA

Solid Organic Waste
(oils, proteins)

ORGANIC ACIDS

GROUP I

How a methanogenic consortium works



Marine Species: Mediterranean Seabream/Seabass



Fish Waste Sludge Characteristics
Parameter Value
COD 20.8 ± 1.3 g L-1

TN 1.4 ± 0.3 g L-1

TOC 7.3±0 mg L-1

pH 7.4
C:N 5.2:1
COD:TN 14.7:1
Salinity 15-30 g L-1

COD:SO4 20.5:1

• C/N ratio of typical aquaculture sludge is lower than optimal (30:1)

• High salinity inhibits traditional methanogenic

• High % solids (~2%) of aquaculture sludge reduces efficiency



Development and Enrichment of Biomethane 
Consortium

• Sludge 2-5% solids (dry matter)
• Artificial seawater (15-30 g L-1) 
• N2-CO2 (4:1) headspace
• Incubation at 26oC (or higher) 

Before After 30 days



Biochemical Methane Potential Assay

COD
Chemical Oxygen Demand

CH4
Biomethane Gas

Sludge



Enrichment of Biomethane Consortium
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Optimization of conditions: Effect 
of temperature

20oC

26oC

30oC

35oC

• 170% increase from 20oC to 26oC
• 10% increase from 26 to 30-35oC

Consortium optimized for 26 to 
35oC but can function at 20oC with 
greater retention time



Metagenomic analysis of community

Enrichment in artificial mediumEnrichment in fish waste



How the methanogenic consortium 
developed for fish waste works

METHANOGENIC
ARCHAEA

CH4, CO2

GROUP III

FATTY ACIDS; 
ACETATE

HYDROGEN
CO2

FERMENTATIVE
BACTERIA

FISH WASTE/UNEATEN FOOD
(oils, proteins)

GROUP I

Fusobactieacea Dethiosulfovibrio sp.

Methanogenium sp.

Methanoplanus sp.

Methanosarcina sp.



Reconstituted consortium is mass cultured

200 ml

250 liter



The fish system biomethane reactor

Sludge from
Drum and 
Hydrolysis

Biomethane



Conversion of Solid Waste to Biomethane

Drum Settling Hydrolysis       Anaerobic                Biogas collection tank
filter digestor

Biogas



Biogas reactor performance 
and output:

0
20
40
60
80

100

0 30 60 90 120 150

Time (days) 

M
et

h
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n
e 

(m
M

)

H2S, 
1.00%

CH4, 
62.00%

CO2/N2 , 
37.00%

• >90% reduction in organic 
solids

• Efficient production (75%) of         
fuel-grade methane 

• Bio-energy production for      
on-site use  

• At optimal efficiency:
~ 0.65 kWh/kg fish produced,
5-10% of operation’s energy 
consumption 
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Time (days)

Methane (mM)

40

40

40

7.601601

44.30811

45.23652

47.61288

45.04521

37.16769

23.0706

13.909413

26.65362

23.11218

22.77954

20.548773

22.36857

24.8493

40.80174

42.19572

40.1394

37.5921

37.44573

36.58872

33.18189

29.57598

23.14935

31.72113

90.53289

87.39717

40.33155

49.7616

57.59649

52.55103

50.89287



Ammonia

		

																						9/8/06

								9/8/2006        Ammonia removal IMF 16kg feed / day 40kg/m3 26C (100% RECYCLE!! )														Sample		Ammonia		Nitrite		NH3-N		NO2-N

																						1		0.4426		0.2446		0.37		0.07

				mg/l		NH3-N				NO2-N												2		0.1272		0.2225		0.11		0.07

				Time		In		Out		In		Out										3		0.8987		0.3567		0.74		0.11

		Start Feeding		10		0.37		0.11		0.07		0.07										4		0.1921		0.3274		0.16		0.10

				12		0.74		0.16		0.11		0.10										5		1.163		0.4906		0.96		0.15

				14		0.96		0.28		0.15		0.13										6		0.3355		0.4282		0.28		0.13

				16		1.07		0.34		0.20		0.14										7		1.2996		0.6467		1.07		0.20

																						8		0.4081		0.4742		0.34		0.14

		9/12/06

				mg/l		NH3-N				NO2-N

				Time		In		Out		In		Out										9/12/06

		Start Feeding		10		0.55		0.16		0.09		0.09

				12		0.92		0.26		0.18		0.17										Sample		Ammonia		Nitrite		NH3-N		NO2-N

				14		1.09		0.34		0.23		0.20										1		0.6621		0.3125		0.55		0.09

				16		1.04		0.33		0.23		0.21										2		0.1885		0.2886		0.16		0.09

				18		0.98		0.32		0.23		0.20										3		0.3136		0.5519		0.26		0.17

																						4		1.1082		0.5869		0.92		0.18

																						5		1.3218		0.7728		1.09		0.23

		9/12/06						Oxygen concentrations in different compartments of the IMF														6		0.4096		0.6709		0.34		0.20

																						7		1.2635		0.7706		1.04		0.23

				A- sump tank before going to the IMF																		8		0.4026		0.68		0.33		0.21

				B- IMF chamber 1																		9		1.1888		0.7601		0.98		0.23

				C-IMF chamber 2																		10		0.3814		0.6655		0.32		0.20

				D- before going in to the LHO

				mg/l

				Time		A		B		C		D

				10		5.76		9.89		8.91		8.75

				12		6.78		10.88		9.6		7.18												Phosphate		Alkalinity

				14		6.31		9.85		8.89		9.05										12-5,6		91.75		186

				16		6.54		10.35		8.84		8.87										12-5,6 Deni		87.75		656

		9/12/06

		mg/l		Time		A		B		C		D

				10		6.33		9.61		8.82		7.35

				12		6.07		9.52		8.52		8.41

				14		5.71		9.96		8.65		7.32

				16		6.01		9.67		8.61		7.71

				18		6.34		9.47		8.74		7.41

		11/7/06

		Sample		Ammonia		NH3-N		Nitrite		NO2-N

		DE 1A		4.0118		3.3155371901		0.7518		0.2285106383

		12-5,6 1B		0.6347		0.5245454545		0.3411		0.1036778116

		LHO 1C		0.2082		0.1720661157		0.4174		0.1268693009

		ST 1D		5.8218		4.8114049587		0.0132		0.0040121581

		2A		4.5085		3.7260330579		0.6811		0.2070212766

		2B		1.6286		1.3459504132		0.788		0.2395136778

		2C		0.4933		0.4076859504		0.8593		0.2611854103

		2D		3.9715		3.282231405		1.7616		0.5354407295

		3A		4.756		3.9305785124		0.8456		0.2570212766

		3B		1.5892		1.3133884298		0.8611		0.2617325228

		3C		0.5279		0.4362809917		0.9072		0.2757446809

		3D		3.6492		3.0158677686		0.0161		0.004893617

		4A		5.1961		4.2942975207		0.5884		0.1788449848

		4B		0.7611		0.6290082645		0.3546		0.107781155

		4C		0.2213		0.182892562		0.4577		0.139118541

		4D		4.1907		3.4633884298		0.5023		0.152674772





NO3-N H2S

		

				starting IMF 07/06/06						all mg/l

						Fish Tank		De.		Sludge T.

		Day		Date		NO3-N In		NO3-N Out		NO3-N ST		H2S- ST		ALK 12-5,6		ALK De.		ALK ST		PO4-P T		PO4-P D		PO4-P S		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De		Flow Rate

		1		7/6/06		62.9		50.4		5.2		10.5		100		240		274		0.38		5.1		13.5

		7		7/13/06		36.2		22.7		2.3				101		251		285								12.5		1.3		5.9		0.5

		14		7/20/06		42		28.1		8.4		20.5								0.9		2.1		12.5										3l/m

		18		7/24/06		70.8		36.4		0				115		315		340		3.2		4.3		10.8		15.9		3.8		8.6		0.6

		20		7/26/06		91		36		10.2																21.3		2.3

		21		7/27/06		89.8		35.6		4.3		50.6		1118		234		356		3.9		5.2		13.5						4.6		0.4		3l/m

		22		7/28/06		74.67		45.4		2.8										4.2		5.8		17.5						3.9

		25		7/31/06		82.4		48.6		15.6		40.5														25.7		1.9				0.9

		27		8/2/06		84.36		67.16		0				115.4		289		357.8												7.5				6 l/m

		29		8/4/06		73.62		59.2		3.6		80.3								7.07		9.3		16.3

		35		8/10/06		158.2		126.1		4.3																				6.9		10.2

		40		8/15/06		140		105		7.6		62.5														25.6		2.5		8.9				6 l/m

		46		8/21/06		148.8		102.7		7.3		60.2		94.2		150		321		7.32		10.5		15.3								0.6

		50		8/25/06		165.5		131.2		8.6																34.6		6.9		4.3

		53		8/28/06		164.1		103.5		8.3		55.8		147		264		280		7.7		10.2		20.9								0		12 l/m

		57		9/1/06		132.1		101.3		7.3		70.6																		2.3

		61		9/5/06		114.32		30.9		11.5																52.95		3.54				0.2

		62		9/6/06		129.27		66		15.3		39.6		148		396		1330		28.16		33.7		38.5		14.24		1.14		5.9				4l/m

		64		9/8/06		121.2		13.2		11.4		55.5																				1.5

		67		9/11/06		137.6		11.5		0																				5.6

		68		9/12/06		136.2		60.4		5.1		40.5		150.2		379		1135		30.2		34.5		40.2		33.2		2.6				0.5

		69		9/13/06		107.12		44.5		4.3																				7.8

		70		9/14/06		135.4		28.2		2.2		53.6																				0.7

		74		9/18/06										114.2		380		1130		31.5		37.3		45.6		69.4		5.4		4.9				4l/m

		75		9/19/06		135.9		32.9		6.3		42.6

		76		9/20/06								70.6														74.2		12.5		5.1		0.4		4l/m

		78		9/22/06		154.1		52.14		2.9

		81		9/25/06		160.5		59.3				80.6		208		584		1160		39.1		43.5		53.6		67.1		8.56		7.53		0.1		4l/m

