EVALUATION OF Oxidation reduction potential (ORP) FOR WASTEWATER CHLORINATION CONTROL
Laboratory Bench Study:

    This phase of the study was initiated to determine ORP values associated with the normal effective range of total combined residual chlorine concentrations obtained during actual field disinfection. This study phase was conducted prior to our seasonal requirement (May through October) for effluent disinfection. Therefore, we would have a reasonable idea what to expect when the study moved out into the field evaluation stage. 

Procedure used was as follows:

Equipment used included an Oakton pH 100 series pH/mv/oC meter with ORP electrode (Ag/AgCl) for ORP analysis and a Hach Amperometric titration system for total combined residual chlorine analysis using Hach reagents. 

1. Establish chlorine concentration of Bleach solution used for sample spiking - perform this occasionally

    a. Measure 10 ul (0.010 ml) of bleach into 1 liter of DI water

    b. perform chlorine analysis using amperometric titrator (use 0.100 ml increments of PAO until near endpoint

        then cut back to 0.010 ml increments (10 uL))

    c. multiply result from step b times dilution factor of 100,000 to obtain mg/L Cl2 concentration of bleach

2. Perform ORP analysis of plant effluent (untreated) - record reading and temperature

3. Prepare chlorinated plant effluent sample

    a. Measure out two 200 mls aliquots of plant effluent - one for Cl2 analysis, one for ORP analysis

    b. Add 10-50 ul * bleach to each sample - wait ca 9 minutes to allow initial demand to be met and simulate 

        time between field dosing location and filed location of initial Cl2 measurement

        Nominal Dose = (mg/L Cl2 in bleach x mls bleach added) / 200 ml sample = mg/L Cl2
    Aliquot 1: Cl2 analysis

    a. Add Acetic Acid buffer and KI packet; put on amperometric titrator and begin stirring.

    b. Add 100 ul increments of 0.00564 N PAO until amperometric reading nears 0.00.

    c. Finish by adding 10 ul increments of PAO until reading holds at or near 0.00 for 3 successive additions.

        mg/L Cl2 residual = mls PAO added

    Aliquot 2: ORP analysis

        Perform ORP analysis of plant effluent (treated) - record reading and temperature

*   depending upon Chlorine demand of sample

         At bench study initiation, it was not known whether we would see an absolute ORP reading of the disinfected effluent which would indicate effective disinfection or whether we would have to rely on a differential between the chlorinated effluent’s ORP reading and the ORP reading of the effluent prior to chlorination. We therefore evaluated both possibilities with our data processing of the experimental data obtained during this bench study. Graphs indicating both control procedure possibilities follow:
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     The next phase of the lab bench study was initiated to determine ORP values associated with the normal effective range of sulfite concentrations obtained during actual field dechlorination with sodium bisulfite after disinfection. This would give us an indication whether we could use ORP to control the dechlorination process as well as the disinfection process. Once again, it would also give us a reasonable idea what to expect when the study moved out into the field evaluation stage. 

     The procedure involved taking an ORP reading on the untreated plant effluent. Then, the effluent was spiked with known amounts of a sulfite stock standard to produce sulfite concentrations at the levels normally experienced in field dechlorination. ORP readings were taken after addition of each spiking aliquot after the readings had stabilized. As with the disinfection process, we did not know if we would be able to use an absolute ORP reading or a differential between the untreated effluent and the dechlorinated effluent for control of the process. Table of laboratory results follow:
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Field Phase of Study – Laboratory Data

     During the field phase of the study (May-October 2006) which corresponds with the district’s NPDES permit required disinfection season, the district laboratory is required to analyze for fecal coliform and total combined chlorine residual in the plant effluent after chlorination/dechlorination two days per week. As well as these parameters, the laboratory also performed ORP analysis on samples taken at the same time as those used for fecal coliform and chlorine analysis. These included effluent prior to chlorination, effluent at front of contact tanks just after chlorination, effluent at end of contact tank just prior to dechlorination, and effluent as discharged to the Sangamon River after all treatment processes. 

    Several factors complicate interpretation of data which is presented at the end of this section. One was laboratory ORP analysis of the two chlorinated samples. Because of the active chlorine demand still present in these samples, readings often drifted downward as more chlorine demand was met. The laboratory attempted to analyze these samples promptly upon receipt, although sometimes there was more delay than at other times. This is where comparison needs to be made between the laboratory readings in a static sample with the field readings on a dynamic sample taken at the same time. Fecal coliform counts could also be affected by the effluent from the district’s water tower which is used to dilute the sodium bisulfite solution used for dechlorination. This effluent is chlorinated, but has been proven from past studies to add a contribution to the fecal coliform counts in the effluent of varying degree depending on its chlorine content. Cleaning processes in the plant can add to the algal content in the effluent which past district experience has shown to be a source for increasing district fecal coliform counts in the effluent even after chlorination. Incoming Fecal Coliform colonies will also increase in mid summer as the district pumps more sludge lagoons’ supernatant back to the plant in preparation for the fall land application season. Rainfall also has effects on the incoming fecal coliform counts. A significant rain after a dry spell can cause a significant elevation in fecal coliform counts due to run off from the city and surrounding area. During a continuous rainy period, the fecal coliform colony counts will often decline after the initial elevation mentioned before.

     Since we had no failures of our fecal coliform permit limit during this study, it is apparent that maintenance of the ORP differential at the levels intended was effective in meeting this limit. The only time we had a total combined residual chlorine excursion was on 8/8/06 and it was determined to be due to a pump failure. This was also the only time we had a positive ORP differential between the effluent sample before chlorination and the effluent sample after chlorination/dechlorination. This would seem to indicate the effectiveness of ORP in controlling this process as well.
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	ORP, mv
	dechlor, mv
	# col/ 100 ml
	% Kill
	(mg/L)

	5/2/2006
	251
	16000
	397
	146
	357
	-40
	209
	-42
	39
	99.8
	<0.011

	5/4/2006
	268
	4600
	435
	167
	429
	-6
	225
	-43
	10
	99.8
	<0.011

	5/9/2006
	248
	3700
	400
	152
	374
	-26
	208
	-40
	14
	99.6
	<0.011

	5/11/2006
	260
	66000
	445
	185
	414
	-31
	225
	-35
	24
	100.0
	<0.011

	5/16/2006
	235
	1900
	396
	161
	364
	-32
	210
	-25
	27
	98.6
	<0.011

	5/18/2006
	224
	17000
	390
	166
	345
	-45
	213
	-11
	43
	99.7
	<0.011

	5/23/2006
	237
	3300
	362
	125
	319
	-43
	188
	-49
	55
	98.3
	<0.011

	5/25/2006
	229
	6600
	404
	175
	369
	-35
	203
	-26
	17
	99.7
	<0.011

	5/30/2006
	216
	11000
	336
	120
	292
	-44
	178
	-38
	27
	99.8
	<0.011

	6/1/2006
	255
	334000
	443
	188
	431
	-12
	202
	-53
	14
	100.0
	<0.011

	6/6/2006
	220
	11000
	352
	132
	321
	-31
	194
	-26
	9
	99.9
	0.020

	6/8/2006
	216
	3100
	348
	132
	313
	-35
	186
	-30
	10
	99.7
	<0.011

	6/15/2006
	222
	7200
	368
	146
	282
	-86
	187
	-35
	36
	99.5
	<0.011

	7/5/2006
	224
	20000
	354
	130
	263
	-91
	195
	-29
	74
	99.6
	<0.011

	7/11/2006
	253
	120000
	433
	180
	437
	4
	212
	-41
	2
	100.0
	<0.011

	7/13/2006
	229
	100000
	395
	166
	366
	-29
	190
	-39
	29
	100.0
	<0.011

	7/18/2006
	207
	3100
	274
	67
	264
	-10
	179
	-28
	11
	99.6
	<0.011

	7/20/2006
	213
	2400
	377
	164
	294
	-83
	169
	-44
	34
	98.6
	<0.011

	7/25/2006
	212
	35000
	370
	158
	259
	-111
	179
	-33
	240
	99.3
	<0.011

	7/27/2006
	219
	22000
	381
	162
	337
	-44
	176
	-43
	150
	99.3
	<0.011

	8/1/2006
	184
	9000
	328
	144
	275
	-53
	167
	-17
	86
	99.0
	<0.011

	8/3/2006
	195
	5400
	328
	133
	251
	-77
	167
	-28
	200
	96.3
	<0.011

	8/8/2006
	205
	32000
	399
	194
	302
	-97
	227
	22
	66
	99.8
	0.330

	8/10/2006
	227
	29000
	344
	117
	276
	-68
	168
	-59
	44
	99.8
	<0.011

	8/15/2006
	222
	1300
	349
	127
	269
	-80
	174
	-48
	48
	96.3
	<0.011

	8/17/2006
	215
	4100
	353
	138
	256
	-97
	174
	-41
	24
	99.4
	<0.011

	8/22/2006
	209
	7000
	404
	195
	277
	-127
	174
	-35
	97
	98.6
	<0.011

	8/24/2006
	228
	13000
	376
	148
	281
	-95
	175
	-53
	87
	99.3
	<0.011

	8/29/2006
	253
	50000
	427
	174
	346
	-81
	200
	-53
	68
	99.9
	<0.011

	8/31/2006
	214
	4400
	337
	123
	246
	-91
	172
	-42
	220
	95.0
	<0.011

	9/5/2006
	206
	24000
	395
	189
	300
	-95
	171
	-35
	41
	99.8
	<0.011

	9/7/2006
	204
	9700
	386
	182
	251
	-135
	171
	-33
	39
	99.6
	<0.011

	9/12/2006
	224
	48000
	400
	176
	259
	-141
	177
	-47
	41
	99.9
	<0.011

	9/14/2006
	258
	7900
	442
	184
	313
	-129
	199
	-59
	48
	99.4
	<0.011

	9/19/2006
	323
	8600
	425
	102
	379
	-46
	246
	-77
	17
	99.8
	<0.011

	9/21/2006
	262
	7400
	408
	146
	312
	-96
	211
	-51
	31
	99.6
	<0.011

	9/26/2006
	238
	4000
	396
	158
	277
	-119
	193
	-45
	43
	98.9
	<0.011

	9/28/2006
	226
	11000
	343
	117
	274
	-69
	190
	-36
	37
	99.7
	<0.011

	10/3/2006
	205
	28000
	305
	100
	240
	-65
	176
	-29
	59
	99.8
	<0.011

	10/5/2006
	214
	5600
	316
	102
	273
	-43
	176
	-38
	100
	98.2
	<0.011

	10/10/2006
	232
	6200
	322
	90
	286
	-36
	188
	-44
	130
	97.9
	<0.011

	10/17/2006
	248
	160000
	456
	208
	416
	-40
	199
	-49
	210
	99.9
	<0.011

	10/19/2006
	245
	10000
	401
	156
	348
	-53
	190
	-55
	110
	98.9
	<0.011

	10/24/2006
	214
	60000
	393
	179
	369
	-24
	190
	-24
	16
	100.0
	<0.011

	10/26/2006
	231
	50000
	372
	141
	341
	-31
	186
	-45
	90
	99.8
	<0.011

	10/31/2006
	219
	2600
	399
	180
	354
	-45
	198
	-21
	38
	98.5
	<0.011
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Procedure

						PROCEDURE FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Establish chlorine concentration of Bleach solution - perform this occasionally

		a. Measure 10 ul (0.020 ml) of bleach into 1 liter of DI water

		b. perform chlorine analysis using amperometric titrator (use 0.100 ml increments of PAO until near endpoint

		then cut back to 0.010 ml increments (10 uL))

		c. multiply result from step b times dilution factor of 100,000 to obtain mg/L Cl2 concentration of bleach

		2. Perform ORP analysis of nitrification effluent (untreated) - record reading and temperature

		3. Prepare chlorinated nitrification effluent sample

		a. Measure out two 200 mls aliquots of nitrification effluent - one for Cl2 analysis, one for ORP analysis

		b. Add 10-50 ul  * bleach to each sample - wait ca 9 minutes to allow demand to be met and simulate time between

		between field dosing location and filed location of initial Cl2 measurement

		Nominal Dose = (mg/L Cl2 in bleach x mls bleach added) / 200 ml sample = mg/L Cl2

		Aliquot 1 : Cl2 analysis

		1. Add Acetic Acid buffer and KI packet; put on amperometric titrator and begin stirring.

		2. Add 100 ul increments of 0.00564 N PAO until amperometric reading nears 0.00.

		3. Finish by adding 10 ul increments of PAO until reading holds at or  near  0.00 for 3 succesive additions.

		mg/L Cl2 residual = mls PAO added

		Aliquot 2 : ORP analysis

		Perform ORP analysis of nitrification effluent (treated) - record reading and temperature

		* depending upon current Cl2 demand of sample





Worksheet

		WORKSHEET FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Chlorine Concentration of Bleach Solution

		mls .00564 N		Amp.

