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Introduction 

In natural environments, hydrogen is produced during anaerobic degradation of organic matter. However as this hydrogen is consumed by methane producing bacteria, this hydrogen remains unnoticed and unavailable. This project is aimed at the development of a bioprocess in which a) hydrogen production is uncoupled from methane production and b) the efficiency of hydrogen production from biomass is increased. 

Thermophilic Hydrogen Production
Hydrogen production was established by growing pure cultures of extremophilic bacteria on glucose. The hydrogen production rate of commercially available strains and new isolates is shown in table 1. The efficiency of hydrogen production from glucose was tested in a chemostat culture as shown in figure 1 and 2. Thermotoga elfii, growing at 65°C produced 4 mol of H2 and 2 mol of acetic acid per mol of glucose consumed.
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The standard Gibbs free energy change for this reaction is (G°’ = – 206 kJ/mol. Further conversion of acetate to hydrogen and CO2 is hampered by a positive (G°’ meaning that the reaction is thermodynamic unfavourable.

Nevertheless some bacteria are able to oxidise acetate to hydrogen provided that the hydrogen is immediately removed. On the other hand, photoheterotrophic bacteria are able to perform the same reaction with utilisation of energy from light. Both possibilities will be explored for further efficiency increase, aiming at a final production of 12 mol H2 per mol glucose consumed.
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Photo 1: Growth of Thermotoga elfii  in a bioreactor
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Table 1: Maximum hydrogen production rate of an enrichment culture with starch as substrate compared to rates of other organisms found in literature

	Organism
	Temperature
	Maximum H2 production rate
	Process

	
	°C
	mmol H2.g DW-1.h-1
	

	
	
	
	

	Enrichment culture
	80
	45 – 90
	fermentation

	
	
	
	

	Thermotoga maritima
	60
	33
	fermentation

	Oscillatoria sp.
	30
	0.45
	Photosynthesis

	Rhodopseudomonas sp.
	30
	0.4 – 3.6
	Photofermentation

	Clostridium sp.
	30
	20.5
	fermentation

	Enterobacter sp.
	30
	13
	fermentation

	
	
	
	


Figure 1: Hydrogen production during growth of Thermotoga elfii  on glucose
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Figure 2: Hydrogen production during growth of Thermotoga elfii  on glucose
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fermentatie 1

				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor

		datum		dag		dag nr.		tijdstip				gas ppm				OD (580)		glucose		loogpomp

																		g/l		ml

		3-Mar		woensdag		0		14:00

		4-Mar		donderdag		1

		5-Mar		vrijdag		2						840

		6-Mar		zaterdag		3

		7-Mar		zondag		4		15:00				0				0.831

		8-Mar		maandag		5		13:30				0				0.771		0

		9-Mar		dinsdag		6		11:00				0				0.752				20.9

		10-Mar		woensdag		7

		11-Mar		donderdag		8

		12-Mar		vrijdag

		13-Mar		zaterdag

				flessen in schudbak

		datum		dag		dag nr.		tijdstip				gas ml				OD				glucose

												flesje 1		flesje 2		flesje 1		flesje 2		flesje 1		flesje 2

		1-Mar		maandag		0

		2-Mar		dinsdag		1

		3-Mar		woensdag		2

		4-Mar		donderdag		3

		5-Mar		vrijdag		4

		6-Mar		zaterdag		5

		7-Mar		zondag		6		15:00				0.4		1.2		0.64		0.611

		8-Mar		maandag		7		13:30				1.6		0		0.666		0.648

		9-Mar		dinsdag		8		11:00				0		0		0.698		0.639

		10-Mar		woensdag		9

		11-Mar		donderdag		10

		12-Mar		vrijdag

		13-Mar		zaterdag





fermentatie 2

				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor

																gemeten

		datum		dag		dag nr.		tijdstip				gas ppm		gasdebiet		OD (580)		glucose		COD		loogpomp																		cumulatieve tijd (uren)				OD (580)

														l/uur				g/l		g/l		ml		mmol H2/uur

		21-Mar		zondag		0		21-mar-99 12:30								0.061				23.84																				0

		22-Mar		maandag		1		22-mar-99 10:30				500		81.1		0.417				23.42				1.81																22