		85		9/29/06		160.5		41.9		10.2																								4l/m

		88		10/2/06		164.9		87.94		7.6		66.8		160		428				41.6		42.7		50.4		19.2		0.9

		91		10/5/06		152.1		39.3		11.5		35.6		168.8		557.2		900		41.28		43.1		52.3				0.8		10.5		0.2		4l/m

		96		10/10/06		153.2		30.5		3.6																11.7		0.96		11.31		1.2		4l/m

		97		10/11/06		140.3		56.4		7.3		45		170		543		1158		42.5		46.8		50.4		33		2.5						4l/m

		99		10/13/06		127.6		7		10.2				192.4		744		1425		38.7		42.8		42.5		48.69		2.5		12.9		0.5		4l/m

		102		10/16/06		119.4		14.7		3.5		57.3																						4l/m

		103		10/17/06		128.8		15.18		3.8		6.8		180.4		535.2		1124		38.4		41.7		48.5		35.6		6.5		4.6		0.1		4l/m

		109		10/23/06		137.2		34.5		9.2		60.2		318.6		609.6				38.08		40.8		52.1

		111		10/25/06		131.43		53.72		4.5		59.3								34.72		38.5		40.2		51.2		3.5		4.8		0.8		4l/m

		112		10/26/06										295.6		535.2		956														0.6

		116		10/30/06		126.63		42.69		13.2		82.1																		10.5				4l/m

		117		10/31/06										281		601				38.08		40.8		48.6		39.5		3.8		11.2		0.5

		119		11/2/06		109.25		57.3		15.4		57.2						1056																6l/m

		123		11/6/06																						58.6		5.4		17.2		0.9

		125		11/8/06								38.2		239		532				41.6		43.8		50.2

		130		11/13/06		107.4		18.06		17.3		46.7		231		541				38.4		42.1		48.5		40.6		3.7		14.5		1.5		5l/m

		138		11/21/06		91.6		14.7

		146		11/29/06		73		3.2				64.49		239		532		1102		33.6		40.9		50.2		39.5		6.8		5.3		0.5

		153		12/6/06		84.87		37				45.3		211		521		1108		38.6		42.3		49.3		38.6		7.3		6.1		1.6





Turbidity

		

				NTU- nephelometric turbidity units

																				Humics OD-275

				Calibration		NTU										Date		Time		Tanks		De		St

				DW		0.1										7/26/06		8		0.148		0.157		0.32

				TW		0.17												12		0.15		0.189		0.252

				SW (15ppt)		0.51												16		0.201		0.197		0.311

																		20		0.23		0.25		0.35

																		24		0.2		0.26		0.42

																		4		0.18		0.17		0.35

																		8		0.4		0.15		0.42

								NTU												Humics OD-275

		Date		Time				Tanks		De		St				Date		Time		Tanks		De		St

		9/26/06		8		0		0.45		3.2		200				9/26/06		8		0.132		0.15		0.26

				12		4		1.13		3.67		220						12		0.15		0.189		0.252

				16		8		3.38		3.32		211						16		0.201		0.197		0.311

				20		12		2.77		3.31		235						20		0.25		0.34		0.321

				24		16		2.05		3.29		265						24		0.239		0.31		0.34

				4		20		1.5		3.47		288						4		0.15		0.28		0.35

				8		24		0.7		3.11		234						8		0.13		0.18		0.37





Turbidity

		



Time (hr)

NTU



Anammox

		

				9/26/06

								Anammox incubations of beads from the De. Reactor

				Time		Ammonia		Nitrite		Nitrate				Time		Ammonia		Nitrite

				0		21.79		23.48		2.50				0.00		15.36		23.10

				5		17.98		18.01		2.80				5.00

				10		15.23		16.20		3.00				10.00

				15		12.60		13.60		3.20				15.00

				20		9.51		8.68		2.40				20.00		6.35		5.60

				25		5.60		6.10		3.20				25.00

				35		2.36		1.93		2.40				35.00

				40		0.47		1.05		2.80				40.00		0.65		0.76





Anammox

		



Time (hours)

mg/l



drum screen 

		

				Drum back wash volume average

				#		Liters

				1		2.25

				2		2.65

				3		2.26

				4		2.4

				5		2.3

				6		2.25

				7		2.3

				8		2.25

				9		2.4

				10		2.45

				11		2.25

				12		2.4

				13		2.25

				14		2.3

				15		2.4

				16		2.3

				17		2.25

				18		2.3

				19		2.45

				20		2.3

				Avg.		2.3355





NO3

		

						Fish Tank		De.

				Day		NO3-N In		NO3-N Out		g/day DE		g/day ST		Date

				1		62.9		50.4		72		301.92		38906		day		NH3		NO2-		NH3-N		NO2-N

				7		36.2		22.7		77.76		173.76		38907		1		0.107		0.02		0.0891666667		0.006097561

				14		42		28.1		80.064		201.6		38908		2		0.338		0.015		0.2816666667		0.0045731707

				18		70.8		36.4		198.144		339.84		38909		3		0.118		0.065		0.0983333333		0.0198170732

				20		91		36		316.8		436.8		38910		4		0.309		0.086		0.2575		0.0262195122

				21		89.8		35.6		312.192		431.04		38911		5		0.119		0.045		0.0991666667		0.0137195122

				22		74.67		45.4		168.5952		358.416		38912		6		0.199		0.057		0.1658333333		0.0173780488

				25		82.4		48.6		194.688		395.52		38914		8		0.257		0.053		0.2141666667		0.0161585366

				27		84.36		67.16		99.072		404.928		38915		9		0.355		0.094		0.2958333333		0.0286585366

				29		73.62		59.2		83.0592		353.376		38916		10		0.236		0.081		0.1966666667		0.024695122

				35		158.2		89.6		395.136		759.36		38917		11		0.3695		0.085		0.3079166667		0.0259146341

				40		140		87.5		302.4		672		38918		12		0.393		0.099		0.3275		0.0301829268

				46		148.8		102.7		265.536		714.24		38919		13		0.279		0.124		0.2325		0.037804878

				50		165.5		50.8		660.672		794.4		38920		14		0.2879		0.1097		0.2399166667		0.033445122

				53		164.1		80.5		481.536		787.68		38922		16		0.3566		0.1155		0.2971666667		0.0352134146

				57		132.1		40.5		527.616		634.08		38923		17		0.229		0.138		0.1908333333		0.0420731707

		8307.696		61		114.32		30.9		480.4992		548.736		38924		18		0.284		0.112		0.2366666667		0.0341463415

				62		129.27		66		364.4352		620.496		38925		19		0.239		0.086		0.1991666667		0.0262195122

				64		121.2		13.2		622.08		581.76		38926		20		0.3191		0.0938		0.2659166667		0.028597561

				67		137.6		11.5		726.336		660.48		38930		24		0.4068		0.1743		0.339		0.0531402439

				68		136.2		60.4		436.608		653.76		38931		25		0.2571		0.134		0.21425		0.0408536585

				69		107.12		44.5		360.6912		514.176		38932		26		0.599		0.214		0.4991666667		0.0652439024

				70		135.4		28.2		617.472		649.92		38933		27		0.357		0.205		0.2975		0.0625

				75		135.9		32.9		593.28		652.32		38934		28		0.3176		0.1589		0.2646666667		0.048445122

				78		154.1		52.14		587.2896		739.68		38937		31		0.2887		0.1105		0.2405833333		0.0336890244

				81		160.5		59.3		582.912		770.4		38938		32		0.3851		0.1461		0.3209166667		0.0445426829

				85		160.5		41.9		683.136		770.4		38939		33		0.308		0.1225		0.2566666667		0.037347561

				88		164.9		87.94		443.2896		791.52		38941		35		0.3197		0.1372		0.2664166667		0.0418292683

				91		152.1		39.3		649.728		730.08		38944		38		0.2999		0.1302		0.2499166667		0.039695122

				96		153.2		30.5		706.752		735.36		38946		40		0.3771		0.1443		0.31425		0.0439939024

				97		140.3		56.4		483.264		673.44		38947		41		0.3343		0.1522		0.2785833333		0.046402439

				99		127.6		7		694.656		612.48		38949		43		0.3382		0.1351		0.2818333333		0.0411890244

				102		119.4		14.7		603.072		573.12		38950		44		0.3678		0.1821		0.3065		0.0555182927

				103		128.8		15.18		654.4512		618.24		38951		45		0.2677		0.2043		0.2230833333		0.0622865854

				109		137.2		34.5		591.552		658.56		38953		47		0.4196		0.1524		0.3496666667		0.0464634146

				111		131.43		53.72		447.6096		630.864		38958		52		0.352		0.1929		0.2933333333		0.0588109756

				116		126.63		42.69		483.4944		607.824		38959		53		0.2591		0.224		0.2159166667		0.0682926829

				119		109.25		57.3		299.232		524.4		38960		54		0.4165		0.2474		0.3470833333		0.0754268293

				130		107.4		18.06		514.5984		515.52		38961		55		0.0308		0.0218		0.0256666667		0.0066463415

				138		91.6		14.7		442.944		439.68		38966		60		0.4795		0.3151		0.3995833333		0.0960670732

				146		73		3.2		402.048		350.4		38967		61		0.4193		0.2031		0.3494166667		0.0619207317

				153		84.87		37		275.7312		407.376		38968		62		0.4036		0.212		0.3363333333		0.0646341463

								avg		428.1531428571		566.4274285714		38969		63		0.5811		0.2732		0.48425		0.0832926829

								stdv		196.6470919591		166.9434917653		38970		64		0.3794		0.2636		0.3161666667		0.0803658537