		PAO added		Reading				Dilute 1.000 ml bleach to 100 mls with DI water for chlorine stock.

								Dilute 1.000 ml chlorine stock to one liter with DI water for

								analysis.

						Concentration of Chlorine (mg/L) =										x 100,000 =

		2. Chlorine analysis of prepared  chlorinated Nitrification Effluent sample

		mls .00564 N		Amp.

		PAO added		Reading				Bleach (ul) added to 200 ml sample

								Nominal Cl2 (mg/)

								added to sample =				(mls bleach added x mg/l CL2 in bleach)/200 ml

										=				mg/l Cl2

								Sample		Date :

								Sample Time :

								Concentration of Cl2 in Nitrification Effluent (mg/L) =

								(after demand is met)

		3. ORP analysis of Nitrification Effluent

		Solution		ORP		Temp, oC

		Standard

		NE, untreated										Date

		NE, chlorinated										Analyst





Field Test Summary

		ORP analysis performed in lab upon grab samples taken from indicated area

																		Change in ORP

						NE		FE Channel		Change in ORP		FE				FE Channel		during		FE Channel		Change in ORP

				NE ORP		F. Coliform,		front		upon chlorination		F. Coliform,				pre dechlor		contact period		after dechlor		from NE to FE		Cl2 residual,

		Date		(mv)		# col/ 100 ml		ORP, mv		(mv)		# col/ 100 ml		% Kill		ORP, mv		(mv)		ORP, mv		dechlor, mv		(mg/L)

		5/2/06		251		16000		397		146		39		99.76		357		-40		209		-42		<0.011

		5/4/06		268		4600		435		167		10		99.78		429		-6		225		-43		<0.011

		5/9/06		248		3700		400		152		14		99.62		374		-26		208		-40		<0.011

		5/11/06		260		66000		445		185		24		99.96		414		-31		225		-35		<0.011

		5/16/06		235		1900		396		161		27		98.58		364		-32		210		-25		<0.011

		5/18/06		224		17000		390		166		43		99.75		345		-45		213		-11		<0.011

		5/23/06		237		3300		362		125		55		98.33		319		-43		188		-49		<0.011

		5/25/06		229		6600		404		175		17		99.74		369		-35		203		-26		<0.011

		5/30/06		216		11000		336		120		27		99.75		292		-44		178		-38		<0.011

		6/1/06		255		334000		443		188		14		100.00		431		-12		202		-53		<0.011

		6/6/06		220		11000		352		132		9		99.92		321		-31		194		-26		0.020

		6/8/06		216		3100		348		132		10		99.68		313		-35		186		-30		<0.011

		6/15/06		222		7200		368		146		36		99.50		282		-86		187		-35		<0.011

		7/5/06		224		20000		354		130		74		99.63		263		-91		195		-29		<0.011

		7/11/06		253		120000		433		180		2		100.00		437		4		212		-41		<0.011

		7/13/06		229		100000		395		166		29		99.97		366		-29		190		-39		<0.011





Bench Test Summary

										ORP analysis of Nitrification Effluent

		* auto composite sample used for method setup, rest of analyses are on grab samples

						Untreated						Chlorine Dosed Sample

						Sample												Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		11/30/05		*		181		22		31.5		2.50		642		22		461		12.6

		12/5/05		6:25		144		20		3.15		0.72		306		19		162		4.4

		12/6/05		6:40		137		20		6.30		1.47		418		20		281		4.3

		12/7/05		6:30		163		18		6.30		2.10		447		20		284		3.0

		12/8/05		6:10		254		21		6.30		2.23		439		20		185		2.8

		12/9/05		6:15		249		19		3.15		0.35		352		19		103		9.0

		12/12/05		8:50		245		19		3.15		0.73		371		19		126		4.3

		12/13/05		6:25		216		20		3.15		0.63		348		20		132		5.0

		12/14/05		13:15		228		19		2.95		0.40		330		19		102		7.4

		12/15/05		8:00		221		19		5.90		1.82		444		19		223		3.2

		12/19/05		10:15		239		19		5.90		1.72		449		19		210		3.4

		12/20/05		9:55		231		18		2.95		0.57		332		19		101		5.2

		12/22/05		10:15		203		18		2.95		0.31		294		19		91		9.5

		12/27/05		12:50		195		19		3.10		0.41		278		19		83		7.6

		12/29/05		6:45		200		18		3.10		0.48		370		19		170		6.5

		1/3/06		10:15		217		19		5.90		1.60		435		19		218		3.7

		1/5/06		9:15		230		20		5.90		1.75		456		20		226		3.4

		1/9/06		9:30		195		20		2.95		0.39		291		20		96		7.6

		1/10/06		9:00		240		20		5.90		1.22		378		20		138		4.8

		1/12/06		9:00		245		19		5.90		1.77		468		19		223		3.3

		1/16/06		11:10		143		19		5.90		1.95		480		19		337		3.0

		1/17/06		8:30		217		17		2.95		0.62		375		17		158		4.8

		1/19/06		8:55		240		19		5.90		1.97		439		19		199		3.0

		1/23/06		10:00		181		18		2.95		0.68		337		18		156		4.3

		1/24/06		8:45		240		18		2.95		0.49		328		18		88		6.0

		1/26/06		8:35		333		18		2.95		0.56		355		18		22		5.3

		1/30/06		8:40		283		18		5.90		1.52		501		18		218		3.9

		1/31/06		8:23		335		17		5.90		1.28		470		17		135		4.6

		2/2/06		9:45		315		18		5.90		1.42		420		19		105		4.2

		2/6/06		8:50		246		18		5.90		1.40		456		18		210		4.2

		2/7/06		9:05		259		18		5.90		1.35		426		18		167		4.4

		2/9/06		8:10		254		17		5.90		1.33		426		17		172		4.4

		2/13/06		9:25		245		19		5.90		1.34		420		19		175		4.4

		2/14/06		9:05		254		19		5.90		1.30		407		19		153		4.5

		2/16/06		8:45		260		17		5.90		1.33		387		17		127		4.4

						Untreated Sample						Chlorine Dosed Sample

																		Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		2/20/06		9:05		253		17		5.90		1.25		427		18		174		4.7

		2/21/06		7:55		239		17		5.90		2.10		531		18		292		2.8

		2/23/06		8:15		253		19		2.95		0.71		349		19		96		4.2

		2/27/06		9:05		229		18		2.95		0.38		328		19		99		7.8

		2/28/06		9:20		235		19		2.95		0.48		337		19		102		6.1

		3/2/06		9:14		238		19		2.95		0.43		307		19		69		6.9

		3/6/06		9:30		255		20		2.95		0.41		323		20		68		7.2

		3/9/06		10:15		262		18		2.95		0.61		401		19		139		4.8

		3/14/06		6:45		282		18		2.95		1.12		456		18		174		2.6

		3/16/06		7:00		266		18		2.95		0.74		421		18		155		4.0

		3/20/06		9:58		238		18		2.95		0.57		345		18		107		5.2

		3/23/06		7:55		244		17		2.95		0.42		359		18		115		7.0

		3/27/06		9:15		248		19		5.90		1.51		475		19		227		3.9

		3/28/06		7:45		254		17		5.90		1.57		503		17		249		3.8

		3/30/06		8:15		227		19		5.90		2.07		457		19		230		2.9

		4/3/06		9:10		261		17		5.90		2.16		532		17		271		2.7

		4/4/06		8:40		260		19		5.90		1.81		494		19		234		3.3

		4/6/06		7:00		259		19		5.90		1.91		468		19		209		3.1

		4/10/06		7:00		265		18		5.90		2.38		508		18		243		2.5

		4/11/06		7:00		257		20		5.90		2.58		454		21		197		2.3

		4/13/06		7:00		252		19		5.90		1.97		498		19		246		3.0

		4/17/06		9:05		255		18		5.90		3.13		660		18		405		1.9

		4/18/06		7:00		267		21		5.90		2.04		565		21		298		2.9
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Chlorine Residual (mg/L) after 9 minute contact period

Absolute ORP, mv
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Abs Orp

		

		Sample		Residual Cl2, mg/L		ORP, mv		Calculated				0.0077451613		-1.9644534606

		Date		after 9 minutes		after 9 minutes		Concentration				0.0005318509		0.2267248947

		11/30/05		2.50		642		3.01				0.7911000841		0.3286720024

		12/5/05		0.72		306		0.41				212.0709551923		56

		12/6/05		1.47		418		1.27

		12/7/05		2.10		447		1.50

		12/8/05		2.23		439		1.44

		12/9/05		0.35		352		0.76

		12/12/05		0.73		371		0.91

		12/13/05		0.63		348		0.73

		12/14/05		0.40		330		0.59

		12/15/05		1.82		444		1.47

		12/19/05		1.72		449		1.51

		12/20/05		0.57		332		0.61

		12/22/05		0.31		294		0.31

		12/27/05		0.41		278		0.19

		12/29/05		0.48		370		0.90

		1/3/06		1.60		435		1.40

		1/5/06		1.75		456		1.57

		1/9/06		0.39		291		0.29

		1/10/06		1.22		378		0.96

		1/12/06		1.77		468		1.66

		1/16/06		1.95		480		1.75

		1/17/06		0.62		375		0.94

		1/19/06		1.97		439		1.44

		1/23/06		0.68		337		0.65

		1/24/06		0.49		328		0.58

		1/26/06		0.56		355		0.79

		1/30/06		1.52		501		1.92

		1/31/06		1.28		470		1.68

		2/2/06		1.42		420		1.29

		2/6/06		1.40		456		1.57

		2/7/06		1.35		426		1.33

		2/9/06		1.33		426		1.33

		2/13/06		1.34		420		1.29

		2/14/06		1.30		407		1.19

		2/16/06		1.33		387		1.03

		2/20/06		1.25		427		1.34

		2/21/06		2.10		531		2.15

		2/23/06		0.71		349		0.74

		2/27/06		0.38		328		0.58

		2/28/06		0.48		337		0.65

		3/2/06		0.43		307		0.41

		3/6/06		0.41		323		0.54

		3/9/06		0.61		401		1.14

		3/14/06		1.12		456		1.57

		3/16/06		0.74		421		1.30

		3/20/06		0.57		345		0.71

		3/23/06		0.42		359		0.82

		3/27/06		1.51		475		1.71

		3/28/06		1.57		503		1.93

		3/30/06		2.07		457		1.58

		4/3/06		2.16		532		2.16

		4/4/06		1.81		494		1.86

		4/6/06		1.91		468		1.66

		4/10/06		2.38		508		1.97

		4/11/06		2.58		454		1.55

		4/13/06		1.97		498		1.89

		4/17/06		3.13		660		3.15

		4/18/06		2.04		565		2.41
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Rel ORP

		