		22-Mar						22-mar-99 14:00				680		82.79										2.51																25.5

		22-Mar						22-mar-99 16:10				720		82.79		0.646		8.86						2.66																27.6

		23-Mar		dinsdag		2		23-mar-99 10:30				700		82.27		1.018		5.86		20.96				2.57																46

								23-mar-99 14:00				620		82										2.27																49.5

								23-mar-99 15:30				540		82										1.98																51

								23-mar-99 16:00								1.049		5.53																						51.5

		24-Mar		woensdag		3		23-mar-99 16:01				500		82		0.886								1.83																70

		25-Mar		donderdag		4

		26-Mar		vrijdag		5

				flessen in schudbak

		datum		dag		dag nr.		tijdstip				gas ml				OD				glucose

												flesje 1		flesje 2		flesje 1		flesje 2		flesje 1		flesje 2

												- 20		+ 20		- 20		+ 20		- 20		+ 20

		20-Mar		zaterdag		3		16:30				14		11.6

		21-Mar		zondag		4		12:00				18		18		0.877		0.864

		22-Mar		maandag		5		10:00				14.3		17.1		0.945		0.81

		22-Mar						15:00				5.3		4.5

		22-Mar						17:00				1.4		2.8

		23-Mar		dinsdag		6		10:00				1.4		2.8		0.793		0.669

		24-Mar		woensdag		7

		25-Mar		donderdag		8

		26-Mar		vrijdag		9

		27-Mar		zaterdag		10

		28-Mar				11

		29-Mar				12

		30-Mar				13

		31-Mar				14

		12-Mar

		13-Mar
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fermentatie 2a

				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor																																snelheid						cumulatieve				glucose concentratie

																												gemeten								produktie H2		tijd		produktie H2		produktie				mmol/l

		datum		tijdstip		ferm duur		pH		OD580nm		glucose		gas ppm		gasdebiet		gasproduktie		loogpomp								OD (580)		glucose		COD				interval		interval		interval		H2

						h						g/l				l/uur		mmol/l/h		ml										g/l		g/l				mmol H2/h		h		mmol H2		mmol H2

		21-Mar		12:30		0		7.4		0.122		9		0				0										0.061				23.84				0		0		0		0				55.5

		22-Mar		10:30		22		7.4		0.834		8.6		500		81.1		1.810										0.417				23.42				0.905		22		19.9		19.9				47.8

		22-Mar		14:00		25.5		7.4						680		82.79		2.513																		2.162		3.5		7.6		27.5

		22-Mar		16:10		27.6		7.4		1.292		8.4		720		82.79		2.661										0.646		8.86						2.587		2.1		5.4		32.9				46.7

		23-Mar		10:30		46		7.4		2.036		5.2		700		82.27		2.571										1.018		5.86		20.96				2.616		18.4		48.1		81.0				28.9

		23-Mar		14:00		49.5		7.4						620		82		2.270																		2.420		3.5		8.5		89.5

		23-Mar		15:30		51		7.4						540		82		1.977																		2.123		1.5		3.2		92.7

		23-Mar		16:00		51.5		7.4		2.098		4.4																1.049		5.53												92.7				24.4

		24-Mar		10:00		69.5		7.4		1.778		3		500		82		1.830		29								0.886								1.904		18.5		35.2		127.9				16.7

		24-Mar		15:00		74.5		7.4						820				3.002																		2.416		5		12.1		140.0

		25-Mar		9:30		93		7.4		1.488		1.6		340				1.245		31.1																2.123		18.5		39.3		179.3				8.9

		25-Mar		16:00		99.5		7.4		1.43				280				1.025																		1.135		6.5		7.4		186.7