														38971		65		0.4702		0.3009		0.3918333333		0.0917378049

														38972		66		0.3834		0.2505		0.3195		0.0763719512

														38973		67		0.4628		0.2618		0.3856666667		0.0798170732

														38974		68		0.3946		0.2118		0.3288333333		0.0645731707

														38977		71		0.4446		0.2295		0.3705		0.0699695122

														38978		72		0.4316		0.2614		0.3596666667		0.079695122

														38979		73		0.4176		0.2059		0.348		0.0627743902

														38980		74		0.4863		0.2358		0.40525		0.0718902439

														38982		76		0.5026		0.2615		0.4188333333		0.0797256098

														38983		77		0.5791		0.351		0.4825833333		0.1070121951

														38984		78		0.5567		0.334		0.4639166667		0.1018292683

														38985		79		0.5743		0.3241		0.4785833333		0.0988109756

														38986		80		0.4432		0.2646		0.3693333333		0.0806707317

														38987		81		0.4291		0.2348		0.3575833333		0.0715853659

														38989		83		0.4565		0.254		0.3804166667		0.0774390244

														38990		84		0.4922		0.2264		0.4101666667		0.0690243902

														38992		86		0.609		0.3678		0.5075		0.1121341463

														38993		87		0.4717		0.2797		0.3930833333		0.0852743902

														38994		88		0.675		0.3843		0.5625		0.1171646341

														38995		89		0.5709		0.353		0.47575		0.1076219512

														38996		90		0.4479		0.3826		0.37325		0.1166463415

														38997		91		0.5638		0.4256		0.4698333333		0.1297560976

														38999		93		0.4722		0.3027		0.3935		0.0922865854

														39000		94		0.5853		0.3787		0.48775		0.1154573171

														39002		96		0.4815		0.3357		0.40125		0.102347561

														39003		97		0.486		0.2771		0.405		0.0844817073

														39004		98		0.4995		0.311		0.41625		0.0948170732

														39005		99		0.5516		0.5253		0.4596666667		0.160152439

														39006		100		0.5774		0.5728		0.4811666667		0.1746341463

														39006		100		0.4488		0.3426		0.374		0.1044512195

														39008		102		0.4488		0.3426		0.374		0.1044512195

														39010		104		0.5724		0.4785		0.477		0.1458841463

														39011		105		0.5605		0.421		0.4670833333		0.1283536585

														39013		107		0.6064		0.455		0.5053333333		0.1387195122

														39014		108		0.734		0.4984		0.6116666667		0.1519512195

														39015		109		0.8106		0.5767		0.6755		0.1758231707

														39019		113		0.7032		0.5173		0.586		0.1577134146

														39020		114		0.6115		0.3671		0.5095833333		0.1119207317

														39021		115		0.6255		0.4816		0.52125		0.1468292683

														39022		116		0.7094		0.5803		0.5911666667		0.1769207317

														39023		117		0.6697		0.361		0.5580833333		0.1100609756

														39024		118		0.637		0.3037		0.5308333333		0.0925914634

														39025		119		0.6788		0.3617		0.5656666667		0.1102743902

														39026		120		0.6331		0.3608		0.5275833333		0.11

														39028		122		0.6468		0.4249		0.539		0.1295426829

														39030		124		0.68		0.3712		0.5666666667		0.1131707317

														39031		125		0.6765		0.3535		0.56375		0.1077743902

														39032		126		0.6701		0.3377		0.5584166667		0.1029573171

														39033		127		0.8536		0.2506		0.7113333333		0.076402439

														39034		128		0.5965		0.2468		0.4970833333		0.0752439024

														39035		129		0.6461		0.3775		0.5384166667		0.1150914634

														39036		130		0.5114		0.3365		0.4261666667		0.1025914634

														39037		131		0.6369		0.3492		0.53075		0.1064634146

														39038		132		0.5177		0.296		0.4314166667		0.0902439024

														39039		133		0.0586		0.0421		0.0488333333		0.0128353659

														39042		136		0.5819		0.5991		0.4849166667		0.182652439

														39047		141		0.6612		0.2694		0.551		0.0821341463

														39048		142		0.5211		0.2352		0.43425		0.0717073171

														39049		143		0.541		0.2255		0.4508333333		0.06875

														39050		144		0.9808		0.2459		0.8173333333		0.0749695122

														39051		145		0.6607		0.1713		0.5505833333		0.0522256098

														39056		150				0.234				0.0713414634

														39061		155		0.9214		0.2685		0.7678333333		0.0818597561

														39062		156		0.4063		0.1685		0.3385833333		0.0513719512

														39063		157		0.4042		0.1564		0.3368333333		0.0476829268

																		0.4105		0.1799		0.3420833333		0.054847561





NO3

		



Tank water

Time (days)

NO3-N (mg/l)



H2S

		



Influent

Effluent

Time (days)

NO3-N (mg/l)



Alk

		



Time (days)

NO3-N (g/day)



NH3no2

		



Time (days)

TAN (mg/l)



PO4

		



Time (days)

NO2-N



De in out  

		

		Day		H2S- ST		H2S -DE		g/day H2S		g/day DE		M H2S		M NO3		NO3/H2S		NO3 HER		%AUT		%HET

		1		10.5		0		50.4		72		1.575		5.1428571429		2.52		2.6228571429		49.00		51.00

		7		22.5		0		108		77.76		3.375		5.5542857143		5.4		0.1542857143		97.22		2.78

		14		20.5		0		98.4		80.064		3.075		5.7188571429		4.92		0.7988571429		86.03		13.97

		18		21.6		0		103.68		198.144		3.24		14.1531428571		5.184		8.9691428571		36.63		63.37

		21		26.5		0		127.2		312.192		3.975		22.2994285714		6.36		15.9394285714		28.52		71.48

		25		40.5		0		194.4		194.688		6.075		13.9062857143		9.72		4.1862857143		69.90		30.10

		29		15.6		0		74.88		83.0592		2.34		5.9328		3.744		2.1888		63.11		36.89

		40		62.5		0		300		302.4		9.375		21.6		15		6.6		69.44		30.56

		46		60.2		0		288.96		265.536		9.03		18.9668571429		14.448		4.5188571429		76.17		23.83

		53		55.8		0		267.84		481.536		8.37		34.3954285714		13.392		21.0034285714		38.94		61.06

		57		70.6		0		338.88		527.616		10.59		37.6868571429		16.944		20.7428571429		44.96		55.04

		62		39.6		0		190.08		364.4352		5.94		26.0310857143		9.504		16.5270857143		36.51		63.49

		64		55.5		0		266.4		622.08		8.325		44.4342857143		13.32		31.1142857143		29.98		70.02

		68		40.5		0		194.4		436.608		6.075		31.1862857143		9.72		21.4662857143		31.17		68.83

		70		53.6		0		257.28		617.472		8.04		44.1051428571		12.864		31.2411428571		29.17		70.83

		75		42.6		0		204.48		593.28		6.39		42.3771428571		10.224		32.1531428571		24.13		75.87

		76		70.6		0		338.88		587.2896		10.59		41.9492571429		16.944		25.0052571429		40.39		59.61

		81		80.6		0		386.88		582.912		12.09		41.6365714286		19.344		22.2925714286		46.46		53.54

		88		66.8		0		320.64		443.2896		10.02		31.6635428571		16.032		15.6315428571		50.63		49.37

		91		35.6		0		170.88		649.728		5.34		46.4091428571		8.544		37.8651428571		18.41		81.59

		97		45		0		216		483.264		6.75		34.5188571429		10.8		23.7188571429		31.29		68.71

		102		57.3		0		275.04		603.072		8.595		43.0765714286		13.752		29.3245714286		31.92		68.08

		103		58.6		0		281.28		654.4512		8.79		46.7465142857		14.064		32.6825142857		30.09		69.91

		109		60.2		0		288.96		591.552		9.03		42.2537142857		14.448		27.8057142857		34.19		65.81

		111		59.3		0		284.64		447.6096		8.895		31.9721142857		14.232		17.7401142857		44.51		55.49

		116		82.1		0		394.08		483.4944		12.315		34.5353142857		19.704		14.8313142857		57.05		42.95

		119		57.2		0		274.56		299.232		8.58		21.3737142857		13.728		7.6457142857		64.23		35.77

		125		38.2		0		183.36		514.5984		5.73		36.7570285714		9.168		27.5890285714		24.94		75.06

		130		46.7		0		224.16		442.944		7.005		31.6388571429		11.208		20.4308571429		35.42		64.58

		146		64.49		0		309.552		402.048		9.6735		28.7177142857		15.4776		13.2401142857		53.90		46.10

		153		45.3		0		217.44		275.7312		6.795		19.6950857143		10.872		8.8230857143		55.20		44.80





De in out  

		



Influent

Effluent

Time (days)

H2S-S (mg/l)



redox 

		



Autotrophic denitrification

Heterotrophic denitrification

Time (days)

% NO3 Removal



UASB

		

		Day		ALK 12-5,6		ALK De.		ALK ST

		1		100		240		274

		7		101		251		285

		14

		18		115		315		340

		20

		21		118		234		356

		22

		25

		27		115.4		289		357.8

		29

		35		105.4		190		520

		40

		46		94.2		150		1104

		50

		53		147		264		1140

		57

		61

		62		148		396		1330

		64

		67

		68		150.2		379		1135

		69

		70

		74		114.2		380		1130

		75

		76

		78

		81		208		584		1160

		85

		88		160		428

		91		168.8		557.2		900

		96

		97		170		543		1158

		99		192.4		744		1425

		102

		103		180.4		535.2		1124

		109		318.6		609.6

		111

		112		295.6		535.2		956

		116

		117		281		601

		119						1056

		123

		125		239		532		1011

		130		231		541

		138

		146		239		532		1102

		153		211		521		1108





UASB

		



Fish tank

Denirification effluent

Sludge digester

Time (days)

Alkalinity (mg/l)



nutrients Balnace 

		