						Net Change

		Sample		Residual Cl2, mg/L		in ORP,		Calculated				0.0072227666		-0.0227033102

		Date		after 9 minutes		mv		Concentration				0.0006139051		0.1215301616

		11/30/05		2.50		461		3.31				0.7119665633		0.3859357689

		12/5/05		0.72		162		1.15				138.4218721008		56

		12/6/05		1.47		281		2.01

		12/7/05		2.10		284		2.03

		12/8/05		2.23		185		1.31

		12/9/05		0.35		103		0.72

		12/12/05		0.73		126		0.89

		12/13/05		0.63		132		0.93

		12/14/05		0.40		102		0.71

		12/15/05		1.82		223		1.59

		12/19/05		1.72		210		1.49

		12/20/05		0.57		101		0.71

		12/22/05		0.31		91		0.63

		12/27/05		0.41		83		0.58

		12/29/05		0.48		170		1.21

		1/3/06		1.60		218		1.55

		1/5/06		1.75		226		1.61

		1/9/06		0.39		96		0.67

		1/10/06		1.22		138		0.97

		1/12/06		1.77		223		1.59

		1/16/06		1.95		337		2.41

		1/17/06		0.62		158		1.12

		1/19/06		1.97		199		1.41

		1/23/06		0.68		156		1.10

		1/24/06		0.49		88		0.61

		1/26/06		0.56		22		0.14

		1/30/06		1.52		218		1.55

		1/31/06		1.28		135		0.95

		2/2/06		1.42		105		0.74

		2/6/06		1.40		210		1.49

		2/7/06		1.35		167		1.18

		2/9/06		1.33		172		1.22

		2/13/06		1.34		175		1.24

		2/14/06		1.30		153		1.08

		2/16/06		1.33		127		0.89

		2/20/06		1.25		174		1.23

		2/21/06		2.10		292		2.09

		2/23/06		0.71		96		0.67

		2/27/06		0.38		99		0.69

		2/28/06		0.48		102		0.71

		3/2/06		0.43		69		0.48

		3/6/06		0.41		68		0.47

		3/9/06		0.61		139		0.98

		3/14/06		1.12		174		1.23

		3/16/06		0.74		155		1.10

		3/20/06		0.57		107		0.75

		3/23/06		0.42		115		0.81

		3/27/06		1.51		227		1.62

		3/28/06		1.57		249		1.78

		3/30/06		2.07		230		1.64

		4/3/06		2.16		271		1.93

		4/4/06		1.81		234		1.67

		4/6/06		1.91		209		1.49

		4/10/06		2.38		243		1.73

		4/11/06		2.58		197		1.40

		4/13/06		1.97		246		1.75

		4/17/06		3.13		405		2.90

		4/18/06		2.04		298		2.13





Dechlor

		

						Nitrif. Effl.		Nitrif. Effl.		Nitrif. Effl.		Nitrif. Effl.		Nitrif. Effl.		Nitrif. Effl.

						w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L		w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L

				Nitrif. Effl.		Sulfite res.		Sulfite res.		Sulfite res.		Sulfite res.		Sulfite res.		Sulfite res.

		Date		ORP, mv		ORP, mv		ORP, mv		ORP, mv		ORP change		ORP change		ORP change

		3/30/06		267		233		220		212		34		47		55

		3/31/06		257		224		211		204		33		46		53

		4/3/06		261		228		214		204		33		47		57

		4/4/06		264		233		220		212		31		44		52

		4/5/06		267		235		224		217		32		43		50

		4/6/06		258		226		214		206		32		44		52

		4/10/06		265		220		208		198		45		57		67

		4/11/06		328		280		247		226		48		81		102

		4/12/06		273		238		224		216		35		49		57

		4/13/06		273		240		225		216		33		48		57

		4/17/06		255		237		213		201		18		42		54

		4/18/06		280		247		234		226		33		46		54






_1225695581.xls
Procedure

						PROCEDURE FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Establish chlorine concentration of Bleach solution - perform this occasionally

		a. Measure 10 ul (0.020 ml) of bleach into 1 liter of DI water

		b. perform chlorine analysis using amperometric titrator (use 0.100 ml increments of PAO until near endpoint

		then cut back to 0.010 ml increments (10 uL))

		c. multiply result from step b times dilution factor of 100,000 to obtain mg/L Cl2 concentration of bleach

		2. Perform ORP analysis of nitrification effluent (untreated) - record reading and temperature

		3. Prepare chlorinated nitrification effluent sample

		a. Measure out two 200 mls aliquots of nitrification effluent - one for Cl2 analysis, one for ORP analysis

		b. Add 10-50 ul  * bleach to each sample - wait ca 9 minutes to allow demand to be met and simulate time between

		between field dosing location and filed location of initial Cl2 measurement

		Nominal Dose = (mg/L Cl2 in bleach x mls bleach added) / 200 ml sample = mg/L Cl2

		Aliquot 1 : Cl2 analysis

		1. Add Acetic Acid buffer and KI packet; put on amperometric titrator and begin stirring.

		2. Add 100 ul increments of 0.00564 N PAO until amperometric reading nears 0.00.

		3. Finish by adding 10 ul increments of PAO until reading holds at or  near  0.00 for 3 succesive additions.

		mg/L Cl2 residual = mls PAO added

		Aliquot 2 : ORP analysis

		Perform ORP analysis of nitrification effluent (treated) - record reading and temperature

		* depending upon current Cl2 demand of sample





Worksheet

		WORKSHEET FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Chlorine Concentration of Bleach Solution

		mls .00564 N		Amp.

		PAO added		Reading				Dilute 1.000 ml bleach to 100 mls with DI water for chlorine stock.

								Dilute 1.000 ml chlorine stock to one liter with DI water for

								analysis.

						Concentration of Chlorine (mg/L) =										x 100,000 =

		2. Chlorine analysis of prepared  chlorinated Nitrification Effluent sample

		mls .00564 N		Amp.

		PAO added		Reading				Bleach (ul) added to 200 ml sample

								Nominal Cl2 (mg/)

								added to sample =				(mls bleach added x mg/l CL2 in bleach)/200 ml

										=				mg/l Cl2

								Sample		Date :

								Sample Time :

								Concentration of Cl2 in Nitrification Effluent (mg/L) =

								(after demand is met)

		3. ORP analysis of Nitrification Effluent

		Solution		ORP		Temp, oC

		Standard

		NE, untreated										Date

		NE, chlorinated										Analyst
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		38918		38918

		38923		38923

		38925		38925

		38930		38930

		38932		38932

		38937		38937

		38939		38939

		38944		38944

		38946		38946

		38951		38951

		38953		38953

		38958		38958

		38960		38960

		38965		38965

		38967		38967

		38972		38972

		38974		38974

		38979		38979

		38981		38981

		38986		38986

		38988		38988

		38993		38993

		38995		38995

		39000		39000

		39007		39007

		39009		39009

		39014		39014

		39016		39016
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ORP differential

% F.Coli. Reduction

Sample date

mv ORP

% F.Coli. Reduction

ORP differential vs. % F.Coli reduction
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Field Test Summary

						FE pre		FE Channel		Change in		FE Channel		Change in		FE Channel		FE change		FE dechlor				FE dechlor

				FE		Chlorination		just after		ORP upon		pre de-		ORP during		after de-		in ORP from		Fecal		Fecal		Chlorine

				pre Chlor		F. Coliform		Chlorination		chlorination		chlorination		contact		chlorination		prechlor to		Coliform,		Coliform,		residual,

		Date		(mv)		# col/ 100 ml		ORP, mv		(mv)		ORP, mv		(mv)		ORP, mv		dechlor, mv		# col/ 100 ml		% Kill		(mg/L)

		5/2/06		251		16000		397		146		357		-40		209		-42		39		99.8		<0.011

		5/4/06		268		4600		435		167		429		-6		225		-43		10		99.8		<0.011

		5/9/06		248		3700		400		152		374		-26		208		-40		14		99.6		<0.011

		5/11/06		260		66000		445		185		414		-31		225		-35		24		100.0		<0.011

		5/16/06		235		1900		396		161		364		-32		210		-25		27		98.6		<0.011

		5/18/06		224		17000		390		166		345		-45		213		-11		43		99.7		<0.011

		5/23/06		237		3300		362		125		319		-43		188		-49		55		98.3		<0.011

		5/25/06		229		6600		404		175		369		-35		203		-26		17		99.7		<0.011

		5/30/06		216		11000		336		120		292		-44		178		-38		27		99.8		<0.011

		6/1/06		255		334000		443		188		431		-12		202		-53		14		100.0		<0.011

		6/6/06		220		11000		352		132		321		-31		194		-26		9		99.9		0.020

		6/8/06		216		3100		348		132		313		-35		186		-30		10		99.7		<0.011

		6/15/06		222		7200		368		146		282		-86		187		-35		36		99.5		<0.011

		7/5/06		224		20000		354		130		263		-91		195		-29		74		99.6		<0.011

		7/11/06		253		120000		433		180		437		4		212		-41		2		100.0		<0.011

		7/13/06		229		100000		395		166		366		-29		190		-39		29		100.0		<0.011

		7/18/06		207		3100		274		67		264		-10		179		-28		11		99.6		<0.011

		7/20/06		213		2400		377		164		294		-83		169		-44		34		98.6		<0.011

		7/25/06		212		35000		370		158		259		-111		179		-33		240		99.3		<0.011

		7/27/06		219		22000		381		162		337		-44		176		-43		150		99.3		<0.011

		8/1/06		184		9000		328		144		275		-53		167		-17		86		99.0		<0.011

		8/3/06		195		5400		328		133		251		-77		167		-28		200		96.3		<0.011

		8/8/06		205		32000		399		194		302		-97		227		22		66		99.8		0.330

		8/10/06		227		29000		344		117		276		-68		168		-59		44		99.8		<0.011

		8/15/06		222		1300		349		127		269		-80		174		-48		48		96.3		<0.011

		8/17/06		215		4100		353		138		256		-97		174		-41		24		99.4		<0.011

		8/22/06		209		7000		404		195		277		-127		174		-35		97		98.6		<0.011

		8/24/06		228		13000		376		148		281		-95		175		-53		87		99.3		<0.011

		8/29/06		253		50000		427		174		346		-81		200		-53		68		99.9		<0.011

		8/31/06		214		4400		337		123		246		-91		172		-42		220		95.0		<0.011

		9/5/06		206		24000		395		189		300		-95		171		-35		41		99.8		<0.011

		9/7/06		204		9700		386		182		251		-135		171		-33		39		99.6		<0.011

		9/12/06		224		48000		400		176		259		-141		177		-47		41		99.9		<0.011

		9/14/06		258		7900		442		184		313		-129		199		-59		48		99.4		<0.011

		9/19/06		323		8600		425		102		379		-46		246		-77		17		99.8		<0.011

		9/21/06		262		7400		408		146		312		-96		211		-51		31		99.6		<0.011

		9/26/06		238		4000		396		158		277		-119		193		-45		43		98.9		<0.011

		9/28/06		226		11000		343		117		274		-69		190		-36		37		99.7		<0.011

		10/3/06		205		28000		305		100		240		-65		176		-29		59		99.8		<0.011

		10/5/06		214		5600		316		102		273		-43		176		-38		100		98.2		<0.011

		10/10/06		232		6200		322		90		286		-36		188		-44		130		97.9		<0.011

		10/17/06		248		160000		456		208		416		-40		199		-49		210		99.9		<0.011

		10/19/06		245		10000		401		156		348		-53		190		-55		110		98.9		<0.011

		10/24/06		214		60000		393		179		369		-24		190		-24		16		100.0		<0.011

		10/26/06		231		50000		372		141		341		-31		186		-45		90		99.8		<0.011

		10/31/06		219		2600		399		180		354		-45		198		-21		38		98.5		<0.011





Bench Test Summary

										ORP analysis of Nitrification Effluent

		* auto composite sample used for method setup, rest of analyses are on grab samples

						Untreated						Chlorine Dosed Sample

						Sample												Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		11/30/05		*		181		22		31.5		2.50		642		22		461		12.6

		12/5/05		6:25		144		20		3.15		0.72		306		19		162		4.4

		12/6/05		6:40		137		20		6.30		1.47		418		20		281		4.3

		12/7/05		6:30		163		18		6.30		2.10		447		20		284		3.0

		12/8/05		6:10		254		21		6.30		2.23		439		20		185		2.8

		12/9/05		6:15		249		19		3.15		0.35		352		19		103		9.0

		12/12/05		8:50		245		19		3.15		0.73		371		19		126		4.3

		12/13/05		6:25		216		20		3.15		0.63		348		20		132		5.0

		12/14/05		13:15		228		19		2.95		0.40		330		19		102		7.4

		12/15/05		8:00		221		19		5.90		1.82		444		19		223		3.2

		12/19/05		10:15		239		19		5.90		1.72		449		19		210		3.4

		12/20/05		9:55		231		18		2.95		0.57		332		19		101		5.2

		12/22/05		10:15		203		18		2.95		0.31		294		19		91		9.5

		12/27/05		12:50		195		19		3.10		0.41		278		19		83		7.6

		12/29/05		6:45		200		18		3.10		0.48		370		19		170		6.5

		1/3/06		10:15		217		19		5.90		1.60		435		19		218		3.7

		1/5/06		9:15		230		20		5.90		1.75		456		20		226		3.4

		1/9/06		9:30		195		20		2.95		0.39		291		20		96		7.6

		1/10/06		9:00		240		20		5.90		1.22		378		20		138		4.8

		1/12/06		9:00		245		19		5.90		1.77		468		19		223		3.3

		1/16/06		11:10		143		19		5.90		1.95		480		19		337		3.0

		1/17/06		8:30		217		17		2.95		0.62		375		17		158		4.8

		1/19/06		8:55		240		19		5.90		1.97		439		19		199		3.0

		1/23/06		10:00		181		18		2.95		0.68		337		18		156		4.3

		1/24/06		8:45		240		18		2.95		0.49		328		18		88		6.0

		1/26/06		8:35		333		18		2.95		0.56		355		18		22		5.3

		1/30/06		8:40		283		18		5.90		1.52		501		18		218		3.9

		1/31/06		8:23		335		17		5.90		1.28		470		17		135		4.6

		2/2/06		9:45		315		18		5.90		1.42		420		19		105		4.2

		2/6/06		8:50		246		18		5.90		1.40		456		18		210		4.2

		2/7/06		9:05		259		18		5.90		1.35		426		18		167		4.4

		2/9/06		8:10		254		17		5.90		1.33		426		17		172		4.4

		2/13/06		9:25		245		19		5.90		1.34		420		19		175		4.4

		2/14/06		9:05		254		19		5.90		1.30		407		19		153		4.5

		2/16/06		8:45		260		17		5.90		1.33		387		17		127		4.4

						Untreated Sample						Chlorine Dosed Sample

																		Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		2/20/06		9:05		253		17		5.90		1.25		427		18		174		4.7