		26-mrt		8:00		115.5		7.4		1.306		1.2		0				0.000																		0.513		16		8.2		194.9				6.7
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				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor																																snelheid						cumulatieve				glucose concentratie

																												gemeten								produktie H2		tijd		produktie H2		produktie				mmol/l								meetwaarden																berekende waarden

		datum		tijdstip		ferm duur		pH		OD580nm		glucose		gas ppm		gasdebiet		gasproduktie		loogpomp								OD (580)		glucose		COD				interval		interval		interval		H2												datum		tijdstip		ferm duur		pH		OD580nm		glucose		acetaat		gas ppm		snelheid		totaal

						h						g/l				l/uur		mmol/l/h		ml										g/l		g/l				mmol H2/h		h		mmol H2		mmol H2																h						g/l		g/l				mmol H2/l/h		mmol H2

		21-Mar		12:30		0		7.4		0.122		9		0				0										0.061				23.84				0		0		0		0				50.0								21-Mar		12:30		0		7.4		0.122		9				0		0		0

		22-Mar		10:30		22		7.4		0.834		8.6		500		81.1		1.810										0.417				23.42				0.905		22		19.9		19.9				47.8								22-Mar		10:30		22		7.4		0.834		8.6				500		1.81		19.9

		22-Mar		14:00		25.5		7.4						680		82.79		2.513																		2.162		3.5		7.6		27.5												22-Mar		14:00		25.5		7.4								680		2.51		27.5

		22-Mar		16:10		27.6		7.4		1.292		8.4		720		82.79		2.661										0.646		8.86						2.587		2.1		5.4		32.9				46.7								22-Mar		16:10		27.6		7.4		1.292		8.4				720		2.66		32.9

		23-Mar		10:30		46		7.4		2.036		5.2		700		82.27		2.571										1.018		5.86		20.96				2.616		18.4		48.1		81.0				28.9								23-Mar		10:30		46		7.4		2.036		5.2				700		2.57		81.0

		23-Mar		14:00		49.5		7.4						620		82		2.270																		2.420		3.5		8.5		89.5												23-Mar		14:00		49.5		7.4								620		2.27		89.5

		23-Mar		15:30		51		7.4						540		82		1.977																		2.123		1.5		3.2		92.7												23-Mar		15:30		51		7.4								540		1.98		92.7

		23-Mar		16:00		51.5		7.4		2.098		4.4																1.049		5.53												92.7				24.4								23-Mar		16:00		51.5		7.4		2.098		4.4

		24-Mar		10:00		69.5		7.4		1.778		3		500		82		1.830		29								0.886								1.904		18.5		35.2		127.9				16.7								24-Mar		10:00		69.5		7.4		1.778		3				500		1.83		127.9

		24-Mar		15:00		74.5		7.4						820				3.002																		2.416		5		12.1		140.0												24-Mar		15:00		74.5		7.4								820		3.00		140.0

		25-Mar		9:30		93		7.4		1.488		1.6		340				1.245		31.1																2.123		18.5		39.3		179.3				8.9								25-Mar		9:30		93		7.4		1.488		1.6				340		1.24		179.3

		25-Mar		16:00		99.5		7.4		1.43				280				1.025																		1.135		6.5		7.4		186.7												25-Mar		16:00		99.5		7.4		1.43						280		1.03		186.7

		26-mrt		8:00		115.5		7.4		1.306		1.2		0				0.000																		0.513		16		8.2		194.9				6.7								26-mrt		8:00		115.5		7.4		1.306		1.2				0		0		194.9
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				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor																																snelheid						cumulatieve				glucose concentratie

																												gemeten								produktie H2		tijd		produktie H2		produktie				mmol/l								meetwaarden																berekende waarden

		datum		tijdstip		ferm duur		pH		OD580nm		glucose		gas ppm		gasdebiet		gasproduktie		loogpomp								OD (580)		glucose		COD				interval		interval		interval		H2												datum		tijdstip		ferm duur		pH		OD580nm		glucose		acetaat		gas ppm		snelheid		totaal

						h:min:sec						g/l				l/uur		mmol/l/h		ml										g/l		g/l				mmol H2/h		h		mmol H2		mmol H2																h						g/l		g/l				mmol H2/l/h		mmol H2