		Day		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De				g/day NH3

		1

		7		12.5		1.3		5.9		0.5				53.76

		14

		18		15.9		3.8		8.6		0.6				58.08

		20		21.3		2.3								91.2

		21						4.6		0.4

		22						3.9

		25		25.7		1.9				0.9				114.24

		27						7.5		0.4

		29		23.6		1.5								106.08

		35						6.9		10.2

		40		25.6		2.5		8.9						110.88

		46								0.6

		50		34.6		6.9		4.3						132.96

		53						5.2		0.2

		57						2.3		0.1

		61		52.95		3.54				0.2		904.368		237.168

		62		44.24		1.14		5.9						206.88

		64		35.6		2				1.5				161.28

		67						5.6

		68		33.2		2.6				0.5				146.88

		69						7.8

		70								0.7

		74		69.4		5.4		4.9						307.2

		75

		76		74.2		12.5		5.1		0.4				296.16

		78

		81		67.1		8.56		7.53		0.1				280.992

		85

		88		19.2		0.9								87.84

		91		34.9		0.8		10.5		0.2				163.68

		96		42.3		0.96		11.31		1.2				198.432

		97		33		2.5								146.4

		99		48.69		2.5		12.9		0.5				221.712

		102

		103		35.6		6.5		4.6		0.1				139.68

		109

		111		51.2		3.5		4.8		0.8				228.96

		112								0.6

		116						10.5

		117		39.5		3.8		11.2		0.5				171.36

		119

		123		58.6		5.4		17.2		0.9				255.36

		125

		130		40.6		3.7		14.5		1.5				177.12

		138

		146		39.5		6.8		5.3		0.5				156.96

		153		38.6		7.3		6.1		1.6				150.24

														196.5423157895

														59.2925400189





nutrients Balnace 

		



Time (days)

TAN (mg/l)



Sheet15

		

		Day		PO4-P T		PO4-P D		PO4-P S

		1		0.38		5.1		13.5

		7

		14		0.9		2.1		12.5

		18		3.2		4.3		10.8

		20

		21		3.9		5.2		13.5

		22		4.2		5.8		17.5

		25

		27

		29		7.07		9.3		16.3

		35

		40

		46		7.32		10.5		15.3

		50

		53		7.7		10.2		20.9

		57

		61		15.5		20.5		31.9

		62		28.16		33.7		38.5

		64

		67

		68		30.2		34.5		40.2

		69

		70

		74		31.5		37.3		45.6

		75

		76

		78

		81		39.1		43.5		53.6

		85

		88		41.6		42.7		50.4

		91		41.28		43.1		52.3

		96

		97		42.5		46.8		50.4

		99		38.7		42.8		42.5

		102

		103		38.4		41.7		48.5

		109		38.08		40.8		52.1

		111		34.72		38.5		40.2

		112

		116

		117		38.08		40.8		48.6

		119

		123

		125		41.6		43.8		50.2

		130		38.4		42.1		48.5

		138

		146		33.6		40.9		50.2

		153		42.3		38.6		49.3





Sheet15

		



Time (days)

PO4-P (mg/l)



		



Time (days)

PO4-P (mg/l)



		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)



		





		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		75		75

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		116		116

		119		119

		130		130

		138		138

		146		146

		153		153



Influent

Effluent

Time (days)

NO3-N (mg/l)

62.9

50.4

36.2

22.7

42

28.1

70.8

36.4

91

36

89.8

35.6

74.67

45.4

82.4

48.6

84.36

67.16

73.62

59.2

158.2

89.6

140

87.5

148.8

102.7

165.5

50.8

164.1

80.5

132.1

40.5

114.32

30.9

129.27

66

121.2

13.2

137.6

11.5

136.2

60.4

107.12

44.5

135.4

28.2

135.9

32.9

154.1

52.14

160.5

59.3

160.5

41.9

164.9

87.94

152.1

39.3

153.2

30.5

140.3

56.4

127.6

7

119.4

14.7

128.8

15.18

137.2

34.5

131.43

53.72

126.63

42.69

109.25

57.3

107.4

18.06

91.6

14.7

73

3.2

84.87

37



		1		1

		7		7

		14		14

		18		18

		21		21

		25		25

		29		29

		40		40

		46		46

		53		53

		57		57

		62		62

		64		64

		68		68

		70		70

		75		75

		76		76

		81		81

		88		88

		91		91

		97		97

		102		102

		103		103

		109		109

		111		111

		116		116

		119		119

		125		125

		130		130

		146		146



Influent

Effluent

Time (days)

H2S-S (mg/l)

10.5

0

22.5

0

20.5

0

21.6

0

26.5

0

40.5

0

15.6

0

62.5

0

60.2

0

55.8

0

70.6

0

39.6

0

55.5

0

40.5

0

53.6

0

42.6

0

70.6

0

80.6

0

66.8

0

35.6

0

45

0

57.3

0

58.6

0

60.2

0

59.3

0

82.1

0

57.2

0

38.2

0

46.7

0

64.49

0



		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

TAN (mg/l)

12.5

1.3

15.9

3.8

21.3

2.3

25.7

1.9

23.6

1.5

25.6

2.5

34.6

6.9

52.95

3.54

44.24

1.14

35.6

2

33.2

2.6

69.4

5.4

74.2

12.5

67.1

8.56

19.2

0.9

34.9

0.8

42.3

0.96

33

2.5

48.69

2.5

35.6

6.5

51.2

3.5

39.5

3.8

58.6

5.4

40.6

3.7

39.5

6.8



		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

PO4-P (mg/l)

13.5

5.1

12.5

2.1

10.8

4.3

13.5

5.2

17.5

5.8

16.3

9.3

15.3

10.5

20.9

10.2

31.9

20.5

38.5

33.7

40.2

34.5

45.6

37.3

53.6

43.5

50.4

42.7

52.3

43.1

50.4

46.8

42.5

42.8

48.5

41.7

52.1

40.8

40.2

38.5

48.6

40.8

50.2

43.8

48.5

42.1

50.2

40.9



		

		Day		fish tank		de		st

		1		277		100		-250

		7

		14		295		90		-280

		18		295		80		-300

		20

		21		312		60		-260

		22

		25		331		40		-275

		27

		29		319		30		-340

		35

		40		325		-30		-360

		46

		50		325		-40		-400

		53						-550

		57		384		70		-465

		61

		62		304		120		-480

		64

		67		405		80		-540

		68		302		70		-450

		69		324		50		-480

		70

		74		400		-50		-490

		75

		76		378		40		-480

		78		262		10		-550

		81		430		30		-490

		85

		88		428		40		-560

		91		334		20		-600

		96		341		10		-570

		97		255		-40		-570

		99

		102		310		20		-480

		103		339		100		-550

		109		290		20		-600

		111

		112		350		50		-580

		116		352		30		-540

		117		338		-10		-600

		119		256		-50		-560

		123		290		70		-570

		125

		130		350		30		-480

		138		250		10		-520

		146		336		50		-560

		153		342		120		-450





		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

mV



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

Alkalinity (mg/l)

100

240

274

101

251

285

115

315

340

118

234

356

115.4

289

357.8

105.4

190

520

94.2

150

1104

147

264

1140

148

396

1330

150.2

379

1135

114.2

380

1130

208

584

1160

160

428

168.8

557.2

900

170

543

1158

192.4

744

1425

180.4

535.2

1124

318.6

609.6

295.6

535.2

956

281

601

1056

239

532

1011

231

541

239

532

1102

211

521

1108



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)

0.38

5.1

13.5

0.9

2.1

12.5

3.2

4.3

10.8

3.9

5.2

13.5

4.2

5.8

17.5

7.07

9.3

16.3

7.32

10.5

15.3

7.7

10.2

20.9

15.5

20.5

31.9

28.16

33.7

38.5

30.2

34.5

40.2

31.5

37.3

45.6

39.1

43.5

53.6

41.6

42.7

50.4

41.28

43.1

52.3

42.5

46.8

50.4

38.7

42.8

42.5

38.4

41.7

48.5

38.08

40.8

52.1

34.72

38.5

40.2

38.08

40.8

48.6

41.6

43.8

50.2

38.4

42.1

48.5

33.6

40.9

50.2

42.3

38.6

49.3



		

				Day		mM Methane

				3		40.00

				19		40.00

				20		40.00

				21		7.60

				25		44.31

				26		45.24

				27		47.61

				28		45.05

				32		37.17

				41		23.07

				46		13.91

				48		26.65

				52		23.11

				53		22.78

				54		20.55

				55		22.37

				59		24.85

				60		40.80

				61		42.20

				62		40.14

				67		37.59

				68		37.45

				69		36.59

				73		33.18

				74		29.58

				75		23.15

				76		31.72

				80		90.53

				82		87.40

				83		40.33

				87		49.76

				97		57.60

				101		52.55

				127		50.89

		CO2/N2		CH4		H2S

		37.00%		62.00%		1.00%





		



Time (days)

Methane (mM)



		



CO2/N2 , 37.00%

CH4, 62.00%

H2S, 1.00%



		

				Nutrients Balance

				phosphorus

								KG		%

				Total feed				1807

				Total P				32.5								kg		%

				Retention in fish				9.4						Retention in fish		9.4		28.9

				Sludge				5.9						Sludge		5.9		18.2

				water				2.5						water		2.5		7.7

				Denammox				13.9						Denammox		13.9		42.8

								31.7										97.6

				Nitrogen

								KG

				Total feed				1807								kg		%

				Total N				130.1						Retention in fish		28.6		22

				Retention in fish				28.6		22				Sludge		14.8		11.4

				Sludge				14.8		11.4				Water		9.3		7.2

				water				9.3		7.2				Denitrification		94.6		72.7

				de				33.1						Anammox		15.1		11.6

				anammox				15.1										124.9

				Sludge tank				52.3





		



Fish, 28.9%

Sludge, 18.2%

Water, 7.7%

Denammox biofilter, 42.8%



		



Fish, 22%

Sludge, 11.4%

Water, 7.2%

Denitrification, 72.7%

Anammox, 11.6%



		






Chart5

		CO2/N2

		CH4

		H2S



CO2/N2 , 37.00%

CH4, 62.00%

H2S, 1.00%

0.37

0.62

0.01



Ammonia

		