		2/21/06		7:55		239		17		5.90		2.10		531		18		292		2.8

		2/23/06		8:15		253		19		2.95		0.71		349		19		96		4.2

		2/27/06		9:05		229		18		2.95		0.38		328		19		99		7.8

		2/28/06		9:20		235		19		2.95		0.48		337		19		102		6.1

		3/2/06		9:14		238		19		2.95		0.43		307		19		69		6.9

		3/6/06		9:30		255		20		2.95		0.41		323		20		68		7.2

		3/9/06		10:15		262		18		2.95		0.61		401		19		139		4.8

		3/14/06		6:45		282		18		2.95		1.12		456		18		174		2.6

		3/16/06		7:00		266		18		2.95		0.74		421		18		155		4.0

		3/20/06		9:58		238		18		2.95		0.57		345		18		107		5.2

		3/23/06		7:55		244		17		2.95		0.42		359		18		115		7.0

		3/27/06		9:15		248		19		5.90		1.51		475		19		227		3.9

		3/28/06		7:45		254		17		5.90		1.57		503		17		249		3.8

		3/30/06		8:15		227		19		5.90		2.07		457		19		230		2.9

		4/3/06		9:10		261		17		5.90		2.16		532		17		271		2.7

		4/4/06		8:40		260		19		5.90		1.81		494		19		234		3.3

		4/6/06		7:00		259		19		5.90		1.91		468		19		209		3.1

		4/10/06		7:00		265		18		5.90		2.38		508		18		243		2.5

		4/11/06		7:00		257		20		5.90		2.58		454		21		197		2.3

		4/13/06		7:00		252		19		5.90		1.97		498		19		246		3.0

		4/17/06		9:05		255		18		5.90		3.13		660		18		405		1.9

		4/18/06		7:00		267		21		5.90		2.04		565		21		298		2.9
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Abs Orp

		

		Sample		Residual Cl2, mg/L		ORP, mv		Calculated				0.0077451613		-1.9644534606

		Date		after 9 minutes		after 9 minutes		Concentration				0.0005318509		0.2267248947

		11/30/05		2.50		642		3.01				0.7911000841		0.3286720024

		12/5/05		0.72		306		0.41				212.0709551923		56

		12/6/05		1.47		418		1.27

		12/7/05		2.10		447		1.50

		12/8/05		2.23		439		1.44

		12/9/05		0.35		352		0.76

		12/12/05		0.73		371		0.91

		12/13/05		0.63		348		0.73

		12/14/05		0.40		330		0.59

		12/15/05		1.82		444		1.47

		12/19/05		1.72		449		1.51

		12/20/05		0.57		332		0.61

		12/22/05		0.31		294		0.31

		12/27/05		0.41		278		0.19

		12/29/05		0.48		370		0.90

		1/3/06		1.60		435		1.40

		1/5/06		1.75		456		1.57

		1/9/06		0.39		291		0.29

		1/10/06		1.22		378		0.96

		1/12/06		1.77		468		1.66

		1/16/06		1.95		480		1.75

		1/17/06		0.62		375		0.94

		1/19/06		1.97		439		1.44

		1/23/06		0.68		337		0.65

		1/24/06		0.49		328		0.58

		1/26/06		0.56		355		0.79

		1/30/06		1.52		501		1.92

		1/31/06		1.28		470		1.68

		2/2/06		1.42		420		1.29

		2/6/06		1.40		456		1.57

		2/7/06		1.35		426		1.33

		2/9/06		1.33		426		1.33

		2/13/06		1.34		420		1.29

		2/14/06		1.30		407		1.19

		2/16/06		1.33		387		1.03

		2/20/06		1.25		427		1.34

		2/21/06		2.10		531		2.15

		2/23/06		0.71		349		0.74

		2/27/06		0.38		328		0.58

		2/28/06		0.48		337		0.65

		3/2/06		0.43		307		0.41

		3/6/06		0.41		323		0.54

		3/9/06		0.61		401		1.14

		3/14/06		1.12		456		1.57

		3/16/06		0.74		421		1.30

		3/20/06		0.57		345		0.71

		3/23/06		0.42		359		0.82

		3/27/06		1.51		475		1.71

		3/28/06		1.57		503		1.93

		3/30/06		2.07		457		1.58

		4/3/06		2.16		532		2.16

		4/4/06		1.81		494		1.86

		4/6/06		1.91		468		1.66

		4/10/06		2.38		508		1.97

		4/11/06		2.58		454		1.55

		4/13/06		1.97		498		1.89

		4/17/06		3.13		660		3.15

		4/18/06		2.04		565		2.41
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Change in ORP, mv

Change in ORP vs. Chlorine Residual

461

461

162

162

281

281

284

284

185

185

103

103

126

126

132

132

102

102

223

223

210

210

101

101

91

91

83

83

170

170

218

218

226

226

96

96

138

138

223

223

337

337

158

158

199

199

156

156

88

88

22

22

218

218

135

135

105

105

210

210

167

167

172

172

175

175

153

153

127

127

174

174

292

292

96

96

99

99

102

102

69

68

139

174

155

107

115

227

249

230

271

234

209

243

197

246

405

298



Rel ORP

		

						Net Change

		Sample		Residual Cl2, mg/L		in ORP,		Calculated				0.0072227666		-0.0227033102

		Date		after 9 minutes		mv		Concentration				0.0006139051		0.1215301616

		11/30/05		2.50		461		3.31				0.7119665633		0.3859357689

		12/5/05		0.72		162		1.15				138.4218721008		56

		12/6/05		1.47		281		2.01

		12/7/05		2.10		284		2.03

		12/8/05		2.23		185		1.31

		12/9/05		0.35		103		0.72

		12/12/05		0.73		126		0.89

		12/13/05		0.63		132		0.93

		12/14/05		0.40		102		0.71

		12/15/05		1.82		223		1.59

		12/19/05		1.72		210		1.49

		12/20/05		0.57		101		0.71

		12/22/05		0.31		91		0.63

		12/27/05		0.41		83		0.58

		12/29/05		0.48		170		1.21

		1/3/06		1.60		218		1.55

		1/5/06		1.75		226		1.61

		1/9/06		0.39		96		0.67

		1/10/06		1.22		138		0.97

		1/12/06		1.77		223		1.59

		1/16/06		1.95		337		2.41

		1/17/06		0.62		158		1.12

		1/19/06		1.97		199		1.41

		1/23/06		0.68		156		1.10

		1/24/06		0.49		88		0.61

		1/26/06		0.56		22		0.14

		1/30/06		1.52		218		1.55

		1/31/06		1.28		135		0.95

		2/2/06		1.42		105		0.74

		2/6/06		1.40		210		1.49

		2/7/06		1.35		167		1.18

		2/9/06		1.33		172		1.22

		2/13/06		1.34		175		1.24

		2/14/06		1.30		153		1.08

		2/16/06		1.33		127		0.89

		2/20/06		1.25		174		1.23

		2/21/06		2.10		292		2.09

		2/23/06		0.71		96		0.67

		2/27/06		0.38		99		0.69

		2/28/06		0.48		102		0.71

		3/2/06		0.43		69		0.48

		3/6/06		0.41		68		0.47

		3/9/06		0.61		139		0.98

		3/14/06		1.12		174		1.23

		3/16/06		0.74		155		1.10

		3/20/06		0.57		107		0.75

		3/23/06		0.42		115		0.81

		3/27/06		1.51		227		1.62

		3/28/06		1.57		249		1.78

		3/30/06		2.07		230		1.64

		4/3/06		2.16		271		1.93

		4/4/06		1.81		234		1.67

		4/6/06		1.91		209		1.49

		4/10/06		2.38		243		1.73

		4/11/06		2.58		197		1.40

		4/13/06		1.97		246		1.75

		4/17/06		3.13		405		2.90

		4/18/06		2.04		298		2.13





Dechlor

		

						Effluent		Effluent		Effluent		Effluent		Effluent		Effluent

						w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L		w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L

				Effluent		Sulfite		Sulfite		Sulfite		Sulfite		Sulfite		Sulfite

		Date		ORP, mv		ORP, mv		ORP, mv		ORP, mv		ORP change, mv		ORP change, mv		ORP change, mv

		3/30/06		267		233		220		212		-34		-47		-55

		3/31/06		257		224		211		204		-33		-46		-53

		4/3/06		261		228		214		204		-33		-47		-57

		4/4/06		264		233		220		212		-31		-44		-52

		4/5/06		267		235		224		217		-32		-43		-50

		4/6/06		258		226		214		206		-32		-44		-52

		4/10/06		265		220		208		198		-45		-57		-67

		4/11/06		328		280		247		226		-48		-81		-102

		4/12/06		273		238		224		216		-35		-49		-57

		4/13/06		273		240		225		216		-33		-48		-57

		4/17/06		255		237		213		201		-18		-42		-54

		4/18/06		280		247		234		226		-33		-46		-54






_1225695841.xls
Procedure

						PROCEDURE FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Establish chlorine concentration of Bleach solution - perform this occasionally

		a. Measure 10 ul (0.020 ml) of bleach into 1 liter of DI water

		b. perform chlorine analysis using amperometric titrator (use 0.100 ml increments of PAO until near endpoint

		then cut back to 0.010 ml increments (10 uL))

		c. multiply result from step b times dilution factor of 100,000 to obtain mg/L Cl2 concentration of bleach

		2. Perform ORP analysis of nitrification effluent (untreated) - record reading and temperature

		3. Prepare chlorinated nitrification effluent sample

		a. Measure out two 200 mls aliquots of nitrification effluent - one for Cl2 analysis, one for ORP analysis

		b. Add 10-50 ul  * bleach to each sample - wait ca 9 minutes to allow demand to be met and simulate time between

		between field dosing location and filed location of initial Cl2 measurement

		Nominal Dose = (mg/L Cl2 in bleach x mls bleach added) / 200 ml sample = mg/L Cl2

		Aliquot 1 : Cl2 analysis

		1. Add Acetic Acid buffer and KI packet; put on amperometric titrator and begin stirring.

		2. Add 100 ul increments of 0.00564 N PAO until amperometric reading nears 0.00.

		3. Finish by adding 10 ul increments of PAO until reading holds at or  near  0.00 for 3 succesive additions.

		mg/L Cl2 residual = mls PAO added

		Aliquot 2 : ORP analysis

		Perform ORP analysis of nitrification effluent (treated) - record reading and temperature

		* depending upon current Cl2 demand of sample





Worksheet

		WORKSHEET FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Chlorine Concentration of Bleach Solution

		mls .00564 N		Amp.

		PAO added		Reading				Dilute 1.000 ml bleach to 100 mls with DI water for chlorine stock.

								Dilute 1.000 ml chlorine stock to one liter with DI water for

								analysis.

						Concentration of Chlorine (mg/L) =										x 100,000 =

		2. Chlorine analysis of prepared  chlorinated Nitrification Effluent sample

		mls .00564 N		Amp.