		19-Jul		7/19/99 11:40		00:00.0		7.4		0.104		10		0		105.5		0										0.061				23.84				0		0		0		0				55.6								21-Mar		12:30		0		7.4		0.122		9				0		0		0

		19-Jul		7/19/99 17:00		5:20:00 AM		7.4		0.156		10		0		105.5		0.000										0.417				23.42				0.000		0.2222222222		0.0		0.0				55.6								22-Mar		10:30		22		7.4		0.834		8.6				500		0.00		0.0

		20-Jul		7/20/99 9:40		22:00:00		7.4		1.43		10		620		105.5		2.920																		1.460		0.6944444444		1.0		1.0												22-Mar		14:00		25.5		7.4								680		2.92		1.0

		20-Jul		7/20/99 17:00		29:20:00		7.4		2.198		10		700		105.5		3.297										0.646		8.86						3.108		0.3055555556		0.9		2.0				55.6								22-Mar		16:10		27.6		7.4		1.292		8.4				720		3.30		2.0

		21-Jul		7/21/99 8:40		45:00:00		7.4		2.8		5		700		80		2.500										1.018		5.86		20.96				2.898		0.6527777778		1.9		3.9				27.8								23-Mar		10:30		46		7.4		2.036		5.2				700		2.50		3.9

		25-Jul		7/25/99 13:00		145:20:00		7.4		1.96		0		0		75		0.000																		1.250		4.1805555556		5.2		9.1												23-Mar		14:00		49.5		7.4								620		0.00		9.1

		25-Jul		7/25/99 13:25		145:45:00		7.4		1.81		9		0		74		0.000																		0.000		0.0173611111		0.0		9.1												23-Mar		15:30		51		7.4								540		0.00		9.1

		26-Jul		7/26/99 16:30		172:50:00		7.4		1.7		9		0		79		0.000										1.049		5.53												9.1				50.0								23-Mar		16:00		51.5		7.4		2.098		4.4

		27-Jul		7/27/99 11:40		192:00:00		7.4		1.6		9		0		79		0.000										0.886								0.000		1.9270833333		0.0		9.1				50.0								24-Mar		10:00		69.5		7.4		1.778		3				500		0.00		9.1

						192:59:23		7.4																												0.000		-36368.4861111111		0.0		9.1												24-Mar		15:00		74.5		7.4								820		0.00		9.1

						192:59:23		7.4																												0.000		0		0.0		9.1				0.0								25-Mar		9:30		93		7.4		1.488		1.6				340		0.00		9.1

						192:59:23		7.4																												0.000		0		0.0		9.1												25-Mar		16:00		99.5		7.4		1.43						280		0.00		9.1

						192:59:23		7.4																												0.000		0		0.0		9.1				0.0								26-mrt		8:00		115.5		7.4		1.306		1.2				0		0		9.1