																						9/8/06

								9/8/2006        Ammonia removal IMF 16kg feed / day 40kg/m3 26C (100% RECYCLE!! )														Sample		Ammonia		Nitrite		NH3-N		NO2-N

																						1		0.4426		0.2446		0.37		0.07

				mg/l		NH3-N				NO2-N												2		0.1272		0.2225		0.11		0.07

				Time		In		Out		In		Out										3		0.8987		0.3567		0.74		0.11

		Start Feeding		10		0.37		0.11		0.07		0.07										4		0.1921		0.3274		0.16		0.10

				12		0.74		0.16		0.11		0.10										5		1.163		0.4906		0.96		0.15

				14		0.96		0.28		0.15		0.13										6		0.3355		0.4282		0.28		0.13

				16		1.07		0.34		0.20		0.14										7		1.2996		0.6467		1.07		0.20

																						8		0.4081		0.4742		0.34		0.14

		9/12/06

				mg/l		NH3-N				NO2-N

				Time		In		Out		In		Out										9/12/06

		Start Feeding		10		0.55		0.16		0.09		0.09

				12		0.92		0.26		0.18		0.17										Sample		Ammonia		Nitrite		NH3-N		NO2-N

				14		1.09		0.34		0.23		0.20										1		0.6621		0.3125		0.55		0.09

				16		1.04		0.33		0.23		0.21										2		0.1885		0.2886		0.16		0.09

				18		0.98		0.32		0.23		0.20										3		0.3136		0.5519		0.26		0.17

																						4		1.1082		0.5869		0.92		0.18

																						5		1.3218		0.7728		1.09		0.23

		9/12/06						Oxygen concentrations in different compartments of the IMF														6		0.4096		0.6709		0.34		0.20

																						7		1.2635		0.7706		1.04		0.23

				A- sump tank before going to the IMF																		8		0.4026		0.68		0.33		0.21

				B- IMF chamber 1																		9		1.1888		0.7601		0.98		0.23

				C-IMF chamber 2																		10		0.3814		0.6655		0.32		0.20

				D- before going in to the LHO

				mg/l

				Time		A		B		C		D

				10		5.76		9.89		8.91		8.75

				12		6.78		10.88		9.6		7.18												Phosphate		Alkalinity

				14		6.31		9.85		8.89		9.05										12-5,6		91.75		186

				16		6.54		10.35		8.84		8.87										12-5,6 Deni		87.75		656

		9/12/06

		mg/l		Time		A		B		C		D

				10		6.33		9.61		8.82		7.35

				12		6.07		9.52		8.52		8.41

				14		5.71		9.96		8.65		7.32

				16		6.01		9.67		8.61		7.71

				18		6.34		9.47		8.74		7.41

		11/7/06

		Sample		Ammonia		NH3-N		Nitrite		NO2-N

		DE 1A		4.0118		3.3155371901		0.7518		0.2285106383

		12-5,6 1B		0.6347		0.5245454545		0.3411		0.1036778116

		LHO 1C		0.2082		0.1720661157		0.4174		0.1268693009

		ST 1D		5.8218		4.8114049587		0.0132		0.0040121581

		2A		4.5085		3.7260330579		0.6811		0.2070212766

		2B		1.6286		1.3459504132		0.788		0.2395136778

		2C		0.4933		0.4076859504		0.8593		0.2611854103

		2D		3.9715		3.282231405		1.7616		0.5354407295

		3A		4.756		3.9305785124		0.8456		0.2570212766

		3B		1.5892		1.3133884298		0.8611		0.2617325228

		3C		0.5279		0.4362809917		0.9072		0.2757446809

		3D		3.6492		3.0158677686		0.0161		0.004893617

		4A		5.1961		4.2942975207		0.5884		0.1788449848

		4B		0.7611		0.6290082645		0.3546		0.107781155

		4C		0.2213		0.182892562		0.4577		0.139118541

		4D		4.1907		3.4633884298		0.5023		0.152674772





NO3-N H2S

		

				starting IMF 07/06/06						all mg/l

						Fish Tank		De.		Sludge T.

		Day		Date		NO3-N In		NO3-N Out		NO3-N ST		H2S- ST		ALK 12-5,6		ALK De.		ALK ST		PO4-P T		PO4-P D		PO4-P S		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De		Flow Rate

		1		7/6/06		62.9		50.4		5.2		10.5		100		240		274		0.38		5.1		13.5

		7		7/13/06		36.2		22.7		2.3				101		251		285								12.5		1.3		5.9		0.5

		14		7/20/06		42		28.1		8.4		20.5								0.9		2.1		12.5										3l/m

		18		7/24/06		70.8		36.4		0				115		315		340		3.2		4.3		10.8		15.9		3.8		8.6		0.6

		20		7/26/06		91		36		10.2																21.3		2.3

		21		7/27/06		89.8		35.6		4.3		50.6		1118		234		356		3.9		5.2		13.5						4.6		0.4		3l/m

		22		7/28/06		74.67		45.4		2.8										4.2		5.8		17.5						3.9

		25		7/31/06		82.4		48.6		15.6		40.5														25.7		1.9				0.9

		27		8/2/06		84.36		67.16		0				115.4		289		357.8												7.5				6 l/m

		29		8/4/06		73.62		59.2		3.6		80.3								7.07		9.3		16.3

		35		8/10/06		158.2		126.1		4.3																				6.9		10.2

		40		8/15/06		140		105		7.6		62.5														25.6		2.5		8.9				6 l/m

		46		8/21/06		148.8		102.7		7.3		60.2		94.2		150		321		7.32		10.5		15.3								0.6

		50		8/25/06		165.5		131.2		8.6																34.6		6.9		4.3

		53		8/28/06		164.1		103.5		8.3		55.8		147		264		280		7.7		10.2		20.9								0		12 l/m

		57		9/1/06		132.1		101.3		7.3		70.6																		2.3

		61		9/5/06		114.32		30.9		11.5																52.95		3.54				0.2

		62		9/6/06		129.27		66		15.3		39.6		148		396		1330		28.16		33.7		38.5		14.24		1.14		5.9				4l/m

		64		9/8/06		121.2		13.2		11.4		55.5																				1.5

		67		9/11/06		137.6		11.5		0																				5.6

		68		9/12/06		136.2		60.4		5.1		40.5		150.2		379		1135		30.2		34.5		40.2		33.2		2.6				0.5

		69		9/13/06		107.12		44.5		4.3																				7.8

		70		9/14/06		135.4		28.2		2.2		53.6																				0.7

		74		9/18/06										114.2		380		1130		31.5		37.3		45.6		69.4		5.4		4.9				4l/m

		75		9/19/06		135.9		32.9		6.3		42.6

		76		9/20/06								70.6														74.2		12.5		5.1		0.4		4l/m

		78		9/22/06		154.1		52.14		2.9

		81		9/25/06		160.5		59.3				80.6		208		584		1160		39.1		43.5		53.6		67.1		8.56		7.53		0.1		4l/m

		85		9/29/06		160.5		41.9		10.2																								4l/m

		88		10/2/06		164.9		87.94		7.6		66.8		160		428				41.6		42.7		50.4		19.2		0.9

		91		10/5/06		152.1		39.3		11.5		35.6		168.8		557.2		900		41.28		43.1		52.3				0.8		10.5		0.2		4l/m

		96		10/10/06		153.2		30.5		3.6																11.7		0.96		11.31		1.2		4l/m

		97		10/11/06		140.3		56.4		7.3		45		170		543		1158		42.5		46.8		50.4		33		2.5						4l/m

		99		10/13/06		127.6		7		10.2				192.4		744		1425		38.7		42.8		42.5		48.69		2.5		12.9		0.5		4l/m

		102		10/16/06		119.4		14.7		3.5		57.3																						4l/m

		103		10/17/06		128.8		15.18		3.8		6.8		180.4		535.2		1124		38.4		41.7		48.5		35.6		6.5		4.6		0.1		4l/m

		109		10/23/06		137.2		34.5		9.2		60.2		318.6		609.6				38.08		40.8		52.1

		111		10/25/06		131.43		53.72		4.5		59.3								34.72		38.5		40.2		51.2		3.5		4.8		0.8		4l/m

		112		10/26/06										295.6		535.2		956														0.6

		116		10/30/06		126.63		42.69		13.2		82.1																		10.5				4l/m

		117		10/31/06										281		601				38.08		40.8		48.6		39.5		3.8		11.2		0.5

		119		11/2/06		109.25		57.3		15.4		57.2						1056																6l/m

		123		11/6/06																						58.6		5.4		17.2		0.9

		125		11/8/06								38.2		239		532				41.6		43.8		50.2

		130		11/13/06		107.4		18.06		17.3		46.7		231		541				38.4		42.1		48.5		40.6		3.7		14.5		1.5		5l/m

		138		11/21/06		91.6		14.7

		146		11/29/06		73		3.2				64.49		239		532		1102		33.6		40.9		50.2		39.5		6.8		5.3		0.5

		153		12/6/06		84.87		37				45.3		211		521		1108		38.6		42.3		49.3		38.6		7.3		6.1		1.6





Turbidity

		

				NTU- nephelometric turbidity units

																				Humics OD-275

				Calibration		NTU										Date		Time		Tanks		De		St

				DW		0.1										7/26/06		8		0.148		0.157		0.32

				TW		0.17												12		0.15		0.189		0.252

				SW (15ppt)		0.51												16		0.201		0.197		0.311

																		20		0.23		0.25		0.35

																		24		0.2		0.26		0.42

																		4		0.18		0.17		0.35

																		8		0.4		0.15		0.42

								NTU												Humics OD-275

		Date		Time				Tanks		De		St				Date		Time		Tanks		De		St

		9/26/06		8		0		0.45		3.2		200				9/26/06		8		0.132		0.15		0.26

				12		4		1.13		3.67		220						12		0.15		0.189		0.252

				16		8		3.38		3.32		211						16		0.201		0.197		0.311

				20		12		2.77		3.31		235						20		0.25		0.34		0.321

				24		16		2.05		3.29		265						24		0.239		0.31		0.34

				4		20		1.5		3.47		288						4		0.15		0.28		0.35

				8		24		0.7		3.11		234						8		0.13		0.18		0.37





Turbidity

		