		PAO added		Reading				Bleach (ul) added to 200 ml sample

								Nominal Cl2 (mg/)

								added to sample =				(mls bleach added x mg/l CL2 in bleach)/200 ml

										=				mg/l Cl2

								Sample		Date :

								Sample Time :

								Concentration of Cl2 in Nitrification Effluent (mg/L) =

								(after demand is met)

		3. ORP analysis of Nitrification Effluent

		Solution		ORP		Temp, oC

		Standard

		NE, untreated										Date

		NE, chlorinated										Analyst
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ORP differential

% F.Coli. Reduction

Sample date

mv ORP
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ORP differential vs. % F.Coli reduction
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Field Test Summary

						FE pre		FE Channel		Change in		FE Channel		Change in		FE Channel		FE change		FE dechlor				FE dechlor

				FE		Chlorination		just after		ORP upon		pre de-		ORP during		after de-		in ORP from		Fecal		Fecal		Chlorine

				pre Chlor		F. Coliform		Chlorination		chlorination		chlorination		contact		chlorination		prechlor to		Coliform,		Coliform,		residual,

		Date		(mv)		# col/ 100 ml		ORP, mv		(mv)		ORP, mv		(mv)		ORP, mv		dechlor, mv		# col/ 100 ml		% Kill		(mg/L)

		5/2/06		251		16000		397		146		357		-40		209		-42		39		99.8		<0.011

		5/4/06		268		4600		435		167		429		-6		225		-43		10		99.8		<0.011

		5/9/06		248		3700		400		152		374		-26		208		-40		14		99.6		<0.011

		5/11/06		260		66000		445		185		414		-31		225		-35		24		100.0		<0.011

		5/16/06		235		1900		396		161		364		-32		210		-25		27		98.6		<0.011

		5/18/06		224		17000		390		166		345		-45		213		-11		43		99.7		<0.011

		5/23/06		237		3300		362		125		319		-43		188		-49		55		98.3		<0.011

		5/25/06		229		6600		404		175		369		-35		203		-26		17		99.7		<0.011

		5/30/06		216		11000		336		120		292		-44		178		-38		27		99.8		<0.011

		6/1/06		255		334000		443		188		431		-12		202		-53		14		100.0		<0.011

		6/6/06		220		11000		352		132		321		-31		194		-26		9		99.9		0.020

		6/8/06		216		3100		348		132		313		-35		186		-30		10		99.7		<0.011

		6/15/06		222		7200		368		146		282		-86		187		-35		36		99.5		<0.011

		7/5/06		224		20000		354		130		263		-91		195		-29		74		99.6		<0.011

		7/11/06		253		120000		433		180		437		4		212		-41		2		100.0		<0.011

		7/13/06		229		100000		395		166		366		-29		190		-39		29		100.0		<0.011

		7/18/06		207		3100		274		67		264		-10		179		-28		11		99.6		<0.011

		7/20/06		213		2400		377		164		294		-83		169		-44		34		98.6		<0.011

		7/25/06		212		35000		370		158		259		-111		179		-33		240		99.3		<0.011

		7/27/06		219		22000		381		162		337		-44		176		-43		150		99.3		<0.011

		8/1/06		184		9000		328		144		275		-53		167		-17		86		99.0		<0.011

		8/3/06		195		5400		328		133		251		-77		167		-28		200		96.3		<0.011

		8/8/06		205		32000		399		194		302		-97		227		22		66		99.8		0.330

		8/10/06		227		29000		344		117		276		-68		168		-59		44		99.8		<0.011

		8/15/06		222		1300		349		127		269		-80		174		-48		48		96.3		<0.011

		8/17/06		215		4100		353		138		256		-97		174		-41		24		99.4		<0.011

		8/22/06		209		7000		404		195		277		-127		174		-35		97		98.6		<0.011

		8/24/06		228		13000		376		148		281		-95		175		-53		87		99.3		<0.011

		8/29/06		253		50000		427		174		346		-81		200		-53		68		99.9		<0.011

		8/31/06		214		4400		337		123		246		-91		172		-42		220		95.0		<0.011

		9/5/06		206		24000		395		189		300		-95		171		-35		41		99.8		<0.011

		9/7/06		204		9700		386		182		251		-135		171		-33		39		99.6		<0.011

		9/12/06		224		48000		400		176		259		-141		177		-47		41		99.9		<0.011

		9/14/06		258		7900		442		184		313		-129		199		-59		48		99.4		<0.011

		9/19/06		323		8600		425		102		379		-46		246		-77		17		99.8		<0.011

		9/21/06		262		7400		408		146		312		-96		211		-51		31		99.6		<0.011

		9/26/06		238		4000		396		158		277		-119		193		-45		43		98.9		<0.011

		9/28/06		226		11000		343		117		274		-69		190		-36		37		99.7		<0.011

		10/3/06		205		28000		305		100		240		-65		176		-29		59		99.8		<0.011

		10/5/06		214		5600		316		102		273		-43		176		-38		100		98.2		<0.011

		10/10/06		232		6200		322		90		286		-36		188		-44		130		97.9		<0.011

		10/17/06		248		160000		456		208		416		-40		199		-49		210		99.9		<0.011

		10/19/06		245		10000		401		156		348		-53		190		-55		110		98.9		<0.011

		10/24/06		214		60000		393		179		369		-24		190		-24		16		100.0		<0.011

		10/26/06		231		50000		372		141		341		-31		186		-45		90		99.8		<0.011

		10/31/06		219		2600		399		180		354		-45		198		-21		38		98.5		<0.011





Bench Test Summary

										ORP analysis of Nitrification Effluent

		* auto composite sample used for method setup, rest of analyses are on grab samples

						Untreated						Chlorine Dosed Sample

						Sample												Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		11/30/05		*		181		22		31.5		2.50		642		22		461		12.6

		12/5/05		6:25		144		20		3.15		0.72		306		19		162		4.4

		12/6/05		6:40		137		20		6.30		1.47		418		20		281		4.3

		12/7/05		6:30		163		18		6.30		2.10		447		20		284		3.0

		12/8/05		6:10		254		21		6.30		2.23		439		20		185		2.8

		12/9/05		6:15		249		19		3.15		0.35		352		19		103		9.0

		12/12/05		8:50		245		19		3.15		0.73		371		19		126		4.3

		12/13/05		6:25		216		20		3.15		0.63		348		20		132		5.0

		12/14/05		13:15		228		19		2.95		0.40		330		19		102		7.4

		12/15/05		8:00		221		19		5.90		1.82		444		19		223		3.2

		12/19/05		10:15		239		19		5.90		1.72		449		19		210		3.4

		12/20/05		9:55		231		18		2.95		0.57		332		19		101		5.2

		12/22/05		10:15		203		18		2.95		0.31		294		19		91		9.5

		12/27/05		12:50		195		19		3.10		0.41		278		19		83		7.6

		12/29/05		6:45		200		18		3.10		0.48		370		19		170		6.5

		1/3/06		10:15		217		19		5.90		1.60		435		19		218		3.7

		1/5/06		9:15		230		20		5.90		1.75		456		20		226		3.4

		1/9/06		9:30		195		20		2.95		0.39		291		20		96		7.6

		1/10/06		9:00		240		20		5.90		1.22		378		20		138		4.8

		1/12/06		9:00		245		19		5.90		1.77		468		19		223		3.3

		1/16/06		11:10		143		19		5.90		1.95		480		19		337		3.0

		1/17/06		8:30		217		17		2.95		0.62		375		17		158		4.8

		1/19/06		8:55		240		19		5.90		1.97		439		19		199		3.0

		1/23/06		10:00		181		18		2.95		0.68		337		18		156		4.3

		1/24/06		8:45		240		18		2.95		0.49		328		18		88		6.0

		1/26/06		8:35		333		18		2.95		0.56		355		18		22		5.3

		1/30/06		8:40		283		18		5.90		1.52		501		18		218		3.9

		1/31/06		8:23		335		17		5.90		1.28		470		17		135		4.6

		2/2/06		9:45		315		18		5.90		1.42		420		19		105		4.2

		2/6/06		8:50		246		18		5.90		1.40		456		18		210		4.2

		2/7/06		9:05		259		18		5.90		1.35		426		18		167		4.4

		2/9/06		8:10		254		17		5.90		1.33		426		17		172		4.4

		2/13/06		9:25		245		19		5.90		1.34		420		19		175		4.4

		2/14/06		9:05		254		19		5.90		1.30		407		19		153		4.5

		2/16/06		8:45		260		17		5.90		1.33		387		17		127		4.4

						Untreated Sample						Chlorine Dosed Sample

																		Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		2/20/06		9:05		253		17		5.90		1.25		427		18		174		4.7

		2/21/06		7:55		239		17		5.90		2.10		531		18		292		2.8

		2/23/06		8:15		253		19		2.95		0.71		349		19		96		4.2

		2/27/06		9:05		229		18		2.95		0.38		328		19		99		7.8

		2/28/06		9:20		235		19		2.95		0.48		337		19		102		6.1

		3/2/06		9:14		238		19		2.95		0.43		307		19		69		6.9

		3/6/06		9:30		255		20		2.95		0.41		323		20		68		7.2

		3/9/06		10:15		262		18		2.95		0.61		401		19		139		4.8

		3/14/06		6:45		282		18		2.95		1.12		456		18		174		2.6

		3/16/06		7:00		266		18		2.95		0.74		421		18		155		4.0

		3/20/06		9:58		238		18		2.95		0.57		345		18		107		5.2

		3/23/06		7:55		244		17		2.95		0.42		359		18		115		7.0

		3/27/06		9:15		248		19		5.90		1.51		475		19		227		3.9

		3/28/06		7:45		254		17		5.90		1.57		503		17		249		3.8

		3/30/06		8:15		227		19		5.90		2.07		457		19		230		2.9

		4/3/06		9:10		261		17		5.90		2.16		532		17		271		2.7

		4/4/06		8:40		260		19		5.90		1.81		494		19		234		3.3

		4/6/06		7:00		259		19		5.90		1.91		468		19		209		3.1

		4/10/06		7:00		265		18		5.90		2.38		508		18		243		2.5

		4/11/06		7:00		257		20		5.90		2.58		454		21		197		2.3

		4/13/06		7:00		252		19		5.90		1.97		498		19		246		3.0

		4/17/06		9:05		255		18		5.90		3.13		660		18		405		1.9

		4/18/06		7:00		267		21		5.90		2.04		565		21		298		2.9
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Chlorine Residual (mg/L) after 9 minute contact period

Absolute ORP, mv

Absolute ORP vs. Chlorine Residual
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Abs Orp

		

		Sample		Residual Cl2, mg/L		ORP, mv		Calculated				0.0077451613		-1.9644534606

		Date		after 9 minutes		after 9 minutes		Concentration				0.0005318509		0.2267248947

		11/30/05		2.50		642		3.01				0.7911000841		0.3286720024

		12/5/05		0.72		306		0.41				212.0709551923		56

		12/6/05		1.47		418		1.27

		12/7/05		2.10		447		1.50

		12/8/05		2.23		439		1.44

		12/9/05		0.35		352		0.76

		12/12/05		0.73		371		0.91

		12/13/05		0.63		348		0.73

		12/14/05		0.40		330		0.59

		12/15/05		1.82		444		1.47

		12/19/05		1.72		449		1.51

		12/20/05		0.57		332		0.61

		12/22/05		0.31		294		0.31

		12/27/05		0.41		278		0.19

		12/29/05		0.48		370		0.90

		1/3/06		1.60		435		1.40

		1/5/06		1.75		456		1.57

		1/9/06		0.39		291		0.29

		1/10/06		1.22		378		0.96

		1/12/06		1.77		468		1.66

		1/16/06		1.95		480		1.75

		1/17/06		0.62		375		0.94

		1/19/06		1.97		439		1.44

		1/23/06		0.68		337		0.65

		1/24/06		0.49		328		0.58

		1/26/06		0.56		355		0.79

		1/30/06		1.52		501		1.92

		1/31/06		1.28		470		1.68

		2/2/06		1.42		420		1.29

		2/6/06		1.40		456		1.57

		2/7/06		1.35		426		1.33

		2/9/06		1.33		426		1.33

		2/13/06		1.34		420		1.29

		2/14/06		1.30		407		1.19

		2/16/06		1.33		387		1.03

		2/20/06		1.25		427		1.34

		2/21/06		2.10		531		2.15

		2/23/06		0.71		349		0.74

		2/27/06		0.38		328		0.58

		2/28/06		0.48		337		0.65

		3/2/06		0.43		307		0.41

		3/6/06		0.41		323		0.54

		3/9/06		0.61		401		1.14

		3/14/06		1.12		456		1.57

		3/16/06		0.74		421		1.30

		3/20/06		0.57		345		0.71

		3/23/06		0.42		359		0.82

		3/27/06		1.51		475		1.71

		3/28/06		1.57		503		1.93

		3/30/06		2.07		457		1.58

		4/3/06		2.16		532		2.16

		4/4/06		1.81		494		1.86

		4/6/06		1.91		468		1.66

		4/10/06		2.38		508		1.97

		4/11/06		2.58		454		1.55

		4/13/06		1.97		498		1.89

		4/17/06		3.13		660		3.15

		4/18/06		2.04		565		2.41
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Rel ORP