				:
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fermentatie 1

				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor

		datum		dag		dag nr.		tijdstip				gas ppm				OD (580)		glucose		loogpomp

																		g/l		ml

		3-Mar		woensdag		0		14:00

		4-Mar		donderdag		1

		5-Mar		vrijdag		2						840

		6-Mar		zaterdag		3

		7-Mar		zondag		4		15:00				0				0.831

		8-Mar		maandag		5		13:30				0				0.771		0

		9-Mar		dinsdag		6		11:00				0				0.752				20.9

		10-Mar		woensdag		7

		11-Mar		donderdag		8

		12-Mar		vrijdag

		13-Mar		zaterdag

				flessen in schudbak

		datum		dag		dag nr.		tijdstip				gas ml				OD				glucose

												flesje 1		flesje 2		flesje 1		flesje 2		flesje 1		flesje 2

		1-Mar		maandag		0

		2-Mar		dinsdag		1

		3-Mar		woensdag		2

		4-Mar		donderdag		3

		5-Mar		vrijdag		4

		6-Mar		zaterdag		5

		7-Mar		zondag		6		15:00				0.4		1.2		0.64		0.611

		8-Mar		maandag		7		13:30				1.6		0		0.666		0.648

		9-Mar		dinsdag		8		11:00				0		0		0.698		0.639

		10-Mar		woensdag		9

		11-Mar		donderdag		10

		12-Mar		vrijdag

		13-Mar		zaterdag





fermentatie 2

				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor

																gemeten

		datum		dag		dag nr.		tijdstip				gas ppm		gasdebiet		OD (580)		glucose		COD		loogpomp																		cumulatieve tijd (uren)				OD (580)

														l/uur				g/l		g/l		ml		mmol H2/uur

		21-Mar		zondag		0		21-mar-99 12:30								0.061				23.84																				0

		22-Mar		maandag		1		22-mar-99 10:30				500		81.1		0.417				23.42				1.81																22

		22-Mar						22-mar-99 14:00				680		82.79										2.51																25.5

		22-Mar						22-mar-99 16:10				720		82.79		0.646		8.86						2.66																27.6

		23-Mar		dinsdag		2		23-mar-99 10:30				700		82.27		1.018		5.86		20.96				2.57																46

								23-mar-99 14:00				620		82										2.27																49.5

								23-mar-99 15:30				540		82										1.98																51

								23-mar-99 16:00								1.049		5.53																						51.5

		24-Mar		woensdag		3		23-mar-99 16:01				500		82		0.886								1.83																70

		25-Mar		donderdag		4

		26-Mar		vrijdag		5

				flessen in schudbak

		datum		dag		dag nr.		tijdstip				gas ml				OD				glucose

												flesje 1		flesje 2		flesje 1		flesje 2		flesje 1		flesje 2

												- 20		+ 20		- 20		+ 20		- 20		+ 20

		20-Mar		zaterdag		3		16:30				14		11.6

		21-Mar		zondag		4		12:00				18		18		0.877		0.864

		22-Mar		maandag		5		10:00				14.3		17.1		0.945		0.81

		22-Mar						15:00				5.3		4.5

		22-Mar						17:00				1.4		2.8

		23-Mar		dinsdag		6		10:00				1.4		2.8		0.793		0.669

		24-Mar		woensdag		7

		25-Mar		donderdag		8

		26-Mar		vrijdag		9

		27-Mar		zaterdag		10

		28-Mar				11

		29-Mar				12

		30-Mar				13

		31-Mar				14

		12-Mar

		13-Mar
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fermentatie 2a

				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor																																snelheid						cumulatieve				glucose concentratie

																												gemeten								produktie H2		tijd		produktie H2		produktie				mmol/l

		datum		tijdstip		ferm duur		pH		OD580nm		glucose		gas ppm		gasdebiet		gasproduktie		loogpomp								OD (580)		glucose		COD				interval		interval		interval		H2

						h						g/l				l/uur		mmol/l/h		ml										g/l		g/l				mmol H2/h		h		mmol H2		mmol H2

		21-Mar		12:30		0		7.4		0.122		9		0				0										0.061				23.84				0		0		0		0				55.5

		22-Mar		10:30		22		7.4		0.834		8.6		500		81.1		1.810										0.417				23.42				0.905		22		19.9		19.9				47.8

		22-Mar		14:00		25.5		7.4						680		82.79		2.513																		2.162		3.5		7.6		27.5

		22-Mar		16:10		27.6		7.4		1.292		8.4		720		82.79		2.661										0.646		8.86						2.587		2.1		5.4		32.9				46.7

		23-Mar		10:30		46		7.4		2.036		5.2		700		82.27		2.571										1.018		5.86		20.96				2.616		18.4		48.1		81.0				28.9

		23-Mar		14:00		49.5		7.4						620		82		2.270																		2.420		3.5		8.5		89.5