Time (hr)

NTU



Anammox

		

				9/26/06

								Anammox incubations of beads from the De. Reactor

				Time		Ammonia		Nitrite		Nitrate				Time		Ammonia		Nitrite

				0		21.79		23.48		2.50				0.00		15.36		23.10

				5		17.98		18.01		2.80				5.00

				10		15.23		16.20		3.00				10.00

				15		12.60		13.60		3.20				15.00

				20		9.51		8.68		2.40				20.00		6.35		5.60

				25		5.60		6.10		3.20				25.00

				35		2.36		1.93		2.40				35.00

				40		0.47		1.05		2.80				40.00		0.65		0.76





Anammox

		



Time (hours)

mg/l



drum screen 

		

				Drum back wash volume average

				#		Liters

				1		2.25

				2		2.65

				3		2.26

				4		2.4

				5		2.3

				6		2.25

				7		2.3

				8		2.25

				9		2.4

				10		2.45

				11		2.25

				12		2.4

				13		2.25

				14		2.3

				15		2.4

				16		2.3

				17		2.25

				18		2.3

				19		2.45

				20		2.3

				Avg.		2.3355





NO3

		

						Fish Tank		De.

				Day		NO3-N In		NO3-N Out		g/day DE		g/day ST		Date

				1		62.9		50.4		72		301.92		38906		day		NH3		NO2-		NH3-N		NO2-N

				7		36.2		22.7		77.76		173.76		38907		1		0.107		0.02		0.0891666667		0.006097561

				14		42		28.1		80.064		201.6		38908		2		0.338		0.015		0.2816666667		0.0045731707

				18		70.8		36.4		198.144		339.84		38909		3		0.118		0.065		0.0983333333		0.0198170732

				20		91		36		316.8		436.8		38910		4		0.309		0.086		0.2575		0.0262195122

				21		89.8		35.6		312.192		431.04		38911		5		0.119		0.045		0.0991666667		0.0137195122

				22		74.67		45.4		168.5952		358.416		38912		6		0.199		0.057		0.1658333333		0.0173780488

				25		82.4		48.6		194.688		395.52		38914		8		0.257		0.053		0.2141666667		0.0161585366

				27		84.36		67.16		99.072		404.928		38915		9		0.355		0.094		0.2958333333		0.0286585366

				29		73.62		59.2		83.0592		353.376		38916		10		0.236		0.081		0.1966666667		0.024695122

				35		158.2		89.6		395.136		759.36		38917		11		0.3695		0.085		0.3079166667		0.0259146341

				40		140		87.5		302.4		672		38918		12		0.393		0.099		0.3275		0.0301829268

				46		148.8		102.7		265.536		714.24		38919		13		0.279		0.124		0.2325		0.037804878

				50		165.5		50.8		660.672		794.4		38920		14		0.2879		0.1097		0.2399166667		0.033445122

				53		164.1		80.5		481.536		787.68		38922		16		0.3566		0.1155		0.2971666667		0.0352134146

				57		132.1		40.5		527.616		634.08		38923		17		0.229		0.138		0.1908333333		0.0420731707

		8307.696		61		114.32		30.9		480.4992		548.736		38924		18		0.284		0.112		0.2366666667		0.0341463415

				62		129.27		66		364.4352		620.496		38925		19		0.239		0.086		0.1991666667		0.0262195122

				64		121.2		13.2		622.08		581.76		38926		20		0.3191		0.0938		0.2659166667		0.028597561

				67		137.6		11.5		726.336		660.48		38930		24		0.4068		0.1743		0.339		0.0531402439

				68		136.2		60.4		436.608		653.76		38931		25		0.2571		0.134		0.21425		0.0408536585

				69		107.12		44.5		360.6912		514.176		38932		26		0.599		0.214		0.4991666667		0.0652439024

				70		135.4		28.2		617.472		649.92		38933		27		0.357		0.205		0.2975		0.0625

				75		135.9		32.9		593.28		652.32		38934		28		0.3176		0.1589		0.2646666667		0.048445122

				78		154.1		52.14		587.2896		739.68		38937		31		0.2887		0.1105		0.2405833333		0.0336890244

				81		160.5		59.3		582.912		770.4		38938		32		0.3851		0.1461		0.3209166667		0.0445426829

				85		160.5		41.9		683.136		770.4		38939		33		0.308		0.1225		0.2566666667		0.037347561

				88		164.9		87.94		443.2896		791.52		38941		35		0.3197		0.1372		0.2664166667		0.0418292683

				91		152.1		39.3		649.728		730.08		38944		38		0.2999		0.1302		0.2499166667		0.039695122

				96		153.2		30.5		706.752		735.36		38946		40		0.3771		0.1443		0.31425		0.0439939024

				97		140.3		56.4		483.264		673.44		38947		41		0.3343		0.1522		0.2785833333		0.046402439

				99		127.6		7		694.656		612.48		38949		43		0.3382		0.1351		0.2818333333		0.0411890244

				102		119.4		14.7		603.072		573.12		38950		44		0.3678		0.1821		0.3065		0.0555182927

				103		128.8		15.18		654.4512		618.24		38951		45		0.2677		0.2043		0.2230833333		0.0622865854

				109		137.2		34.5		591.552		658.56		38953		47		0.4196		0.1524		0.3496666667		0.0464634146

				111		131.43		53.72		447.6096		630.864		38958		52		0.352		0.1929		0.2933333333		0.0588109756

				116		126.63		42.69		483.4944		607.824		38959		53		0.2591		0.224		0.2159166667		0.0682926829

				119		109.25		57.3		299.232		524.4		38960		54		0.4165		0.2474		0.3470833333		0.0754268293

				130		107.4		18.06		514.5984		515.52		38961		55		0.0308		0.0218		0.0256666667		0.0066463415

				138		91.6		14.7		442.944		439.68		38966		60		0.4795		0.3151		0.3995833333		0.0960670732

				146		73		3.2		402.048		350.4		38967		61		0.4193		0.2031		0.3494166667		0.0619207317

				153		84.87		37		275.7312		407.376		38968		62		0.4036		0.212		0.3363333333		0.0646341463

								avg		428.1531428571		566.4274285714		38969		63		0.5811		0.2732		0.48425		0.0832926829

								stdv		196.6470919591		166.9434917653		38970		64		0.3794		0.2636		0.3161666667		0.0803658537

														38971		65		0.4702		0.3009		0.3918333333		0.0917378049

														38972		66		0.3834		0.2505		0.3195		0.0763719512

														38973		67		0.4628		0.2618		0.3856666667		0.0798170732

														38974		68		0.3946		0.2118		0.3288333333		0.0645731707

														38977		71		0.4446		0.2295		0.3705		0.0699695122

														38978		72		0.4316		0.2614		0.3596666667		0.079695122

														38979		73		0.4176		0.2059		0.348		0.0627743902

														38980		74		0.4863		0.2358		0.40525		0.0718902439

														38982		76		0.5026		0.2615		0.4188333333		0.0797256098

														38983		77		0.5791		0.351		0.4825833333		0.1070121951

														38984		78		0.5567		0.334		0.4639166667		0.1018292683

														38985		79		0.5743		0.3241		0.4785833333		0.0988109756

														38986		80		0.4432		0.2646		0.3693333333		0.0806707317

														38987		81		0.4291		0.2348		0.3575833333		0.0715853659

														38989		83		0.4565		0.254		0.3804166667		0.0774390244

														38990		84		0.4922		0.2264		0.4101666667		0.0690243902

														38992		86		0.609		0.3678		0.5075		0.1121341463

														38993		87		0.4717		0.2797		0.3930833333		0.0852743902

														38994		88		0.675		0.3843		0.5625		0.1171646341

														38995		89		0.5709		0.353		0.47575		0.1076219512

														38996		90		0.4479		0.3826		0.37325		0.1166463415

														38997		91		0.5638		0.4256		0.4698333333		0.1297560976

														38999		93		0.4722		0.3027		0.3935		0.0922865854

														39000		94		0.5853		0.3787		0.48775		0.1154573171

														39002		96		0.4815		0.3357		0.40125		0.102347561

														39003		97		0.486		0.2771		0.405		0.0844817073

														39004		98		0.4995		0.311		0.41625		0.0948170732

														39005		99		0.5516		0.5253		0.4596666667		0.160152439

														39006		100		0.5774		0.5728		0.4811666667		0.1746341463

														39006		100		0.4488		0.3426		0.374		0.1044512195

														39008		102		0.4488		0.3426		0.374		0.1044512195

														39010		104		0.5724		0.4785		0.477		0.1458841463

														39011		105		0.5605		0.421		0.4670833333		0.1283536585

														39013		107		0.6064		0.455		0.5053333333		0.1387195122

														39014		108		0.734		0.4984		0.6116666667		0.1519512195

														39015		109		0.8106		0.5767		0.6755		0.1758231707

														39019		113		0.7032		0.5173		0.586		0.1577134146

														39020		114		0.6115		0.3671		0.5095833333		0.1119207317

														39021		115		0.6255		0.4816		0.52125		0.1468292683

														39022		116		0.7094		0.5803		0.5911666667		0.1769207317

														39023		117		0.6697		0.361		0.5580833333		0.1100609756

														39024		118		0.637		0.3037		0.5308333333		0.0925914634

														39025		119		0.6788		0.3617		0.5656666667		0.1102743902

														39026		120		0.6331		0.3608		0.5275833333		0.11

														39028		122		0.6468		0.4249		0.539		0.1295426829

														39030		124		0.68		0.3712		0.5666666667		0.1131707317

														39031		125		0.6765		0.3535		0.56375		0.1077743902

														39032		126		0.6701		0.3377		0.5584166667		0.1029573171

														39033		127		0.8536		0.2506		0.7113333333		0.076402439

														39034		128		0.5965		0.2468		0.4970833333		0.0752439024

														39035		129		0.6461		0.3775		0.5384166667		0.1150914634

														39036		130		0.5114		0.3365		0.4261666667		0.1025914634

														39037		131		0.6369		0.3492		0.53075		0.1064634146

														39038		132		0.5177		0.296		0.4314166667		0.0902439024

														39039		133		0.0586		0.0421		0.0488333333		0.0128353659

														39042		136		0.5819		0.5991		0.4849166667		0.182652439

														39047		141		0.6612		0.2694		0.551		0.0821341463

														39048		142		0.5211		0.2352		0.43425		0.0717073171

														39049		143		0.541		0.2255		0.4508333333		0.06875

														39050		144		0.9808		0.2459		0.8173333333		0.0749695122

														39051		145		0.6607		0.1713		0.5505833333		0.0522256098

														39056		150				0.234				0.0713414634

														39061		155		0.9214		0.2685		0.7678333333		0.0818597561

														39062		156		0.4063		0.1685		0.3385833333		0.0513719512

														39063		157		0.4042		0.1564		0.3368333333		0.0476829268

																		0.4105		0.1799		0.3420833333		0.054847561





NO3

		