		

						Net Change

		Sample		Residual Cl2, mg/L		in ORP,		Calculated				0.0072227666		-0.0227033102

		Date		after 9 minutes		mv		Concentration				0.0006139051		0.1215301616

		11/30/05		2.50		461		3.31				0.7119665633		0.3859357689

		12/5/05		0.72		162		1.15				138.4218721008		56

		12/6/05		1.47		281		2.01

		12/7/05		2.10		284		2.03

		12/8/05		2.23		185		1.31

		12/9/05		0.35		103		0.72

		12/12/05		0.73		126		0.89

		12/13/05		0.63		132		0.93

		12/14/05		0.40		102		0.71

		12/15/05		1.82		223		1.59

		12/19/05		1.72		210		1.49

		12/20/05		0.57		101		0.71

		12/22/05		0.31		91		0.63

		12/27/05		0.41		83		0.58

		12/29/05		0.48		170		1.21

		1/3/06		1.60		218		1.55

		1/5/06		1.75		226		1.61

		1/9/06		0.39		96		0.67

		1/10/06		1.22		138		0.97

		1/12/06		1.77		223		1.59

		1/16/06		1.95		337		2.41

		1/17/06		0.62		158		1.12

		1/19/06		1.97		199		1.41

		1/23/06		0.68		156		1.10

		1/24/06		0.49		88		0.61

		1/26/06		0.56		22		0.14

		1/30/06		1.52		218		1.55

		1/31/06		1.28		135		0.95

		2/2/06		1.42		105		0.74

		2/6/06		1.40		210		1.49

		2/7/06		1.35		167		1.18

		2/9/06		1.33		172		1.22

		2/13/06		1.34		175		1.24

		2/14/06		1.30		153		1.08

		2/16/06		1.33		127		0.89

		2/20/06		1.25		174		1.23

		2/21/06		2.10		292		2.09

		2/23/06		0.71		96		0.67

		2/27/06		0.38		99		0.69

		2/28/06		0.48		102		0.71

		3/2/06		0.43		69		0.48

		3/6/06		0.41		68		0.47

		3/9/06		0.61		139		0.98

		3/14/06		1.12		174		1.23

		3/16/06		0.74		155		1.10

		3/20/06		0.57		107		0.75

		3/23/06		0.42		115		0.81

		3/27/06		1.51		227		1.62

		3/28/06		1.57		249		1.78

		3/30/06		2.07		230		1.64

		4/3/06		2.16		271		1.93

		4/4/06		1.81		234		1.67

		4/6/06		1.91		209		1.49

		4/10/06		2.38		243		1.73

		4/11/06		2.58		197		1.40

		4/13/06		1.97		246		1.75

		4/17/06		3.13		405		2.90

		4/18/06		2.04		298		2.13





Dechlor

		

						Effluent		Effluent		Effluent		Effluent		Effluent		Effluent

						w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L		w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L

				Effluent		Sulfite		Sulfite		Sulfite		Sulfite		Sulfite		Sulfite

		Date		ORP, mv		ORP, mv		ORP, mv		ORP, mv		ORP change, mv		ORP change, mv		ORP change, mv

		3/30/06		267		233		220		212		-34		-47		-55

		3/31/06		257		224		211		204		-33		-46		-53

		4/3/06		261		228		214		204		-33		-47		-57

		4/4/06		264		233		220		212		-31		-44		-52

		4/5/06		267		235		224		217		-32		-43		-50

		4/6/06		258		226		214		206		-32		-44		-52

		4/10/06		265		220		208		198		-45		-57		-67

		4/11/06		328		280		247		226		-48		-81		-102

		4/12/06		273		238		224		216		-35		-49		-57

		4/13/06		273		240		225		216		-33		-48		-57

		4/17/06		255		237		213		201		-18		-42		-54

		4/18/06		280		247		234		226		-33		-46		-54
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Procedure

						PROCEDURE FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Establish chlorine concentration of Bleach solution - perform this occasionally

		a. Measure 10 ul (0.020 ml) of bleach into 1 liter of DI water

		b. perform chlorine analysis using amperometric titrator (use 0.100 ml increments of PAO until near endpoint

		then cut back to 0.010 ml increments (10 uL))

		c. multiply result from step b times dilution factor of 100,000 to obtain mg/L Cl2 concentration of bleach

		2. Perform ORP analysis of nitrification effluent (untreated) - record reading and temperature

		3. Prepare chlorinated nitrification effluent sample

		a. Measure out two 200 mls aliquots of nitrification effluent - one for Cl2 analysis, one for ORP analysis

		b. Add 10-50 ul  * bleach to each sample - wait ca 9 minutes to allow demand to be met and simulate time between

		between field dosing location and filed location of initial Cl2 measurement

		Nominal Dose = (mg/L Cl2 in bleach x mls bleach added) / 200 ml sample = mg/L Cl2

		Aliquot 1 : Cl2 analysis

		1. Add Acetic Acid buffer and KI packet; put on amperometric titrator and begin stirring.

		2. Add 100 ul increments of 0.00564 N PAO until amperometric reading nears 0.00.

		3. Finish by adding 10 ul increments of PAO until reading holds at or  near  0.00 for 3 succesive additions.

		mg/L Cl2 residual = mls PAO added

		Aliquot 2 : ORP analysis

		Perform ORP analysis of nitrification effluent (treated) - record reading and temperature

		* depending upon current Cl2 demand of sample





Worksheet

		WORKSHEET FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Chlorine Concentration of Bleach Solution

		mls .00564 N		Amp.

		PAO added		Reading				Dilute 1.000 ml bleach to 100 mls with DI water for chlorine stock.

								Dilute 1.000 ml chlorine stock to one liter with DI water for

								analysis.

						Concentration of Chlorine (mg/L) =										x 100,000 =

		2. Chlorine analysis of prepared  chlorinated Nitrification Effluent sample

		mls .00564 N		Amp.

		PAO added		Reading				Bleach (ul) added to 200 ml sample

								Nominal Cl2 (mg/)

								added to sample =				(mls bleach added x mg/l CL2 in bleach)/200 ml

										=				mg/l Cl2

								Sample		Date :

								Sample Time :

								Concentration of Cl2 in Nitrification Effluent (mg/L) =

								(after demand is met)

		3. ORP analysis of Nitrification Effluent

		Solution		ORP

		Standard

		NE, untreated										Date

		NE, chlorinated										Analyst





Field Test Summary

		ORP analysis performed in lab upon grab samples taken from indicated area

																		Change in ORP

						NE		FE Channel		Change in ORP		FE				FE Channel		during		FE Channel		Change in ORP

				NE ORP		F. Coliform,		front		upon chlorination		F. Coliform,				pre dechlor		contact period		after dechlor		from NE to FE		Cl2 residual,

		Date		(mv)		# col/ 100 ml		ORP, mv		(mv)		# col/ 100 ml		% Kill		ORP, mv		(mv)		ORP, mv		dechlor, mv		(mg/L)

		5/2/06		251		16000		397		146		39		99.76		357		-40		209		-42		<0.011

		5/4/06		268		4600		435		167		10		99.78		429		-6		225		-43		<0.011

		5/9/06		248		3700		400		152		14		99.62		374		-26		208		-40		<0.011

		5/11/06		260		66000		445		185		24		99.96		414		-31		225		-35		<0.011

		5/16/06		235		1900		396		161		27		98.58		364		-32		210		-25		<0.011

		5/18/06		224		17000		390		166		43		99.75		345		-45		213		-11		<0.011

		5/23/06		237		3300		362		125		55		98.33		319		-43		188		-49		<0.011

		5/25/06		229		6600		404		175		17		99.74		369		-35		203		-26		<0.011

		5/30/06		216		11000		336		120		27		99.75		292		-44		178		-38		<0.011

		6/1/06		255		334000		443		188		14		100.00		431		-12		202		-53		<0.011

		6/6/06		220		11000		352		132		9		99.92		321		-31		194		-26		0.020

		6/8/06		216		3100		348		132		10		99.68		313		-35		186		-30		<0.011

		6/15/06		222		7200		368		146		36		99.50		282		-86		187		-35		<0.011

		7/5/06		224		20000		354		130		74		99.63		263		-91		195		-29		<0.011

		7/11/06		253		120000		433		180		2		100.00		437		4		212		-41		<0.011

		7/13/06		229		100000		395		166		29		99.97		366		-29		190		-39		<0.011





Bench Test Summary

										ORP analysis of Nitrification Effluent

		* auto composite sample used for method setup, rest of analyses are on grab samples

						Untreated						Chlorine Dosed Sample

						Sample												Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		11/30/05		*		181		22		31.5		2.50		642		22		461		12.6

		12/5/05		6:25		144		20		3.15		0.72		306		19		162		4.4

		12/6/05		6:40		137		20		6.30		1.47		418		20		281		4.3

		12/7/05		6:30		163		18		6.30		2.10		447		20		284		3.0

		12/8/05		6:10		254		21		6.30		2.23		439		20		185		2.8

		12/9/05		6:15		249		19		3.15		0.35		352		19		103		9.0

		12/12/05		8:50		245		19		3.15		0.73		371		19		126		4.3

		12/13/05		6:25		216		20		3.15		0.63		348		20		132		5.0

		12/14/05		13:15		228		19		2.95		0.40		330		19		102		7.4

		12/15/05		8:00		221		19		5.90		1.82		444		19		223		3.2

		12/19/05		10:15		239		19		5.90		1.72		449		19		210		3.4

		12/20/05		9:55		231		18		2.95		0.57		332		19		101		5.2

		12/22/05		10:15		203		18		2.95		0.31		294		19		91		9.5

		12/27/05		12:50		195		19		3.10		0.41		278		19		83		7.6

		12/29/05		6:45		200		18		3.10		0.48		370		19		170		6.5

		1/3/06		10:15		217		19		5.90		1.60		435		19		218		3.7

		1/5/06		9:15		230		20		5.90		1.75		456		20		226		3.4

		1/9/06		9:30		195		20		2.95		0.39		291		20		96		7.6

		1/10/06		9:00		240		20		5.90		1.22		378		20		138		4.8

		1/12/06		9:00		245		19		5.90		1.77		468		19		223		3.3

		1/16/06		11:10		143		19		5.90		1.95		480		19		337		3.0

		1/17/06		8:30		217		17		2.95		0.62		375		17		158		4.8

		1/19/06		8:55		240		19		5.90		1.97		439		19		199		3.0

		1/23/06		10:00		181		18		2.95		0.68		337		18		156		4.3

		1/24/06		8:45		240		18		2.95		0.49		328		18		88		6.0

		1/26/06		8:35		333		18		2.95		0.56		355		18		22		5.3

		1/30/06		8:40		283		18		5.90		1.52		501		18		218		3.9

		1/31/06		8:23		335		17		5.90		1.28		470		17		135		4.6

		2/2/06		9:45		315		18		5.90		1.42		420		19		105		4.2

		2/6/06		8:50		246		18		5.90		1.40		456		18		210		4.2

		2/7/06		9:05		259		18		5.90		1.35		426		18		167		4.4

		2/9/06		8:10		254		17		5.90		1.33		426		17		172		4.4

		2/13/06		9:25		245		19		5.90		1.34		420		19		175		4.4

		2/14/06		9:05		254		19		5.90		1.30		407		19		153		4.5

		2/16/06		8:45		260		17		5.90		1.33		387		17		127		4.4

						Untreated Sample						Chlorine Dosed Sample

																		Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		2/20/06		9:05		253		17		5.90		1.25		427		18		174		4.7