		23-Mar		15:30		51		7.4						540		82		1.977																		2.123		1.5		3.2		92.7

		23-Mar		16:00		51.5		7.4		2.098		4.4																1.049		5.53												92.7				24.4

		24-Mar		10:00		69.5		7.4		1.778		3		500		82		1.830		29								0.886								1.904		18.5		35.2		127.9				16.7

		24-Mar		15:00		74.5		7.4						820				3.002																		2.416		5		12.1		140.0

		25-Mar		9:30		93		7.4		1.488		1.6		340				1.245		31.1																2.123		18.5		39.3		179.3				8.9

		25-Mar		16:00		99.5		7.4		1.43				280				1.025																		1.135		6.5		7.4		186.7

		26-mrt		8:00		115.5		7.4		1.306		1.2		0				0.000																		0.513		16		8.2		194.9				6.7

				:
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				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor																																snelheid						cumulatieve				glucose concentratie

																												gemeten								produktie H2		tijd		produktie H2		produktie				mmol/l								meetwaarden																berekende waarden

		datum		tijdstip		ferm duur		pH		OD580nm		glucose		gas ppm		gasdebiet		gasproduktie		loogpomp								OD (580)		glucose		COD				interval		interval		interval		H2												datum		tijdstip		ferm duur		pH		OD580nm		glucose		acetaat		gas ppm		snelheid		totaal

						h						g/l				l/uur		mmol/l/h		ml										g/l		g/l				mmol H2/h		h		mmol H2		mmol H2																h						g/l		g/l				mmol H2/l/h		mmol H2

		21-Mar		12:30		0		7.4		0.122		9		0				0										0.061				23.84				0		0		0		0				50.0								21-Mar		12:30		0		7.4		0.122		9				0		0		0

		22-Mar		10:30		22		7.4		0.834		8.6		500		81.1		1.810										0.417				23.42				0.905		22		19.9		19.9				47.8								22-Mar		10:30		22		7.4		0.834		8.6				500		1.81		19.9

		22-Mar		14:00		25.5		7.4						680		82.79		2.513																		2.162		3.5		7.6		27.5												22-Mar		14:00		25.5		7.4								680		2.51		27.5

		22-Mar		16:10		27.6		7.4		1.292		8.4		720		82.79		2.661										0.646		8.86						2.587		2.1		5.4		32.9				46.7								22-Mar		16:10		27.6		7.4		1.292		8.4				720		2.66		32.9

		23-Mar		10:30		46		7.4		2.036		5.2		700		82.27		2.571										1.018		5.86		20.96				2.616		18.4		48.1		81.0				28.9								23-Mar		10:30		46		7.4		2.036		5.2				700		2.57		81.0

		23-Mar		14:00		49.5		7.4						620		82		2.270																		2.420		3.5		8.5		89.5												23-Mar		14:00		49.5		7.4								620		2.27		89.5

		23-Mar		15:30		51		7.4						540		82		1.977																		2.123		1.5		3.2		92.7												23-Mar		15:30		51		7.4								540		1.98		92.7

		23-Mar		16:00		51.5		7.4		2.098		4.4																1.049		5.53												92.7				24.4								23-Mar		16:00		51.5		7.4		2.098		4.4

		24-Mar		10:00		69.5		7.4		1.778		3		500		82		1.830		29								0.886								1.904		18.5		35.2		127.9				16.7								24-Mar		10:00		69.5		7.4		1.778		3				500		1.83		127.9

		24-Mar		15:00		74.5		7.4						820				3.002																		2.416		5		12.1		140.0												24-Mar		15:00		74.5		7.4								820		3.00		140.0

		25-Mar		9:30		93		7.4		1.488		1.6		340				1.245		31.1																2.123		18.5		39.3		179.3				8.9								25-Mar		9:30		93		7.4		1.488		1.6				340		1.24		179.3