Tank water

Time (days)

NO3-N (mg/l)



H2S

		



Influent

Effluent

Time (days)

NO3-N (mg/l)



Alk

		



Time (days)

NO3-N (g/day)



NH3no2

		



Time (days)

TAN (mg/l)



PO4

		



Time (days)

NO2-N



De in out  

		

		Day		H2S- ST		H2S -DE		g/day H2S		g/day DE		M H2S		M NO3		NO3/H2S		NO3 HER		%AUT		%HET

		1		10.5		0		50.4		72		1.575		5.1428571429		2.52		2.6228571429		49.00		51.00

		7		22.5		0		108		77.76		3.375		5.5542857143		5.4		0.1542857143		97.22		2.78

		14		20.5		0		98.4		80.064		3.075		5.7188571429		4.92		0.7988571429		86.03		13.97

		18		21.6		0		103.68		198.144		3.24		14.1531428571		5.184		8.9691428571		36.63		63.37

		21		26.5		0		127.2		312.192		3.975		22.2994285714		6.36		15.9394285714		28.52		71.48

		25		40.5		0		194.4		194.688		6.075		13.9062857143		9.72		4.1862857143		69.90		30.10

		29		15.6		0		74.88		83.0592		2.34		5.9328		3.744		2.1888		63.11		36.89

		40		62.5		0		300		302.4		9.375		21.6		15		6.6		69.44		30.56

		46		60.2		0		288.96		265.536		9.03		18.9668571429		14.448		4.5188571429		76.17		23.83

		53		55.8		0		267.84		481.536		8.37		34.3954285714		13.392		21.0034285714		38.94		61.06

		57		70.6		0		338.88		527.616		10.59		37.6868571429		16.944		20.7428571429		44.96		55.04

		62		39.6		0		190.08		364.4352		5.94		26.0310857143		9.504		16.5270857143		36.51		63.49

		64		55.5		0		266.4		622.08		8.325		44.4342857143		13.32		31.1142857143		29.98		70.02

		68		40.5		0		194.4		436.608		6.075		31.1862857143		9.72		21.4662857143		31.17		68.83

		70		53.6		0		257.28		617.472		8.04		44.1051428571		12.864		31.2411428571		29.17		70.83

		75		42.6		0		204.48		593.28		6.39		42.3771428571		10.224		32.1531428571		24.13		75.87

		76		70.6		0		338.88		587.2896		10.59		41.9492571429		16.944		25.0052571429		40.39		59.61

		81		80.6		0		386.88		582.912		12.09		41.6365714286		19.344		22.2925714286		46.46		53.54

		88		66.8		0		320.64		443.2896		10.02		31.6635428571		16.032		15.6315428571		50.63		49.37

		91		35.6		0		170.88		649.728		5.34		46.4091428571		8.544		37.8651428571		18.41		81.59

		97		45		0		216		483.264		6.75		34.5188571429		10.8		23.7188571429		31.29		68.71

		102		57.3		0		275.04		603.072		8.595		43.0765714286		13.752		29.3245714286		31.92		68.08

		103		58.6		0		281.28		654.4512		8.79		46.7465142857		14.064		32.6825142857		30.09		69.91

		109		60.2		0		288.96		591.552		9.03		42.2537142857		14.448		27.8057142857		34.19		65.81

		111		59.3		0		284.64		447.6096		8.895		31.9721142857		14.232		17.7401142857		44.51		55.49

		116		82.1		0		394.08		483.4944		12.315		34.5353142857		19.704		14.8313142857		57.05		42.95

		119		57.2		0		274.56		299.232		8.58		21.3737142857		13.728		7.6457142857		64.23		35.77

		125		38.2		0		183.36		514.5984		5.73		36.7570285714		9.168		27.5890285714		24.94		75.06

		130		46.7		0		224.16		442.944		7.005		31.6388571429		11.208		20.4308571429		35.42		64.58

		146		64.49		0		309.552		402.048		9.6735		28.7177142857		15.4776		13.2401142857		53.90		46.10

		153		45.3		0		217.44		275.7312		6.795		19.6950857143		10.872		8.8230857143		55.20		44.80





De in out  

		



Influent

Effluent

Time (days)

H2S-S (mg/l)



redox 

		



Autotrophic denitrification

Heterotrophic denitrification

Time (days)

% NO3 Removal



UASB

		

		Day		ALK 12-5,6		ALK De.		ALK ST

		1		100		240		274

		7		101		251		285

		14

		18		115		315		340

		20

		21		118		234		356

		22

		25

		27		115.4		289		357.8

		29

		35		105.4		190		520

		40

		46		94.2		150		1104

		50

		53		147		264		1140

		57

		61

		62		148		396		1330

		64

		67

		68		150.2		379		1135

		69

		70

		74		114.2		380		1130

		75

		76

		78

		81		208		584		1160

		85

		88		160		428

		91		168.8		557.2		900

		96

		97		170		543		1158

		99		192.4		744		1425

		102

		103		180.4		535.2		1124

		109		318.6		609.6

		111

		112		295.6		535.2		956

		116

		117		281		601

		119						1056

		123

		125		239		532		1011

		130		231		541

		138

		146		239		532		1102

		153		211		521		1108





UASB

		



Fish tank

Denirification effluent

Sludge digester

Time (days)

Alkalinity (mg/l)



nutrients Balnace 

		

		Day		NH4-N ST		NH4-N De		NO2-N ST		NO2-N De				g/day NH3

		1

		7		12.5		1.3		5.9		0.5				53.76

		14

		18		15.9		3.8		8.6		0.6				58.08

		20		21.3		2.3								91.2

		21						4.6		0.4

		22						3.9

		25		25.7		1.9				0.9				114.24

		27						7.5		0.4

		29		23.6		1.5								106.08

		35						6.9		10.2

		40		25.6		2.5		8.9						110.88

		46								0.6

		50		34.6		6.9		4.3						132.96

		53						5.2		0.2

		57						2.3		0.1

		61		52.95		3.54				0.2		904.368		237.168

		62		44.24		1.14		5.9						206.88

		64		35.6		2				1.5				161.28

		67						5.6

		68		33.2		2.6				0.5				146.88

		69						7.8

		70								0.7

		74		69.4		5.4		4.9						307.2

		75

		76		74.2		12.5		5.1		0.4				296.16

		78

		81		67.1		8.56		7.53		0.1				280.992

		85

		88		19.2		0.9								87.84

		91		34.9		0.8		10.5		0.2				163.68

		96		42.3		0.96		11.31		1.2				198.432

		97		33		2.5								146.4

		99		48.69		2.5		12.9		0.5				221.712

		102

		103		35.6		6.5		4.6		0.1				139.68

		109

		111		51.2		3.5		4.8		0.8				228.96

		112								0.6

		116						10.5

		117		39.5		3.8		11.2		0.5				171.36

		119

		123		58.6		5.4		17.2		0.9				255.36

		125

		130		40.6		3.7		14.5		1.5				177.12

		138

		146		39.5		6.8		5.3		0.5				156.96

		153		38.6		7.3		6.1		1.6				150.24

														196.5423157895

														59.2925400189





nutrients Balnace 

		



Time (days)

TAN (mg/l)



Sheet15

		

		Day		PO4-P T		PO4-P D		PO4-P S

		1		0.38		5.1		13.5

		7

		14		0.9		2.1		12.5

		18		3.2		4.3		10.8

		20

		21		3.9		5.2		13.5

		22		4.2		5.8		17.5

		25

		27

		29		7.07		9.3		16.3

		35

		40

		46		7.32		10.5		15.3

		50

		53		7.7		10.2		20.9

		57

		61		15.5		20.5		31.9

		62		28.16		33.7		38.5

		64

		67

		68		30.2		34.5		40.2

		69

		70

		74		31.5		37.3		45.6

		75

		76

		78

		81		39.1		43.5		53.6

		85

		88		41.6		42.7		50.4

		91		41.28		43.1		52.3

		96

		97		42.5		46.8		50.4

		99		38.7		42.8		42.5

		102

		103		38.4		41.7		48.5

		109		38.08		40.8		52.1

		111		34.72		38.5		40.2

		112

		116

		117		38.08		40.8		48.6

		119

		123

		125		41.6		43.8		50.2

		130		38.4		42.1		48.5

		138

		146		33.6		40.9		50.2

		153		42.3		38.6		49.3





Sheet15

		



Time (days)

PO4-P (mg/l)



		



Time (days)

PO4-P (mg/l)



		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)



		





		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		75		75

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		116		116

		119		119

		130		130

		138		138

		146		146

		153		153



Influent

Effluent

Time (days)