		2/21/06		7:55		239		17		5.90		2.10		531		18		292		2.8

		2/23/06		8:15		253		19		2.95		0.71		349		19		96		4.2

		2/27/06		9:05		229		18		2.95		0.38		328		19		99		7.8

		2/28/06		9:20		235		19		2.95		0.48		337		19		102		6.1

		3/2/06		9:14		238		19		2.95		0.43		307		19		69		6.9

		3/6/06		9:30		255		20		2.95		0.41		323		20		68		7.2

		3/9/06		10:15		262		18		2.95		0.61		401		19		139		4.8

		3/14/06		6:45		282		18		2.95		1.12		456		18		174		2.6

		3/16/06		7:00		266		18		2.95		0.74		421		18		155		4.0

		3/20/06		9:58		238		18		2.95		0.57		345		18		107		5.2

		3/23/06		7:55		244		17		2.95		0.42		359		18		115		7.0

		3/27/06		9:15		248		19		5.90		1.51		475		19		227		3.9

		3/28/06		7:45		254		17		5.90		1.57		503		17		249		3.8

		3/30/06		8:15		227		19		5.90		2.07		457		19		230		2.9

		4/3/06		9:10		261		17		5.90		2.16		532		17		271		2.7

		4/4/06		8:40		260		19		5.90		1.81		494		19		234		3.3

		4/6/06		7:00		259		19		5.90		1.91		468		19		209		3.1

		4/10/06		7:00		265		18		5.90		2.38		508		18		243		2.5

		4/11/06		7:00		257		20		5.90		2.58		454		21		197		2.3

		4/13/06		7:00		252		19		5.90		1.97		498		19		246		3.0

		4/17/06		9:05		255		18		5.90		3.13		660		18		405		1.9

		4/18/06		7:00		267		21		5.90		2.04		565		21		298		2.9
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Abs Orp

		

		Sample		Residual Cl2, mg/L		ORP, mv		Calculated				0.0077451613		-1.9644534606

		Date		after 9 minutes		after 9 minutes		Concentration				0.0005318509		0.2267248947

		11/30/05		2.50		642		3.01				0.7911000841		0.3286720024

		12/5/05		0.72		306		0.41				212.0709551923		56

		12/6/05		1.47		418		1.27

		12/7/05		2.10		447		1.50

		12/8/05		2.23		439		1.44

		12/9/05		0.35		352		0.76

		12/12/05		0.73		371		0.91

		12/13/05		0.63		348		0.73

		12/14/05		0.40		330		0.59

		12/15/05		1.82		444		1.47

		12/19/05		1.72		449		1.51

		12/20/05		0.57		332		0.61

		12/22/05		0.31		294		0.31

		12/27/05		0.41		278		0.19

		12/29/05		0.48		370		0.90

		1/3/06		1.60		435		1.40

		1/5/06		1.75		456		1.57

		1/9/06		0.39		291		0.29

		1/10/06		1.22		378		0.96

		1/12/06		1.77		468		1.66

		1/16/06		1.95		480		1.75

		1/17/06		0.62		375		0.94

		1/19/06		1.97		439		1.44

		1/23/06		0.68		337		0.65

		1/24/06		0.49		328		0.58

		1/26/06		0.56		355		0.79

		1/30/06		1.52		501		1.92

		1/31/06		1.28		470		1.68

		2/2/06		1.42		420		1.29

		2/6/06		1.40		456		1.57

		2/7/06		1.35		426		1.33

		2/9/06		1.33		426		1.33

		2/13/06		1.34		420		1.29

		2/14/06		1.30		407		1.19

		2/16/06		1.33		387		1.03

		2/20/06		1.25		427		1.34

		2/21/06		2.10		531		2.15

		2/23/06		0.71		349		0.74

		2/27/06		0.38		328		0.58

		2/28/06		0.48		337		0.65

		3/2/06		0.43		307		0.41

		3/6/06		0.41		323		0.54

		3/9/06		0.61		401		1.14

		3/14/06		1.12		456		1.57

		3/16/06		0.74		421		1.30

		3/20/06		0.57		345		0.71

		3/23/06		0.42		359		0.82

		3/27/06		1.51		475		1.71

		3/28/06		1.57		503		1.93

		3/30/06		2.07		457		1.58

		4/3/06		2.16		532		2.16

		4/4/06		1.81		494		1.86

		4/6/06		1.91		468		1.66

		4/10/06		2.38		508		1.97

		4/11/06		2.58		454		1.55

		4/13/06		1.97		498		1.89

		4/17/06		3.13		660		3.15

		4/18/06		2.04		565		2.41
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Rel ORP

		

						Net Change

		Sample		Residual Cl2, mg/L		in ORP,		Calculated				0.0072227666		-0.0227033102

		Date		after 9 minutes		mv		Concentration				0.0006139051		0.1215301616

		11/30/05		2.50		461		3.31				0.7119665633		0.3859357689

		12/5/05		0.72		162		1.15				138.4218721008		56

		12/6/05		1.47		281		2.01

		12/7/05		2.10		284		2.03

		12/8/05		2.23		185		1.31

		12/9/05		0.35		103		0.72

		12/12/05		0.73		126		0.89

		12/13/05		0.63		132		0.93

		12/14/05		0.40		102		0.71

		12/15/05		1.82		223		1.59

		12/19/05		1.72		210		1.49

		12/20/05		0.57		101		0.71

		12/22/05		0.31		91		0.63

		12/27/05		0.41		83		0.58

		12/29/05		0.48		170		1.21

		1/3/06		1.60		218		1.55

		1/5/06		1.75		226		1.61

		1/9/06		0.39		96		0.67

		1/10/06		1.22		138		0.97

		1/12/06		1.77		223		1.59

		1/16/06		1.95		337		2.41

		1/17/06		0.62		158		1.12

		1/19/06		1.97		199		1.41

		1/23/06		0.68		156		1.10

		1/24/06		0.49		88		0.61

		1/26/06		0.56		22		0.14

		1/30/06		1.52		218		1.55

		1/31/06		1.28		135		0.95

		2/2/06		1.42		105		0.74

		2/6/06		1.40		210		1.49

		2/7/06		1.35		167		1.18

		2/9/06		1.33		172		1.22

		2/13/06		1.34		175		1.24

		2/14/06		1.30		153		1.08

		2/16/06		1.33		127		0.89

		2/20/06		1.25		174		1.23

		2/21/06		2.10		292		2.09

		2/23/06		0.71		96		0.67

		2/27/06		0.38		99		0.69

		2/28/06		0.48		102		0.71

		3/2/06		0.43		69		0.48

		3/6/06		0.41		68		0.47

		3/9/06		0.61		139		0.98

		3/14/06		1.12		174		1.23

		3/16/06		0.74		155		1.10

		3/20/06		0.57		107		0.75

		3/23/06		0.42		115		0.81

		3/27/06		1.51		227		1.62

		3/28/06		1.57		249		1.78

		3/30/06		2.07		230		1.64

		4/3/06		2.16		271		1.93

		4/4/06		1.81		234		1.67

		4/6/06		1.91		209		1.49

		4/10/06		2.38		243		1.73

		4/11/06		2.58		197		1.40

		4/13/06		1.97		246		1.75

		4/17/06		3.13		405		2.90

		4/18/06		2.04		298		2.13





Dechlor

		

						Effluent		Effluent		Effluent		Effluent		Effluent		Effluent

						w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L		w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L

				Effluent		Sulfite		Sulfite		Sulfite		Sulfite		Sulfite		Sulfite

		Date		ORP, mv		ORP, mv		ORP, mv		ORP, mv		ORP change, mv		ORP change, mv		ORP change, mv

		3/30/06		267		233		220		212		-34		-47		-55

		3/31/06		257		224		211		204		-33		-46		-53

		4/3/06		261		228		214		204		-33		-47		-57

		4/4/06		264		233		220		212		-31		-44		-52

		4/5/06		267		235		224		217		-32		-43		-50

		4/6/06		258		226		214		206		-32		-44		-52

		4/10/06		265		220		208		198		-45		-57		-67

		4/11/06		328		280		247		226		-48		-81		-102

		4/12/06		273		238		224		216		-35		-49		-57

		4/13/06		273		240		225		216		-33		-48		-57

		4/17/06		255		237		213		201		-18		-42		-54

		4/18/06		280		247		234		226		-33		-46		-54
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Procedure

						PROCEDURE FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Establish chlorine concentration of Bleach solution - perform this occasionally

		a. Measure 10 ul (0.020 ml) of bleach into 1 liter of DI water

		b. perform chlorine analysis using amperometric titrator (use 0.100 ml increments of PAO until near endpoint

		then cut back to 0.010 ml increments (10 uL))

		c. multiply result from step b times dilution factor of 100,000 to obtain mg/L Cl2 concentration of bleach

		2. Perform ORP analysis of nitrification effluent (untreated) - record reading and temperature

		3. Prepare chlorinated nitrification effluent sample

		a. Measure out two 200 mls aliquots of nitrification effluent - one for Cl2 analysis, one for ORP analysis

		b. Add 10-50 ul  * bleach to each sample - wait ca 9 minutes to allow demand to be met and simulate time between

		between field dosing location and filed location of initial Cl2 measurement

		Nominal Dose = (mg/L Cl2 in bleach x mls bleach added) / 200 ml sample = mg/L Cl2

		Aliquot 1 : Cl2 analysis

		1. Add Acetic Acid buffer and KI packet; put on amperometric titrator and begin stirring.

		2. Add 100 ul increments of 0.00564 N PAO until amperometric reading nears 0.00.

		3. Finish by adding 10 ul increments of PAO until reading holds at or  near  0.00 for 3 succesive additions.

		mg/L Cl2 residual = mls PAO added

		Aliquot 2 : ORP analysis

		Perform ORP analysis of nitrification effluent (treated) - record reading and temperature

		* depending upon current Cl2 demand of sample





Worksheet

		WORKSHEET FOR ORP ANALYSIS OF CHLORINATED FINAL EFFLUENT

		1. Chlorine Concentration of Bleach Solution

		mls .00564 N		Amp.

		PAO added		Reading				Dilute 1.000 ml bleach to 100 mls with DI water for chlorine stock.

								Dilute 1.000 ml chlorine stock to one liter with DI water for

								analysis.

						Concentration of Chlorine (mg/L) =										x 100,000 =

		2. Chlorine analysis of prepared  chlorinated Nitrification Effluent sample

		mls .00564 N		Amp.

		PAO added		Reading				Bleach (ul) added to 200 ml sample

								Nominal Cl2 (mg/)

								added to sample =				(mls bleach added x mg/l CL2 in bleach)/200 ml

										=				mg/l Cl2

								Sample		Date :

								Sample Time :

								Concentration of Cl2 in Nitrification Effluent (mg/L) =

								(after demand is met)

		3. ORP analysis of Nitrification Effluent

		Solution		ORP		Temp, oC

		Standard

		NE, untreated										Date

		NE, chlorinated										Analyst





Field Test Summary

		ORP analysis performed in lab upon grab samples taken from indicated area

																		Change in ORP

						NE		FE Channel		Change in ORP		FE				FE Channel		during		FE Channel		Change in ORP

				NE ORP		F. Coliform,		front		upon chlorination		F. Coliform,				pre dechlor		contact period		after dechlor		from NE to FE		Cl2 residual,

		Date		(mv)		# col/ 100 ml		ORP, mv		(mv)		# col/ 100 ml		% Kill		ORP, mv		(mv)		ORP, mv		dechlor, mv		(mg/L)

		5/2/06		251		16000		397		146		39		99.76		357		-40		209		-42		<0.011

		5/4/06		268		4600		435		167		10		99.78		429		-6		225		-43		<0.011

		5/9/06		248		3700		400		152		14		99.62		374		-26		208		-40		<0.011

		5/11/06		260		66000		445		185		24		99.96		414		-31		225		-35		<0.011

		5/16/06		235		1900		396		161		27		98.58		364		-32		210		-25		<0.011

		5/18/06		224		17000		390		166		43		99.75		345		-45		213		-11		<0.011

		5/23/06		237		3300		362		125		55		98.33		319		-43		188		-49		<0.011

		5/25/06		229		6600		404		175		17		99.74		369		-35		203		-26		<0.011

		5/30/06		216		11000		336		120		27		99.75		292		-44		178		-38		<0.011

		6/1/06		255		334000		443		188		14		100.00		431		-12		202		-53		<0.011

		6/6/06		220		11000		352		132		9		99.92		321		-31		194		-26		0.020

		6/8/06		216		3100		348		132		10		99.68		313		-35		186		-30		<0.011

		6/15/06		222		7200		368		146		36		99.50		282		-86		187		-35		<0.011

		7/5/06		224		20000		354		130		74		99.63		263		-91		195		-29		<0.011

		7/11/06		253		120000		433		180		2		100.00		437		4		212		-41		<0.011

		7/13/06		229		100000		395		166		29		99.97		366		-29		190		-39		<0.011





Bench Test Summary

										ORP analysis of Nitrification Effluent

		* auto composite sample used for method setup, rest of analyses are on grab samples