		25-Mar		16:00		99.5		7.4		1.43				280				1.025																		1.135		6.5		7.4		186.7												25-Mar		16:00		99.5		7.4		1.43						280		1.03		186.7

		26-mrt		8:00		115.5		7.4		1.306		1.2		0				0.000																		0.513		16		8.2		194.9				6.7								26-mrt		8:00		115.5		7.4		1.306		1.2				0		0		194.9
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				kiem EET H2

				resultaten fermentaties waterstofproduktie

				Fermentor																																snelheid						cumulatieve				glucose concentratie

																												gemeten								produktie H2		tijd		produktie H2		produktie				mmol/l								meetwaarden																berekende waarden

		datum		tijdstip		ferm duur		pH		OD580nm		glucose		gas ppm		gasdebiet		gasproduktie		loogpomp								OD (580)		glucose		COD				interval		interval		interval		H2												datum		tijdstip		ferm duur		pH		OD580nm		glucose		acetaat		gas ppm		snelheid		totaal

						h:min:sec						g/l				l/uur		mmol/l/h		ml										g/l		g/l				mmol H2/h		h		mmol H2		mmol H2																h						g/l		g/l				mmol H2/l/h		mmol H2

		19-Jul		7/19/99 11:40		00:00.0		7.4		0.104		10		0		105.5		0										0.061				23.84				0		0		0		0				55.6								21-Mar		12:30		0		7.4		0.122		9				0		0		0

		19-Jul		7/19/99 17:00		5:20:00 AM		7.4		0.156		10		0		105.5		0.000										0.417				23.42				0.000		0.2222222222		0.0		0.0				55.6								22-Mar		10:30		22		7.4		0.834		8.6				500		0.00		0.0

		20-Jul		7/20/99 9:40		22:00:00		7.4		1.43		10		620		105.5		2.920																		1.460		0.6944444444		1.0		1.0												22-Mar		14:00		25.5		7.4								680		2.92		1.0

		20-Jul		7/20/99 17:00		29:20:00		7.4		2.198		10		700		105.5		3.297										0.646		8.86						3.108		0.3055555556		0.9		2.0				55.6								22-Mar		16:10		27.6		7.4		1.292		8.4				720		3.30		2.0

		21-Jul		7/21/99 8:40		45:00:00		7.4		2.8		5		700		80		2.500										1.018		5.86		20.96				2.898		0.6527777778		1.9		3.9				27.8								23-Mar		10:30		46		7.4		2.036		5.2				700		2.50		3.9

		25-Jul		7/25/99 13:00		145:20:00		7.4		1.96		0		0		75		0.000																		1.250		4.1805555556		5.2		9.1												23-Mar		14:00		49.5		7.4								620		0.00		9.1

		25-Jul		7/25/99 13:25		145:45:00		7.4		1.81		9		0		74		0.000																		0.000		0.0173611111		0.0		9.1												23-Mar		15:30		51		7.4								540		0.00		9.1

		26-Jul		7/26/99 16:30		172:50:00		7.4		1.7		9		0		79		0.000										1.049		5.53												9.1				50.0								23-Mar		16:00		51.5		7.4		2.098		4.4

		27-Jul		7/27/99 11:40		192:00:00		7.4		1.6		9		0		79		0.000										0.886								0.000		1.9270833333		0.0		9.1				50.0								24-Mar		10:00		69.5		7.4		1.778		3				500		0.00		9.1

						192:59:23		7.4																												0.000		-36368.4861111111		0.0		9.1												24-Mar		15:00		74.5		7.4								820		0.00		9.1

						192:59:23		7.4																												0.000		0		0.0		9.1				0.0								25-Mar		9:30		93		7.4		1.488		1.6				340		0.00		9.1

						192:59:23		7.4																												0.000		0		0.0		9.1												25-Mar		16:00		99.5		7.4		1.43						280		0.00		9.1

						192:59:23		7.4																												0.000		0		0.0		9.1				0.0								26-mrt		8:00		115.5		7.4		1.306		1.2				0		0		9.1
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