NO3-N (mg/l)

62.9

50.4

36.2

22.7

42

28.1

70.8

36.4

91

36

89.8

35.6

74.67

45.4

82.4

48.6

84.36

67.16

73.62

59.2

158.2

89.6

140

87.5

148.8

102.7

165.5

50.8

164.1

80.5

132.1

40.5

114.32

30.9

129.27

66

121.2

13.2

137.6

11.5

136.2

60.4

107.12

44.5

135.4

28.2

135.9

32.9

154.1

52.14

160.5

59.3

160.5

41.9

164.9

87.94

152.1

39.3

153.2

30.5

140.3

56.4

127.6

7

119.4

14.7

128.8

15.18

137.2

34.5

131.43

53.72

126.63

42.69

109.25

57.3

107.4

18.06

91.6

14.7

73

3.2

84.87

37



		1		1

		7		7

		14		14

		18		18

		21		21

		25		25

		29		29

		40		40

		46		46

		53		53

		57		57

		62		62

		64		64

		68		68

		70		70

		75		75

		76		76

		81		81

		88		88

		91		91

		97		97

		102		102

		103		103

		109		109

		111		111

		116		116

		119		119

		125		125

		130		130

		146		146



Influent

Effluent

Time (days)

H2S-S (mg/l)

10.5

0

22.5

0

20.5

0

21.6

0

26.5

0

40.5

0

15.6

0

62.5

0

60.2

0

55.8

0

70.6

0

39.6

0

55.5

0

40.5

0

53.6

0

42.6

0

70.6

0

80.6

0

66.8

0

35.6

0

45

0

57.3

0

58.6

0

60.2

0

59.3

0

82.1

0

57.2

0

38.2

0

46.7

0

64.49

0



		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

TAN (mg/l)

12.5

1.3

15.9

3.8

21.3

2.3

25.7

1.9

23.6

1.5

25.6

2.5

34.6

6.9

52.95

3.54

44.24

1.14

35.6

2

33.2

2.6

69.4

5.4

74.2

12.5

67.1

8.56

19.2

0.9

34.9

0.8

42.3

0.96

33

2.5

48.69

2.5

35.6

6.5

51.2

3.5

39.5

3.8

58.6

5.4

40.6

3.7

39.5

6.8



		1		1

		7		7

		14		14

		18		18

		20		20

		21		21

		22		22

		25		25

		27		27

		29		29

		35		35

		40		40

		46		46

		50		50

		53		53

		57		57

		61		61

		62		62

		64		64

		67		67

		68		68

		69		69

		70		70

		74		74

		75		75

		76		76

		78		78

		81		81

		85		85

		88		88

		91		91

		96		96

		97		97

		99		99

		102		102

		103		103

		109		109

		111		111

		112		112

		116		116

		117		117

		119		119

		123		123

		125		125

		130		130

		138		138

		146		146



Influent

Effluent

Time (days)

PO4-P (mg/l)

13.5

5.1

12.5

2.1

10.8

4.3

13.5

5.2

17.5

5.8

16.3

9.3

15.3

10.5

20.9

10.2

31.9

20.5

38.5

33.7

40.2

34.5

45.6

37.3

53.6

43.5

50.4

42.7

52.3

43.1

50.4

46.8

42.5

42.8

48.5

41.7

52.1

40.8

40.2

38.5

48.6

40.8

50.2

43.8

48.5

42.1

50.2

40.9



		

		Day		fish tank		de		st

		1		277		100		-250

		7

		14		295		90		-280

		18		295		80		-300

		20

		21		312		60		-260

		22

		25		331		40		-275

		27

		29		319		30		-340

		35

		40		325		-30		-360

		46

		50		325		-40		-400

		53						-550

		57		384		70		-465

		61

		62		304		120		-480

		64

		67		405		80		-540

		68		302		70		-450

		69		324		50		-480

		70

		74		400		-50		-490

		75

		76		378		40		-480

		78		262		10		-550

		81		430		30		-490

		85

		88		428		40		-560

		91		334		20		-600

		96		341		10		-570

		97		255		-40		-570

		99

		102		310		20		-480

		103		339		100		-550

		109		290		20		-600

		111

		112		350		50		-580

		116		352		30		-540

		117		338		-10		-600

		119		256		-50		-560

		123		290		70		-570

		125

		130		350		30		-480

		138		250		10		-520

		146		336		50		-560

		153		342		120		-450





		



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

mV



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

Alkalinity (mg/l)

100

240

274

101

251

285

115

315

340

118

234

356

115.4

289

357.8

105.4

190

520

94.2

150

1104

147

264

1140

148

396

1330

150.2

379

1135

114.2

380

1130

208

584

1160

160

428

168.8

557.2

900

170

543

1158

192.4

744

1425

180.4

535.2

1124

318.6

609.6

295.6

535.2

956

281

601

1056

239

532

1011

231

541

239

532

1102

211

521

1108



		1		1		1

		7		7		7

		14		14		14

		18		18		18

		20		20		20

		21		21		21

		22		22		22

		25		25		25

		27		27		27

		29		29		29

		35		35		35

		40		40		40

		46		46		46

		50		50		50

		53		53		53

		57		57		57

		61		61		61

		62		62		62

		64		64		64

		67		67		67

		68		68		68

		69		69		69

		70		70		70

		74		74		74

		75		75		75

		76		76		76

		78		78		78

		81		81		81

		85		85		85

		88		88		88

		91		91		91

		96		96		96

		97		97		97

		99		99		99

		102		102		102

		103		103		103

		109		109		109

		111		111		111

		112		112		112

		116		116		116

		117		117		117

		119		119		119

		123		123		123

		125		125		125

		130		130		130

		138		138		138

		146		146		146

		153		153		153



Fish tanks

De./Ana. biofilter effluent

Sludge digester effluent

Time (days)

PO4-P (mg/l)

0.38

5.1

13.5

0.9

2.1

12.5

3.2

4.3

10.8

3.9

5.2

13.5

4.2

5.8

17.5

7.07

9.3

16.3

7.32

10.5

15.3

7.7

10.2

20.9

15.5

20.5

31.9

28.16

33.7

38.5

30.2

34.5

40.2

31.5

37.3

45.6

39.1

43.5

53.6

41.6

42.7

50.4

41.28

43.1

52.3

42.5

46.8

50.4

38.7

42.8

42.5

38.4

41.7

48.5

38.08

40.8

52.1

34.72

38.5

40.2

38.08

40.8

48.6

41.6

43.8

50.2

38.4

42.1

48.5

33.6

40.9

50.2

42.3

38.6

49.3



		

				Day		mM Methane

				3		40.00

				19		40.00

				20		40.00

				21		7.60

				25		44.31

				26		45.24

				27		47.61

				28		45.05

				32		37.17

				41		23.07

				46		13.91

				48		26.65

				52		23.11

				53		22.78

				54		20.55

				55		22.37

				59		24.85

				60		40.80

				61		42.20

				62		40.14

				67		37.59

				68		37.45

				69		36.59

				73		33.18

				74		29.58

				75		23.15

				76		31.72

				80		90.53

				82		87.40

				83		40.33

				87		49.76

				97		57.60

				101		52.55

				127		50.89

		CO2/N2		CH4		H2S

		37.00%		62.00%		1.00%





		



Time (days)

Methane (mM)



		



CO2/N2 , 37.00%

CH4, 62.00%

H2S, 1.00%



		

				Nutrients Balance

				phosphorus

								KG		%

				Total feed				1807

				Total P				32.5								kg		%

				Retention in fish				9.4						Retention in fish		9.4		28.9

				Sludge				5.9						Sludge		5.9		18.2

				water				2.5						water		2.5		7.7

				Denammox				13.9						Denammox		13.9		42.8

								31.7										97.6

				Nitrogen

								KG

				Total feed				1807								kg		%

				Total N				130.1						Retention in fish		28.6		22

				Retention in fish				28.6		22				Sludge		14.8		11.4

				Sludge				14.8		11.4				Water		9.3		7.2

				water				9.3		7.2				Denitrification		94.6		72.7

				de				33.1						Anammox		15.1		11.6

				anammox				15.1										124.9

				Sludge tank				52.3





		



Fish, 28.9%

Sludge, 18.2%

Water, 7.7%

Denammox biofilter, 42.8%



		



Fish, 22%

Sludge, 11.4%

Water, 7.2%

Denitrification, 72.7%

Anammox, 11.6%



		







Biomethane as an energy source



Atlantic Salmon

• Initial focus on land-based smolt production in Norway

• Collaboration with: 

• Cermaq AS (Forsan):   Geir Sjaastad, Philip van Dijk

• Sterner AS:    Arne Hjalmar Knap, Nataliia Nikolaieva



Cermaq – Forsan, Nordland Norway

• 12.2 million smolt production capacity; ~1,200 ton

• 360 metric ton dry waste, ~4,800 mt sludge



The Smolt Sludge Task Parameters

• Must be a highly efficient methanogenic consortium for salmon 
smolt waste

• Must be developed from microorganisms indigenous to Norway

• Must convert sludge with up to 6% total solids (DM)

• Must tolerate NH4 concentrations up to 5 g/liter

• Must be sufficiently robust to tolerate effluent fluctuations due to 
harvest cycles

• Complete enrichment and scale-up in 9 months



Initial incubation with sludge to obtain microbes 

Enrichment, optimization for methane production

Methanogens community analysis

Scale-up & shipment

Enrichment, Optimization & Scale-Up

Solid waste from
Cermaq smolts



Optimization of activities: Effect of temperature
25oC 30oC

35oC



Cermaq – Forsan, Norway

Concentration/hydrolysis 100 m3 anaerobic
baffled bioreactor

Solids separation



Cermaq Forsan, Norway, 100 m3 bioreactor



Cermaq Forsan, Norway, 100 m3 bioreactor



From the bench to the bioreactor



Biogas flare
Methane driven boiler

Forsan biogas is used to heat water



Solid waste collection in-the-sea



Thank you !
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