						Untreated						Chlorine Dosed Sample

						Sample												Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		11/30/05		*		181		22		31.5		2.50		642		22		461		12.6

		12/5/05		6:25		144		20		3.15		0.72		306		19		162		4.4

		12/6/05		6:40		137		20		6.30		1.47		418		20		281		4.3

		12/7/05		6:30		163		18		6.30		2.10		447		20		284		3.0

		12/8/05		6:10		254		21		6.30		2.23		439		20		185		2.8

		12/9/05		6:15		249		19		3.15		0.35		352		19		103		9.0

		12/12/05		8:50		245		19		3.15		0.73		371		19		126		4.3

		12/13/05		6:25		216		20		3.15		0.63		348		20		132		5.0

		12/14/05		13:15		228		19		2.95		0.40		330		19		102		7.4

		12/15/05		8:00		221		19		5.90		1.82		444		19		223		3.2

		12/19/05		10:15		239		19		5.90		1.72		449		19		210		3.4

		12/20/05		9:55		231		18		2.95		0.57		332		19		101		5.2

		12/22/05		10:15		203		18		2.95		0.31		294		19		91		9.5

		12/27/05		12:50		195		19		3.10		0.41		278		19		83		7.6

		12/29/05		6:45		200		18		3.10		0.48		370		19		170		6.5

		1/3/06		10:15		217		19		5.90		1.60		435		19		218		3.7

		1/5/06		9:15		230		20		5.90		1.75		456		20		226		3.4

		1/9/06		9:30		195		20		2.95		0.39		291		20		96		7.6

		1/10/06		9:00		240		20		5.90		1.22		378		20		138		4.8

		1/12/06		9:00		245		19		5.90		1.77		468		19		223		3.3

		1/16/06		11:10		143		19		5.90		1.95		480		19		337		3.0

		1/17/06		8:30		217		17		2.95		0.62		375		17		158		4.8

		1/19/06		8:55		240		19		5.90		1.97		439		19		199		3.0

		1/23/06		10:00		181		18		2.95		0.68		337		18		156		4.3

		1/24/06		8:45		240		18		2.95		0.49		328		18		88		6.0

		1/26/06		8:35		333		18		2.95		0.56		355		18		22		5.3

		1/30/06		8:40		283		18		5.90		1.52		501		18		218		3.9

		1/31/06		8:23		335		17		5.90		1.28		470		17		135		4.6

		2/2/06		9:45		315		18		5.90		1.42		420		19		105		4.2

		2/6/06		8:50		246		18		5.90		1.40		456		18		210		4.2

		2/7/06		9:05		259		18		5.90		1.35		426		18		167		4.4

		2/9/06		8:10		254		17		5.90		1.33		426		17		172		4.4

		2/13/06		9:25		245		19		5.90		1.34		420		19		175		4.4

		2/14/06		9:05		254		19		5.90		1.30		407		19		153		4.5

		2/16/06		8:45		260		17		5.90		1.33		387		17		127		4.4

						Untreated Sample						Chlorine Dosed Sample

																		Net Change		Cl2 Demand

		Sample		Sample				at Temp.,		Added dose		Residual Cl2, mg/L		ORP, mv		at Temp.,		in ORP,		Ratio,

		Date		Time		ORP, mv		deg C		Cl2, mg/L		after 9 minutes		after 9 minutes		deg C		mv		Applied/Actual

		2/20/06		9:05		253		17		5.90		1.25		427		18		174		4.7

		2/21/06		7:55		239		17		5.90		2.10		531		18		292		2.8

		2/23/06		8:15		253		19		2.95		0.71		349		19		96		4.2

		2/27/06		9:05		229		18		2.95		0.38		328		19		99		7.8

		2/28/06		9:20		235		19		2.95		0.48		337		19		102		6.1

		3/2/06		9:14		238		19		2.95		0.43		307		19		69		6.9

		3/6/06		9:30		255		20		2.95		0.41		323		20		68		7.2

		3/9/06		10:15		262		18		2.95		0.61		401		19		139		4.8

		3/14/06		6:45		282		18		2.95		1.12		456		18		174		2.6

		3/16/06		7:00		266		18		2.95		0.74		421		18		155		4.0

		3/20/06		9:58		238		18		2.95		0.57		345		18		107		5.2

		3/23/06		7:55		244		17		2.95		0.42		359		18		115		7.0

		3/27/06		9:15		248		19		5.90		1.51		475		19		227		3.9

		3/28/06		7:45		254		17		5.90		1.57		503		17		249		3.8

		3/30/06		8:15		227		19		5.90		2.07		457		19		230		2.9

		4/3/06		9:10		261		17		5.90		2.16		532		17		271		2.7

		4/4/06		8:40		260		19		5.90		1.81		494		19		234		3.3

		4/6/06		7:00		259		19		5.90		1.91		468		19		209		3.1

		4/10/06		7:00		265		18		5.90		2.38		508		18		243		2.5

		4/11/06		7:00		257		20		5.90		2.58		454		21		197		2.3

		4/13/06		7:00		252		19		5.90		1.97		498		19		246		3.0

		4/17/06		9:05		255		18		5.90		3.13		660		18		405		1.9

		4/18/06		7:00		267		21		5.90		2.04		565		21		298		2.9
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Abs Orp

		

		Sample		Residual Cl2, mg/L		ORP, mv		Calculated				0.0077451613		-1.9644534606

		Date		after 9 minutes		after 9 minutes		Concentration				0.0005318509		0.2267248947

		11/30/05		2.50		642		3.01				0.7911000841		0.3286720024

		12/5/05		0.72		306		0.41				212.0709551923		56

		12/6/05		1.47		418		1.27

		12/7/05		2.10		447		1.50

		12/8/05		2.23		439		1.44

		12/9/05		0.35		352		0.76

		12/12/05		0.73		371		0.91

		12/13/05		0.63		348		0.73

		12/14/05		0.40		330		0.59

		12/15/05		1.82		444		1.47

		12/19/05		1.72		449		1.51

		12/20/05		0.57		332		0.61

		12/22/05		0.31		294		0.31

		12/27/05		0.41		278		0.19

		12/29/05		0.48		370		0.90

		1/3/06		1.60		435		1.40

		1/5/06		1.75		456		1.57

		1/9/06		0.39		291		0.29

		1/10/06		1.22		378		0.96

		1/12/06		1.77		468		1.66

		1/16/06		1.95		480		1.75

		1/17/06		0.62		375		0.94

		1/19/06		1.97		439		1.44

		1/23/06		0.68		337		0.65

		1/24/06		0.49		328		0.58

		1/26/06		0.56		355		0.79

		1/30/06		1.52		501		1.92

		1/31/06		1.28		470		1.68

		2/2/06		1.42		420		1.29

		2/6/06		1.40		456		1.57

		2/7/06		1.35		426		1.33

		2/9/06		1.33		426		1.33

		2/13/06		1.34		420		1.29

		2/14/06		1.30		407		1.19

		2/16/06		1.33		387		1.03

		2/20/06		1.25		427		1.34

		2/21/06		2.10		531		2.15

		2/23/06		0.71		349		0.74

		2/27/06		0.38		328		0.58

		2/28/06		0.48		337		0.65

		3/2/06		0.43		307		0.41

		3/6/06		0.41		323		0.54

		3/9/06		0.61		401		1.14

		3/14/06		1.12		456		1.57

		3/16/06		0.74		421		1.30

		3/20/06		0.57		345		0.71

		3/23/06		0.42		359		0.82

		3/27/06		1.51		475		1.71

		3/28/06		1.57		503		1.93

		3/30/06		2.07		457		1.58

		4/3/06		2.16		532		2.16

		4/4/06		1.81		494		1.86

		4/6/06		1.91		468		1.66

		4/10/06		2.38		508		1.97

		4/11/06		2.58		454		1.55

		4/13/06		1.97		498		1.89

		4/17/06		3.13		660		3.15

		4/18/06		2.04		565		2.41
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Rel ORP

		

						Net Change

		Sample		Residual Cl2, mg/L		in ORP,		Calculated				0.0072227666		-0.0227033102

		Date		after 9 minutes		mv		Concentration				0.0006139051		0.1215301616

		11/30/05		2.50		461		3.31				0.7119665633		0.3859357689

		12/5/05		0.72		162		1.15				138.4218721008		56

		12/6/05		1.47		281		2.01

		12/7/05		2.10		284		2.03

		12/8/05		2.23		185		1.31

		12/9/05		0.35		103		0.72

		12/12/05		0.73		126		0.89

		12/13/05		0.63		132		0.93

		12/14/05		0.40		102		0.71

		12/15/05		1.82		223		1.59

		12/19/05		1.72		210		1.49

		12/20/05		0.57		101		0.71

		12/22/05		0.31		91		0.63

		12/27/05		0.41		83		0.58

		12/29/05		0.48		170		1.21

		1/3/06		1.60		218		1.55

		1/5/06		1.75		226		1.61

		1/9/06		0.39		96		0.67

		1/10/06		1.22		138		0.97

		1/12/06		1.77		223		1.59

		1/16/06		1.95		337		2.41

		1/17/06		0.62		158		1.12

		1/19/06		1.97		199		1.41

		1/23/06		0.68		156		1.10

		1/24/06		0.49		88		0.61

		1/26/06		0.56		22		0.14

		1/30/06		1.52		218		1.55

		1/31/06		1.28		135		0.95

		2/2/06		1.42		105		0.74

		2/6/06		1.40		210		1.49

		2/7/06		1.35		167		1.18

		2/9/06		1.33		172		1.22

		2/13/06		1.34		175		1.24

		2/14/06		1.30		153		1.08

		2/16/06		1.33		127		0.89

		2/20/06		1.25		174		1.23

		2/21/06		2.10		292		2.09

		2/23/06		0.71		96		0.67

		2/27/06		0.38		99		0.69

		2/28/06		0.48		102		0.71

		3/2/06		0.43		69		0.48

		3/6/06		0.41		68		0.47

		3/9/06		0.61		139		0.98

		3/14/06		1.12		174		1.23

		3/16/06		0.74		155		1.10

		3/20/06		0.57		107		0.75

		3/23/06		0.42		115		0.81

		3/27/06		1.51		227		1.62

		3/28/06		1.57		249		1.78

		3/30/06		2.07		230		1.64

		4/3/06		2.16		271		1.93

		4/4/06		1.81		234		1.67

		4/6/06		1.91		209		1.49

		4/10/06		2.38		243		1.73

		4/11/06		2.58		197		1.40

		4/13/06		1.97		246		1.75

		4/17/06		3.13		405		2.90

		4/18/06		2.04		298		2.13





Dechlor

		

						Nitrif. Effl.		Nitrif. Effl.		Nitrif. Effl.		Nitrif. Effl.		Nitrif. Effl.		Nitrif. Effl.

						w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L		w/ 0.32 mg/L		w/ 0.64 mg/L		w/ 0.96 mg/L

				Nitrif. Effl.		Sulfite res.		Sulfite res.		Sulfite res.		Sulfite res.		Sulfite res.		Sulfite res.

		Date		ORP, mv		ORP, mv		ORP, mv		ORP, mv		ORP change		ORP change		ORP change

		3/30/06		267		233		220		212		34		47		55

		3/31/06		257		224		211		204		33		46		53

		4/3/06		261		228		214		204		33		47		57

		4/4/06		264		233		220		212		31		44		52

		4/5/06		267		235		224		217		32		43		50

		4/6/06		258		226		214		206		32		44		52

		4/10/06		265		220		208		198		45		57		67

		4/11/06		328		280		247		226		48		81		102

		4/12/06		273		238		224		216		35		49		57

		4/13/06		273		240		225		216		33		48		57

		4/17/06		255		237		213		201		18		42		54

		4/18/06		280		247		234		226		33		46		54






